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Shipboard Scientific Party2

HOLE 548

Position: 48°54.95'N; 12°09.84'W

Water depth (sea level; corrected m, echo-sounding): 1251

Water depth (rig floor; corrected ra, echo-sounding): 1261

Bottom felt (m, drill pipe): 1256

Penetration (m): 211

Number of cores: 35

Total length of cored section (m): 211

Total core recovered (m): 195.4

Core recovery (%): 93

Oldest sediment cored:
Depth sub-bottom (m): 211
Nature: Nannofossil ooze
Age: early Pliocene
Measured velocity (km/s): 1.675

Basement: Not reached

Principal results: See discussion following site data for Hole 548A.

HOLE 548A

Position: 48°54.93'N; 12°09.87'W

Water depth (sea level; corrected m, echo-sounding): 1251

Water depth (rig floor; corrected m, echo-sounding): 1261

Bottom felt (m, drill pipe): 1256

Penetration (m): 551.5

Number of cores: 38

Total length of cored section (m): 345.5

Total core recovered (m): 249.33

Core recovery (°7o): 72

Oldest sediment cored:
Depth sub-bottom (m): 551.5
Nature: Quartzite
Age: Hercynian (middle to late Devonian)
Measured velocity (km/s): 1.843

Graciansky, P. C. de, Poag, C. W., et al., Init. Repts. DSDP, 80: Washington (U.S.
Govt. Printing Office).

2 Pierre C. de Graciansky (Co-Chief Scientist), Ecole Nationale Supérieure des Mines,
Paris, France; C. Wylie Poag (Co-Chief Scientist), U.S. Geological Survey, Woods Hole, Mas-
sachusetts; Robert Cunningham, Jr., Exxon Production Research Company, Houston, Texas;
Paul Loubere, Oregon State University, Corvallis, Oregon (present address: Northern Illinois
University, DeKalb, Illinois); Douglas G. Masson, Institute of Oceanographic Sciences, Wormley,
United Kingdom; James M. Mazzullo, Texas A & M University, College Station, Texas; Lu-
cien Montadert, Institut Francais du Pétrole, Rueil Malmaison, France; Carla Müller, Univer-
sity of Frankfurt, Frankfurt, Federal Republic of Germany; Kenichi Otsuka, Shizuoka Uni-
versity, Shizuoka, Japan; Leslie Reynolds, U.S. Geological Survey, Woods Hole, Massachu-
setts (present address: University of South Carolina, Columbia, South Carolina); Jacques
Sigal, Vincennes, France; Scott Snyder, East Carolina University, Greenville, North Carolina;
Hilary A. Tbwnsend, University of Southampton, Southampton, United Kingdom; Stephanos P.
Vaos, Florida State University, Tallahassee, Florida; and Douglas Waples, Mobil Research &
Development Corporation, Dallas, Texas.

Basement:
Depth sub-bottom (m): 551.5
Nature: Quartzite

Principal results: Two holes (548 and 548A) were drilled 30 m apart
near the seaward edge of a tilted block of Hercynian basement at
the shallowest site on the Goban Spur transect (1256 m water
depth) (Fig. 1). Using the variable length hydraulic piston corer
(VLHPC) for the first time, we recovered a nearly complete 211 m
sequence of Holocene through lower Pliocene nannofossil and
marly nannofossil oozes in Hole 548 (Tables 1-3). Rotary coring in
Hole 548A penetrated 345.5 m (233 m recovered) of upper Mio-
cene through upper Campanian nannofossil ooze and chalk over-
lying a sideritic hardground and 21.5 m of quartzitic Hercynian
sandstone of middle to late Devonian age (Tables 1-3). A geother-
mal gradient of 27.2°C/km was documented for this site. Eight
lithologic units were identified (Table 3).

Unit 1: 0-72 m below seafloor (BSF), light olive gray or gray,
marly, calcareous ooze and olive gray to light gray nannofossil or
foraminifer-nannofossil ooze. Rapid input of terrigenous detritus
and the alternation of glacial and interglacial sediments and fossil
assemblages provide an excellent record of Quaternary paleoclima-
tes. Sediment is late to middle Pleistocene in age and bathyal in na-
ture.

Unit 2: 72-108.5 m BSF, light brown and light gray clay and
foraminifer-nannofossil oozes. Sediment is early Pleistocene to
late Pliocene in age and bathyal in nature.

Unit 3: 108.5-304.75 m BSF, light greenish gray nannofossil
oozes. Sediment is late Pliocene through late Miocene in age. Tür-
biditic silty muds appear within the lower Pliocene to upper Mio-
cene sediment. The unit lies unconformably above Unit 4; middle
Miocene sediment is missing (3 m.y. hiatus). Sediment is bathyal in
nature.

Unit 4: 304.75-412.6 m BSF, light greenish gray foraminifer
and nannofossil chalks with glauconite. Sediment is early middle
Miocene through middle Eocene in age. The lowest sediment accu-

52° N

44

14° W

Figure 1. Location of Leg 80 drill sites (548-551). Three Leg 48 drill
sites (400-402) are also shown.

33
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Table 1. Coring summary, Leg 80.

Hole

548
548A

549
549A

550
55OA
55OB

551

Latitude

48°54.95'N
48°54.93'N

49°05.28'N
49°05.29'N

48°30.91'N
48°30.91'N
48°30.96'N

48°54.64'N

Longitude

12°09.84'W
12°09.87'W

Water
depth
(m)

1256
1256

Total for site

13°O5.88'W 2533
13°05.89'W 2535.5

Total for site

13°26.37'W 4432
13°26.39'W 4432
13°26.32'W 4432

Total for site

13°30.09'W 3909

Total for leg

Number
of

cores

35
38

99
42

141

48
0

30

78

14

306

Cores
with

recovery

35
38

73

93
41

134

46
0

30

76

13

296

Percent of
cores with
recovery3

100.0
100.0

100.0

93.9
77.6

95.0

95.8
0

100.0

97.4

92.9

96.7

Meters
cored

211.0
346.0

557.0

812.5
196.0

1008.5

442.5
0

264.5

707.0

125.0

2397.5

Meters
recovered

210.9
246.5

457.4

369.7
144.4

514.1

262.6
0

177.9

440.5

81.0

1493.0

Percent
recovered''

99.9
71.2

82.1

45.5
73.7

51.0

59.3
0

67.3

62.3

64.8

62.2

Meters
drilled

0
205.5

205.5

189.0
0

189.0

94.0
95.0

456.0

645.0

76.0

1115.5

Total
penetration

(m)

211.0
551.5

762.5

1001.5
198.5

1200.0

536.5
95.0

720.5

1352.0

201.0

3515.5

Average
penetration

rate
(m/hr.)c

42.4

7.9

36.4
170.6
14.2

34.0d

9.1

Time on
hole or

site
(hr.)

45.2
82.9

128.1

301.2
54.2

355.4

115.3
19.2

150.3

284.8

75.2

843.5

Note: Blanks signify that quantities are unknown.
* 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.
c Rotary coring only.
d Total meters penetrated divided by number of rotating hours.

mulation rates at the site occur in this section. Cherts appear in
the lowest third of the unit; they are diagenetically more altered
than the rest of the section. Middle Oligocene sediment is missing
(about 4 m.y. hiatus). Another disconformity (a 1.5 m.y. hiatus)
separates Unit 4 (middle Eocene) from Unit 5 (lower Eocene) sedi-
ment. Sediment is outer sublittoral-upper bathyal in nature.

Unit 5: 412.6-469.9 m BSF, brownish and greenish gray, marly
nannofossil chalk. Sediment is early Eocene in age. Base of unit is
an unconformity representing a 10 m.y. hiatus. Sediment is early
Eocene in age. Base of unit is an unconformity representing a 10
m.y. hiatus. Sediment is outer sublittoral-upper bathyal in nature.

Unit 6: 469.9-530 m BSF, white foraminifer-nannofossil chalk.
Sediment is Danian through late Campanian in age. Base of unit is
an unconformity representing a hiatus of unknown duration. Sedi-
ment was outer sublittoral-upper bathyal in nature.

Unit 7: 530-535.5 m BSF, sideritic, pyritic hardground. Sedi-
ment was deposited in a marine environment.

Unit 8: 535.5-551.5 m BSF, feldspathic quartzitic sandstone.
Sediment is middle Devonian in age. There is little evidence of
metamorphism. Sediment is underlain by Hercynian basement
(which was drilled in the northeast Atlantic for the first time dur-
ing this leg). Sediment was deposited in a continental(?) environ-
ment.

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
Glomar Challenger approached Site 548 (Fig. 1) along

a northwest heading to shot point (SP) 900 on CEPM
seismic line OC 202, 17 naut. mi. (27 km) northeast of
the objective (Fig. 2). At 1212 hr. (local time) the ves-
sel turned southwest along a heading of 123° to follow
along the control seismic line OC 202 to the site. Ad-
verse weather conditions prevented the ship from main-
taining the plotted course precisely, as shown later by
satellite positioning. A further navigation problem was
caused by damage to the ship's pit (pitot) log, which
measures ship speed.

After two good satellite fixes were acquired at 1330
and 1358 hr., a 16 kHz positioning beacon was dropped

at 1410 hr. at 48°54.95'N, 12°09.84'W (as determined
from the average of 14 good satellite fixes), where the
structure and bathymetry of the seafloor as measured by
shipboard instruments were similar to the reference seis-
mic profile. The site is approximately 2 km east of the
original target, along the strike of the geologic struc-
ture.

The vessel maintained a southwest heading from the
beacon before the seismic gear was retrieved. It then re-
turned to a position over the beacon, where the preci-
sion depth recorder (PDR) indicated a water depth of
1261 m from the rig floor.

The bottom-hole assembly (BHA) was assembled and
the drill pipe was run down far enough to place the bit
just above the seafloor. Inasmuch as the drilling at Hole
548 represented a debut for the variable-length hydraulic
piston corer, about 2 hr. were spent in deploying the cor-
ing assembly and in resolving minor handling problems.
The corer was lowered on the sandline to the bit, which
was positioned at 1250.5 m below sea level for the first
core retrieval attempt. The first 9.5 m core barrel was
fired and retrieved; 3.6 m of sediment were recovered.
Bottom was thus felt at 1256 m.

Piston coring then proceeded with excellent recovery
and minimal handling problems despite adverse weather
conditions and swells that reached 3 m. The 9.5 m corer
succeeded in penetrating to 108.5 m through soft Pleis-
tocene mud and silt. At this depth the sediments became
too stiff to permit the corer to penetrate 9.5 m of sedi-
ment in a stroke, and a second unit, prepared for 5 m
cores, was deployed. Coring continued in calcareous
ooze to 211 m BSF, where the sediment became too stiff
for a 5 m stroke. This was judged to be the best time to
terminate piston coring operations and to convert to the
more rapid rotary coring. The drill string was then re-
covered; the bit arrived on deck at 1125 hr. on 11 June.

In order to accomplish the deeper coring at Site 548,
the rotary coring BHA was assembled and run back to
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SITE 548

Table 2. Coring summary, Site 548.

Core

Hole 548

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

Hole 548A

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
31
33
34
35
36
37
38

Date

(June

1981)

9
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
11
11
11
11
11
11
11
11
11

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
14
14

Time
(hr.)

2358

0135

0230

0330

0452
0610

0715

0815

0915

1015
115
1200

1315

1405

1450

1535

1602

1700

1755

1910
2000

2045

2125

2205

2255
2335

0020

0115

0212

0315

0410

0510

0610

0640

0720

0625

0730

0830

1000

1030

1130

1230

1320

1550

1655

1800

1840

1935

2040

2145

2235

2315

0029

0130

0300

0432

0543

0708

0845

0941

1110

1240

1400
1430

1515

1630

1740

1820

1903

2000

2210

0205

0439

Depth from

drill floor

(m)

1256.0-1260.0

1260.0-1269.5

1269.5-1279.0

1279.0-1288.5

1288.5-1298.0
1298.0-1307.5

1307.5-1317.0

1317.0-1326.5

1326.5-1331.0

1331.0-1336.0
1336.0-1345.5

1345.5-1348.0

1348.0-1355.0

1355.0-1356.5

1356.5-1364.5
1364.5-1374.0

1374.0-1382.0

1382.0-1387.0

1387.0-1392.0

1392.0-1397.0
1397.0-1402.0

1402.0-1407.0

1407.0-1412.0

1412.0-1417.0

1417.0-1422.0
1422.0-1427.0

1427.0-1432.0

1432.0-1437.0

1437.0-1442.0

1442.0-1447.0

1447.0-1452.0

1452.0-1457.0

1457.0-1462.0

1462.0-1465.0

1465.0-1467.0

1461.5-1471.0

1471.0-1480.5

1480.5-1490.0

1490.0-1499.5

1499.5-1509.0

1509.0-1518.5

1518.5-1528.0

1528.0-1537.5

1537.5-1547.0

1547.0-1556.5

1556.5-1566.0

1566.0-1575.5

1575.5-1585.0
1585.0-1594.5

1594.5-1604.0

1604.0-1613.5

1613.5-1623.0

1623.0-1632.5
1632.5-1642.0

1642.0-1651.5

1651.5-1661.0

1661.0-1670.5

1670.5-1680.0

1680.0-1689.5

1689.5-1699.0

1699.0-1708.5

1708.5-1718.0

1718.0-1727.5

1727.5-1737.0

1737.0-1746.5

1746.5-1756.0

1756.0-1765.5

1765.5-1775.0

1775.0-1784.5

1784.5-1791.5

1791.5-1794.0

1794.0-1803.0

1803.0-1907.5

Depth below

seafloor

(m)

0.0-4.0

4.0-13.5

13.5-23.0

23.0-32.5

32.5-42.0
42.0-51.5

51.5-61.0

61.0-70.5

70.5-75.0

75.0-80.0
80.0-89.5

89.5-92.0

92.0-99.0

99.0-100.5

100.5-108.5
108.5-118.0

118.0-126.0

126.0-131.0

131.0-136.0

136.0-141.0
141.0-146.0

146.0-151.0

151.0-156.0

156.0-161.0

161.0-166.0
166.0-171.0

171.0-176.0

176.0-181.0

181.0-186.0

186.0-191.0

191.0-196.0

196.0-201.0

201.0-206.0

206.0-209.0

209.0-211.0

205.5-215.0

215.0-224.5

224.5-234.0

234.0-243.5

243.5-253.0

253.0-262.5

262.5-272.0

272.0-281.5

281.5-291.0

291.0-300.5

3OO.5-31O.O

310.0-319.5

319.5-329.0

329.0-338.5

338.5-348.0

348.0-357.5

357.5-367.0

367.0-376.5

376.5-386.0

386.0-395.5

395.5-405.0

405.0-414.5

414.5-424.0

424.0-433.5

433.5-443.0

443.0-452.5

452.5-460.2

462.0-471.5

471.5-481.0

481.0-490.5

490.5-500.0

500.0-509.5

509.5-519.0

519.0-528.5

528.5-535.5

535.5-538.0

338.0-547.0

547.0-551.5

Length

cored

(m)

4.0
9.5
9.5
9.5
9.5
9.5
9.5
9.5
4.5
5.0
9.5
2.5
7.0
1.5
8.0
9.5
8.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
3.0
2.0

9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
7.0
2.5
9.0
4.5

Length

recovered

(m)

3.60

9.61

9.62

9.67

9.67

9.58

9.66

9.61

4.02

8.66
8.22

2.48

8.97

1.64

9.51
8.18

7.50

5.04

5.02

4.96
4.25

4.52

3.63

4.18

3.95

5.15

5.17

5.15

5.14

5.14

4.54

4.77

4.85

3.22

1.98

TV
5.5
9.13

8.96

9.11

6.27

4.20

9.0
7.6
9.4
6.6
8.8
9.3
6.7
8.12

7.29

7.50

4.69

8.72

5.44

6.19

9.40

4.48

8.70

8.25

9.69

8.03

9.40

6.73

4.45

3.80

5.49

5.03

9.65

1.69

0.05

0.10

3.06

Recovery

W

90
100
100
100
100
100
100
100
89
100
87
99
100
100
100
86
94
100
100
99
85
90
73
84
79
100
100
100
100
100
91
95
97
100
99

0
58
96
94
96
66
44
95
80
99
69
93
98
71
85
77
79
49
92
57
65
99
47
92
87
100
85
99
71
47
40
58
53
100
24
20
1

68

the seafloor. The vessel was offset 30 m to the west to
avoid the area disturbed by the previous drilling, and
Hole 548A was spudded at 1800 hr. on 11 June. The
hole was drilled to 205.5 m BSF without any attempt to
recover sediment. Combination temperature/water sam-
pler probe runs were made at 53.5 and 110.5 m, and a
temperature probe was run at 167.5 m. Continuous cor-

ing was then conducted from 205.5 m BSF to total depth.
An additional temperature probe was run at 281.5 m.

The sediment section penetrated was soft carbonate
ooze and chalk, with the exception of about 50 m of
semi-indurated clay. Penetration rate was consequently
high, and core recovery was approximately 71%. Base-
ment of quartzitic composition was encountered at
535 m BSF. Only broken rubble and cuttings (no full di-
ameter cores) were recovered from the 16 m of basement
drilled. We are not sure why we failed to recover full di-
ameter cores, although hole angle increased from 5.7 to
7.9° from vertical within 10 m of the basement contact,
and this may have caused lateral bit movement that par-
tially destroyed the cores.

Mud flushes proved inadequate to keep the hole free
of the quartzite cuttings from the basement. We termi-
nated coring operations because of operational difficul-
ties that included torquing and sticking of the drill string,
a plugged bit, and difficulty in recovering the inner core
barrel. After drilling operations ceased the hole was
flushed with a 50-barrel mud flush to prepare the hole
for logging. Because fresh water-sensitive clays were en-
countered, the hole was not filled with fresh water mud,
although this type of preparation would have been opti-
mum for running the induction log. A go-devil was then
pumped down the pipe to activate the hydraulic bit re-
lease. The bit and associated components were left at
the bottom of the hole, and the open-ended pipe was
pulled to 173 m BSF for logging.

Two open-hole logging runs were made. The first sonde
(combination long spaced sonic and dual induction) en-
countered an obstruction at 210 m, but the heavy tool
broke through, and thereafter the hole was clear to 537 m.
Neither this tool nor the subsequent compensated neu-
tron density/formation density combination log encoun-
tered hole problems. The data from all four logs were of
exceptionally high quality, given the physical properties
of the very soft sediments.

The drill string was then recovered, and Glomar Chal-
lenger departed Site 548 at 2220 hr. on 14 June.

SEDIMENT LITHOLOGY
Eight distinct lithologic units were encountered at Site

548 (Table 3). In total, 551.5 m of sediment and sedi-
mentary rocks were cored, ranging in age from middle
to late Devonian to Holocene. The Mesozoic and Ceno-
zoic strata consist mainly of calcareous nannofossil ooz-
es and chalks, which can be divided into six major litho-
logic units on the basis of their visual and microscopic
characteristics and logging properties. The middle to late
Devonian sequence consists of Hercynian arkoses and
black shales.

Unitl
Unit 1 consists of gray calcareous muds, marly nan-

nofossil oozes, and marly nannofossil-foraminifer ooz-
es. It occurs in Hole 548 from 0 to 72 m BSF3 (Core 1 to
Section 548-9-1) and is Holocene to Pleistocene in age.

3 All depths below seafloor are drill string depths, which may not correspond exactly to
depths obtained by well-logging techniques.
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Table 3. Lithologic summary, Site 548. Water depth: 1256 m.

Unit

la

lb

2

3

4a

4b

5

6

7

8

Hole-Core-Section
(level in cm)

548-1 to 548-7-5 (90 cm)

548-7-5 (90 cm) to 548-9-1

548-9-2 to 548-15-6

548-16 to 548-35 and
548A-1 to548A-ll-3(125cm)

548A-11-3 (125 cm) to 548A-18

548A-19 to 548A-22-6 (15 cm)

548A-22-6 (15 cm) to 548A-28-6 (35 cm)

548A-28-6 (35 cm) to 548A-35

548A-35 to 548A-36.CC

548A-36 to 548A-38

Depth
(m BSF)a

0-59.90

59.90-72

72-108.5

Hole 548: 108.5-211.0
Hole 548A: 205.0-304.75

304.75-376.5

376.5-412.6

412.6-469.9

469.9-530

530-535.5

535.5-551.5

Main lithologies

Alternating calcareous mud and
marly nannofossil ooze

Clays and foraminifer-nannofos-
sil oozes

Homogeneous bioturbated nan-
nofossil oozes and chalks
interbedded with turbiditic
silty mudstones

Foraminifer-nannofossil chalks

Marly nannofossil chalk

Foraminifer-nannofossil chalk

Sideritic hardground
Quartz sands

Arkosic sandstone and black
shale

Age

Holocene and
Pleistocene

early Pleistocene to
late Pliocene

late Pliocene to late
Miocene

middle Miocene to

middle Eocene

middle Eocene

early Eocene to late
Paleocene

Danian

late Maestrichtian to
late Campanian

Early(?) to pre(?)
Cretaceous

middle to late
Devonian

Notes: Cross rule denotes change in lithology: wavy line denotes unconformity. Bold wavy line denotes major unconformity.
a Depths above Unit 3 are for Hole 548; depths below Unit 3 are for Hole 548A.

49° N
I 1 1 1 1 1 1 1 1 1

12°W

Figure 2. Approach of Glomar Challenger to Site 548 (9 June 1981).

Calcium carbonate content, sedimentary structures,
and gamma ray intensity data suggest the division of
this unit into two subunits.

Subunit la

Subunit la consists of alternating calcareous muds,
marly nannofossil oozes, and marly nannofossil-fora-
minifer oozes. It occurs from 0 to 59.9 m BSF (Core 1
to 548-7-5, 90 cm) and is Holocene-Pleistocene in age.

Subunit la consists of alternating olive gray to gray
(5Y 4/1-6/2) calcareous muds and olive gray to light
gray (5Y 4/1, 5Y 7/1) marly nannofossil and nannofos-
sil-foraminifer oozes. Smear slide analysis shows that
the calcareous muds contain up to 40% quartz, 20 to
60% clay minerals, and 20 to 40% unspecified carbon-

ate (which may be shell debris, because shell fragments
are visible in the cores). Nannofossils and foraminifers
are rare in the muds, and calcium carbonate values are
low (10-25% as measured by carbonate bomb). The mar-
ly foraminifer-nannofossil oozes and marly nannofossil
oozes contain less than 30% quartz, less than 20% clay
minerals, and 40 to 80% calcium carbonate (according
to smear slide analysis); however, somewhat lower car-
bonate values (45-50%) are given by carbonate bomb
analysis. The approximate average calcium carbonate
value for this subunit is 25%. In Section 548-7-1, the or-
ganic carbon values are the highest at the site, averaging
about 0.6%.

Shipboard X-ray analysis of Subunit la shows a con-
sistent mineralogy of 25% quartz, 20 to 30% calcite,
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and small, variable quantities (0-5%) of dolomite, high-
magnesium calcite, and anhydrite. The remainder is large-
ly clay minerals (illite, kaolinite, smectite, and chlorite).

The sediments in Subunit la are intensely bioturbat-
ed, but most contacts between calcareous muds and marly
oozes can still be seen. In most cases, the contacts are
gradational. However, in some places (Sections 548-3-1
and -2; 548-4-4 and -5; and 548-6-2, -3,-5, and -6), the
contacts between the underlying marly oozes and over-
lying calcareous muds are abrupt. Above such contacts,
the muds are graded and often contain shallow water
benthic foraminifers. These graded beds vary in thick-
ness from 1 to 80 cm. Lastly, occasional ice-rafted peb-
bles are often found in this subunit (Chennaux et al.,
this volume).

The sedimentological and micropaleontological data
suggest that the repeated and gradual alternation be-
tween marly oozes and calcareous muds reflects sea level
fluctuations due to glacial advance and retreat. Terrige-
nous sediment influx was greatest during glacial peri-
ods. The graded muds were presumably deposited by
turbidity currents.

All fossil groups indicate a Pleistocene age for this
subunit, except for the light brown calcareous ooze in
the uppermost 28 cm of Core 1, which is probably Hol-
ocene in age.

Subunit lb

Subunit lb consists of marly nannofossil oozes and
marly foraminifer-nannofossil oozes. It occurs from 59.9
to 72 m BSF (548-7-5, 90 cm to Section 548-9-1) and is
Pleistocene in age.

Subunit lb is distinguished from Subunit la by a
marked increase in calcium carbonate and a marked de-
crease in terrigenous debris (especially clay minerals). Be-
cause of the smaller amount of terrigenous debris there
are fewer interbedded calcareous muds in this subunit,
a characteristic reflected in the noticeable reduction in
gamma ray intensity at the top of the subunit (see Su-
perlog [back pocket] for Site 548). In addition, there is
an abrupt erosional contact between the two subunits.
In gross mineralogy and sedimentary structures, the mar-
ly oozes of this subunit are similar to those in the sub-
unit above, except that there is evidence of aragonite in
548-8-3 (90-91 cm).

Unit 2
Unit 2 consists of light brown and gray nannofossil

foraminifer-nannofossil oozes. It occurs in Hole 548
from 72 to 108.5 m BSF (Sections 548-9-2 to 548-15-6)
and is early Pleistocene to late Pliocene in age.

The unit is a complex interbedded sequence of pink-
ish gray or light brown (7-5Y 6/2) silty clays, olive gray
(5Y 6/2), and gray to olive gray (5Y 6/1-5Y 6/2) nanno-
fossil and foraminifer-nannofossil oozes. This unit is
generally coarser and composed of more graded layers
than Unit 1 (Fig. 3), and it includes olive gray, graded,
sandy muds 5 to 50 cm thick. Bioturbation occurs
throughout Unit 2, as does disseminated pyrite, which is
often found within burrows. Shell fragments and glau-
conite occur rarely.
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Figure 3. Lithologic Unit 2 turbidite bed (late Pliocene). Base of grad-
ed bed occurs at 20 cm; bed grades upward from sandy mud to
marly nannofossil ooze. Section 548-15-4.

The biogenic oozes typically consist of 40 to 70%
nannofossils, as much as 40% quartz and clay minerals,
and as much as 30% foraminifers (according to smear
slide analysis). The more terrigenous layers contain up
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to 60% clay minerals and 30% quartz (in smear slides).
Carbonate bomb analyses give values ranging from 8 to
51% calcium carbonate. As in Unit 1, much of the car-
bonate in the more marly layers is in the form of un-
identified shell fragments. Many sediments intermediate
between the ooze described above and the clay litholo-
gies are present.

Shipboard X-ray analysis shows that the concentra-
tions of both quartz (15-40%) and calcite (10-60%) are
far more variable in Unit 2 than in Unit 1. Small, varia-
ble amounts (0-20%) of Mg calcite, siderite, aragonite,
and anhydrite are also present. Within the clay fraction
of Units 1 and 2, the relative abundance of clay minerals
was also determined by X-ray analysis. Concentrations
are generally constant for illite (45-50%), chlorite (10-
30%), and kaolinite (10-20%), but the smectite concen-
trations range cyclically from 5 to 40%. High smectite
concentrations may correspond to increases in turbiditic
terrigenous debris emplaced during glacial intervals.

Unit 3
Unit 3 consists of nannofossil oozes and chalks and

silty mudstones. It occurs in Hole 548 from 108.5 to
211.0 m BSF (Cores 16 to 35) and in Hole 548A from
205 to 304.75 m BSF (Core 1 to 548A-11-3, 125 cm) and
is late Pliocene to late Miocene in age.

The part of Unit 3 from 108.5 to 211 m BSF (the part
recovered from Hole 548) was cored by using the hy-
draulic piston corer, and the remainder of the unit (which
was recovered from Hole 548A) was sampled by conven-
tional rotary drilling. Unit ̂  is a series of intensely bio-
turbated nannofossil oozes and chalks, with a small but
variable terrigenous component. It can be divided into
three subunits, although these subunits have not been
recognized by the well-logging techniques.

The upper part of Unit 3 (108.5-146 m BSF, Cores
548-16 to -21) is marly nannofossil ooze (quartz 10-25%
and clay minerals 5-10%, according to smear slide anal-
ysis). The middle part (146-196 m BSF, Cores 548-22 to
-31) is nannofossil ooze with less than 10% terrigenous
detritus (according to smear slide analysis). The lower
part (196-211 m BSF, Cores 548-32 to -35; and 205-
304.75 m BSF, Cores 548A-1 to -11) is again more marly
(quartz 10-40%, clay minerals 10-30%). Carbonate bomb
values are 11 to 60% CaCO3 in the upper part, 40 to
70% in the middle part, and 30 to 50% in the lower
part.

To give a more detailed description, the upper part of
Unit 3 is composed of intercalated beds of gray (5Y 5/1)
to greenish (5G 6/1) or bluish gray (5B 7/1) nannofossil
ooze and greenish gray (5G 6/1-8/1) marly nannofossil
ooze. The beds alternate over intervals of 20 cm to 3 or
4 m. Contacts are generally gradational, although some
are sharp. Abrupt contacts in the marly ooze are usual-
ly accompanied by a slight coarsening of the sediment
above the contact. Scattered throughout the upper sec-
tion, especially in the marly beds, are finely graded sand-
ier intervals. Burrowing is present to a moderate degree,
and minute shell fragments and pyrite flecks are dissem-
inated throughout the sediment.

The middle part of Unit 3 is uniform, soft to firm,
greenish gray (5G 6/1-7/1) nannofossil ooze contain-
ing moderate to extensive burrowing (in shades of gray),
scattered minute shell fragments, and pyrite flecks. Col-
or changes (greenish gray, 5GY 4/1, to light bluish gray,
5B 7/1) occur cyclically in this part of the section over
intervals of less than a meter. The blue gray material
generally grades downward to the green gray material,
which has a sharp contact with the next bluish bed. Sec-
tion 548-29-2 contains a large pebble (1-5 cm); Section
548-23-2 contains an interval of sedimentary clasts. The
abundance of foraminifers in this section is variable
(5-20%), and the terrigenous component is less than in
sediments above and below.

The lower part of Unit 3 is much the same as the up-
per subunit. Cores 2 to 6 of Hole 548A contain many
graded beds of sandy, marly ooze, presumably of tur-
bidity current origin. The sand component is enriched
in quartz and glauconite (up to 15%). The sediments are
moderately to strongly burrowed in shades of greenish
gray. Some of the burrows contain pyrite crystals. Cores
7 to 11 are again nannofossil ooze with only occasional
graded, sandy mud intervals. These sediments are heavi-
ly burrowed and contain scattered pyrite crystals.

Core 11 contains two sharp contacts that are associ-
ated with sediment clasts (several cm across). These con-
tacts, present in Sections 3 (125 cm) and 4 (70 cm), de-
fine a transition interval from Unit 3 to 4.

Shipboard X-ray bulk composition analysis of Unit 3
shows quartz and calcite concentrations of about 10 to
30% and 15 to 50%, respectively. X-ray analysis of the
clay fraction reveals small concentrations of kaolinite
and chlorite (10-20% each), with larger and more varia-
ble quantities of smectite and illite (20-50% and 40-
60%, respectively). A downward decrease in kaolinite,
chlorite, and illite, along with an increase in smectite,
takes place in Unit 3.

Unit 4
Unit 4 consists of light gray foraminifer-nannofossil

chalks. It occurs in Hole 548A from 304.75 to 412.6 m
BSF (Sections 548A-11-3 to 548A-22-6) and is middle
Miocene to middle Eocene in age.

Unit 4 consists of a sequence of foraminifer-nanno-
fossil chalks ranging in color from bluish white through
light gray to greenish gray. The boundary between Units
3 and 4 is an unconformity, as determined by paleonto-
logical data and the visual characteristics of the cores
(Fig. 4). Nannofossil Zones NN7 to NN10 and plank-
tonic foraminifer Zones N12 to N15 (upper middle Mio-
cene) are missing. There is a transition interval below
the unconformity from 548A-11-3 (125 cm) to 548A-11-
4 (70 cm) (Fig. 5). It contains sediment clasts of variable
sizes reworked from the underlying Unit 4. We place the
boundary between Units 3 and 4 in Section 548A-11-3 at
125 cm, because no nannofossils belonging to Zone
NN11 (the oldest zone found in Unit 3) were detected
below this depth. The gamma ray log displays a strong
drop in intensity across the transition from Units 3 to 4.
This is probably due to a reduction in argillaceous com-
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Figure 4. Unconformity between upper and middle Miocene sedi-
ments in Section 548A-11-3. Contact is marked by reworked sedi-
ment pebbles overlain by laminated nannofossil ooze and a me-
lange of white and greenish gray nannofossil ooze.
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Figure 5. Transition zone below upper to middle Miocene unconformi-
ty (Section 548A-11-4). A mixture of white and greenish gray nan-
nofossil ooze appears above white, firm, middle Miocene nanno-
fossil ooze.
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ponents across the facies boundary. Unit 4 ranges in age
from middle Miocene to middle Eocene. It can be di-
vided into two subunits on the basis of lithologic and
well log differences.

Subunit 4a

Subunit 4a occurs from 304.75 to 376.5 m BSF (Sec-
tion 548A-11-3 to Core 548A-18) and is middle Miocene
to middle Eocene in age.

Nannofossil chalks constitute the top and bottom of
Subunit 4a, with foraminifer-nannofossil chalks in be-
tween. The nannofossil chalks (found in Core 548A-11,
Sections 548A-12-1 to 548A-12-4, and Core 548A-15)
are firm and moderately to extensively mottled in shades
of greenish gray (5GY 7/1-8/1). Core 548A-11 contains
a number of silty layers, several of which include fine
laminations or a gradual downward increase in grain
size. Sand composed of quartz (5-15% of total), fora-
minifers (5-15%), unspecified carbonate (5-10%), sponge
spicules (5-20%), and glauconite (trace to 5%) consti-
tutes 10 to 40% of Core 548A-11. Clay ranges from 40
to 70% and is dominated by nannofossils. Carbonate
content ranges from 60 to 90% (according to smear slide
and carbonate bomb analysis).

Foraminifer-nannofossil chalks occur in Sections 548A-
12-5 and 548A-12-6 and extend to Core 548A-14. The
upper contact with the nannofossil chalks is gradational
and occurs within Section 548A-12-5. These sediments
are similar in appearance to the nannofossil chalk but
have a sandier texture. They appear as a peak in intensi-
ty on the gamma ray log. Core 14 contains a number of
graded siltier layers (30-60 cm thick). This core also
contains several thin (less than 1 cm) bands of silica.
The sand content of these sediments ranges from 10 to
20%. Foraminifers make up the dominant sand compo-
nent. Clay content ranges from 50 to 80%; the clay is
dominated by nannofossils. The unspecified carbonate
content in these sediments ranges from 5 to 20%, and
the total carbonate content ranges from 80 to 100% (ac-
cording to smear slide and carbonate bomb analysis).

The sediments in Core 548A-16 and Sections 548 A-
17-1 to 548A-17-3, of late Oligocene to late Eocene age,
may be separated from the rest on the basis of color and
foraminifer preservation (see Biostratigraphy). They are
bluish white (5B 7/1) to light greenish gray (5GY
8/1-7/1) and are firm and fairly homogeneous, although
contacts between beds of different colors may be sharp
and well burrowed. Foraminifer preservation is poor to
very poor. These sediments are otherwise similar to, and
grade into, those in the lower part of Core 17 (see be-
low). A significant upper Oligocene lithologic discontin-
uity is present in Section 548A-16-3.

The sediments in Sections 548A-17-4 to 548A-18-1
are firm to very firm and moderately to intensely mot-
tled in light shades of greenish gray (5GY 8/1-7/1). Ex-
cept for millimeter- to centimeter-sized burrows, the sedi-
ments have very little structure. Some sections contain
scattered mollusc fragments and glauconite grains. Sand
content ranges from 10 to 20% and is composed primari-
ly of foraminifers. Clay and silt content ranges from 80 to
90% and is dominated by nannofossils. Carbonate

bomb analyses show that total carbonate content aver-
ages about 70%.

The sediments in Subunit 4a show signs of diagenetic
alteration centered on the larger burrows. Certain bur-
rows contain white flecks (millimeters in length) in a
green background and are surrounded by one or two
very fine blue halos (chert?) (Fig. 6). The entire struc-
ture may be several centimeters in diameter.

Shipboard X-ray analysis of the sediments in Subunit
4a shows that quartz concentrations are extremely low
(0-5%) and that calcite content is 50 to 70% of the sedi-
ment. X-ray analysis of the clay mineral fraction shows
a continuous downhole increase in smectite, which com-
prises up to 70% of the clay fraction. Kaolinite and
chlorite are recognizable in small quantities down to Sec-
tion 548A-15-2. Below Section 548A-15-2, mixed-layer
kaolinite-chlorite accounts for 0-5% of the clay compo-
sition and illite approximately 20% (Chennaux et al.,
this volume).

Subunit 4b

Subunit 4b occurs from 376.5 to 412.6 m BSF (Core
548A-19 to Section 548A-22-6) and is middle Eocene in
age.

Subunit 4b is separated from Subunit 4a by higher
values of formation density (gamma ray), resistivity, son-
ic velocity, and neutron density (see Downhole Logging).
The sediments appear to be harder, and they contain oc-
casional cherty nodules and beds (e.g., Section 19-4,
116-129 cm). Moreover, there is a sharp reduction in
CaCO3 content between Core 17 (average value: about
90%) and Core 18 (average values, Section 2 downward:
70-75%). Although total organic carbon content changes
little across the boundary (and is generally very low—
0.1%), there is a significant change in the C/N ratio.

X-ray analysis of bulk composition shows that calcite
dominates these sediments (50-60%); quartz accounts
for only 5 to 10%. The dominant clay minerals are smec-
tite (about 80%) and illite (about 20%).

A thin section from a chert nodule shows a matrix of
opal containing scattered clusters of micritic calcite, rare
glauconite grains, phosphatic grains, tiny flakes of white
mica, and chlorite. Among these are numerous foramin-
ifers, the tests of which have been partly replaced by
chalcedony. Opaline sponge spicules are also present,
but they are no more numerous than in sediments de-
void of cherts. The few radiolarians observed in Unit 4
are not concentrated in the cherty chalks but usually oc-
cur in more calcareous strata.

Sedimentation in Unit 4 was dominantly pelagic. Sili-
ca enrichment correlates with the generally elevated level
of silica production recorded in the Atlantic Ocean for
middle to late Eocene time (see the description of Site
400 in, for example, Montadert, Roberts, et al., 1979).

The boundary between Units 4 and 5 is marked by
a sharp lithologic change from light-colored chalks to
brownish and much more clayey sediment. This litho-
logic change coincides with a change in paleomagnetic
fabric (Hailwood and Folami, this volume). An uncon-
formity is indicated by the absence of the nannofossil
Zone NP13, the reduction of Zone NP14 to a few deci-
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Figure 6. Concretionary aureoles surrounding burrows in greenish gray
nannofossil oozes of Section 548A-12-1 (hthologic Subunit 4a).

meters, and the absence of planktonic foraminifer Zones
P8 and P9. Inasmuch as these zones correspond to a
small part of the Ypresian Stage, the unconformity rep-
resents only a short hiatus. Just above the unconform-
able contact (Fig. 7), reworked nannofossils from the
lower Eocene are mixed with species of Zone NP14

(lower middle Eocene) in a 20 cm-thick layer of silty
chalk. The short transition is well marked on the gam-
ma ray log, which shows a downward increase in values
that corresponds to an increase in the content of terres-
trial debris across the unconformity.

Unit 5
Unit 5 consists of brown and gray marly nannofossil

chalk. It occurs in Hole 548A from 412.6 to 469.9 m
BSF (Sections 548A-22-6 to 548A-28-6) and is early Eo-
cene to late Paleocene in age.

Marly nannofossil chalk first appears in Section 548A-
22-6, where it is olive gray (5Y 4/2), firm, and moder-
ately burrowed. In Section 6 the contact with the overly-
ing sediments is sharp. In the upper to middle part of
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Figure 7. Contact between Hthologic Units 4 and 5, which is an un-
conformity between lower and middle Eocene sediments. Greenish
gray nannofossil chalk of Unit 4 overlies very marly olive brown
nannofossil-bearing chalk of Unit 5. Section 548A-22-6.
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the unit (Section 548A-22-6 to Core 26), brown marly
nannofossil chalk dominates; the brown chalk alter-
nates with greenish gray nannofossil chalk at the base
(Core 27). Core 28 contains a sharp, unconformable
boundary between brown marly nannofossil chalk and
the white chalk of Unit 6 (Fig. 8). This lithologic change
coincides with a change in the paleomagnetic fabric
(Hailwood and Folami, this volume).

X-ray determinations and smear slide data show a
marked decrease in calcite (20-40% of the bulk compo-
sition) and an increase in quartz (10-20%) in Unit 5.
Undifferentiated kaolinite and chlorite make up 10 to
15% of the clay mineral fraction, illite composes 10 to
20%, and smectite dominates (65-85%). The marly chalk
of Core 22 contains more quartz (15%) and clay (about
20%) than does the overlying nannofossil chalk, and it
is also enriched in sponge spicules (about 10%). In Cores
23 to 26 the marly chalk is gray brown (2.5Y 4/2-5/2)
and more homogeneous than the overlying sediments.
Here it contains more clay (about 30%) and has a varia-
ble content of sand-sized particles (10-20%). The sand
is composed largely of quartz and foraminifers (5-10%
foraminifers). The clay fraction appears to be 50% clay
minerals and 50% nannofossils. Carbonate content is
40 to 50% (according to smear slide analysis) or 20 to
30% (according to carbonate bomb analysis). Diagene-
sis may be indicated by the occasional filling of burrows
by a bright green substance; one smear slide revealed an
abundance of glauconite and an amorphous green mate-
rial.

In Core 27, brown sediments alternate with greenish
gray nannofossil chalks in beds centimeters to tens of
centimeters thick. All contacts are well defined by con-
trasting lithologies, although they are extensively bur-
rowed. The brown marly chalk is moderately burrowed
in the upper part of the core but becomes more homo-
genous toward the base. In Core 28 the sediments are
entirely brown marly chalk down to the contact with
Danian sediments. These sediments coarsen downhole
toward the contact and include several graded beds con-
taining as much as 20% sand (quartz and foraminifers).
Basal contacts are sharp in this interval.

Unit 6

Unit 6 is variegated foraminifer-nannofossil chalk. It
occurs in Hole 548A from 469.9 to 530 m BSF (Section
548A-28-6 to Core 35) and is Paleocene (Danian) to late
Campanian in age.

Unit 6 rests unconformably below Unit 5 (Fig. 8).
The sediments of Unit 6 are nannofossil and foramini-
fer-nannofossil chalks. At the top of the section they
are homogeneous and white (10YU 8/2); at the bottom
of the section they are more variable in structure and
color (Fig. 9). This color variability is present from Core
31 downward and includes moderate orange pink (5YR
8/4), yellow gray (5Y 8/1), grayish orange pink (5YR
7/2), and brown gray (5YR 4/1). The abundance of silt-
sized carbonate particles and black pyritic streaks also
increases below Core 31. Initial observations suggest that
the chalk becomes more indurated toward the base of
Unit 6. This correlates with the increase in resistivity
(decrease in porosity) recorded by downhole logs.
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Figure 8. Unconformable contact between lithologic Units 5 and 6:
late Paleocene olive brown very marly nannofossil chalk overlying
pale Danian chalk. Section 548A-28-6.
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Figure 9. Example of bioturbation in Maestrichtian chalk. Section
548A-33-4.

Unit 6 sediments are composed of unspecified car-
bonate particles (5-15%), foraminifers (5-15%), and nan-
nofossils (60-85%) (according to smear slide analysis).
Mollusc fragments are recorded in Sections 548A-32-2
and 548A-32-3. Carbonate bomb analyses show almost

100% CaCO3. Mineralogical analysis shows that the
sediments consist mainly of biogenic and diagenetic cal-
cite, as supported by this high value. Terrigenous influx
is recorded as a diversified clay-mineral association,
with smectite, mixed-layer clay minerals, illite, kaolin-
ite, and minor chlorite (Granansky and Bourbon, this
volume).

Nannofossil Zones NP4 to NP8 are absent at Site
548. Cores 28 and 29 contain Zones NP3 and NP9, re-
spectively; thus, the contact between Danian and late
Maestrichtian beds is unconformable. However, no lith-
ologic change occurs between these strata, so the Dani-
an and Cretaceous are included in a single lithologic
unit.

Unit 7
Unit 7 consists of sideritic hardground and coarse

quartzose sands and muds. It occurs in Hole 548A from
530 to 535.5 m BSF (Cores 35 to 36) and may be Early
or perhaps pre-Cretaceous in age.

The core catcher of Core 35 contained a small (3-5
cm) rock fragment (Fig. 10) consisting of two parts. The
upper part is white limestone containing one fragment
of quartz (reworked from the Hercynian basement) to-
gether with abundant glauconite. The lower part is com-
posed of wavy laminations of a dark material compris-
ing mainly concretions of siderite, pyrite, and calcite
(X-ray diffraction). Geochemical analysis reveals the
dominant elements to be calcium, phosphorus, and man-
ganese (Karpoff et al., this volume). The lower part also
contains burrows filled with foraminifer-bearing chalk.
There is no difference between the foraminiferal assem-
blages of the concretions and of the burrow-filling
chalk. The foraminifer tests within the concretions are
partly covered by the concretionary material, a condi-
tion that suggests a diagenetic origin for the concre-
tions.

In Core 36, quartz sands of unknown age (535.5 m
BSF) were recovered along with a soft argillaceous mass
(500 cc) and many millimeter-sized rounded grains of
quartz. It is possible that the quartz represents an other-
wise unsampled interval of Early or pre-Cretaceous sed-
imentary rocks.

Unit 8
Unit 8 (basement rocks) consists of arkosic sandstones

and black shales. It occurs in Hole 548A from 535.5 to
551.5 m BSF (Cores 36 to 38) and is middle to late Devo-
nian in age.

The basement rocks at Hole 548A are well indurated
and probably very brittle, causing slow coring rates (8 hr.
for 23 m of penetration) and poor recovery. Cores 36,
37, and 38 contain sand-sized to 5- to 10-cm blocks and
fragments of arkosic sandstone and lustrous black
shale.

A thin section from the sandstone contains mainly
quartz, highly altered feldspars, argillaceous material, a
few white micas, chlorite, and zircons. The micas seem
to be of detrital origin. The tectonic fabric of the rock is
not pronounced. Analysis of the shale by palynological
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Figure 10. Hardground fragments of siderite and pyrite (Section 548A-35.CC) at base of Cretaceous chalks. These
fragments represent Unit 7.

techniques revealed carbonized, highly fragmented de-
bris; spores; and acritarchs of middle to late Devonian
age (Lefort et al., this volume).

BIOSTRATIGRAPHY

Summary

Approximately 528 m of sediments, ranging in age
from Late Cretaceous to Holocene, were cored above
middle to late Devonian basement at Site 548 (Superlog
and Fig. 11). The Pleistocene section, which is approxi-
mately 102 m thick, can be subdivided into glacial and
interglacial deposits on the basis of microfaunal and
nannofloral changes. Low diversity assemblages domi-
nated by cold water species and associated with marly
sediments represent intervals of glaciation. Higher di-
versity assemblages containing temperate and a few warm-
er water species are associated with the more calcareous
deposits and characterize interglacial periods. Climate-
associated fluctuations in assemblage are most pro-
nounced in the upper Pleistocene section. Nannofossils
and foraminifers are abundant and well preserved through-
out the sequence.

The subdivision of the Pliocene section (which is
108 m thick) is difficult; both the paleontology and li-
thology are hard to interpret. Specimens of foraminifers
and nannofossils are abundant and well preserved, but
reliable index species are generally absent. However, the
faunal and floral evidence suggests a transition from
warmer conditions in the early Pliocene to cooler condi-
tions in the late Pliocene.

The upper Miocene sequence in Hole 548A is a thick
(95 m) accumulation of chalks interbedded with turbi-
ditic sandy mudstones. Microfaunal and nannofloral spec-
imens in these deposits are abundant and well preserved.
As in the Pliocene, the fossils suggest that warmer con-
ditions prevailed in the early portion of the late Miocene
and were followed by a cooling trend. Sponge spicules
are a minor but conspicuous component of the samples
from the Miocene and Pliocene. They were not observed
with any degree of regularity in sediments older than

Miocene. Sedimentation rates were high in the upper
Miocene, in contrast to the lower rates and more com-
pressed section (37 m) of the lower middle and lower Mi-
ocene. In fact, from the lower upper Miocene down-
ward, there are numerous stratigraphic gaps and con-
densed intervals in the sediment sections.

Beneath the Miocene section there is a highly con-
densed (14 m-thick) but nearly complete Oligocene se-
quence. A short hiatus is present between nannofossil
Zones NP24 and NP23.

Biotic deposition was apparently continuous across
the Oligocene/Eocene boundary, and there is no marked
change in lithology across it. Eocene microfaunal and
nannofloral specimens are abundant, but preservation
through the upper and middle Eocene varies from poor
to moderate as a result of recrystallization and second-
ary encrustation. An unconformity separates the light,
greenish gray nannofossil chalks of the middle Eocene
from the brown, very marly nannofossil chalks of the
lower Eocene. The lower Eocene section contains as-
semblages with fewer individuals, but they are much bet-
ter preserved. The faunal changes coincide with the change
in lithology across the unconformable lower/middle Eo-
cene boundary. The combined lower Oligocene through
middle Eocene section is only 60 m thick. The lower
Eocene, which is characterized by higher sedimentation
rates, is 55 m thick.

A thin (less than 2 m) wedge of upper Paleocene sedi-
ments lies conformably below the Eocene. A major un-
conformity separates this unit from a thin (1.5 m) layer
of lower Paleocene (lower Danian) sediments. The Pa-
leocene foraminifer assemblages are dominated by small
globigerinids. Nannofossils are common, but many have
recrystallized.

The Cretaceous deposits, which are separated from
overlying Danian sediments by an unconformity, are ap-
proximately 60 m thick. Nannofossils are abundant, but
breakage presents some identification problems. Fora-
minifers are abundant and moderately well preserved, and
the assemblage is similar to that described from DSDP
Site 402 (an outer shelf environment). In total, 57 m of
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100

Lithologic description

500

Alternating olive-gray marly
calcareous ooze and nannofossil
ooze.

Reddish clay, grayish clay,
foraminifer—nannofossil oozes.

Homogeneous greenish gray, bio-
turbated nannofossil oozes and
chalks interbedded with darker
turbiditic silty mudstones. Sider-
itic hardground. Quartz sands.

Light greenish gray foraminifer-
nannofossil chalks.

Brownish marly nannofossil
chalk.

White, yellow, pink, and brown
foraminifer—nannofossil chalk.

Sideritic hardground, quartz sands.
Arkosic sandstone and black shales

Figure 11. Stratigraphic column for Site 548. Pleistocene and Pliocene sediments were re-
covered from Hole 548; Miocene and older sediments were recovered from Hole 548A.
Legend as explained in Explanatory Notes.
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Maestrichtian and Campanian foraminifer-nannofossil
chalks overlie undated sideritic hardgrounds, which lie
above Devonian sandstones of the Hercynian basement.

The depths (and sample numbers) specified in the
following discussion for the biostratigraphic boundaries
were identified on board ship. In the course of subse-
quent work on shore the boundaries between the top of
the Oligocene and the bottom of the Eocene shifted slight-
ly. The revised boundaries are shown in the Superlog
and supersede those in the text.

Foraminifers

Hole 548

Hole 548 penetrated approximately 210 m of Ceno-
zoic (Holocene, Pleistocene, and Pliocene) sediments
(Fig. 11). Planktonic foraminifers are abundant and gen-
erally well preserved throughout the sequence. Changes
in species diversity (which varied from low to moderate)
generally correspond to marked changes in the species
composition of the faunas.

Below a thin surficial layer of Holocene sediment lies
a sequence of Pleistocene sediments approximately 102 m
thick (Core 1 to Section 548A-15-2). The Pleistocene is
characterized by the alternation of distinctly different
assemblages that reflect major fluctuations in climate.
The interglacial assemblages are characterized by mod-
erate diversity and the presence of very few benthic
foraminifers, and they are numerically dominated by Glo-
bigerina bulloides and Globorotalia inßata. The inter-
vening glacial assemblages are dominated by Neoglo-
boquadrina pachyderma and N. "du/pac", the latter
considered to be a form intergradational between N. du-
tertrei and N. pachyderma (Poore, 1979, p. 472). The
glacial assemblages are less diverse and usually contain
a slightly higher percentage of benthic foraminifers than
the interglacial assemblages. Some samples (e.g., 548-
4-3, 90-93 cm and 548-5-3, 60-63 cm) contain sublitto-
ral benthic species that belong to such genera as Quin-
queloculina, Elphidium, and Buccella. Their presence
indicates faunal mixing caused by downslope transport.
Faunal changes throughout the Pleistocene section cor-
relate with variations in sediment type. Glacial assem-
blages are associated with influxes of detrital sediment,
mostly quartz. Interglacial assemblages are associated
with sediments that lack detrital components. Preserva-
tion is excellent in samples that contain interglacial as-
semblages, but moderate breakage and recrystallization
characterize the glacial assemblages.

The Pliocene/Pleistocene boundary, if defined by the
Globorotalia tosaensis-G. truncatulinoides transition, is
present between Samples 548-13-6, 51-54 cm and 548-
14-1, 33-36 cm. This does not coincide with the nanno-
fossil-indicated Pleistocene base. Both of these Globo-
rotalia species are rare at this latitude, and they occur
only sporadically through their respective stratigraphic
ranges. Thus, the true first appearance datum (FAD) of
G. truncatulinoides may not have been observed, and
the Pliocene/Pleistocene boundary may lie lower within
the section. The nannofossil-based boundary is lower
and correlates more closely with paleomagnetic evidence.

An alternative to using the FAD of G. truncatulinoides
in this high latitude region is to base the boundary on
the last appearance datum (LAD) of Neogloboquadrina
atlantica (Berggren, 1972). Use of this datum at Site 548
brings the planktonic foraminiferal base of the Pleisto-
cene into agreement with both nannofossil and paleo-
magnetic evidence. The LAD of N. atlantica occurs be-
tween Samples 548-15-2, 76-79 cm and 548-15-3, 76-79
cm.

The identification of the Pleistocene/Pliocene bound-
ary exemplifies the difficulty of interpreting high lati-
tude biostratigraphy. Because standard planktonic fora-
miniferal zonations are based on tropical faunas, the
species used to define such zones are usually absent at
higher latitudes. Therefore, the identification of many
of the zones discussed here is based on the presence of
those few stratigraphically significant species that have
been recovered. Positions of the zonal boundaries should,
therefore, be considered tentative.

The Pliocene section is approximately 108 m thick,
extending downhole from Sample 548-15-3, 76-79 cm
through 548-35-1, 90-93 cm. Globigerina bulloides, Neo-
globoquadrina atlantica, and N. acostaensis are com-
mon throughout the Pliocene. The upper part of Zone
N19 contains many specimens of Globorotalia inflata.
The FAD of G. inflata corresponds roughly to the LAD
of G. puncticulata, a faunal transition that marks the
middle of Zone N19. The lower portion of N19 is char-
acterized by the simultaneous occurrence of G. puncti-
culata and G. margaritae. The boundary between Zones
N19 and N18, based on the FAD of G. puncticulata and
the LAD of G. juanai, lies between Samples 548-33-2,
90-93 cm and 548-33-3, 90-93 cm. The planktonic fora-
miniferal assemblages indicate that climatic fluctuations,
although more difficult to detect than those in the Pleis-
tocene, also occurred during the Pliocene. The species
composition and faunal diversity of the lower Pliocene
assemblages (Zones N18 and lower N19) suggest tem-
perate conditions. The warmer water indicator species
include the keeled G. margaritae and G. juanai and rare
but consistently present specimens of Globigerinoides
obliquus, G. extremus, G. quadrilobatus, and G. saccu-
lifer. The upper Pliocene assemblages suggest cooler wa-
ter, because the warm water indicators are absent and
Globigerina bulloides and Globorotalia inflata are more
abundant. Hole 548 did not penetrate below the base of
the Pliocene.

Hole 548A

Tertiary

Hole 548A penetrated approximately 325 m of Mio-
cene through Danian sediments. The planktonic forami-
niferal assemblages in the uppermost part of Hole 548A
indicate an age of late Miocene. The Pliocene/Miocene
contact evidently lies at the juncture between the two
holes; the boundary was recovered from neither.

The upper Miocene section (Zones N17 and N16) is a
sequence of turbidites approximately 95 m thick. Plank-
tonic foraminifers are generally abundant and well pre-
served, but species diversity is moderate to low, and
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relatively few reliable index species are present. Neoglo-
boquadrina acostaensis and Globigerina bulloides pre-
dominate throughout the upper Miocene section. Spe-
cies of secondary abundance include Globorotalia con-
tinuosa, Globigerina decoraperta, and Neogloboquadrina
atlantica. The Zone N17/N16 boundary, based primari-
ly on the LAD of Globorotalia lenguaensis, occurs be-
tween Samples 548A-6-2, 47-51 cm and 548A-6-3, 114-
117 cm. Immediately below, in Sample 548A-7-1, 133-
137 cm, there is an abrupt change in the coiling direc-
tion of Neogloboquadrina acostaensis. Specimens be-
low this point coil sinistrally, while those above coil dex-
trally. Because of the abundance of N. acostaensis, this
abrupt change in coiling direction is an excellent strati-
graphic marker. The base of Zone N16 is marked by
the FAD of such numerically important forms as Globi-
gerina bulloides, G. decoraperta, and Neogloboquadri-
na acostaensis.

Faunal changes at the base of the turbidite sequence
(lithologic Unit 3) indicate a significant hiatus. Sedi-
ments containing the previously described upper Mio-
cene assemblages occur in Sample 548A-11-3, 130-132
cm, whereas Sample 548A-11-4, 9-11 cm contains a lower
middle Miocene assemblage. Important marker species
that occur immediately below the unconformity include
Globorotalia fohsi fohsi, G. fohsi peripheroronda, G.
siakensis, and Globigerinoides sicanus. Sediments from
Sample 548A-11-4, 9-11 cm downward through Sample
548A-12-6, 66-68 cm lie within the middle Miocene. Low
sedimentation rates produced a condensed section that
is only about 13 m thick, and some of the planktonic
foraminiferal zones (such as Zones N10 to N12) cannot
be reliably differentiated. Zone N9 is differentiated on
the basis of the FAD of Globorotalia fohsi fohsi and on
the last common appearance of Praeorbulina glomero-
sa. Zone N8 is distinguished from Zone N9 on the basis
of the FAD of Orbulina.

The lower Miocene sequence is approximately 28 m
thick. Zone N7, which lies immediately below the FAD
of Praeorbulina glomerosa, extends from Sample 548A-
13-1, 80-82 cm through Sample 548A-14-1, 90-92 cm.
The N7/N6 zonal boundary is based on the LAD of Ca-
tapsydrax dissimilis and C. unicavus. The boundary be-
tween Zones N6 and N5 is tentatively placed between
Samples 548A-14-4, 90-92 cm and 548A-14-5, 90-92 cm
because of the FAD of Globigerinoides subquadratus.
Zones N4 to P21 extend from Sample 548A-15-3, 58-60
cm downward through Sample 548A-16-2, 39-41 cm.
These zones cannot be reliably separated on the basis of
the planktonic foraminifers; thus, the location of the
Oligocene/Miocene boundary cannot be precisely deter-
mined. The Oligocene section, although nearly complete,
is condensed, extending downward only through Sample
548A-16-5, 39-41 cm. An unconformity is present with-
in Zone P21. Thus, the entire Oligocene sequence is on-
ly about 12 m thick. Catapsydrax unicavus and C. dis-
similis occur throughout the Oligocene. The upper and
lower portions of the Oligocene are easily distinguished,
because only the latter contains Globigerina ampliaper-
tura, G. angiporoides, and Globorotalia increbescens.

The Eocene/Oligocene boundary lies between Sam-
ples 548A-17-1, 66-69 cm and 548A-16-5, 39-41 cm. Its
location is based on the LAD of Globorotalia cerroazu-
lensis cerroazulensis and G. cerroazulensis cocoaensis.
The upper Eocene section is complete but moderately
compressed, extending downward through Sample 548A-
18-1, 67-69 cm (a thickness of about 10 m). The upper
Eocene sediments are characterized by species of Cata-
psydrax, the Globorotalia cerroazulensis complex, Glo-
bigerinatheka index, and several species of Globigerina
(G. angiporoides, G. corpulenta, and G. gortanii). The
middle Eocene, which is also complete, is less com-
pressed (about 46 m thick). The upper/middle Eocene
(P15/P14) boundary is based on the LAD of Truncoro-
taloides rohri and T. collactea, and on the FAD of Glo-
borotalia cerroazulensis cerroazulensis. Middle Eocene
assemblages are characterized by abundant specimens
of Acarinina (most notably A. bullbrooki), Globigerina
frontosa, several species of Globigerinatheka (particu-
larly G. barri and G. index), and several species of Trun-
corotaloides (T. collactea, T. rohri, and T. topilensis).
Between Sample 548A-22-5, 87-89 cm, which is lower-
most middle Eocene, and Sample 548A-22-6, 87-89 cm
lies an unconformity (Zones P9 and P8 are absent). The
portion of the lower Eocene that is present (Zones P7
and P6) is approximately 55 m thick. The fauna consists
of a diverse assemblage of Acarinina spp., most impor-
tantly A. nitida, A. broedermanni, A. pseudotopilensis,
A. soldadoensis soldadoensis, and^4. soldadoensis angu-
losa. Several species of Morozovella, namely M. formo-
sa gracilis, M. lensiformis, M. quetra, M. subbotinae,
and M. aequa, are useful in identifying and subdividing
this interval. Planorotalites chapmani occurs consistent-
ly throughout Zone P6. A single sample (548A-28-5, 62-
65 cm) is assigned to Zone P5 (upper Paleocene) because
it contains many specimens of Acarinina mckannai.

An unconformity below the sediments of Zone P5
represents a hiatus that spans most of the Thanetian
and late Danian (Zones P4-P2). Sample 548A-28-7, 28-
30 cm, which lies immediately below the unconformity,
contains an assemblage that is assigned to Zone Pld.
Characteristic species are Subbotina triloculinoides, S.
trinidadensis, S. pseudobulloides, and Eoglobigerina
daubjergensis. This interval is, in turn, separated from
underlying Cretaceous sediments by an unconformity
(between Core 28 and 29), because of which the early
Danian is missing (Zones Pla-Plc).

Cretaceous
The Cretaceous/Danian boundary is placed between

Cores 28 and 29, because the first late Maestrichtian for-
aminifers occur 3 cm below the top of Core 29 (Fig. 11).
Cores 29 to 34 belong to the Maestrichtian stage, and
Core 35 may reach the Campanian stage. All of the
Cretaceous strata accumulated in pelagic outer shelf or
upper slope environments. Although preservation is usu-
ally moderate to bad, with frequently recrystallized, part-
ly dissolved, and fragmented tests, the core-catcher sam-
ples examined on board ship have shown that successive
foraminiferal zones are recognizable, as follows.
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Upper part of Maestrichtian (MC11 or mayaroensis
Zone): Cores 29 and 30. Diagnostic species include the
key species and the Globotruncana area, G. calicifor-
mis, G. citae, G. contusa, G. wiewickae group, as well
as Globigerinelloides messinae subcarinata, Racemiguem-
belina fructicosa, and Bolivinoides peterssoni.

Middle part of Maestrichtian (more or less equivalent
to the lower part of MC10 or gansseri Zone): Core 31.
Diagnostic species include the key species and Globo-
truncana contusa, G. stuartiformis, Pseudotextularia va-
rians, and Planoglobulina acervulinoides.

Core 32 occupies an intermediary zonal position be-
tween MC10 and MC9. Core 33 does not provide precise
biostratigraphic data because of poor specimen preser-
vation.

Lower part of Maestrichtian (MC9 or stuarti-falso-
stuarti Zone): Core 34. Diagnostic species include the
key species and Globotruncana contusa, G. elevata, G.
fornicata, G. cf. pembergeri, Globigerinelloides bollii,
Stensioeina spp., and Reussella szajnochae var.

Core 35 (Samples 548A-35-1, 45-46 cm and 548A-35-1,
135-136 cm) belongs either to the lower Maestrichtian
(MC9) or the upper Campanian (MC8 or MC7 Zones).
The foraminiferal assemblage (including Globotruncana
area, G. fornicata, Reussella szajnochae var., and Bo-
livinoides laevigata) is not diagnostic, because key fos-
sils are missing.

Naπnoplaπkton

Hole 548

Quaternary

The Quaternary was encountered from the top of the
section to a depth of 101 m (Core 1 to 548-15-1, 30 cm)
(Fig. 11). The Emiliania huxleyi Zone (NN21), present
from Cores 1 to 5, is underlain by the Gephyrocapsa
oceanica Zone (NN20) in Core 6 to Sample 548-7-2,
40-43 cm and the Pseudoemiliania lacunosa Zone (NN19)
from Sample 548-7-4, 40-43 cm to 548-15-1, 30 cm. The
thinness of the G. oceanica Zone suggests that part of it
was eroded or not deposited. The uppermost part of
Zone NN19 is present, as indicated by the occurrence of
the typical "small Gephyrocapsa" layer (see Pujos; and
Caralp et al., this volume).

The Quaternary sequence is characterized by the al-
ternation of layers that contain abundant well preserved
nannoplankton and layers that contain only a few indig-
enous species, a great number of reworked nannoplank-
ton (mainly from Cretaceous and Eocene rocks), and an
abundance of ice-rafted detritus. The layers with abun-
dant nannoplankton are interpreted as having been de-
posited during interglacials, when warmer water masses
penetrated farther to the north. The nannoplankton-
poor sediments were deposited during glacials, when cold
water masses drifted to the south as far as 42°N. The al-
ternation of nannoplankton-rich and nannoplankton-
poor layers is less pronounced within the lower Pleisto-
cene (NN19), indicating that the early Pleistocene cli-
mate may have been more stable in this region.

On the whole, the Pleistocene nannoplankton assem-
blages are of low diversity. Dominant species are Cocco-
lithus pelagicus, Gephyrocapsa ericsonii, and Emiliania
huxleyi. There were no signs of dissolution in the Qua-
ternary sequence. The presence of diatoms, fragments
of radiolarians, and sponge spicules in Zone NN19 (from
Samples 548-7-6, 40-43 cm to 548-8-6, 69-70 cm) might
indicate a change in oceanographic conditions. The Pli-
ocene/Pleistocene boundary is identified by the extinc-
tion of Cyclococcolithus macintyrei, because discoas-
ters are not present within the upper Pliocene in this
area. The paleomagnetic results from both this leg and
Leg 48 show that the C. macintyrei extinction lies within
the upper part of the Olduvai Event, which is also the
extinction level for discoasters in other areas.

Tertiary

The upper Pliocene (nannoplankton Zones NN18-
NN16) extends from 548-15-2, 30 cm to Sample 548-
19-1, 70-73 cm; the extinction of Reticulofenestra pseu-
doumbilica marks the base of Zone NN16. The location
of this boundary is somewhat questionable in Hole 548,
because R. pseudoumbilica occurs only very rarely with-
in the upper part of Zone NN15. A subdivision of the
upper Pliocene is not possible because of the absence of
discoasters. The nannoplankton assemblages of the up-
per Pliocene consist mainly of Coccolithus pelagicus,
Cyclococcolithus macintyrei, Pseudoemiliania lacuno-
sa, Helicosphaera sellii, Syracosphaera pulchra, Ponto-
sphaera pacifica, and Discolithina japonica. Layers that
are poor in nannoplankton and contain terrigenous de-
tritus and reworked specimens appear in Sample 548-16-2,
20-23 cm; Section 548-16,CC; and Sample 548-19-2,
45-48 cm. These constituents may indicate climatic fluc-
tuations during late Pliocene time.

The lower Pliocene (nannoplankton Zones NN15-
NN12) is encountered from Sample 548-19-2, 45-48 cm
to Section 548-35,CC. Only a rough subdivision is pos-
sible because of the scarcity of discoasters. Zones NN15
to NN14 extend from 548-19-2, 45 cm to Sample 548-30-1,
60-63 cm (first Discoaster asymmetricus). Zones NN13
to NN12 extend from Sample 548-30-2, 80-81 cm to
Section 548-35,CC.

The interval from 548-19-3, 45 cm to 548-19-3, 70 cm
is characterized by the almost complete dissolution of
the nannoplankton. This level is believed to correspond
to the onset of glaciation in the Northern Hemisphere
about 3.0 m.y. ago (during the uppermost part of Zone
NN15).

Discoasters are generally rare, but together with some
scyphospheres and Amaurolithus delicatus, they be-
come more frequent in a few layers within the lower part
of the lower Pliocene sequence. This observation sug-
gests a slight increase of water temperature at the base
of the Pliocene, in accord with results from Leg 48.

Nannoplankton are common and well preserved
throughout the Pliocene. However, within the interval
from Zone NN15 to NN14, there are some layers in
which the abundance of nannoplankton decreases at the
same time that the amount of terrigenous detritus in-
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creases (Sample 548-20-3, 10-13 cm and 548-24-2, 57-
60 cm). Sponge spicules are common within the lower
Pliocene, and in some layers there are fragments of dia-
toms and radiolarians.

Hole 548A

Tertiary
A thick upper Miocene sequence is encountered from

Section 548A-1,CC to 548A-11-3, 102 cm (Fig. 11 and
Superlog). The entire sequence probably belongs to the
Discoaster quinqueramus Zone (NN11), and this zonal
assignment is certain down to the base of Core 8. How-
ever, below this level, D. quinqueramus is missing, prob-
ably as a result of unfavorable environmental conditions;
this species is more sensitive to low water temperature
than D. calcaris. The latter species, together with D. va-
riabilis, is still well represented within the upper Mio-
cene sediments of this region.

The nannoplankton are abundant and well preserved
within the upper Miocene sequence. However, a slight
fragmentation can be observed in some samples, indi-
cating slight fluctuations in calcite dissolution. Climat-
ic fluctuations are indicated by variations in the abun-
dances of discoasters. The nannoplankton assemblages
are relatively low in diversity, containing chiefly Cocco-
lithus pelagicus, Reticulofenestra pseudoumbilica, Cyclo-
coccolithus leptoporus, C. macintyrei, and Helicosphaera
carteri. Discoaster variabilis and D. calcaris are com-
mon in several layers: D. quinqueramus and Amauro-
lithus delicatus are always rare.

Radiolarian and diatom fragments are present through-
out the sequence but are often strongly dissolved. Fine-
grained pyrite is common in several layers (Samples
548A-2-3, 18-20 cm; 548A-3-4, 86-92 cm; and 548A-4-
6, 108-109 cm). Some reworked Eocene specimens and
glauconite grains were observed in almost all samples.

The upper Miocene sequence (probably Zone NN11)
is underlain by middle Miocene rocks of nannoplankton
Zone NN6 {Discoaster exilis Zone). The unconformity
between the two biostratigraphic units represents a hia-
tus of at least 5 m.y.

The interval from 548A-11-3, 140 cm to Sample 548A-
12-1, 63-65 cm belongs to the lower part of the D. exilis
Zone (NN6), as shown by the presence of Cyclicargo-
lithus abisectus, C. floridanus, D. exilis, Coronocyclus
nitescens, Helicosphaera perch-nielseniae, and the abun-
dance of large specimens of Coccolithus pelagicus. Sili-
ceous microfossils are absent. The nannoplankton are
very abundant, having varying degrees of overgrowth
and fragmentation due to diagenesis.

The Sphenolithus heteromorphus Zone (NN5) is pres-
ent from Sample 548A-12-1, 110-112 cm to Section 548A-
12,CC as determined by the presence of S. heteromor-
phus. The nannoplankton are abundant and are of bet-
ter preservation than in the preceding section.

A complete lower Miocene sequence (nannoplankton
Zones NN4-NN1) is encountered from Samples 548A-
13-1, 61-64 cm to 548A-15-4, 25-27 cm. Zone NN4 in-
cludes Sample 548A-13-1, 61-63 cm to Section 548A-
13,CC, as indicated by the presence of S. heteromorphus

and Helicosphaera ampliaperta. Zone NN3 includes Sam-
ple 548A-14-1, 52-54 cm to 548A-14-3, 100 cm; Zone
NN2 includes Samples 548A-14-4, 52-54 cm to 548A-
15-2, 101-102 cm; and Zone NN1 includes Samples
548A-15-2, 25-27 cm to 548A-15-4, 25-27 cm. The sedi-
ments are very rich in nannoplankton; the coccoliths are
well preserved, whereas the discoasters display over-
growths.

A nearly complete but extremely condensed Oligo-
cene section is present from Sample 548A-15-4, 100-102
cm to 548A-17-1, 27 cm. The Sphenolithus ciperoensis
Zone (NP25) of the upper Oligocene is present from
Sample 548A-15-4, 100-102 cm to 548A-16-1, 100 cm; it
contains S. ciperoensis, Helicosphaera recta, Cyclicargo-
lithus abisectus, H. bramlettei, and Discoaster cf. enor-
mis. The interval from Sample 548A-16-2, 43-45 cm to
548A-16-3, 66 cm belongs to Zone NP24 {Sphenolithus
distentus Zone), as indicated by the presence of S. dis-
tentus, S. predistentus, and Chiasmolithus altus. The
interval from 548A-16-3, 74 cm to Sample 548A-16-3,
106-108 cm belongs to the Sphenolithus predistentus
Zone (NP23). This very condensed sequence is the result
of both a significant change in accumulation rate during
the middle Oligocene and an unconformity between bio-
zones NP23 and NP24, which was recognized on the ba-
sis of a lithologic discontinuity (Poag et al., this volume).

The lower Oligocene is represented from Sample 548A-
16-4, 24-26 cm to 548A-17-1, 21 cm. Zone NP22 is rec-
ognized in Sample 548A-16-4, 24-26 cm and 548A-16-4,
90 cm by the occurrence of Cyclococcolithus formosus
and Reticulofenestra umbilica. The interval from Sam-
ple 548A-16-5, 33-35 cm to 548A-17-1, 27 cm belongs to
ZoneNP21.

The Eocene/Oligocene boundary is placed between
548A-17-1, 27 cm and Sample 548A-17-1, 64-66 cm by
the extinction of Discoaster saipanensis and D. barbadi-
ensis. The upper Eocene (Zones NP20 to NP18) was
encountered in the interval from Samples 548A-17-1,
64-66 cm to 548A-18-1, 38-40 cm. The nannoplankton
are very abundant and contain thin calcite overgrowths.
Zones NP19 and NP20 (Sample 548A-17-1, 64-66 cm to
548A-17-5, 30 cm) cannot be subdivided. Zone NP18 is
present from 548A-17-6, 100 cm to Sample 548A-18-1,
38-40 cm, as determined by the occurrence of Chiasmo-
lithus oamaruensis without Isthmolithus recurvus.

The middle Eocene sequence is complete. It is en-
countered from Sample 548A-18-2, 38-40 cm to 548A-
22-6, 13 cm. It is separated from the lower Eocene by an
unconformity representing nannoplankton Zone NP13
(lower Eocene), a hiatus of 1.0 m.y.

The Discoaster saipanensis Zone (NP17) is present
from Sample 548A-18-2, 38-40 cm to Section 548A-
18,CC; the D. tani nodifer Zone (NP16) from Sample
548A-19-1, 40-42 cm to 548A-19-4, 57-60 cm; the Chiph-
ragmalithus alatus Zone (NP15) from Samples 548A-
19-6, 53-54 cm to 548A-22-1, 51-54 cm; and the Disco-
aster sublodoensis Zone (NP14) from Samples 548A-22-3,
54-56 cm to 548A-22-6, 13 cm.

Nannoplankton are very abundant in the middle Eo-
cene sediments. Calcite overgrowths and slight fragmen-
tation are caused by diagenesis. The abundance of Braa-
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rudosphaera bigelowi, Zyghablithus bijugatus, Pemma
rotundum, and species of Micrantholithus, as well as
the scarcity of the discoasters, indicates that this se-
quence was deposited in an outer sublittoral to upper
bathyal environment.

An important lithologic change (from nannofossil
chalk to marly mudstone) coincides with the middle/
lower Eocene boundary. The uppermost lower Eocene
nannoplankton zone (NP13) is missing. The Marthaste-
rites tribrachiatus Zone (NP12) is encountered from
548A-22-6, 22 cm to Sample 548A-25-3, 80-81 cm and is
underlain by the Discoaster binodosus Zone (NP11) from
Samples 548A-25-4, 50-54 cm to 548A-28-1, 60-61 cm
and the Marthasterites contortus Zone (NP10) from Sam-
ple 548A-28-3, 60-61 cm to 548A-28-4, 40-41 cm.

Nannoplankton are common throughout the lower
Eocene sequence, but they are somewhat diluted by the
high amount of terrigenous material. Preservation is very
good because of the clay content in the sediments. The
abundance of Zyghablithus bijugatus, Transversopontis
pulcher, Braarudosphaera bigelowi, Lophodolithus nas-
cens, and species of Rhabdosphaera indicate deposition
of these sediments in an outer sublittoral to upper ba-
thyal environment.

The Paleocene/Eocene boundary lies between Sam-
ples 548A-28-5, 60-61 cm and 548A-28-6, 6-7 cm, as de-
termined by the extinction of Fasciculithus tympanifor-
mis. The greatest part of the Paleocene sequence is miss-
ing. The Discoaster multiradiatus Zone (NP9), which is
represented by only a few centimeters (Samples 548A-
28-6, 6-7 cm to 548A-28-6, 27-28 cm), is underlain by
nannoplankton Zone NP3 (Danian), which is encoun-
tered from Sample 548A-28-6, 41-42 cm to Section
548A-28,CC. These sediments have abundant nanno-
plankton that display strong signs of diagenesis. The as-
semblages consist predominantly of Braarudosphaera bi-
gelowi. Thoracosphaera deflandrei becomes common in
several layers (Sample 548A-28-6, 115-116 cm; Sample
548A-28-6, 140-141 cm; Section 548A-28,CC).

Cretaceous
The Cretaceous/Tertiary boundary was not recovered

in Hole 548A. Zone NP3 is underlain by the late Maes-
trichtian Micula mura Zone from Sample 548A-29-1, 1-
2 cm to Section 548A-30,CC. The Lithraphidites quad-
ratus Zone of middle Maestrichtian age is present from
Samples 548A-31-1, 70-72 cm to 548A-33-1, 6-7 cm,
and the Tetralithus trifidus Zone of the lower Maestrich-
tian is present from Sample 548A-33-3, 6-7 cm to Sec-
tion 548A-34,CC.

The upper Campanian (T. trifidus Zone) is identified
in Core 35 by the occurrence of Broinsonia parca, Eif-
fellithus eximius, and Tetralithus gothicus.

All of the Cretaceous sediments have abundant nan-
noplankton, which show increasing effects of diagenesis
(fragmentation) with increasing depth. The abundance
of Lucianorhabdus cayeuxi shows that these sediments
were deposited in an outer sublittoral to bathyal envi-
ronment.

Palynomorphs

Palynological analyses (J. Deunff, pers. comm., 1982)
revealed Paleozoic spores and acritarchs in Core 38 with-
in a bulk of carbonized, fragmented plant tissues (Le-
fort et al., this volume). These constituents suggest a
subcontinental to shallow water environment.

Because of their state of preservation (a few of them
are transparent), the spores cannot be easily identified
specifically. Nevertheless, some large specimens are sim-
ilar to species known in the late middle Devonian from
the Sahara and Libya in North Africa. The genera iden-
tified include Calyptosporites, Hystrichosporites, 1An-
cyrospora, Calamospora, Apiculatisporites, and Retu-
sotriletes.

The acritarchs are also difficult to identify. Several
genera have been identified (Ammonidium, Micrhystri-
dium, Multiplicisphaeridium, IStaplinium, Polyedryxium,
IPalacanthus, Veryhachium, Buedingiisphaeridium, Villo-
sacapsula, and Cymatosphaera), but a true characteris-
tic association cannot be established. Nevertheless,
some of these forms suggest a middle to late Devonian
age.

SEDIMENT ACCUMULATION RATES

The oldest section for which sediment accumulation
rates could be calculated at Site 548 is lithologic Unit 6,
of Campanian to Danian age (Fig. 12). These strata ac-
cumulated at a rate of 7.9 m/m.y. Above an unconform-
ity representing a hiatus of about 6 m.y., the late Paleo-
cene/early Eocene Unit 5 accumulated nearly three times
as rapidly (21.8 m/m.y.) as Unit 6. This accelerated rate
is due in part to the introduction of terrigenous clays
and fine-grained sands.

Above another unconformity (a hiatus of about 1.5
m.y.), the marly nannofossil chalk of Subunit 4b accu-
mulated at a markedly reduced rate of 8 m/m.y. during
the early middle Eocene. Accumulation continued to di-
minish during the late middle Eocene and Oligocene,
reaching a minimum for this site of 2.2 m/m.y. An un-
conformity is present within the Oligocene interval (be-
tween nannoplankton Zones NP23 and NP24), but the
hiatus represented (about 2 m.y.) is too small to account
for the low accumulation rate. It is clear that the deposi-
tion rate was also quite low during this interval.

Accumulation doubled (to an average rate of 4.2 m/
m.y.) over the early and middle Miocene. Following ero-
sion that produced a 6 m.y. hiatus, upper Miocene stra-
ta accumulated at a dramatically accelerated rate of 20.6
m/m.y. The rate increased steadily to 32.3 m/m.y. dur-
ing the Pliocene and culminated in a maximum rate for
this site of 55.5 m/m.y. as continental detritus built a
thick Pleistocene sequence.

ORGANIC GEOCHEMISTRY

The total organic carbon (TOC), carbonate, and total
nitrogen contents of approximately 170 samples from
Holes 548 and 548A were measured by standard ship-
board procedures (Waples and Cunningham, this vol-
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Figure 12. Sediment accumulation rate curve for Site 548. Wavy line denotes hiatus.
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ume). In addition, Rock-Eval pyrolysis was carried out
on 41 samples. The results of these analyses are tabu-
lated in Waples and Cunningham (this volume).

Total Organic Carbon and Carbonate

All samples analyzed were organically lean, the maxi-
mum TOC value being less than 0.8%. Plots of TOC
versus burial depth (Fig. 13) show a pronounced de-
crease in TOC with increasing depth of burial. Several
factors that may contribute to this trend include sedi-
ment type, sediment accumulation rate, differential in-
put of organic material, and microbial diagenesis. The
influences of each are discussed in more detail by Wa-
ples and Cunningham (this volume).

Carbonate contents (expressed as wt.% CaCO3 of
whole rock) range from 8 to 100%. There is an inverse
relationship between TOC and carbonate content (Wa-
ples and Cunningham, this volume).

Rock-Eval Pyrolysis
Rock-Eval analyses of samples from all lithologic units

indicated low to moderate hydrogen indices (5-370 mg
HC/g TOC) (Table 4). The samples with the highest hy-
drogen indices are from the more calcareous layers. Ox-
ygen indices sometimes exceed 400 mg CO2/g TOC in
the upper 120 m of sediment but are generally less than
200 mg CO2/g TOC below this depth. Hydrogen indices
for these samples were plotted versus their oxygen indi-
ces on a Van Krevelen diagram (Fig. 14). Most samples
plot in the Type III region, suggesting that they contain
kerogen of terrestrial origin. The immaturity of these
samples is indicated by the low temperatures (Tmax =
378-423°C) at which maximum pyrolysis yield occurred.

Table 4. Rock-Eval data from Site 548.

Core-Section
(interval in cm)

Hole 548

1-2, 100-102
2-2, 43-44
3-1, 57-58
3-5, 57-58
4-2, 77-78
4-5, 77-78
5-1, 75-76
5-2, 51-52
6-2, 32-33
6-3, 30-31
6-5, 30-31
6-6, 30-31
7-4, 86-87
7-6, 51-52
8-1, 91-92
8-2, 91-92
8-5, 91-92
9-2, 45-46
10-2, 45-46
10-4, 45-46
10-5, 45-46
11-2, 75-76
11-5, 75-76
12-2, 37-38
13-2, 8-9
13-3, 8-9
14-2, 19-20
15-2, 65-66
15-4, 65-66
16-2, 46-47
16-3, 46-47
17-2, 63-64
20-3, 49-50
24-2, 66-67

Hole 548A

5-2, 30-31
10-2, 75-76
12-2, 68-69
13-2, 72-73
14-2, 22-24
19-2, 50-51
24-5, 58-59

^max

423
416
410
420
387
422
388
401
408
413
All
420
405
410
410
407
404
394
403
384
383
396
416
397
376
385
393
395
381

3
390
386
378
382

388
390
388
387
396
421
410

H index

30
15
97
26
26
81
72
23
22

124
16
80
76

370
221
213

27
5

73
56
62
27

218
33
40
81
20
50
70
38
58

167
44

124

95
128
150
300
27
73

0

O index i.

282
164
91

130
432
104
120
482
108
54
0

33
124
145
82
66

147
0

245
89

143
272

44
361
526
163
501
396

79
490

92
119
61

129

105
127
280
160
191
218
150

l/(Sl + S2)

0.24
0.40

0.21
0.33

0.29

0.22

0.23

0.29
0.32

0.50
0.20
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600
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Figure 13. Total organic carbon versus burial depth at Site 548. Values
are averaged over 9.5 m intervals.

Organic Facies

The Rock-Eval pyrolysis results suggest that the par-
ticulate organic matter in the sediments at Site 548 is
largely of terrestrial origin. There is also a minor com-
ponent of marine organic matter in the upper part of
the section (lithologic Units 1 and 2), a conclusion sup-
ported by visual kerogen analyses (Cunningham and Gil-
bert, this volume). The organic matter was deposited as
finely divided, highly oxidized particles that were trans-
ported to this location by bottom currents, turbidity flows,
or as suspended particulate matter. The water column
remained oxidizing throughout the deposition of these
sediments, so virtually all the marine-derived organic
matter was destroyed before it was deeply buried. Mi-
crobial decomposition apparently has not yet removed
all of the marine organic matter from the Quaternary
section, however.
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Figure 14. Van Krevelen diagram for hydrogen and oxygen indices at
Site 548.

Finely divided pyrite was ubiquitous throughout the
section at Site 548. Such pyrite originates from the break-
down of organic matter by anaerobic sulfate-reducing
bacteria. Reducing conditions therefore probably exist-
ed in microenvironments among these sediments, although
they were deposited within a consistently oxidizing pale-
oenvironment.

PALEOMAGNETISM
As part of the Leg 80 sampling program, one or two

oriented samples per section were taken for paleomag-
netic studies. The principal objective of this work was to
construct a magnetostratigraphy and to produce a corre-
lation between the paleomagnetic and biostratigraphic
studies (Fig. 11). A detailed discussion of all the paleo-
magnetic results is presented by Townsend (this volume).
The magnetic remanence measurements also provided a
method of orienting the samples for the magnetic an-
isotropy studies (Hailwood and Folami, this volume).

The sequence of Pleistocene and Pliocene sediments
recovered from Hole 548 yielded relatively good paleo-
magnetic data that enabled the Jaramillo and Olduvai
Events to be clearly defined. The identification of the
Olduvai Event, which spans nannofossil Zones NN18
and NN19, is of value in positioning the Pliocene/Pleis-
tocene boundary.

The results from the upper part of Hole 548A (Cores
1-17) were difficult to interpret because the sediments
are very weakly magnetized. In addition, the sequence is
very condensed in parts and is interrupted by several un-
conformities. However, it was possible to identify the se-
ries of magnetic polarity reversals from Anomalies 20 to

24 and 30 to 32), which appeared in the lower part of
this hole (Cores 17-35).

PHYSICAL PROPERTIES
The physical properties of the Site 548 section are

discussed in Appendix I.

DOWNHOLE LOGGING

Operations
Wireline logging operations were performed using

Schlumberger equipment (Table 5). The first log was run
with a combination tool that provided dual induction
and spherically focused resistivities, a long spacing sonic
velocity log, and caliper and gamma ray logs. Because
the uncompacted formation caused the sonic transit time
to skip, an attempt was made to use the backup sonic
tool to try to improve the velocity data. The sonic tools
were exchanged, but a surface equipment failure abort-
ed the run.

A second logging run was then made with porosity
tools, which provided a record of formation density, neu-
tron porosity, natural gamma ray, and hole caliper. The
gamma ray curve from the nuclear tool had an abnor-
mally high (constant) background, but shifting the data
by an increment based on the first gamma ray record
proved to be a satisfactory correction.

Hole conditions were acceptable, and both tools went
down (without pumping) to within a few meters of the
original total drilling depth. However, it should be noted
that because of the nature of the formations (soft sedi-
ments) and fluid in the hole (salt water), a large bore-
hole correction to the measurements was necessary. The
logs obtained at this site are probably among the best re-
corded in DSDP holes (Fig. 15; and see also the Super-
log [back pocket]).

Interpretation

Unit 1 (0-72 m BSF)

Subunit la (0-59.90 m BSF)
The gamma ray curve recorded through the drill pipe

was the only log recorded over Subunit la. Pronounced
variations in gamma ray intensity were observed; they
are probably related to fluctuations in the carbonate and
detrital clay contents of the alternating more calcareous
(56% CaCO3) interglacial sediments and more argilla-
ceous (15% CaCO3) glacial sediments. Five peaks in the
gamma ray curve that correspond to the more argilla-
ceous sediments are visible in Cores 3 (18 m BSF), 4
(30 m BSF), 5 (37 m BSF), 6 (52 m BSF), and 7 (55 m
BSF). The shapes of the cyclic log signatures are sym-
metrical, with smooth transitions between the two end-
member lithologies, except in Cores 3, 4, and 5, where
more abrupt or sharp changes may be inferred from the
gamma ray signature.

At the boundary between Subunits la and lb (58 m
BSF from the log, 59.90 m from the drill pipe measure-
ments), the gamma ray log suggests that terrigenous con-
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Table 5. Logging summary, Leg 80.

Hole

Total
depth
(m)

Water
depth
(m)

Depth of
open-ended

pipe
(m)

Fluid
in

hole

Total
time for
logging

(hr.) Run
Logs

recordeda

Interval
logged

(m sub-bottom) Observations

548

548A

549

549A
550

55OA
55OB

551

1467

1807.5

3534.5

2731.5
4968.5

4527.0
5152.5

4110.0

1256

1256

2533

2535.5
4432

4432
4432

3909

—

1429

1429

2642

—

4523
4523
4551

—

Seawater

Seawater

Gel mud

—

Seawater
Seawater
Seawater

—

3.2

2.5

6.2

11.9
25.4

—

6.4
5.2
5.7
2.3

19.6

1 SLS-DIT-GR-CAL 1788-1428.5

1 FGT-CNL-GR-CAL 1783.5-1428.0

1 SLS-DIT-GR-CAL 3532-2642

1 SLS-GR-CAL 5123-4523
1 DLT-GR 5123-4523
1 FGT-CNL-CAL-GR 5123.5-4551

No logs requested—HPC (hydraulic
piston corer) hole.

Good logs-sonic velocities seem
high. Wave form and variable
density presentations included.

Caliper shifted (1 in. too big);
otherwise good log. GR and
CNL logged to above seafloor.

Release bit, flush hole, rig up,
troubleshoot, rig down.

Sonic log poor—inadequate cen-
tralization; GR logged to above
seafloor.

No logs requested—HPC hole.
Hole aborted by weather—unable

to log.
Struck boulder at 95 m—no logs.
Caliper shifted; GR run to 4518 m.
Good log.
Caliper dead; GR run to 4528 m.
Release bit; rig up and down.

No logs requested. Shallow pene-
tration and time limitation.

Note: Bit size was 9 7/8 in.
a SLS = sonic long spacing, DIT = dual induction, GR = gamma ray, CAL = hole caliper, FGT = formation density, CNL = compensated neutron

log, DLT = dual laterolog.

tent increases briefly at the top of Core 7 and then de-
creases progressively uphole (within Core 6) just before
the development of the more symmetrical cycles of Sub-
unit la.

Subunit lb (59.9-72 m BSF)
The flat gamma ray curve through Subunit lb sug-

gests a relatively constant and high calcareous content
(about 50% CaCO3) except near the top of the sub-
unit, where argillaceous content progressively increases
upward.

Unit 2 (72-108.5 m BSF)
Unit 2 is characterized by a smooth gamma ray re-

cord corresponding to an average 50% CaCO3 content.
The presence of beds of argillaceous and calcareous sed-
iments (18-50% CaCO3) in Cores 9 to 14 is not marked
by gamma ray fluctuations. However, clear peaks in the
gamma ray curve within Cores 12 (92 m BSF), 13 (97 m
BSF), and 14 (100 m BSF), the last of which was incom-
pletely recovered, suggest the presence of marly beds 1
to 2 m thick.

Unit 3 (108.5-304.75 m BSF)
In Unit 3, all logs show a regular and smooth record

that corresponds to rather constant CaCO3 contents
(50-68%). The boundary between the Miocene and the
Pliocene at approximately 210 m is marked by a peak in
the gamma ray, caliper, resistivity, density, neutron, and
sonic velocity logs, probably as the result of a concen-
tration of clay minerals along the boundary.

Oscillations of the gamma ray and sonic velocity logs
at 241 and 245 m BSF and between 250 and 275 m BSF
can be interpreted as indications of more argillaceous
beds in the upper Miocene section. Those at 241 and
245 m BSF might correspond to argillaceous beds ob-
served in Sections 548A-4-6 and 548A-5-1, which were
interpreted as turbiditic silty mudstones.

Unit 4 (304.75-412.6 m BSF)

Subunit 4a (304.75-376.5 m BSF)
A sudden deflection in all log curves at 305 m BSF

corresponds precisely to the boundary between Units 3
and 4, to a downhole increase in CaCO3 content (from
50 to 90%), and to an unconformity within the Mio-
cene. Peaks in radioactivity and density mark the un-
conformity. The sediment in Core 12 (310-320 m BSF)
is more radioactive (i.e., more clayey) than in the overly-
ing and underlying beds. No major deflection in the log
records corresponds to the erosional unconformity ob-
served in Core 16 at 348 m BSF near the middle of Sub-
unit 4a (mid-Oligocene).

Subunit 4b (376.5-412.6 m BSF)
The subdivision of Unit 4 into Subunits 4a and 4b is

documented by both increases in the values in the log-
ging records (gamma ray, induction, density, neutron,
resistivity, and sonic velocity) and a decrease in CaCO3
content, which declines downhole across the subunit
boundary at 376 m BSF from 90 to 65.70%. Just below
this boundary, an argillaceous bed 2 to 3 m thick is re-
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corded in the gamma ray, caliper, density, and sonic ve-
locity curves, although it was not recovered by drilling
(bottom part of Core 18; 375 m BSF).

Unit 5 (412.6-469.9 m BSF)
The Eocene-Paleocene marly nannofossil chalk of Unit

5 is bounded by unconformities and has distinctive log-
ging characteristics. The logs show higher gamma ray
values, lower sonic velocity, and lower porosity than the
overlying unit. The logs also show large fluctuations
that correspond to the alternation of beds that are either
more calcareous (74% CaCO3) or more argillaceous
(30% CaCO3) in composition. The fluctuation is espe-
cially pronounced in the lower part of the unit (443-
469.9 m BSF).

The increase in carbonate in Unit 5 from 17% at the
top to 32% at the bottom is reflected in decreasing gam-
ma ray values. A highly radioactive level at 459 m BSF
(near the boundary between Cores 548A-27 and 548A-28)
has no clear counterpart in the other logging curves,
and we can offer no obvious explanation for it.

Unit 6 (469.9-530 m BSF)
The Upper Cretaceous foraminifer-nannofossil chalk

of Unit 6 contains more than 90% CaCO3 and has uni-
form logging and lithologic characteristics. The unit has
low gamma ray intensity, low resistivity, and high sonic
velocity. The low density might correspond to both the
relative undercompaction of the sediment and the high
porosity. The slumped chalk beds observed in Cores 31
to 35 (490-530 m BSF) show more variable resistivity,
density, and neutron (porosity) curves than the regularly
bedded strata.

CORRELATION OF SEISMIC PROFILES WITH
DRILLING RESULTS

The correlation of the Site 548 seismic profiles with
the drilling results is discussed in Appendix I.

SUMMARY AND CONCLUSIONS
A complex of rift-phase listric normal faults trends

northwest-southeast across the Goban Spur, breaking the
Hercynian basement rocks into a series of tilted blocks
and half-grabens and forming the framework for Meso-
zoic-Cenozoic sedimentation (Montadert, Roberts, et
al., 1979). At the termination of continental rifting in
this area, the half-grabens had essentially filled with
Mesozoic synrift sediments, and erosion had truncated
many of the higher fault blocks.

As seafloor spreading west of the Goban Spur began
and thermal subsidence replaced stretching and faulting
as the chief tectonic movement, the sediment supply on
the Goban Spur dwindled. It remained relatively poor,
and the sediments over the postrift unconformity are
thin. As a result, conditions are unusually suitable for
open-hole coring to basement. It was realized that a
transect of relatively shallow sections might permit the
development of a passive continental margin to be traced
and its relationship with the adjoining oceanic plate to
be documented.

Site 548 was the most landward point in just such a
transect along the Goban Spur. It was located on the up-
per slope (1256 m water depth) over the truncated tip of
a high basement block. The chief objectives of drilling
at the site were (1) to determine the nature, age, and
subsidence history of the basement; the nature and age
of the postrift sediments; the paleoenvironments during
postrift deposition; and (2) to sample the strata sur-
rounding a series of unconformities that were clearly
visible in our seismic reflection profiles (Fig. 16). These
goals were achieved through the recovery of 454.9 m of
Upper Cretaceous through Holocene sedimentary strata
and 3.21 m of basement rocks from two holes. The pos-
trift sediments are chiefly outer sublittoral and bathyal
and contain rich microfaunal and nannofossil assem-
blages that provide excellent biochronology. The abun-
dant fossils and variable lithic components have clearly
recorded the paleoclimatic and paleoceanographic his-
tory of the Goban Spur. Five distinct unconformities were.
documented, and the contacts of four were recovered;
four correlate well with the seismic reflection profiles.
Basement recovery was sparse.

Hercynian Basement
A few chunks and some gravel-sized rubble of quartz-

ite and lustrous black shale were recovered from 16 m of
penetration into basement rocks (their depth coincides
with that of the basement seismic reflector). Quartz, al-
tered plagioclase, clay minerals, detrital micas, and traces
of calcite were identified in the quartzite. The rocks
contain middle to late Devonian palynomorphs and are
therefore interpreted as a facies of the Hercynian base-
ment sequence. Isolated millimeter-sized quartz grains
were recovered from a sample of drilling mud and may
represent a basal sand deposit that formed directly on
the basement.

Campanian Hardground
A hard crust a few centimeters thick that was dated

as pre- to late Campanian was recovered just below Up-
per Cretaceous chalk (Fig. 10). Shipboard X-ray diffrac-
tion analysis revealed siderite, goethite(?), pyrite, psilo-
melane, and calcite. Onshore chemical analysis showed
the predominant major elements to be Ca, P, Mn, and
Fe and the predominant trace elements to be Ti, Sr, Ba,
Ni, Co, Zn, and Cu. The presence of distinct borings
and the geochemical composition of the rock indicate
that it formed in a marine environment and at relatively
shallow depths—depths estimated by other methods to
be 500 to 700 m (Karpoff et al., this volume).

Upper Cretaceous-Lower Paleocene Chalks
White bioturbated chalks that were 60 m thick and

greater than 95% carbonate were found to contain diag-
nostic Danian, Maestrichtian, and upper Campanian mi-
cro- and nannofossils. The chalks coincide with mag-
netic Anomalies 30, 31, and 32. They accumulated in
outer sublittoral to upper bathyal environments (200-
500 m deep) in well oxygenated waters (organic carbon
is negligible) at an average rate of about 7.9 m/m.y. The
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Figure 15. Downhole log obtained at Site 548.
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upper chalks are soft, contain significant quantities of
interstitial water, and exhibit low electrical resistivity and
sonic velocity (1680 m/s).

Paleocene Hiatus
A chronostratigraphic gap of approximately 4 m.y.

separates Danian chalk from upper Paleocene clays and
marls. The northwestern European continent emerged
during the corresponding interval. There, conglomerates,
sands, and clays accumulated widely in fluviatile, lacus-
trine, and paludal environments, which often preserved
primitive mammal faunas. At Site 548, a distinct ero-
sional disconformity represents the hiatus (Fig. 8). A
conglomerate 40 m thick contains reworked and bored
blocks of Danian chalk in a matrix of olive brown upper
Paleocene clay. The marked change in acoustic imped-
ance across the contact (Fig. 16) produces a high ampli-
tude reflector that is easy to trace as an unconformity
on the seismic profile. The changes in the magnetic fab-
ric across the contact, which suggest a sharp change in
the pattern of oceanic circulation, may be related to the
incursion of Arctic waters in this part of the Atlantic
(Hailwood and Folami, this volume). The Paleocene
unit appears to be relatively thick and more complete
not far updip, but it thins rapidly beneath Site 548 and
may pinch out just downdip.

Lower Eocene
The initial lower Eocene deposition consisted of olive

brown and light greenish gray marly nannofossil chalks.
The fossil assemblages suggest continued deposition in
outer sublittoral to upper bathyal environments in well
oxygenated bottom waters (organic carbon content is
low). The color of the chalks and their noticeably high
remanent magnetization, relatively high rate of deposi-
tion (Fig. 12), cyclically distributed detrital minerals,
and relatively high clay content reflect a significant clas-
tic contribution from terrestrial sources. An alternative
source for the magnetic minerals has been proposed by
Hailwood (1979), who studied coeval strata at Site 400
(Montadert, Roberts, et al., 1979). He suggested that
magnetite grains might be derived from volcanic sources
associated with seafloor spreading. Abundant tuffaceous
horizons on Rockall Bank, the widespread intercalation
of ash beds in North Sea strata, and a volcanic ash bed
at Site 549 (site chapter, this volume), all of early Eo-
cene age, lend support to HailwoocTs proposal. The
identification of specific polarity reversals in the lower
Eocene through middle Miocene interval is difficult be-
cause the sediment column is so condensed, but the as-
sociation of Anomaly 24 with the top of the lower Eo-
cene section appears to be valid.

The compacted, argillaceous nature of these chalks
renders them impermeable, a condition that may have
sealed the interstitial fluids of the underlying Danian
and Upper Cretaceous chalks, preventing their upward
migration during compaction.

Middle Eocene through Lower Oligocene
A sharp uphole decrease in terrigenous detritus marks

the disconformity that separates the lower from the middle

Eocene sediments (1.5 m.y. hiatus). The resulting in-
crease in carbonate content is accompanied by a de-
crease in accumulation rate (from 21.8 m/m.y. below to
8.0 m/m.y. above, Fig. 12). Light greenish gray to bluish
white nannofossil chalks and foraminifer-nannofossil
chalks predominate. Molluscan debris and glauconite
grains are scattered throughout, and chert nodules are
conspicuous in the lower beds. Outer sublittoral to up-
per bathyal conditions still prevailed, and the abundance
of burrows attests to well oxygenated substrates and
bottom waters.

Of particular interest here is the presence of chert
nodules and opal-CT (the latter revealed in bulk miner-
alogy analysis). A concentration of biogenic silica and a
significant shoaling of the calcite compensation depth
(CCD) during the middle Eocene were observed at Site
400 (Roberts and Montadert, 1979), which is considera-
bly deeper than Site 548, and the presence of biogenic
silica and shoaling of the CCD have also been noted
at abyssal sites elsewhere (van Andel, 1975). Among the
factors that may have contributed to the silica enrich-
ment at Site 548 are the warming of the North Atlantic
Ocean (Roberts and Montadert, 1979), a global rise in
sea level (Vail et al., 1977), an increase in volcanism
(Montadert, Roberts, et al., 1979), and local upwelling.

The disconformity between the lower and middle Eo-
cene strata is one of the most visually striking at Site
548; it is clearly shown by the mixture of the dark and
light lithologies across the erosional contact (Fig. 7).
This zone corresponds to a widely traceable unconform-
able reflector on the seismic profiles. Strong reflectors
are also apparent on seismic profiles within the middle
Eocene; they can be associated with fluctuations in
acoustic impedance measurements for Hole 548A.

Middle Oligocene Hiatus
A 4 m.y. hiatus that may have worldwide implica-

tions has been recognized within the late Oligocene stra-
ta at Site 548. The irregular unconformable contact is
marked by a distinct diagonal color change (darker
above) and an uphole increase in dark mineral grains.
Above the erosional contact there is a short zone of
mixed lithologies and reworking that contains several
fairly large mollusc shells. This unconformity is pre-
cisely correlated with the global sea level drop postu-
lated by Vail et al. (1977). The proximity of the dramatic
middle Miocene unconformity (Fig. 16) makes the mid-
dle Oligocene unconformity difficult to recognize in the
seismic profiles for the vicinity of Site 548.

Upper Oligocene through Lower Middle Miocene
Nannofossil chalks resumed relatively slow (4.2 m/

m.y.) deposition in warm, sublittoral to upper bathyal
environments following the mid-Oligocene erosion. Sonic
velocities of 1700 m/s increase to 1960 m/s uphole, cre-
ating the potential for a good seismic reflector within
the section.

Middle Miocene Hiatus
A sharp lithologic change, an uphole increase in sedi-

ment accumulation rate, a paleoclimatic shift, and a
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Figure 16. Segment of multichannel seismic reflection profile OC 202 across Site 548 (see Fig. 2).

prominent unconformity are evidence of a 6 m.y. hiatus
that separates lower middle Miocene sediments from up-
per Miocene sediments (Fig. 4). This contact can be cor-
related with the most prominent of the seismic uncon-
formities in the vicinity of Site 548 and corresponds to a
significant peak in the gamma ray and density logs. The
unconformity can be traced widely over this fault block
(on seismic profiles) as it truncates the thick middle Mi-
ocene section that is present updip from the core site. A
coeval unconformity has been observed at several other
North Atlantic core sites. Its origin may be related to
vigorous bottom currents that developed as the Norwe-
gian Sea became a source of North Atlantic bottom wa-
ters (Jones et al., 1971; Roberts and Montadert, 1979).

Late Miocene to Pleistocene
Major changes in fossil assemblages, depositional style,

and sediment source accompanied the cooler paleocli-
mates and increasing paleodepths (chiefly bathyal) that
followed the middle Miocene erosion. Muddy turbid-
ity flows began to spread terrigenous layers cyclically
among the greenish gray nannofossil oozes. The terrige-
nous cycles are especially marked in the Pleistocene stra-
ta, where the natural remanent magnetization increases
in proportion to the supply of land-derived(?) magnetic

particles. The 211 m of nearly continuous recovery by
the piston corer in this stratigraphic interval should per-
mit unusually fine scale paleoclimatic, biochronologi-
cal, and paleomagnetic studies.

Conclusion

The success of our investigations at Site 548 can be
attributed in large part to its particular location and to
three technological improvements. The site is well above
the present CCD, and our work shows that it has gener-
ally remained so since the first incursion of marine wa-
ters into the area. As a result, the calcareous fossil speci-
mens are generally well preserved and abundant, condi-
tions essential for refined biostratigraphic and paleoenvi-
ronmental studies. The proximity of the European land-
mass has caused the repeated enrichment of the marine
sediments with terrestrial magnetic particles, which has
enhanced the paleomagnetic studies. The introduction
of land-derived detritus has also helped produce clearly
defined depositional sequences. The moderate sediment
accumulation rates at this upper slope site have resulted
in thick deposits between the major unconformities, en-
hancing the identification of lithic and faunal changes
across the contacts. Yet the total accumulation is thin
enough to allow open-hole drilling to basement.
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First among the technical improvements is the avail-
ability of exceptionally good multichannel seismic pro-
files, which allowed careful site selection during pre-
cruise planning and later permitted the extrapolation of
the core hole data to seismic sequences across the entire
fault block.

Second, the variable length hydraulic piston corer
(VLHPC) was an outstanding success; we achieved near-
ly 100% recovery in the upper 211 m.

Third, the prototype logging tool configurations we
used gave us a reliable series of downhole geophysical
measurements that correlate well with the shipboard phys-
ical measurements, the seismic data, and the results of
sedimentological analyses.

The results of shore-based studies of the Site 548 cores
have, in particular, advanced our ability to accurately
interpret paleoenvironments and paleoclimates, and they
have provided detailed documentation as to the causes
of major unconformities and their processes of forma-
tion on passive margins (see Snyder, Müller, et al.; Poag
and Low; Poag et al.; Miller et al.; Loubere and Jakiel;
Caralp; Pujol et al.; and Vergnaud Grazzini and Sa-
liège, all this volume).
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oozes. Section 2, 90—140 cm, is an upward coarsening sequence.
Occasional shell fragments and black organic or pyrite spots.

5Y6/1

SMEAR SLIDE SUMMARY (%):
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D D D D
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5Y 5/1 C o i ^ o s i t i o n .
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Feldspar - 10
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Pyrite Tr

5 Y 5 / 1 Carbonate unspec. 5 - - -
Foraminifers 10 5

Diatoms 40 20
5 Y 5 ' 1 Radiolariaπs 40

ORGANIC CARBON AND CARBONATE (%):
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LITHOLOGIC DESCRIPTION

Interbedded olive gray to gray (5Y 5/2-5Y 7/1) muds and gr

and shell fragments. Disseminated pyrite throughout.
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LITHOLOGIC DESCRIPTION

Olive gray (6Y 5/2) to light gray (BY 7/1) nannofossil ooze.

Highly deformed by drilling above Section B, 70 cm. Section 5,

70-146 cm strongly laminated with sharp contacts between

layers. Disseminated pyrite throughout. Occasional shell frag-
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ooze, light olive gray (5Y 6/2-3), soft, moderate bioturbation

tgrac
Unit 2: Section 3-Section 5, 100 cm - nanno ooze, pale olive

(5Y 6/2-31, soft, minor bioturbation, lower contact sharp.

Unit 3: Section S, 100-120 cm, sandy calcareous silt, moderate

gray (5Y 6/1), soft.

Unit 4: Section 6, top—Section 6, 63 cm — nanno ooze, light

olive gray (BY 6/2), soft, homogeneous, contact at base is gra-

Unit B: Section 6, 63 cm-Core Catcher - r

gray (5Y 6/2), soft, bioturbated.
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LITHOLOGIC DESCRIPTION
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51
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LITHOLOGIC DESCRIPTION

Unit 1: Section 1—Section 2, 135 cm — calcareous nanno ooze

gray (5Y 5/1), soft, deformed, a few sand pods, minor biotur-

bation, scattered small shell fragments, sharp lower contact

Unit 2: Section 2-Section 4, 120 cm - marly nanno ooze

olive gray (5Y 5/2), soft, infrequent bioturbation, sharp lower

Unit 3: Section 5 (topi-Section 6, 30 cm - calcareous silty clay.

brown {7.5YR 5/2), firm, minor bioturbation.

Unit 4 : Section 6, 30 cm-Core•Catcher - foram nanno ooze

olive gray (6Y 6/2), firm, many small ( <mm) dark fragments.
mottled.

SMEAR SLIDE SUMMARY (%):

2,110 3,129 5,92 6,56
D D D D

Texture:

Sand 5 20 10 10

Silt 30 30 45 20

— - f l l t y Clay 65 50 45 70
v e r Composition:

Quartz 1 25 25 15

Feldspar HO 1-5 Tr

Heavy minerals ' Tr Tr -

Clay - 10 20 5

sand layers Carbonate unspec. 50 15 30 5

Calc. nannofossils 40 40 25 65

ORGANIC CARBON AND CARBONATE (%):

2, 45 6, 45

Organic carbon 0.40 -
Carbonate 37 40

. Gray calcareous
' silty clay

silty clay,

**^ Silty mud, gray

~ - S a n d mixed in
clay, sharp base

. S i l t y horizons,
< f sharp base



SITE 548 HOLE

A
T

IG

Z
O

N
E

CORE 11 CORED INTERVAL 80.0-89.5 m
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LITHOLOGIC DESCRIPTION

Unit 1: e. g. Section 1, 0-70 cm - marly nannofossil ooze,

olive gray (5Y 5/2), f irm, scattered burrows, small shell frag-

ments (<mm) and black flecks.

Unit 2: e. g. Section 3, 0-125 cm - very marly nannofossil

ooze, brown (7.5YR 6/2I, soft, smooth, scattered black flecks.

Unit 3: e. g. Section 2 - silty clay, olive gray (5Y 5/2), soft,

scattered small shell fragments and black specks.

Unit 4: e. g. Section 3, 125 cm-Section 4, 10 cm - greenish

gray (5Y 6/2), sandy mud deformed by coring contacts sharp

Unit 5: e. g. Si

(2.5Y 7/0), fir

bioturbated.

ion 5, 10-79 cm - calc ilty clay, gray

tered shell fragments and black flecks.

SMEAR SLIDE SUMMARY (%):

2,79 3,80 5,68 6,12

Contacts
gradational

. Calc

Clay

Com posit

Mica

Heavy r

e partic Clay

scale of c...

^ Sandy silt beds, Carbona
sharp bases Foramin

35 35 10 30

65 50 85 65

20 30 10 15

θO 20 50 10

Sharp c

Sharp c

« _ Shell layer

Sharp conta<

Sharp coπtai

Calc. nannofossils 5 30 30 50

Diatoms < 2 2 -

Sponge spicules - 2 - -

ORGANIC CARBON1 AND CARBONATE (%):

2, 75 3, 75 4, 75 5, 75

Organic carbon 0.37 - 0.24 -

Carbonate 22 13 8 29

SITE 548 HOLE CORE 12 CORED INTERVAL 89.5-92.0 m

LITHOLOGIC DESCRIPTION

. Gray (5Y 6/1) muddy soup

Silty nannofossil ooze, light olive gray (5Y 6/2) scattered small

' shell fragments ( mm) and black flecks.

• Sand pods present, structures highly deformed by drilling,

ORGANIC CARBON AND CARBONATE (

2,37

Organic carbon 0.30

Carbonate 18

ON



SITE 548 HOLE CORE 13 CORED INTERVAL 92.0-99.0 m SITE 548 HOLE CORE 14 CORED INTERVAL 99.0-100.0 r

LITHOLOGIC DESCRIPTION

• Soft gray mud (5Y 5/2).

. Mud of three colors mixed (7.5YR β/2, 5Y 6/2, dark gray).

- Gray (7.5YR 5/2) r

- Burrowed silt\

deformed by c
slcareous clay, olive gray (5Y 6/2), strongly
ing.

ORGANIC CARBON AND CARBONATE (%):

2, 19

Organic carbon 0.21

Carbonate 22



SITE 548 HOLE CORE 15 CORED INTERVAL 100.0-108.5 m

— Calcareous silty
clay layer,
sharp base

LITHOLOGIC DESCRIPTION

Unit 1: e. g. Section 1, 50 cm-Section 2. 139 cm - marly forai

nannofossil ooze, light olive gray (5Y 6/2), soft to firm, biotu

nannofossil ooze, brown to brownish gray (2.5YR 4/4), firrt

scattered shell fragments (<mm size) and black flecks.

6/11 from Seel

SMEAR SLIDE SUMMARY (%):

5, 61 5, 99 6, 61

50 40 50

ORGANIC CARBON AND CARBONATE (%):

2,65 3,65 5,65

Organic carbon 0.24 0.28 -

Carbonate 51 22 46

,Muddy silt
shell concentration,
sharp base
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LITHOLOGIC DESCRIPTION

Unit 1: nannofossi, ooze, gray <5Y 5/1), f i r m , o soft, homo-

geneous to faint mottling, scattered small shell fragments (<mm)

and black flecks.
Unit 2: marly nannofossil ooze, greenish gray (5G 6/1—5GY

8/11, firm to soft, mottled, scattered small shell fragments

(<mm) and black flecks.

SMEAR SLIDE SUMMARY (%):

5,50 5,110

D D

Sand 3 5

Silt 37 20

Clay 60 75

Composition:

Quartz 3 25

^ G r a d a t i o n a l Feldspar Tr
boundary Mica Tr

Heavy minerals 2

^ ^ S i l t y layer Glauconite 3

Calc. nannofossils 50 65

Diatoms 2

1 Radiolarians - 1

ORGANIC CARBON AND CARBONATE (%):

2,46 3,46 5,46

Organic carbon 0.21 0.26 0.17

Carbonate 53 11 12

X Gradual
change

^ T o p gradational.
bottom sharp

^ Green silt layer,



OO
SITE 548 HOLE CORE 17 CORED INTERVAL 118.0-126.0m

nil

SITE 548 HOLE

LITHOLOGIC DESCRIPTION

jSreen graded
/ s i l t layer,

sharp base
Silly clay.

/ Gra
/ clay

. ^ B e d
/base

-Gradation

-Silty layer

..Gradation

Unit 1: marly nannofossil ooze, olive gray-greenish gray (5Y

4/2-5GY 5/2), firm to soft, scattered small (<mm) shell frag-

ments and black flecks, mottled moderately.

Unit 2: nannofossil ooze, light to dark gray (5Y 5/1-6/1), firm

to soft, scattered small shell fragments (<mm) and black flecks.

Clay

Calc, ofossils 50

ORGANIC CARBON AND CARBONATE (%):

2, 63 5, 63

Organic carbon 0.27 0.34

Carbonate 21 19

^Gradation contact
'Graded muddy silt,

sharp base

CORE 18 CORED INTERVAL 126.0-131.0 m

LITHOLOGIC DESCRIPTION

Section 2: signs of rythmic bedding of clays and thin silt bands.

Unit I : marly nannofossil ooze, greenish gray (10GY 5/2), firm

gritty clay, irregularly mottled, scattered shell fragments ( vmm

size) and black flecks.

Unit 2: Section 4 (top) - nannofossil
faintly bioturbated, scattered small (<
black flecks.

SMEAR SLIDE SUMMARY (%):

e, gray (5Y 5/1), fir

m) shell fragments a

/lay
/ bro

gre

thick
ersof
wnish
en clay

Texture:

Sand
Silt
Clay
Composition

Quartz

Heavy miner

Clay

-Mottled ORGANIC CARBON AND CARBONATE (%):
-Gritty clay, 2,3 3,3

sharp base Organic carbon 0.36 -

--^..j..:™., Carbonate 20 48

SITE 548 HOLE CORE 19 CORED INTERVAL 131.0-136.0 r

LITHOLOGIC DESCRIPTION

Gray (5Y 5/1) muds, disturbed by drilling.

NANNOFOSSIL OOZE

Greenish and bluish gray (5G 6/1, 5B 7/1, 5GY 6/1)
Soft

Extensively bioturbated, large and small burrows throughoi
Pyrite disseminated throughout, occasional concentrations

blebs and in beds (see |g in "structure" column)

SMEAR SLIDE SUMMARY (%):

3, 100

Sand

Mud

Calc. nanπofossils 80

ORGANIC CARBON AND CARBONATE (%):

2,88
Organic carbon 0.31

Carbonate 40



SITE 548 HOLE CORED INTERVAL 136.0-141.0 m SITE 548 HOLE

LITHOLOGIC DESCRIPTION

NANNOFOSSIL OOZE, FORAM•NANNO OOZE, and DIATOM-

FORAM-NANNO OOZE

Greenish- and light bluish-gray (5GY 6/1, 5B 7/11 in color

Pyrite disseminated throughoi
in beds and blebs ( [nj )

Small shell fragments throughoi

SMEAR SLIDE SUMMARY (%):

2,55 3,100

Sand
Mud
Composition:

Quartz

Clay
Carbonate unspec.
Foraminifers

Calc. nannofossils
Sponge spicules

20
80

10

10

10

10

50

10

20
80

10
-

10

15

50

15

ORGANIC CARBON A N D CARBONATE (%)

Organice carbon

Carbonate

1,49
-

22

2,49

0.15

62

CORED INTERVAL 141.0-146.0 m

LITHOLOGIC DESCRIPTION

MARLY FORAM-NANNOFOSSIL OOZE
Light bluish- and greenish-gray (5G 6/1, 5G

Extensively bioturbated throughout, large and

Pyritβ disseminated throughout, occasional

Small shell fragments rare throughout

SMEAR SLIDE SUMMARY (%):

3,50

Clay

10

ORGANIC CARBON AND CARBONATE (%):

2,75

Organic carbon 0.20

Carbonate 51

SITE 548 HOLE CORE 22 CORED INTERVAL 146.0-151.0 r

Light greenish gray mud.

FORAM-NANNOFOSSIL OOZE
Greenish gray (5G6/1)
Soft
Extensively bioturbated with large and small burr

Pyrite disseminated throughout

Small shell fragments througho

Carbonate unspec. 10

•nal c

Calc. nannofossils

Sponge spicules 10

ORGANIC CARBON AND CARBONATE (%):

2, 120
Organic carbon 0.19

Carbonate 54



SITE 548 HOLE CORE 23 CORED INTERVAL 151.0-156.0 m SITE 548 HOLE

LITHOLOGIC DESCRIPTION

NANNOFOSSILOOZE
Greenish gray (5GY 6/1.
Soft

Extensive bioturbation throughou

Pyrite disseminated throughout,

blebs

Small shell fragments rare

Sedimentary
clasts

Sand
Mud

Composition:

Quartz

Carbonate unspe

Foramiπifers

Calc. naπnofossil

20
80

10

c. 10

20

s 60

ORGANIC CARBON AND CARBONATE (%)

Organic carbon

2,27

0.20
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156.0-161.0 m

LITHOLOGIC DESCRIPTION

NANNOFOSSILOOZE

Greenish gray mud (5GY 6/1)

Soft
Extensively bioturbated throughout core
Pyrite disseminated throughout, occasionally concentrated

in blebs and beds ( p )

Rare small shell fragments

SMEAR SLIDE SUMMARY (%):
2,70

D

Texture:

Silt 20

Clay 80

Composition:
Quartz 10

Mica 10
Carbonate unspec. 10

Sponge spicules 10

ORGANIC CARBON AND CARBONATE (%):

2,66

Organic carbon 0.21

Carbonate 42

CORE 25 CORED INTERVAL 161.0-166.0 m

LITHOLOGIC DESCRIPTION

NANNOFOSSIL and FORAM•NANNOFOSSIL OOZE
Soft
Greenish gray (5GY 6/1)

Extensively bioturbated

blebs ( B )

Sparse shell fragments throughout

Section 2

Mud 90 80

Carbonate unspec. 10 —

Foraminifers - 20

Calc. nannofossils 90 60

Sponge spicules - 5

ORGANIC CARBON AND CARBONATE (%):

1,24 2,24
Organic carbon - 0.25

SITE 548 HOLE CORE 26 CORED INTERVAL 166.0-171.0 m
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LITHOLOGIC DESCRIPTION

NANNOFOSSILOOZE

Greenish gray (5GY 6/1)

Soft

Extensively bioturbated
Pyrite disseminated throughout, occasional blebs ( H )

Rare small shell fragments

SMEAR SLIDE SUMMARY (%):
2,60

D

Composition:

Quartz 10
Foraminifers 10

Calc nannofossils 80

Sponge spicules Tr

ORGANIC CARBON AND CARBONATE (%):

2,89

Organic carbon 0.20
Carbonate 53



SITE 548 HOLE CORE 27 CORED INTERVAL. 171.0-176.0 m SITE 548 HOLE CORE 29 CORED INTERVAL 181.0-186.0 m

= FOSSIL y FOSSIL
* £ CHARACTER ^ £ CHARACTER

T g | | | § 1 | | LαHoloGY J ? | LITHOLOGIC DESCRIPTION « t | | | | f | £ L ^ O G Y J | | LITHOLOGIC DESCRIPTION

lOiiL!^ III. r π 111 ** |§il |
= ̂  ^ ^ i " :-L-•÷-- -•i--i-j 4

A G - f— —f—J — h ^ • Greenish gray (5GY 6/11 foram•nannofossil ooze bioturbated - _ I _ J _ _ l _ L i 9 h t o l i v e t o 9 r e e π i s h 9raY ( 5 Y 6/1-5GY 6/1) nannofossil
~ |— | |, - throughout and with disseminated pyrite throughout. Rare " J_~^~J_""^~J_~ I a n d f o r a r n"π a π n°fo s s ' ' o o z e < w i t n a marly unit in Section 2.
- | ~ " t ~ | ~ l " ~ | ~ l " < > shell fragments seen. AG " ^ _ l _ _ l _ J < > Bioturbated and with disseminated pyrite throughout. Rare

, -^Z^^T^i- t - - L " _ 1 _ J ~ J _ - L J shell fragments. A large pebble (1-5 cml at 40 cm in Section 2.

~ r~l '―l^hllil ~ -L. - 1 _ J _ Concentration of coarse pyrite between 40 and 52 cm in Section
. n _ ( — — I — — \ — • . SMEAR SLIDE SUMMARY (%): - _ l _ J _ J )•

ri^r 1•B1 4•42 AG ^ i • ^ i • K i ?
Î ZT1^!1^^: ( > D D - • - ± - J - -1 * SMEAR SLIDE SUMMARY (%):
- | - * - | H — . — H Texture: - _ 1 _ , - l _ - <> 1,124 2,47 3,145 4,3

*Z±?ZAZTZ± Sand 10 20 5 -t--L̂ — D D D D

1 ItlrözJ C'aV 7° 5 ° I - • - • 1 - - L - J _ - 1 O Sand ' 5 40 - 305 _ l ^ T L L r r Z i Z t . Composition: g _ _|_ J » $ 25 30 30 3 0

J> , I p Z ^ Φ »-* '° i A i T - T ^ - i - i - ' o Cay 70 30 70 40
2 - ! - + - , - + - ! - + - Forammifers 15 20 2 " 1-_1_- l-_ l <> Composition:
Z - r i p + Z ^ Z π i f <> Calc. naπnofossils 70 60 „ _ _ _; J _ ^ _ l _ ^ Q u a r ß < 5 , „ 10

8 - I — I — H T ^ + - V Sponge spicules <5 5 E Z ~-L~Z^J-^-l. Carbonate unspec. 10 10 15 10

E 1^—4— — I — 1—1• ° ORGANIC CARBON AND CARBONATE (%): § _ -;i'"_!L . •±- . < f CalcTánnofossils 80 30 70 50

I A, I rBEjEë^: ° ? r : r b o n F 6 I = 1 E § ^ < s"r9?spicuies : l° - l

~ ^ 1 — | — t — ! - t — / <> A G - , — I — —I—1 • ORGANIC CARBON AND CARBONATE (%):
2 3 " ' ~ i ~ + ~ t ~ t ~ ^ 3 -^1—I—I—1—t- , , 1,82 2,82 3,82

SITE 548 HOLE CORE 28 CORED INTERVAL. 176.0-181.0 m SITE 548 HOLE CORE 30 CORED INTERVAL 186.0-191.0m

| FOSSIL ^ FOSSIL
* E CHARACTER ^ i CHARACTER

f i | | I I 1 5 | LmoioGY J < l M LITHOLOGIC DESCRIPTION * | | | | | | p | LIVHOTOGY J ? | „ LITHOLOGIC DESCRIPTION

p I i l l s i l l l 1 " 1 s 1 1 I I l l l 1
AG - — I — i ~ + ~ i ~ t " Greenish gray (5GY 6/11 to light bluish gray (5B 7/1) naππo- - | ] -~| ;—

0S~Z—, — I — . — t — • i , pyrite throughout. Occasional shell fragments. » AG 0 - 5 ~ —(― - < — , — > - Greenish gray (5GY 6/1) to light olive gray (5Y 6/1) foramiferal

! - — —\-'—(― - -+ 1 - I~j~| ~jUfrl nannofossil ooze. Intensely bioturbated and with disseminated

I Λ I -tr+-t-+• <> SMEAR SLIDE SUMMARY (%): I A G . ~ r + Z t T ^ I L r t 5GY 6/1
- ― . — 1 ~ • —I— , 1,120 3,20 S - ― H . — H | — < -

• - K - > - . • * D D J> ~ — ) — |—(―'—f• SMEAR SLIDE SUMMARY (%):

_ JTyl-^rpi+r•I < > Texture: 5 - ~ | •~|~*~ |~ 4, 8
^ ~ l ~ ^ ~ l ~ * " sand 10 10 z — i~^~•~H—i* D

A G I —|—I —I—'. —H Silt 30 20 I Z y Z f T y Z f T 1 ^ Texture:
- —h-;—)—I—t- i* Clav 60 70 g - —H•—I—•—I- S a n d 20

- Z ~l~^~i~ 1 "!" Composition: S £ ^ —I . | . +- Silt 20
~ - ― —t-^-t—T Quartz 10 10 5 c; AG P^^T+Z Î 5 Y 6 ' 1 Clay 60
2 2 ~ ~T~ *7 i1" O Mica - 10 % Z 2 - – , — I — • — I — [~ Composition:
iA _ - _ i _ J ~ _ i _ • J ~ j _ Carbonate unspec. 10 20 l j 2 - ̂ T ^ i I 7* Quartz 10
£ - _ - i _ -1_ Foraminifers 10 5 » — - * | ' | * Foraminifers 20

a, Z I _ - L " _ l _ ~ L • _ i _ ' C a l c • nannofossils 70 50 η Z ~ * ~ I ~ * ~ | ~ * ~ Calc. nannofossils 60

§ _ O_ J_ i . Sponge spicules - 5 2 - H — —|— — ( ~ Diatoms 10

£ - - " " " - L - • ^ • j - O ORGANIC CARBON AND CARBONATE (%): I — - — I — - — 1 — , — ORGANIC CARBON AND CARBONATE (%):
• • - _ J - ^ ~ O - ~ 1 " * 2 • 8 4 3 8 4 I —!~*~.—*~T 5GY 6/1 2, 82 3,82
S _ - 1 - _ 1 _ - 1 - _ i _ - L • Organic carbon 0.13 0.18 * | ' | ' Organic carbon 0.17 0.12

— -_L_ _ l _ - I - A Carbonate 53 54 — — t — | —\— f — I - Carbonate 62 67

AG CC — - . - i - ~ ^ J - , A G CC — ̂ -t—.—(—!—H C Λ

µ— OO



SITE 548 HOLE CORE 31 CORED I N T E R V A L 191.0-196.0 m

LITHOLOGIC DESCRIPTION

BGY 6/1

5B7/1

Iπterbedded layers of greenish gray (5GY 6/1) and light bluish

gray (5B 7/1) nannofossil ooze. Bioturbated and with scattered

pyrite throughout. Large burrows seen at contacts between layers

of different colors.

SMEAR SLIDE SUMMARY (%):

Sand 20

Silt 30

Clay 50

Quartz 5

Carbonate unspec. 15

Foraminifers 10

Calc. πaππofossils 70

ORGANIC CARBON AND CARBONATE (%):
2, 82 3, 82

Organic carbon 0.15 -

Carbonate 61 56

SITE 548 HOLE CORE 32 CORED I N T E R V A L 196.0-201.0 m
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LITHOLOGIC DESCRIPTION

Unit 1• nannofossi

tied scattered small

Unit 2: marly nan

variable amount of

(<mm) shell fragm

Note: all contacts a

ooze b
black fie

lofossil

uegray

cks.

3θze, gre
silt, moderately

nts and black fie

e gradat

SMEAR SLIDE SUMMARY

Tex ur
Sand

Silt

Clay

Composition:

Quartz

Mica

Clay

Glauconite

Pyrite

Carbonate unspec.

Foraminifers
Calc. nannofossils

Sponge spicules

2,75

D

7

25

63

15
-

5

Tr
_

10
15

50

5

onal.

(%):
3,40

D

25

35

40

5
-

5
_

35
15
10

30

5Y 7/1-5B 7/1) firm, mot-

enish g ay (5GY 6/1) firm,

bioturbated, scattered small

ks.

3,82

D

10

18

75

10

5

5
—
-

5

10
60

5

ORGANIC CARBON AND CARBONATE (9

Organic carbon

Carbonate

2,58

0.15

61

3,98

D

20

30

50

25
-

< 5
_
-

15
10

35
5
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LITHOLOGIC DESCRIPTION

Unit 1: marly nannofossil ooze, greenish gray (5GY 6/1), fir

homogeneous, silty, scattered dark flecks.

Unit 2: nannofossil ooze, light bluish gray (5B 7/1), firm, mi

tied, varying quantites of silt.

Note: all contacts are gradational.

tied, varying quantities of silt.

Lens of silt

ORGANIC CARBON AND CARBONATE (%):

2,82

Organic carbon 0.14
Carbonate 67



SITE 548 HOLE CORE 34 CORED INTERVAL 206.0-209.0m

1.0

LITHOLOGIC DESCRIPTION

Unit 1: silty sand, greenish gray (5GY 6/1), soft, homogeneous,
some darker mottling.
Unit 2: marly nannofossil ooze, greenish gray (5GY 6/1), firm,
mottled, varying amounts of silt, scattered small ( < mm) shell
fragments and black flecks.
Unit 3: nannofossil ooze, blue gray (SB 7/1), firm, mottled,
scattered black flecks.

SMEAR SLIDE SUMMARY (%):
1,59

"~of silt

^Gradational

"^Graded silty
sand

Carbonate unspec. 15

Calc. nannofossils 35
Sponge spicules 5

ORGANIC CARBON AND CARBONATE (%):
2,41

Organic carbon 0.27
Carbonate 53

SITE 548 HOLE CORE 35 CORED INTERVAL 209.0-211.01

si§

LITHOLOGIC DESCRIPTION

Unit 1: nannofossil ooze, blue gray (5B 7/1-5GY 7/1), fir
bioturbated in shades of blue gray, scattered black flecks.

ORGANIC CARBON AND CARBONATE (%):
1,51

Organic carbon 0.16
Carbonate 53

SITE 548 HOLE A CORE 1 CORED INTERVAL 205.5-215.0 m

LITHOLOGIC DESCRIPTION

Nannofossil ooze mud in Core-Catcher only; nothing retrieved

SITE 548 HOLE A CORE 2 CORED INTERVAL 215.0-224.5 r

m

LITHOLOGIC DESCRIPTION

NANNOFOSSIL OOZE
Greenish gray (5GY 6/1 and 5G 6/1)
Firm, massive, burrow-mottled and pyritized throughout
Any bedding destroyed by burrowing

NANNOFOSSIL OOZE and MARLY NANNOFOSSIL OOZE
In a series of upward-fining sequences
Greenish gray (5GY 6/1 and 5G 6/1)

Abrupt contact above mud, gradual above sand
Pyritized and intensely burrowed

SMEAR SLIDE SUMMARY

Texture:
Sand
Mud
Composition:
Quartz
Glauconite
Carbonate un

4, 10
D

30
70

15
15

spec. —

(%):
4,30
D

10
90

5
-
10

Foraminifers 10 5

Calc. nannofossils 50 80

Sponge spicules 5 Tr

ORGANIC CARBON AND CARBONATE (%):

2, 100
Organic carbon 0.18
Carbonate 54



SITE 548 HOLE A CORE 3 CORED INTERVAL 224.5-234.0 m

-JΣ-I•

R
E

S LITHOLOGIC DESCRIPTION

Alternating NANNOFOSSIL and MARLY NANNOFOSSIL

OOZE

Greenish gray (5G 6/1 and 5GY 6/1, mud and sand respec-

Intensely bioturbated

Sand
Mud
Composition:
Quartz
Mica
Glauconite
Carbonate unspec.
Foraminifers
Calc. nannofossils
Sponge spicules

10
90

5
5

_

20
10
50
10

40
60

30
_

10
-

10
30
10

ORGANIC CARBON AND CARBONATE (%):

Organic carbon
Carbonate

2,83
0.14

60

5,83
0.09

38

SITE 548 HOLE A CORE 4 CORED INTERVAL 233.0-243.5 m

—— I —

M

- Y - ^

LITHOLOGIC DESCRIPTION

Alternating NANNOFOSSIL and MARLY NANNOFOSSIL

OOZE

Greenish gray (5G 6/1 and 5GY 6/1, mud and sand respec-

tively)

Pyrite dispersed sparsely throughout sediment

ORGANIC CARBON AND CARBONATE (%):
2, 55 5, 55

Organic carbon 0.14 0.20
Carbonate 62 54



SITE 548 HOLE A CORE 5 CORED INTERVAL 243.5-263.0 m SITE 548 HOLE A CORE 6

L1THOLOGIC DESCRIPTION

. Silty mud,
graclatioπal
boundaries

— Silty mud,
gradational

/ boundaries

Nannogossil chalk, greenish gray (5GY 7/1—6/1), fir

very firm

Variable quantities of silt and sand, strongly burrowed

Graded beds are somewhat darker, often enriched in glai

stly hoi ale of c

enriched in gla

Silty beds enriche

20 25 30

Clay
Composition:

Quartz
Feldspar

Clay
Glauconite

Carbonate unspec.
Foraminifers

Calc. nannofossils
Radiolarians

Sponge spicules

75

10

-

-

5

10

70

2

3

65

15
-
-

3

5
15

60
2

-

50

30

5
-~15

5

15

< 5
30
_

~ 7

ORGANIC CARBON AND CARBONATE

Organic carbon

Carbonate

2,30
0.19

66

6,30

0.10

46

CORED INTERVAL 253.0-262.5 m

LITHOLOGIC DESCRIPTION

Nannofossil chalk, gre

Variable quantM

Silty beds enriched i

SMEAR SLIDE SUMMARY (%):

4, 120

nish gray (5GY 7/1-6/1), fir

Clay
Glauc

Carbo

Foraπ

Calc.
Sponç

onite

ninifers
nannofossil
ie spicules

6 .
3

c. 5
15

s 60
2

ORGANIC CARBON AND CARBONATE (%)

Organ ic carbon
2, 147
0.08

SITE 548 HOLE A CORE 7 CORED INTERVAL 262.5-272.0



SITE 548 HOLE A CORE 8 CORED INTERVAL 272.0-281.5 m

J i i i

J I I L

•*7 Bases sharp,
* darker color

•-7 Somewhat

LITHOLOGIC DESCRIPTION

7 S i , , y

Naπnofossil chalk, greenish gray (5GY 7/1-6/1), fir

Varying quantities of silt and sand, moderately tc

burrowed

Burrows mostly horizontal and on a scale of mm

A few burrows are enriched in glauconite and/or pyri

ORGANIC CARBON AND CARBONATE (%):

2, 65 5, 45
Organic carbon 0.09 -

Carbonate 58 55

SITE 548 HOLE A CORE 9 CORED INTERVAL 281.5-291.0 m

^ySiltier,

/ darker

LITHOLOGIC DESCRIPTION

Nannofossil chalk, greenish gray (5GY 7/1-8/1)

Strongly burrowed, burrows mostly horizontal a

Some burrows contain pyrite crystals

ORGANIC CARBON AND CARBONATE (%):

2, 85 5, 87

Organic carbon 0,16 0.17

Carbonate 46 50



SITE 548 HOLE A CORE 10 CORED INTERVAL 291.0-300.5 r

i l l

LITHOLOGIC DESCRIPTION

ui IIling Drecci;
/ greenish gray Nanπofossil chalk, greenish gray (5GY 7/1-8/1)

horizontal, mm wide and cm long

A few burrows contain pyrite crystals

ORGANIC CARBON AND CARBONATE (%):

2, 75 5, 75

Organiccarbon 0.18 -

Carbonate 51 54

SITE 548 HOLE A CORE 11 CORED INTERVAL 300.5-310.0 m

LITHOLOGIC DESCRIPTION

Unit 1: silty nannofossil chalk, greenish gπ

burrowed, variable quantities of sand and !

with laminations - as marked.

Unit 2: Section 5, 25-45 cm - πannofo:

(5G 8/1), firm, mottled in dark colors.

Unit 3: Section 5, 45 cm - nannofossil ch

il chalk, blue

lk, white (5B

4, 55 4, 141

• Fine lar

t
Sandy s

Clay

30 40 30 10
20 10 10 10
50 40 60 80

15 10 5-10

1

J
Finel\

muds
Conta

ated

ct broken up

Carbonate unspec. ~ 2 0 15 15
Foraminifers - 10 20 10

Calc. πannofossils 40 30 50 80
Sponge spicules < 5 20 <5 <5

ORGANIC CARBON AND CARBONATE (%);

2,43



SITE 548 HOLE A CORED INTERVAL 310.0-319.5 r SITE 548 HOLE A CORE 13

LITHOLOGIC DESCRIPTION

j darkening ins

Gradational

silt and sand

Naππofossil chalk, greenish gray (5GY 7/1-8/11, fir

genetic effects: certain burrows

i green background all of which i

I rings of blue material - all on a

ounded by one

Sand

Silt

Clay

Carbonate unspec. ^ 1 0 -~20

Foraminifers <IO 15-20

Calc. nannofossils 90 50-60

ORGANIC CARBON AND CARBONATE (%):

2, 68 5, 68

Organic carbon

Carbonate 89 80

CORED INTERVAL 319.5-329.0 m

-•— Sharp boundary

LITHOLOGIC DESCRIPTION

rvnannofossil chalk, greenish gray

'Ongly burrowed in shades of gr£

πbed for Core 12.

N , Gradational
boundary

„ Strongly biotur-
bated light olive
gray

Clay

Composition:

Carbonate unspec.
Foraminifers

Calc. nannofossils

70

10

20

70

80

_

20

80

ORGANIC CARBON AND CARBONATE

Organic carbon

Carbonate

2, 72
-

89

5,72
-

92



SITE 548 HOLE A CORE 14 CORED INTERVAL 329.0-338.5 m

LITHOLOGIC DESCRIPTION

FORAM•NANNOFOSSIL CHALK
Greenish gray, light greenish gray, very lie

(5GY6/1.5GY8/1.N8)
Massive and homogeneous

Clay
Composi
Feldspar

nspec. 5 20

Calc. nannofossils 65 60

SITE 548 HOLE A CORE 15 CORED INTERVAL 338.5-348.0 r

LITHOLOGIC DESCRIPTION

NANNOFOSSIL CHALK
Bluish white, very light gray and iight greeni

5B 9/1, 5GY 8/1) towards base
Massive, homogeneous and firm
Burrow-mottled throughout, large and small burr
Mollusc fragments in Sections 5 and 6
Glauconitic in Sections 4, 5, and 6 (traces)
Some heavy minerals in Sections 4—6 (black

brown = siderite), in traces
SMEAR SLIDE SUMMARY (%):

2, 37 6, 5
D D

Clay

Calc. nannofossils 70 70



CORE 16 CORED INTERVAL 348.0-357.5 r SITE 548 HOLE A CORED INTERVAL 357.5-367.0 m

LITHOLOGIC DESCRIPTION

NANNOFOSSIL and FORAM-NANNO CHALK

Bluish-white (5B 9/1), light greenish gray (5GY 8/1 and
5G8/1)

Heavy minerals dispersed lightly throughout
Burrow-mottled throughout
Mollusc, gastropod shells in Sections 3 and 4

SMEAR SLIDE SUMMARY (%):
1, 120 3,67

Clay /

Heavy minerals
Clay

LITHOLOGIC DESCRIPTION

FORAM-NANNOFOSSIL CHALK
Bluish-white (5B 9/1), mottled with light greenish gray (5GY

8/1)

Heavy minerals (siderite and magnetite?) dispersed lightly
throughout

Color grades into 5G 8/1 and 5GY 8/1 in Section 3, but no
change in lithology

SMEAR SLIDE SUMMARY (%):
1,10 4,28

Mud 90

Calc. nannofossils 90



SITE 548 HOLE A CORE 18 CORED INTERVAL 367.0-376.5 r

LITHOLOGIC DESCRIPTION

NANNOFOSSIL and FORAM-NANNO CHALK

Light greenish gray (5GY 8/1), pale yellow <5Y 7/3) in base of

Section 1 only (no change in litho)

Bioturbated throughout

Heavy minerals scattered throughout, occasional glauconite

ith 5Y 6/2 in Sections 2 and 3

Sand 20 10
Mud 80 90

Carbonate unspec. - 5

Foramiπifers 20 5

Calc. πannofossils 80 90

ORGANIC CARBON AND CARBONATE (%):
2,41

Carbonate 74

SITE 548 HOLE A CORE 19 CORED INTERVAL 376.5-386.0 m

o ^
LITHOLOGIC DESCRIPTION

NANNOFOSSIL CHALK
Occasional soft at base of Section 1 and top of Section 2
Light greenish gray (5GY 8/1 and 5G 8/1), grayish green

(10GY 5/2), olive gray |5Y 4/2)

Pyritic in Section 1

Occasional shell fragments in Section 3

Heavy minerals scattered through Section 3

Bivalve fragment in Section 4

Cherty bed in Section 4, 116-129 cm (10GY 5/2 in color)

and in Section 6, 41-43 cm

Carbonate unspec. Tr

Foraminifers Tr

Cak. nannofossils 90

ORGANIC CARBON AND CARBONATE (%):

6,50
Organic carbon

Carbonate 78

OO



oo SITE 548 HOLE A CORE 20 CORED INTERVAL 386.0-395.51

LITHOLOGIC DESCRIPTION

FORAM•NANNOFOSSI L OOZE
Intensely bioturbated

Mottled, with thin beds of 5GY 6/1 chalk in Section 2
Tiny shell fragments dispersed sparsely throughout
Animal tracks 0h in Core-Catcher
Chert nodules in Section 3, 6—8 cm

SMEAR SLIDE SUMMARY (%)

Texture:
Sand
Mud
Composition:
Foraminifers
Calc. nannofossil

3,5
D

10
90

15
s 80

SITE 548 HOLE A CORE 21 CORED INTERVAL 395.5-405.0 r

LITHOLOGIC DESCRIPTION

FORAM•NANNO CHALK
Light greenish gray (5G 8/1 and 5GY 8/1)

Chert nodules in Section I , 58-59 cm; Section

Composition:
Carbonate unspe
Calc. nannofossil

ORGANIC CAR!

Organic carbon
Carbonate

c. 10
s 90

3OIM AND CARBONATE (%):
2,74
-
70



SITE 548 HOLE A CORE 22 CORED INTERVAL 405.0-414.5 m

t o

II ' I ' I -

LITHOLOGIC DESCRIPTION

Sharp mottlθd
contacts

' Lighter
, greenish gray

Sharp c<

Sharp c<

Sedimei

jntact

intact

it das

U n i t i

Nannofossil chalk, greenish gray (5GY 7/1), fin

moderately burrowed in shades of green, variable

sand and silt.

Unit 2

Marly nannofossil chalk, olive gray I5Y 4/2) fir

burrowed.

SMEAR SLIDE SUMMARY (%):

3,80 6,10 β, 26

Clay

Feldspar

Mica

Clay

Glauconi

Carbonai

Sponge spicules 10

ORGANIC CARBON AND CARBONATE (%):
5,91

Carbonate 63

SITE 548 HOLE A CORE 23 CORED INTERVAL 414.5-424.0 r

LITHOLOGIC DESCRIPTION

clasts above silty Un
bed, base

\gradat iona l
Several thin
greenish lamina
dark green bur

Very marly nannofossil chalk, dark gray brown

rm, moderately to infrequently burrowed with burn

f mm. Occasional burrow filled with fine dark gre

-Several thin

„ Several thin

Lighter brow

2.5Y 4/2

2.5Y 5/2

SMEAR SLIDE SUMMARY {%);

Clay
Glauconite

Carbonate unspec

Foraminifers

Calc. nannofossils
Sponge spicules

ORGANIC CARB

30
<S

. 10
5-10

30

5

ON AND CARBONATE (%):
2,64



SITE 548 HOLE A CORE 24 CORED INTERVAL 424.0-433.5 r SITE 548 HOLE A CORE 25 CORED INTERVAL 433.5-443.0 m

.ITHOLOGIC DESCRIPTION

Marly naπnofossil chalk, grayish brown (2.5Y 5/2),

.ITHOLOGIC DESCRIPTION

noderate drilling distur•

SMEAR SLIDE SUMMARY (

Cl,
Coi

O u

Cl,i

Gh

Cai

Fii:

C•l

V
TI position:

V
luconite

bonate urn

ramiπifers
c. nannofo

Green (5G 5/2)

>^gradational

7.5YR 5/3

gradual

2.5YR 4/2



SITE 548 HOLE A CORE 26 CORED INTERVAL 443.0-452.5 r SITE 548 HOLE A CORE 27 CORED INTERVAL 452.5-462.0 m

LITHOLOGIC DESCRIPTION

Upper 5 sections filled with drilling breccia.

Sections 6 and 7: marly nannofossil chalk, grayish brown (7.BYR

very deformed by drilling.

- * -5 cm green chalk

- 6 cm green chalk

LITHOLOGIC DESCRIPTION

Ur

fir
CO

Ur

fir
va

Al

lit 1
Marly nan
m, modera
mes more h
lit 2
Forám-naπ

m to very

riable sand

I bouπdarie

or

nc
f

fossi

y bi

nogei

ifossi

irm,
ntem

I cha
irrow

neou<

I ch

mod

.

Ik,
ed.

me

alk

era

vel'

bro'

bur

:ar bi

, 9'
tely

wn (7.5YR 4/4), firt

rows on scale of mrr

jse of core.

eenish gray (5GY

burrowed in shades

'ttled but sharp.

n to very

1, unit be-

8/1-7/1),
of green

Some burrows in brown chalk are filled with bright gπ
suggesting the colors are due to oxidation state of iron

SMEAR SLIDE SUMMARY (%):

4,21 4,53

Clay

Compo

5-10 5

Calc. πannofossils 35 55

Chlorite 5

ORGANIC CARBON AND CARBONATE (%):

2, 65 5, 65

Organic carbon

Carbonate 74 32

. Mix of units

brown and grt



SITE 548 HOLE A CORE 28 CORED INTERVAL 462.0-471.5 SITE 548 HOLE A CORE 29 CORED INTERVAL 471.5-481.0 m

LITHOLOGIC DESCRIPTION

Foram nannofossil chalk, white (10YR 8/2), firr

SMEAR SLIDE SUMMARY (%):

Sand

Silt

Clay 60

Sponge spioulβs 5



SITE 548 HOLE A C O RE 30 CORED INTERVAL 481.0-490.5 r SITE 548 HOLE A CORE 32 CORED INTERVAL 500.0-509.5 m

LITHOLOGIC DESCRIPTION

NANNOFOSSIL CHALK
White (N9)
Firm, massive and homogeneous chalk

Mud 100

Calc. naππofossils 100

SITE 548 HOLE A CORE 31 CORED INTERVAL 490.5-500.0 r

LITHOLOGIC DESCRIPTION

NANNOFOSSIL CHALK (30% unspecified calcareous)

Firm massive and homogeneous

White (N9), moderate orange pink (5YR 8/4], and yellowish

green (5Y 8/1)

Sections 2 and 3 burrow-mottled, yellowish gray with white

burrow-filling with black pyritic streaks

SMEAR SLIDE SUMMARY (%):

1,135 2,60

Sand 10

Mud 90 100

Carbonate unspec. 5 30

Foraminifers 5

Calc. nannofossils 90 70

LITHOLOGIC DESCRIPTION

NANNOFOSSIL CHALK
Yellowish-gray (5Y 8/1) mottled by burrows filled with white

(N9) chalk, slightly pyritized; pyrite also around burrows

and disseminated lightly throughout core
Brownish streaks (Fe?Mn?) in Section 1, 2-3 and 146-148

cm); Section 2, 2-4 cm; and Section 4, 65-67 cm
Section 2-Section 3, 44 cm have large chunks of calcite and

some mollusc shells dispersed throughout

SMEAR SLIDE SUMMARY (%):

1, 100

D

Sand 5

Mud 95

Carbonate unspec. 10

Calc. nannofossils 80

OO
J



oo SITE 548 HOLE A CORE 33 CORED INTERVAL 509.5-519.0 r SITE 548 HOLE A CORE 34

LITHOLOGIC DESCRIPTION

NANNO CHALK
Mostly yellowish gray (5Y 8/11 mottled with white (N9)

chalk, but some bands of moderate orange-pink {5YR

8/4) and brownish-gray (5YR 4/1) chalk; the boundary be

tween chalks of different colors is usually quite abrupt. The

Burrow-mottled throughout, with large burrows (0.5-1.0 cm)

Some pyritic streaks in chalk

SMEAR SLIDE SUMMARY (%):

4, 3 4, 28 4, 35

Carbonate unspec. <10

Foramiπifers < 1 0

CORED INTERVAL 519.0-528.5 m

LITHOLOGIC DESCRIPTION

— Brownish-gray

NANNO and FORAM-NANNO CHALK
Great variability in color, mostly yellowish gray (5Y 8/11,

but also moderate orange pink (5YR 8/4), grayish orange
pink (5YR 7/2) and brown (5YR 4/1), gray in spots; the
boundary between colors is usually sharp; mottling is
usually of a different color than the rest of the chalk

Note: Section 7 is 40 cm in length.

SMEAR SLIDE SUMMARY (%):
4,80 4,105 7,40
D D 0

nspec. 15 25 20



SITE 548 HOLE A CORE 35 CORED INTERVAL 528.5-535.5 i

LITHOLOGIC DESCRIPTION

FORAM-NANNOFOSSI L CHALK

Mottled very pale orange (10YR 8/2) and v

chalk; large burrows, 1-2 cm

Carbonate uπspec. Tr

Foraminifers 20

SITE 548 HOLE A CORE 38 CORED INTERVAL 347.0-551.0 m

LITHOLOGIC DESCRIPTION

BASEMENT ROCK

Metaquartzite(?)

Black (N1)

jred fragments of black shale

SITE 548 HOLE A CORE 36 CORED INTERVAL 535.5-538.0 r
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LITHOLOGIC DESCRIPTION

BASEMENT ROCK
Metaquartzite(?)
Black (N1)

SITE 548 HOLE A CORE 37 CORED INTERVAL 538.0-547.0 r
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LITHOLOGIC DESCRIPTION

BASEMENT ROCK
Metaquartzitel?)
Black (N1)



SITE 548 (HOLE 548)

0 p m _ _ U _ 1-2 1-3 1fCC 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2,CC

- 2 5

•50

- 7 5

—100

—125

1—150

90



r—0 cm I
3-1 3-2 3-3 3-4 3-5 3-6 3-7 3-8 4-1

SITE 548 (HOLE 548)

4-2 4-3 4-4

H25

h-50

h-75

h~100

h-125

•―150

91



SITE 548 (HOLE 548)

4-5 4.6 4-7 4,CC 5-1 5-2 5-3 5-4 5-5 5-6 5-7 5,CC
^—0 cm i

—25

"50

—75

—100

—125

—150

92



p—0 cm, 6-1 6-2 6-3 6-4 6-5 6-6 6-7 6,CC 7-1

SITE 548 (HOLE 548)

7-2 7-3 7-4

—25

- 5 0

- 7 5

—100

—125

1—150

93



SITE 548 (HOLE 548)

•Ocm i i i η 7 - c c

H-25

J L 2 . _ 8 - 3 _ 8-4 8-5 8-6 8-7 8,CC

- 5 0

-75

M O O

—125

-150

94



r—Ocm* 9-1 9-2 9-3 10-1 10-2 10-3 10-4

• n

—25

SITE 548 (HOLE 548)

10-5 10-6 10.CC 11-1 11-2

—50

—75

—100

—125

1—150

95



SITE 548 (HOLE 548)

- 2 5

- 5 0

1 1 - c c 12-1 12-2 12,CC 13-1 13-2 13-3 13-4

- 7 5

—100

—125

•—150

96

:



p—0 c m ,

SITE 548 (HOLE 548)

13-5 13-6 13,CC 14-1 14-2 15-1 15-2 15-3 15-4 15-5 15-6 15-7

- 2 5

- 5 0

—75

—100

—125

•―150

97



SITE 548 (HOLE 548)

_ 15,CC 16-1 16-2 16-3 16-4 16-5 16-6 16,CC 17-1 17-2 17-3 17-4
r -0 cm

—25

— 50

—75

—100

—125

L—150

98



SITE 548 (HOLE 548)

1 7 ' c c 18-1 18-2 18-3 18-4 18,CC 19-1 19-2 19-3 19-4 19,CC

- 2 5

—50

—75

—100

—125

•--150

99



SITE 548 (HOLE 548)

n 20-1 20-2 20-3 20-4 20,CC 21-1 21-2 21-3 21,CC 22-1 22-2 22-3
•― u cm i

- 5 0

•25

- 7 5

^100

—125



r-0 cm

SITE 548 (HOLE 548)

22,CC 23-1 23-2 23-3 23,CC 24-1 24-2 24-3 24,CC 25-1 25-2 25-3

- 2 5

— 50

—75

—100

—125

•—150

-. %

.

101



SITE 548 (HOLE 548)

- 2 5

- 5 0

i—O cm 2 5 ' C C 26-1 26-2 26-3 26-4 26,CC 27-1 27-2 27-3 27-4 27,CC 28-1

- 7 5

—100

—125

1—150

102



r—0 cm i

SITE 548 (HOLE 548)

28-2 28-3 28-4 28,CC 29-1 29-2 29-3 29-4 29,CC 30-1 30-2 30-3

- 2 5

4 ;

- 5 0

—75

—100

—125

L—150

103



SITE 548 (HOLE 548)

30-4 30,CC 31-1 31-2
™""U cm

- 2 5

31-3 32-1 32-2 32-3 32-4 32,CC 33-1 33-2

— 50

—75

—100

—125

—150

104



SITE 548 (HOLE 548)

~Ocm 3 3 3 3 3 ' 4 ~ 3 3 ' C C

- 2 5

— 50

—75

—100

—125

L—150

105



SITE 548 (HOLE 548A)

106



r—0 cm

SITE 548 (HOLE 548A)

3,CC 4-1 4-2 4-3 4-4 4-5 4-6 4fCC 5-1 5-2 5-3 5-4

- 2 5

— 50

—75

—100

—125

1—150

107



SITE 548 (HOLE 548A)

£ - - £ £ L 6 1 6-2 _6-3_ _ 6:4 6.CC 7-2 7-3 7.CC

-150

108



r—0 cm 8-1 8-2 8-3 8-4 8-5 8-6 9-1

- 2 5

— 50

—75

—100

—125

SITE 548 (HOLE 548A)

9-2 9-3 9-4 9-5 9 CC

•—150

109



SITE 548 (HOLE 548A)

n ™ 1 C M 1 0 " 2 1 0 " 3 1 0 4 1 0 " 5 10-6 10-7 11-1 11-2 11-3 11-4 11-5
U cnri

— 25

— 50

—75

—100

-125

"—150

110



r—0 cm 1 1 ' C C

- 2 5

- 5 0

—75

—100

—125

•—150

f•JjJ

; f

' J -

1 2 " 2 1 2 " 3 1 2 ' 4 1 2 ' 5 1 2 ' 6 1 2 " 7 1 2 ' C C

SITE 548 (HOLE 548A)

1 3 ' 2 1 3 " 3

I l l



SITE 548 (HOLE 548A)

—25

— 50

r—0 cm

- 7 5

—100

13-4 13-5 13-6 13-7 14-1 14-2 14-3 14-4 14-5 14-6 15-1

—125

•―150

112

ms mm «r
15-2

J

> ~ ~ Λ



r -0 cm 15-3 15-4

SITE 548 (HOLE 548A)

15-5 15-6 16-1 16-2 16-3 16-4 16-5 17-1 17-2 17-3

- 2 5

— 50

—75

•100

—125

1—150

k
*

[

r

.

M

ii

y 1

t• ' A

1

113



SITE 548 (HOLE 548A)

i—0cm_ iL f 17-5 17-6 18-1 18-2 18-3 18,CC 19-1 19-2 19-3 19-4 19-5



r—0 cm

SITE 548 (HOLE 548A)

19-6 19,CC 20-1 20-2 20-3 20-4 20,CC 21-1 21-2 21-3 21-4 21,CC

H25

h-50

h-75

I—100

h-125

I—150

>-

115



SITE 548 (HOLE 548A)

‰ «£L JZL -22.L 22.6 22.7 22CC 23-1 _23_2_ 2^3 23-4



SITE 548 (HOLE 548A)

•n rm 2 3 > c c 24-1 24-2 24-3 24-4 24-5 24-6 24-7 25-1 25-2 25-3 25-4

- 2 5

~ 5 0

—75

—100

—125

^ 1 5 0

'.*

117



SITE 548 (HOLE 548A)

Q c m 25-5 25-6 25-7 25 CC 26-1 26-2 26-3 26-4 26-5 26-6 26-7 26,CC

— 25

— 50

—75

—100

—125

1—150

118



n . _ 27-1 27-2 27-3 27-4

SITE 548 (HOLE 548A)

27-5 27-6 28-1 28-2 28-3 28-4 28-5 28-6

h-25

h- 50

[-75

h-100

h-125

1—150



SITE 548 (HOLE 548A)

n 28-7 29-1 29-2 29-3 29-4
ρ-0 cm

— 25

—50

—75

—100

—125

—150

120

A -

29-5 30-1 30-2 30-3 31-1 31-2 31-3

J
i -J

r ' "f

I-



SITE 548 (HOLE 548A)

r—0 cm i
32-1 32-2 32-3 32-4

- 2 5

- 5 0

—75

—100

—125

i

f ' ""V J

i

i.

1

•― 150

I

33-1 33-2 33-3 33-4 33,CC 34-1 34-2

121



SITE 548 (HOLE 548A)

0 — 34-3 34-4 34-5 34-6 34-7 34 CC 35-1 35-2 35,CC 36-1 38-1 38-2


