4. SITE 5491

Shipboard Scientific Party?

HOLE 549

Position: 49°05.28'N; 13°05.88'W

Water depth (sea level; corrected m, echo-sounding): 2515
Water depth (rig floor; corrected m, echo-sounding): 2525
Bottom felt (m, drill pipe): 2533

Penetration (m): 1001.5

Number of cores: 99

Total length of cored section (m): 812.5

Total core recovered (m): 369.7

Core recovery (%): 45.5

Oldest sediment cored:
Depth sub-bottom (m): 964.5
Nature: Micaceous foliated sandstone
Age: Paleozoic (middle to late Devonian)
Measured velocity (km/s): 3.672-4.256

Basement:
Depth sub-bottom (m): 964.5
Nature: Micaceous foliated sandstone
Velocity range (km/s): 3.672-4.256

Principal results: See discussion following site data for Hole 549A.

HOLE 549A

Position: 49°05.29'N; 13°05.89'W

Water depth (sea level; corrected m, echo-sounding): 2513
Water depth (rig floor; corrected m, echo-sounding): 2523
Bottom felt (m, drill pipe): 2535.5

Penetration (m): 198.5

Number of cores: 42

Total length of cored section (m): 196

Total core recovered (m): 144.4

Core recovery (%): 73.7

Oldest sediment cored:
Depth sub-bottom (m): 198.5
Nature: Bluish white nannofossil chalk
Age: middle Eocene
Measured velocity (km/s): 1.647

1 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,
Pans France; C. Wylie Poas (Co-Chief Scientist), U. S Gunlogu:l] Survey, %oés Hole, Ma!—

Robert Cy h Ir., Exxon Prod

Paul Loubere, Oregon State Unwemly. Corvallis, Oregon (prenent address Northern l]imuls
University, DeKalb, lllinois); Douglas G. M: Institute of O Sci Wormley,
United Kingdom; James M. Mazzullo, Texas A & M University, Colkge Station, Texas; Lu-
cien Montadert, Institut Frangais du Pétrole, Rueil Malmaison, France; Carla Miiller, 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 Umvermy, Greenville, North Carolina;
Hilary A. Townsend, University of S United Kingd Ste-
phanos P. Vaos, Florida State University, Thllahnss:e, Florida; and Douglas Waples, Mobil
Research & Development Corporation, Dallas, Texas.

Basement: Not reached

Principal results: Two holes (549 and 549A) were drilled at Site 549
near the seaward edge of a tilted block of Hercynian basement that
underlies the Pendragon Escarpment (Fig. 1). This is the second
shallowest site on the Goban Spur transect.

Using the variable length hydraulic piston corer (VLHPC), we
recovered an abbreviated 144.4 m sequence (196 m penetration) of
Holocene through middle Eocene nannofossil and marly nanno-
fossil ooze and chalk in Hole 549A (Tables 1-3). Rotary coring in
Hole 549 recovered 369.7 m (812.5 m penetration) of upper middle
Eocene through lower Barremian chalks, mudstones, sandstones,
and limestones, which overlie foliated, micaceous middle to upper
Devonian sandstone (37 m penetration; total depth 1001.5 m)
(Tables 1-3).

One downhole log run was successful, and heat flow measure-
ments documented a geothermal gradient of 24.46°C/km.

The most significant achievements at Site 549 were as follows:

1. Recovery of a thick Barremian synrift sequence that directly
overlies Hercynian basement of middle to late Devonian age. The
sediments and fossils reveal the gradual invasion of marine waters,
beginning with a littoral sequence and culminating in open marine,
middle to outer sublittoral paleoenvironments. The presence of
ferruginous quartzose clays and abundant plant debris suggests the
proximity of subaerial blocks of Hercynian basement.

2. Identification of the oldest postrift sediments as early Albi-
an in age.

3. Recovery of 0.5 m of black shale (late Cenomanian) that
contains marine organic carbon and is embedded within a 100 m
sequence of white Upper Cretaceous chalk.

4. Recovery of a nearly complete sequence of upper Paleocene
to upper Oligocene pelagic sediments that contain rich assem-
blages of mostly well preserved calcareous micro- and nannofos-
sils. This sequence may be the best biostratigraphic reference sec-
tion for this interval in the eastern North Atlantic.

Eleven lithologic units were identified (Table 3):

Unit 1: 0-27 m below seafloor (BSF), alternating zones of light
reddish brown calcareous muds and light gray marly foraminifer-
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Figure 1. Location map for Leg 80 drill sites (548-551). Three Leg 48
drill sites (400-402) are also shown.
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SITE 549

Table 1. Coring summary, Leg 80.

Average Time on

Water  Number Cores Percent of Total penetration hol_e or
depth of with cores with  Meters Meters Percent . Meters  penetration rate site
Hole Latitude Longitude (m) cores recovery  recovery®  cored recovered recovered” drilled (m) (m/hr.)¢ (hr.)
548 48°54.95'N  12°09.84'W 1256 35 35 100.0 211.0 210.9 99.9 0 211.0 45.2
S54BA  48°5493'N  12°09.87'W 1256 38 38 100.0 346.0 246.5 71.2 205.5 551.5 42.4 82.9
Total for site 73 73 100.0 557.0 457.4 82.1 205.5 762.5 128.1
549 49°05.28'N  13°05.88'W 2533 99 93 93.9 812.5 369.7 45.5 189.0 1001.5 7.9 301.2
S49A  49°05.29'N  13°05.89'W 25355 42 41 77.6 196.0 144.4 73.7 0 198.5 54.2
Total for site 141 134 95.0 1008.5 514.1 51.0 189.0 IZDG,_O 355.4
550 48°30.91'N  13°26.37'W 4432 48 46 95.8 442.5 262.6 59.3 94.0 536.5 36.4 115.3
S50A  48°30.91'N  13°26.39'W 4432 0 0 0 0 0 0 95.0 95.0 170.6 19.2
550B  48°30.96'N  13°26.32'W 4432 30 30 100.0 264.5 177.9 67.3 456.0 720.5 14.2 150.3
Total for site 18 76 97.4 707.0 440.5 62.3 645.0 1352.0 34.0d 284.8
551 48°54.64'N  13°30.09'W 3909 14 13 92.9 125.0 81.0 64.8 76.0 201.0 9.1 _T_SZ
Total for leg 306 296 96.7 2397.5 1493.0 62.2 1115.5 3515.5 841.5

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.
€ Rotary coring only.
Total meters penetrated divided by number of rotating hours.

nannofossil coze. Sediment is Holocene-Pleistocene in age and
lower bathyal in nature. As at Site 548, the alternation of glacial
and interglacial deposits yielded a clear record of Quaternary pa-
leoclimates. There is a hiatus of 3 m.y. at the base (the Pliocene
and lowest Pleistocene are missing).

Unit 2: 27-276.5 m BSF, light greenish gray to bluish white
nannofossil chalk. Sediment is late Miocene to middle Eocene in
age and bathyal in nature. The Miocene section is abbreviated; the
Oligocene and Eocene sections are thick and nearly complete, con-
taining well preserved micro- and nannofossils.

Unit 3: 276.5-382 m BSF, brownish to grayish marly nannofos-
sil chalk and greenish gray nannofossil chalk. Sediment is middle
Eocene to late Paleocene in age and bathyal in nature. The section
appears to be complete, although there is a 0.5 m.y. hiatus at the
base (the lower Thanetian is missing).

Unit 4: 382-426.6 m BSF, light brown, green, and white nanno-
fossil chalk. Sediment is Danian to early Turonian in age and
bathyal in nature. There is a major hiatus near the top (about 3
m.y.; the lower Danian is missing).

Unit 5: 426.6-479 m BSF, clayey nannofossil chalk. Sediment is
early Turonian to early middle Cenomanian in age and bathyal in
nature. There is a 4 m.y. hiatus at the base (the upper Albian is
missing).

Unit 6: 479-664.2 m BSF, dark calcareous siltstones. Sediment
is middle to early Albian in age and outer sublittoral in nature; it
represents the oldest(?) postrift unit. There is a hiatus at the base
(the earliest(?) Albian and latest(?) Aptian are missing).

Unit 7: 664.2-673.9 m BSF, red sandy dolomite. Sediment is of
unknown age. The unit may represent the top of the synrift se-
quence. There is an 8 m.y. hiatus at the base (most or all of the
Aptian is missing).

Unit 8: 673.9-755 m BSF, reddish to gray calcareous and sandy
calcareous mudstones. Sediment is early late Barremian to late ear-
ly Barremian in age and middle to outer sublittoral in nature.

Unit 9: 755-801.5 m BSF, calcareous grainstones (poor recov-
ery). Sediment is early Barremian in age and middle sublittoral in
nature.

Unit 10: 801.5-964.5 m BSF, interbedded calcareous and non-
calcareous sandy mudstones and mudstones. Sediment is early
Barremian to Hauterivian(?) in age and littoral to inner sublittoral
in nature.

Unit 11: 964.5-1001.5 m BSF, foliated micaceous sandstone.
Sandstones are Paleozoic in age and form the Hercynian basement.

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.
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SITE APPROACH AND OPERATIONS

Glomar Challenger departed Site 548 at 2220 hr. (lo-
cal time) on 14 June, heading northwest to the location
proposed for Site 549, which was 37.6 naut. mi. (69 km)
distant (Fig. 1). The approach strategy was to join con-
trol seismic line 10S (Institute of Oceanographic Sci-
ences) CM 10 at shot point 2700, which was 25 km
northeast of the proposed site, and to proceed south-
west along the seismic line to the site (Fig. 2A).

However, lack of a pit (pitot) log to measure ship’s
speed, inability to use ship’s LORAN navigation system
in the northern Biscay region, long time intervals be-
tween satellite fixes, and prevailing northwest wind (av-
erage 15 knots) combined to place us on a course paral-
lel to, but 1 naut. mi. (1.8 km) north of, line CM 10.
Glomar Challenger’s precision depth recorder (PDR) and
the air gun seismic record were compared with line CM
10 in an attempt to recognize similar bottom topogra-
phy and shallow structure. After the ship made the
southwest turn the first satellite fix arrived (at 0316 hr.
on 15 June), but it was no good. The first good fix ar-
rived 1 hr. 45 min. later (at 0500 hr.), as we approached
a point that appeared to be on structural strike with the
proposed site. Therefore, at 0513 hr. a beacon was dropped
there (Fig. 2B).

As we continued away from the beacon, parallel to
line CM 10, it became obvious that the beacon was too
far down the escarpment to match the proposed loca-
tion. Because of the poor prospect for accurate satellite
navigation, we decided to use the emplaced beacon to
maneuver to the proper location. We passed over the
proposed location twice, but we found no clear bathy-
metric or structural correspondence to line CM 10, so
we decided to move updip (upslope) from the beacon to
the water depth equivalent to the proposed site and to
drop the target beacon there. This we did at 0823 hr., es-
tablishing Site 549 1.2 naut. mi. (2.2 km) northwest of,
and approximately along strike from, the originally pro-



SITE 549

Table 2. Coring summary, Site 549. Table 2. (Continued).
Date Depth from Depth below  Length  Length Date Depth from Depth below  Length  Length
(June Time  drill floor seafloor cored  recovered  Recovery (June Time  drill floor seafloor cored  recovered  Recovery
Core  1981) (hr) (m) (m) (m) (m) (%) Core  1981) (hr) (m) (m) {m) {m) (%)
Hole 549A Hole 549A (Comt.)
1 28 0950 2535.0-2543.% 0.0-8.0 8.0 7.70 9%6 42 19 0925 3102.0-3111.5  569.0-578.5 9.5 4.06 43
2 28 1040 2543.5-2553.0 8.0-17.5 9.5 9.08 9% 43 19 1215 3111.5-3121.0  578.5-588.0 9.5 5.43 57
328 1137 2553.0-2562.5  17.5-27.0 9.5 8.65 91 44 19 1520 3121.0-3130.5  588.0-597.5 9.5 6.80 72
4 28 1235 2562.5-2572.0  27.0-36.5 9.5 9.21 9 45 19 1734 3130.5-3140.0  597.5-607.0 9.5 7.83 82
5 28 1320 2572.0-2581.5  36.5-46.0 9.5 9.00 95 46 19 1930 3140.0-3149.5  607.0-616.5 9.5 5.60 59
6 28 1408 2581.5-2591.0  46.0-35.5 9.5 8.91 94 47 19 2140 3149.5-3159.0  616.5-626.0 9.5 6.90 73
7 28 1502 2591,0-2600.5  55.5-65.0 9.5 9.20 97 48 20 0037 3159.0-3168.5  626.0-635.5 9.5 0.36 4
8 28 1600 2600.5-2610.0  65.0-74.5 9.5 8.44 89 49 20 0250 3168.5-3178.0  635.5-645.0 9.5 0.07 1
9 28 1636 2610.0-2619.5  74.5-84.0 9.5 8.54 90 50 20 0420 3178.0-3187.5  645.0-654.5 9.5 tr 0
10 28 1730 2619.5-2629.0  84.0-93.5 9.5 9.31 98 S1 20 0615 3187.5-3197.0  654.5-664.0 9.5 0 0
1 28 1850 2629.0-2638.5  93.5-103.0 9.5 9.42 %9 52 20 0854 3197.0-3206.6  664.0-673.5 9.5 1.31 14
12 28 1947 2638.5-2641.5  103.0-106.0 3.0 2.46 82 51 20 1354 3206.5-3216.0  673.5-683.0 9.5 3.26 34
13 28 2051 2641.5-2646.5  106.0-111.0 5.0 5.01 100 S4 20 1822 3216.0-3225.0  683.0-692.0 9.0 4.99 55
14 28 2150 2646.5-2651.5  111.0-116.0 5.0 2.25 45 5§ 20 2355 3225.0-3234.0  692.0-701.0 9.0 7.24 80
15 28 2250 2651.5-2655.0  116.0-119.5 3.5 3.34 95 56 21 0437 3234.0-3243.0  701.0-710.0 9.0 6.34 10
16 28 2345 2655.0-2658.0  119.5-122.5 3.0 1.96 65 5721 0920 3243.0-3252.0  710.0-719.0 0 7.05 78
17 29 0043 2658.0-2661.0  122.5-125.5 1.0 2.16 72 58 21 1511 3252.0-3261.0  719.0-728.0 9.0 9,55 100
18 29 0137 2661.0-2662.5  125.5-127.0 1.5 1.38 92 s9 21 1935 3261.0-3270.0  728.0-737.0 9.0 4.35 48
19 29 0230 2662.5-2663.5  127.0-128.0 1.0 0.65 65 60 21 2258 3270.0-3279.0  737.0-746.0 9.0 8.71 97
20 29 0311 2663.5-2664.5  128.0-129.0 1.0 0.70 70 61 22 0123 3279.0-3288.0  746.0-755.0 9.0 4.90 54
21 29 0440 2664.5-2660.0  129.0-130.5 1.5 1.25 83 62 22 0254 3288.0-3297.0  755.0-764.0 9.0 0.06 1
22 29 0530 2666.0-2666.5  130.5-131.0 0.5 0.53 100 63 22 0418 3297.0-3301.5  764.0-768.5 4.5 0 0
23 29 0620 2666.5-2667.5  131.0-132.0 1.0 tr 0 64 22 0600 3301.5-3306.0  768.5-773.0 4.5 0 0
24 29 0620 2667.5-2670.5  132.0-135.0 3.0 3.07 100 65 22 0811 3306.0-3311.0  773.0-778.0 5.0 0 0
25 29 0715 2670.5-2673.0  135.0-137.5 2.5 2.14 0? 66 22 0950 3311.0-3320.5  778.0-787.5 9.5 tr 0
26 29 0810 2673.0-2674.0  137.5-138.5 1.0 117 100 67 22 1118 3320.5-3325.5  787.5-792.5 5.0 0.60 12
27 29 0915 2674.0-2675.5  138.5-140.0 1.5 1.50 100 68 22 1228 3325.5-3326.5  792.5-793.5 1.0 tr 0
28 29 1010 2675.5-2678.5  140.0-143.0 3.0 2.63 88 69 22 1408 3326.5-3327.5  793.5-794.5 1.0 0.10 10
29 29 1102 2678.5-2679.0  143.0-143.5 0.5 ir 0 70 22 1535 3327.5-3330.0  794.5-797.0 2.5 0.78 3l
30 29 1140 2679.0-2681.0  143.5-145.5 2.0 0 0 71 22 1645 3330.0-3334.5  797.0-801.5 4.5 0.22 5
31 20 1220 2681.0-2683.0  145.5-147.5 2.0 0.02 10 72 22 1917 3345.5-3339.5  801.5-806.5 5.0 2.52 50
2 29 1305 2683.0-2686.0  147.5-150.5 3.0 2.69 90 73 22 2102 3339.5-3344.0  B06.5-811.0 4.5 3.29 7
33 29 1415 2686.0-2691.0  150.5-155.5 5.0 3.64 73 74 23 0130 3344.0-3349.0  811.0-816.0 5.0 4.46 89
34 29 1444 2691.0-2696.0  155.5-160.5 5.0 1.75 35 75 23 0530 3349.0-3358.0  816.0-825.0 9.0 4.41 49
35 29 1535 2696.0-2701.0  160.5-165.5 5.0 0.75 15 76 23 0818 3358.0-3367.0  825.0-834.0 9.0 3.58 40
3 29 1625 2701.0-2706.0  165.5-170.5 5.0 0.46 9 7723 1000 3367.0-3376.0  834.0-843.0 9.0 0.21 2
3729 1730 2706.0-2711.0  170.5-175.5 5.0 0.48 10 78 23 1250 3376.0-3385.0  B43.0-852.0 9.0 1.2 21
38 29 1812 2711.0-2716.0  175.5-180.5 5.0 0.66 13 79 23 1550 3385.0-3394.0  852.0-861.0 9.0 1.28 14
3929 1900 2716.0-2721.0  180.5-185.5 5.0 2.19 44 80 23 1835 3394.0-3403.0  861.0-870.0 9.0 2.89 12
40 29 1948 2721.0-2726.0  185.5-190.5 5.0 1.31 26 81 23 2015 3403.0-3407.5  §70.0-874.5 4.5 2.19 49
41 29 2015 2726.0-2731.0 190.5-195.5 5.0 0.44 9 82 23 2330  3407.5-3412.0 £74.5-379.0 4.5 2.37 53
42 29 2125 2731.0-2731.5  195.5-196.0 0.5 0.31 6 81 24 (0325 3412.0-3417.0  879.0-884.0 5.0 3.16 63
84 24 0559 3417.0-3421.0  B84.0-888.0 4.0 2.84 7
Hole 549 85 24 0918 3421.0-3430.0  £80.0-897.0 9.0 3.62 40
\ 15 1730 2533.0.2542.5 — - - - 86 24 1430 3430.0-3439.0  £97.0-906.0 9.0 431 48
o is e 87 24 2000 3439.0-3443.5  906.0-910.5 4.5 4.19 93
.5-2627.0 9.5-94.0 84.5 0 0
HZ 15 56270 95840 64D 88 25 0114 3443.5-34525  910.5-919.5 9.0 5.13 57
| % .0-151.0 57.0 1] 0
89 25 0612 3452.5-3461.5  919.5-928.5 9.0 117 3s
H3 16 2684.0-2731.5  151.0-198.5  47.5 0 0
90 25 1009 3461.5-3470.5  928.5-937.5 9.0 381 42
2 16 0538 2731.5-2741.0  198.5-208.0 9.5 7.50 79
91 25 1331 3470.5-3479.5  937.5-946.5 9.0 2.59 29
3 16 0705 2741.0-2750.5  208.0-217.5 9.5 1.61 17
i 5 0819 2S5 0. 31753 92 25 1521 1479.5-3488.5  946.5-955.5 9.0 1.30 14
5-2760. 5-227.0 9.5 9.53 100 2
93 25 1739 3488.5-3497.5  955.5-964.5 9.0 1.75 19
5 16 (928 2760.0-2769.5  227.0-236.5 9.5 9.52 100, b
94 25 2024 3497.5-3506.5  964.5-973.5 9.0 1.74 19
6 16 1230 2769.5-2779.0  236.5-246.0 9.5 7.45 78
95 25 2222 3506.5-3511.0  973.5-978.0 4.5 2,34 52
1 16 1348 2779.0-2788.5  246.0-255.5 9.5 7.63 80
9 26 0030 3511.0-3515.0  978.0-982.5 4.5 1.10 2
8 16 ISIS 2788.5-2798.0  255.5-265.0 9.5 6.76 n
97 26 (425 3515.0-3524.5  9B2.5-991.5 9.0 1.50 17
9 16 1700 2798.0-2807.5  265.0-274.5 9.5 5.08 53
98 26 1010 3524.5-3529.5  991.5-996.5 5.0 2.04 4
10 17 0207 2807.5-2817.0  274.5-284.0 9.5 9.63 100 9 2§  fal1 95795 asi4s WS M00LS 8 045 9
1 17 0340 2817.0-2826.5  284.0-293.5 9.5 9.35 98 il ! > ; :
12 17 0504 2826.5-2836.0  293.5-303.0 9.5 5.94 63 3 Snartered I
13 17 0700 2836.0-2845.5  303.0-312.5 9.5 9.69 100 Attered e,
14 17 0820 2845.5-2855.0  312.5-322.0 9.5 9.77 100
15 17 0950 2855.0-2864.5  322.0-331.5 9.5 9.59 100 . .
16 17 1145 2864528740 3353410 95 954 100 posed location. We launched a second a beacon for Site
17 17 1205 2874.0-2883.5  341.0-350.5 9.5 9.53 100 - :
18 17 1440 2883528930 350.5-3600 95 563 100 549 almost immediately thl::reafterf(a]; 0826 'hr.:l about
19 17 1556 2893.0-2902.5  360.0-369.5 9.5 6.57 69 . mi. - west of the origina ro-
20 17 18Il 2902.5-2912.0  269.5-379.0 9.5 9.16 9% 1.25 naut ; north-nort yp
21 17 1925 2912.0-2921.5  379.0-388.5 9.5 4.86 51 posed location.
22 17 2035 2921.5-2931.0  388.5-398.0 9.5 7.30 7 : : =
B 17 3Ndy SN poni0s Medss oF 5 5 Pipe operations commenced at 0915 hr. The' PDR wa
24 17 2235 2940.5-2950.0  407.5-417.0 9.5 4.16 4 ter depth at Site 549 was 2525 m, and a mudline punch
25 I8 0145 2950.0-2959.5  417.0-426.5 9.5 2.81 30 . .
26 18 0311 2959.5-2969.0  426.5-426.0 9.5 0.80 8 core was taken to delel‘mlne true depth. On _Lhe fll'st at-
i; :g g;;g ;gg:g;;g; ﬁgg*::;g g: gg; 3g tempt the bit was lowered to 2533 m and the inner barrel
29 I8 0645 2088.0-2097.5  455.0-464.5 9.5 0.51 s was retrieved with no trace of sediment. One joint of
30 I8 0844 2997,5-3007.0  464.5-474.0 9.5 tr 0 :
N IE Tol 30T0I01cs arans &3 b g pipe was added and a second attempt, to 2542.5 m, was
32 18 1316 3016.5-3026.0 483.5-493.0 9.5 0.7l 7 made. A nearly full (9.4 m) core was recovered, and wa-
i I8 1500 3026.0-3035.5  493.0-502.5 9.5 0.15 2 :
3818 1614 3035.5-3045.0  S02.5-512.0 9.5 1.39 15 ter depth was established at 2533 m. i P
35 18 1743 3045.0-3054.5  512.0-521.5 9.5 1.74 18 draulic pi ing was planned, so
6 18 1915 3054.5-3055.5  521.5-522.5 1.0 0.52 52 Su!’sequem hydraulic piston coring p %
37 18 2150 3055.5-3063.0 522.5-531.0 8.5 2.38 28 we drilled the soft calcareous ooze to 198.5 m BSF with-
38 18 2330 3064.0-3073.5  531.0-540.5 9.5 0.33 3 . Sanid —in si
W 10 or WL Hecsms o 038 3 out coring. Three combination tt::mpe_rat_ure probe-in situ
40 19 0432 3083.0-3092.5  550.0-559.5 9.5 0.42 4 water sampler runs were made in this interval. Because
41 19 0636 3092.5-3102.5  559.5-568.0 9.5 0 0

of various equipment problems, the only success was one

125



SITE 549

Table 3. Lithologic units, Site 549.

Hole-Core-Section Depth
Unit (level in cm) {m BSF) Main lithologies Age
| 549A-1 10 0-27 Marly calcareous nanno- Quaternary
549A-3 fossil and foraminiferal- |
nannofossil oozes
2 549A-4 10
549A-42 and Bluish white to light late Miocene to
549-2 10 27-276.5 greenish gray middle Eocene
549-10-3 (65)
3 549-10-3 (65) 10 | 276.5-382 Brown, yellow, and gray early Eocene to
549-21-3 (15) marly nannofossil and late Paleocene
nannofossil chalk
4 549-21-3 (15) 10 382-426.6 | Light-colored nanno- | early Paleocene to
549-26-1 (10) fossil chalks | early Turonian
5 549-26-1 (10) 10 426.6-479 Greenish gray nanno- early Turonian to
549-31 fossil chalk early Cenomanian(?)
6 549-32 10 479-664.2 | Gray calcareous sillstone middle 1o early(?)
549-52-1 (15) Albian
7 549-52-1 (15) 10 664.2-673.9 | Sandy dolosparite Uncertain—possibly
549-53-1 (30) Aptian
8 549-53-1 (30) 10 | 673.9-755 Reddish, yellowish, and gray | early late Barremian
549-61 calcareous and sandy to early Barremian
calcareous sandstones
9 549-62 10 755-801.5 | Grainstones early Barremian
549-71
10 549-72 10 801.5-964.5 | Interbedded calcareous early Barremian
549-93 and noncalcareous sandy
mudstones and mudstones
11 549-94 10 964.5-1001.5 | Foliated calcareous middle to late Devonian
549-99 sandstone

Notes: Cross rule denotes change in lithology; wavy line denotes unconformity. Bold wavy line denotes ma-
Jor unconformity.
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Figure 2. A. Ship’s track from Site 548. B. Approach to Site 549. Position of this map with respect to (A) is revealed by latitude, longitude.
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good water sample. Continuous coring began at 198.5
m BSF and continued to total depth. Temperature was
measured successfully at 236.5 m BSF. Two subsequent
attempts to measure temperature failed, apparently be-
cause the sediment was too firm for the probe to pene-
trate. An interval of anomalously soft chalky ooze pro-
vided a final opportunity to measure temperature and
thus to determine the geothermal gradient of the area,
and this attempt, which was made at 417 m, was suc-
cessful.

Coring proceeded through varying chalk, mudstone,
and limestone lithologies. Core recovery was disappoint-
ingly low in units of sandy chalk, bioclastic limestone,
and silty mudstone. The recovery of the first two lithol-
ogies is often poor because of their friable nature. The
mudstone, however, seemed well indurated and cohe-
sive, and we do not know why it was not recovered. The
sediments became more marly and richer in clay as
depth increased, and it became apparent that the cutting
structure of the bit, which had been selected for a lime-
stone-coarse clastic sequence, was far from optimum
for these sediments. The short-toothed bit made pain-
fully slow progress through a long sequence of silty mud-
stones and clays. After about 65 rotating hours and 800
m of penetration, core diameter decreased and drilling
torque became irregular, indicating that at least one of
the bit’s four bearings had begun to fail. These condi-
tions remained virtually unchanged for nearly 200 m
and 50 additional rotating hours. Then core diameter
and recovery began to decrease further, indicating pro-
gressive failure, although penetration rate increased be-
cause the lithology became more sandy. After 37 m of
basement (hard Devonian sandstone) had been cored,
penetration rate slowed drastically, and total failure ap-
peared imminent. Coring was terminated after 126.3 ro-
tating hours and a total penetration of 1001.5 m. The fi-
nal core arrived on deck at 1215 hr. on 26 June.

After some difficulty the bit was released, and the
hole was filled with fresh water-bentonite mud in prepa-
ration for logging. The drill string was pulled, without
incident, nearly to the intended logging position, when
the pipe suddenly became stuck—apparently when the
larger-diameter bottom hole assembly (BHA) was pulled
into a keyseat—at about 175 m BSF. A circulating head
was attached, and fluid circulation was found to be un-
impaired. Nevertheless, freeing the pipe required work-
ing it 1.25 hr. with overpulls up to 200,000 Ib. With the
BHA free in the hole and the end of the pipe at 137 m
BSF, the logging sheaves were rigged and logging opera-
tions began.

As at Site 548, the first logging sonde used was the
long-spaced sonic-dual induction-gamma ray-caliper
tool. The heavy 22 m logging tool was deployed on the
pitching vessel with considerable difficulty, and there
was concern that the flexible sonic module had been
damaged by bending. In-pipe checks soon showed all
functions to be normal, however, and the sonde was run
down the drill pipe. The open hole was in good condi-
tion except in three places where the tool stopped on
bridges or ledges. In each case, the weight of the tool
helped it to break through the obstruction, and the sonde
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eventually reached a depth only 2.5 m short of the total
drill depth. Excellent dual induction and gamma ray
logs were recorded. The sonic velocity curve was ex-
tremely noisy, and only the upper third of the log was
usable. As the logging tool was being removed from the
pipe, it became fouled in the circulating head, and the
cable pulled tight. The cable’s weakest point (the cable
head) failed, and the entire logging tool fell back down
the pipe.

A fishing tool that incorporated a special slip-type
core catcher on an inner core barrel was assembled and
lowered on the sandline. The barrel was set down and
picked up several times without any indication of be-
coming engaged, when a sudden loss of weight indi-
cated that the overshot pin had sheared and that the in-
ner core barrel assembly had also been lost in the hole.

A shorter fishing tool using an identical core catcher
was then run on the sandline, but no contact was made.
Three joints of pipe were added, and the string was low-
ered, with slow rotation and circulation, to within 17 m
of total depth. After three or four vigorous stabs, the
fish was caught. It had been pulled only a few meters up
the pipe, however, when it became jammed and could be
moved neither up nor down. When attempts to free the
fish failed, the overshot was worked vigorously to shear
the pin and (it was hoped) leave the fish in the pipe for
recovery with the drill string. With the sandline back on
deck, the pump was engaged at low volume, and the
pressure confirmed that the pipe remained obstructed.
Because of the obstruction in the pipe and because no
hydrocarbons had been detected in the cores, the intend-
ed plugging operation was foregone. The drill string was
then recovered, and the complete logging sonde was
found wedged in the BHA. The lowermost section had
been crushed and buckled to such an extent that it
would not pass through the bit release top connector,
and only about 30 cm of logging tool protruded from
the pipe.

The BHA was partly disassembled to remove the fish
and then reassembled in the hydraulic piston coring con-
figuration. At 0115 hr. on 28 June, the pipe trip for
Hole 549A began.

During the first pipe trip for Hole 549A, the ship was
offset 30 m north to position the new hole outside the
area disturbed by Hole 549. A PDR reading at the offset
position indicated a water depth of 2523 m. To allow for
the 8 m depth discrepancy noted at Hole 549, the special
piston coring bit was positioned at 2524.5 m to attempt
to recover seafloor sediment and to determine water depth
precisely. The 9.5 m stroke to 2534 m produced only wa-
ter, and the procedure was repeated after one joint of
pipe was added. The second attempt, which was made
at 0930 hr. on 28 June, recovered an 8 m core and estab-
lished the water depth as 2535.5 m. The discrepancy be-
tween the PDR and drill pipe depths is attributed to the
sloping, irregular bathymetry of the area.

Weather and sea conditions were favorable, and pis-
ton cores of high quality were recovered to a depth of
103 m BSF. Core 12, punched from this depth, failed to
achieve full stroke, and only 3 m were recovered. The
9.5 m corer was then replaced by the 5 m unit. Only one
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full core was obtained with this unit before the firm
chalky ooze became too stiff for a full stroke of the cor-
er. The remaining 85 m gap in the Site 549 sections was
cored with incomplete recovery that usually ranged from
0.5 to 3.0 m per core. Total depth was 196 m BSF, ap-
proximately the depth of the top of the section cored in
Hole 549. The drill string was then recovered, and the
bit arrived on deck at 0315 hr. on 30 June.

SEDIMENT LITHOLOGY

At Site 549, 1001.5 m of sediments and sedimentary
rocks were continuously cored (Table 3). The upper 196
m were cored using the hydraulic piston corer, the re-
mainder by conventional (rotary) drilling. The post-Her-
cynian sedimentary sequence at Site 549 is divided into
ten lithologic units ranging in age from Quaternary to
Early Cretaceous. The sediments overlie Devonian base-
ment composed of quartzites. The Holocene to lower
Albian postrift sequence consists primarily of nanno-
fossil chalks, marly nannofossil chalks, and calcareous
siltstones, all deposited in open sea environments. This
sequence is interrupted by major unconformities be-
tween the Pleistocene and the upper Miocene and be-
tween the upper Paleocene and the Maestrichtian. The
Miocene record is condensed and contains two minor
unconformities.

A major unconformity representing the Aptian sepa-
rates the Holocene to Albian sequence from the under-
lying Barremian synrift deposits, which are 291 m thick
and consist of limestones, calcareous mudstones, mud-
stones, sandy mudstones, and sandstones. The Barremi-
an sequence records an upward evolution from estuarine
or restricted marine through epireefal to sublittoral paleo-
environments.

The Devonian basement consists of weakly deformed
crossbedded micaceous quartzite.

Unit 1

Unit 1 consists of interbedded dark-colored marly cal-
careous oozes and lighter-colored nannofossil oozes. It
occurs in Hole 549A from 0 to 27 m BSF3 (Cores 1 to 3)
and is Holocene-Pleistocene in age.

Unit 1 consists of olive gray (5Y 4/2-5/2), light gray
(5Y 7/1), pale green gray (5GY 8/1), and reddish gray
(2-5Y 5/2) soft marly calcareous oozes, nannofossil
oozes, foraminifer-nannofossil oozes, calcareous muds,
and muds interbedded on a scale of 10 to 150 cm. The
uppermost 35 cm (549A-1-1, 0-35 cm) consists of pale
yellow marly foraminifer-nannofossil ooze of Holocene
age.

In general, the lighter gray layers are more calcareous
(up to 70% CaCO,, according to carbonate bomb anal-
ysis) than the darker layers (as little as 5% CaCQ,).
Smear slide analysis shows that the carbonate fraction is
composed of calcareous nannofossils (5-70%), unspeci-
fied carbonate (possibly shell fragments) (5-40%), and
foraminifers (up to 30%). The detrital fraction is com-
prised of clay minerals (up to 40%), quartz (up to 40%),

3 All depths below seafloor are drill string depths, which may or may not correspond ex-
actly to depths obtained by well-logging techni.
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and mica (up to 10%). The clay minerals are illite, smec-
tite, chlorite, and kaolinite (in decreasing order of im-
portance) (Chennaux et al., this volume). Ice-rafted peb-
bles occur at 549A-1-2, 75 cm and 549A-2-2, 149 cm.
Bioturbation and disseminated pyrite occur throughout.

Color changes (Fig. 3) are believed to be related to
paleoclimatic variation, the darker, more terrigenous hori-
zons having been deposited during glacial periods, the
lighter, more calcareous layers during interglacial peri-
ods. This interpretation is supported by paleontological
evidence (see Biostratigraphy [Nannoplankton], below).
Most of the contacts between the darker and lighter lay-
ers are gradational. However, sharp erosional contacts
occur at the base of some of the darker, more marly ho-
rizons (e.g., Sections 549A-1-3, 549A-2-1, 549A-3-3, and
549A-3-4). These beds are often graded (e.g., Sections
549A-1-3, and 549A-3-4) and may be turbidites.

Biostratigraphic evidence indicates an unconformity be-
tween the Pleistocene sediments of Unit 1 and the Mio-
cene sediments of Unit 2; the unconformity occurs at
549A-4-1, 25 cm.

Unit 2

Unit 2 consists of light-colored nannofossil chalks. It
occurs in Hole 549A from 27 to 196 m BSF (Cores 4 to
42) and in Hole 549 from 198.5 to 276.5 m BSF (Core 2
to 549-10-3, 65 cm), and it is late Miocene to middle Eo-
cene in age (Snyder and Waters; and Miiller, both this
volume).

Unit 2 consists of bluish white (5B 9/1), light green-
ish gray (5G 8/1, 5GY 7/1, 5GY 7/2), and greenish gray
(5G 6/1) firm, homogeneous, nannofossil and (more rare-
ly) foraminifer-nannofossil chalk. Color changes are
usually gradational; exceptions occur in Sections 549A-
6-3, 549-2-2, and 549-2-3, where the contacts between
white and green sediments are sharp. Core 549-2 also
contains resedimented chalk clasts (Section 3, 50-60 cm)
and distorted bedding (Section 2, 37-105 cm; and Sec-
tion 3, 29-92 cm and 135-150 cm [Fig. 4]). Microfault-
ing appears in Section 549-4-1 from 117 to 120 cm and
in Section 549-7-5 from 20 to 40 cm. Occasional detri-
tusrich lenses and layers of gray (5GY 7/1-7/2) chalk
occur toward the base of Unit 2 in Hole 549 (Sections
549-6-4 and 549-6-5, Core 7, and Section 549-8-3). Bio-
turbation occurs throughout Unit 2, but it is often diffi-
cult to detect owing to the extreme homogeneity of the
sediments.

The major component of the Unit 2 sediments is cal-
careous nannofossils (35-90%). The subsidiary biogenic
components include foraminifers (0-20%), sponge spic-
ules (0-20%), carbonate particles (probably shell frag-
ments, 0-20%), and very rare radiolarians and diatoms.
Fossil preservation is good to excellent. Total carbonate
content varies from 62 to 97% (according to carbonate
bomb analysis) but is usually 75 to 90%. Siderite occurs
in trace quantities in Cores 5, 9, 13 to 15, and 20. Terrig-
enous sediment is always a minor part of the sediments,
except near the base (Core 549-6 downward), where it
may reach 25%; it consists primarily of clay minerals
(smectite, illite, and mixed-layer clays, Chennaux et al.,
this volume), with minor amounts of quartz. Volcanic
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glass was detected in Section 549-2-3 from 135 to 150 cm
and in Section 549-9-1 at 10 cm. The glass is also proba-
bly distributed sporadically throughout the Eocene part
of this unit, where silty stringers occur (Knox, this vol-
ume).

A number of minor color changes occur within Unit
2. In Core 6 of Hole 549A, there is a slight change of
color in Section 1 at 60 cm that corresponds to an in-
crease of sediment hardness and marks an unconformity
between the upper and middle Miocene; in Section 549A-
6-3 at 80 cm there is a downward color change from
greenish gray to bluish white that corresponds to a lower
Miocene to Oligocene unconformity. Otherwise, little
lithologic change is observed across either of these
boundaries. Overall, the Miocene succession (which is
only 24 m thick) is highly condensed.

Unit 3

Unit 3 consists of brown and gray nannofossil chalks.
It occurs in Hole 549 from 276.5 to 382 m BSF (549-10-
3, 65 cm to 549-21-3, 15 cm) and is early Eocene to late
Paleocene in age.

Unit 3 conformably underlies Unit 2, and it com-
prises dark brown to light gray marly nannofossil chalks.
Unit 3 is differentiated from Unit 2 by its higher content
of terrigenous sediment, which is reflected in a slight in-
crease in the values of the gamma ray measurements (see
Downhole Logging, below). Unit 3 is divided into four
subunits on the basis of color variation and differences
in composition.

Subunit 3a

Subunit 3a consists of brown marly nannofossil chalks.
It occurs from 276.5 to 322 m BSF (549-10-3, 65 cm to
Core 14) and is early Eocene in age.

Subunit 3a is composed of yellowish brown (2.5Y 6/4,
10YR 5/4-6/4), olive brown (2.5Y 5/4-4/5), and light
brownish gray (2.5Y 5/2-6/2) marly nannofossil chalks
containing light greenish gray veins and burrow mottling.
The boundaries between the various colors are grada-
tional or sharp. Contorted bedding occurs in Section
549-10-3 from 60 to 110 cm (Fig. 5). Smear slide analy-
sis indicates that Subunit 3a is composed of calcareous
nannofossils (40-70%), sponge spicules (0-20%), un-
specified carbonate (5-20%), foraminifers (up to 10%),
quartz (5-15%), and clay minerals (5-30%). Smectite is
the dominant clay mineral, but subsidiary illite and
mixed-layer clays also occur throughout (Chennaux et
al., this volume). Carbonate bomb analyses yield CaCO,
values ranging from 15 to 70%; most values fall in the
range from 35 to 65%. Bioturbation is intensive through-
out Subunit 3a, and glauconite is frequently concen-
trated within burrows. Finely dispersed volcanic ash oc-
curs throughout the subunit (Knox, this volume).

Subunit 3b

Subunit 3b consists of green gray nannofossil chalks.
It occurs from 322 to 335 m BSF (Core 549-15 to 549-
16-3, 50 cm) and is early Eocene in age.

Subunit 3b is distinguished from Subunit 3a on the
basis of its color and a downward increase in natural
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gamma ray intensity. Color ranges from light greenish
gray (5GY 7/1) through greenish gray (5GY 5/1-6/1) to
olive (5Y 5/3), in contrast to the brown and yellow
chalks found above. In all other characteristics Subunit
3b falls within the ranges previously described for Sub-
unit 3a.

Subunit 3¢

Subunit 3c consists of brown, siliceous, marly nan-
nofossil chalks. It occurs from 335 to 350.5 m BSF (549-
16-3, 50 cm to Section 549-17-6) and is late Paleocene in
age.

Subunit 3c is composed of marly nannofossil chalk
and is distinguished from Subunit 3b above on the basis
of color and differences in composition; most notably,
the content of quartz and number of sponge spicules de-
crease, and mixed-layer clays are completely absent. The
major colors are shades of brown (2.5Y 6/2-6/4, 7/
5YR 5/3, 7.5YR 4/4), but minor veins and burrow mot-
tling in shades of gray also occur. Core 17 includes sev-
eral bands of fine greenish laminae and one band, near-
ly 70 cm thick, of homogeneous brown clay. The major
components fall within the range described for Subunits
3a and 3b. Gamma ray intensity decreases gradually down-
ward in this subunit.

Subunit 3d

Subunit 3d consists of gray siliceous nannofossil chalks.
It occurs from 350.5 to 382 m BSF (Section 549-17,CC
to 549-21-3, 15 cm) and is late Paleocene in age.

Subunit 3d is distinguished from overlying Subunit 3c
by color, siliceous microfossil content, and chert con-
tent. The predominant colors are shades of gray (2.5Y
7/2, 5Y 7/1-7/2, 10YR 7/2), with veins and mottled
bands in shades of light brown (10YR 6/2-6/3, 10YR
7/4). The sediments of Subunit 3d consist of calcareous
nannofossils (30-90%), sponge spicules (0-10%), dia-
toms and radiolarians (0-25%), and terrigenous detritus
(10-40%, mainly quartz and smectite). Volcanic glass is
found throughout the subunit, both dispersed and in
discrete ash layers (e.g., that at 549-18-2, 66 cm, which
contains 60% volcanic glass). Chert bands occur in Sec-
tion 549-18-1 from 0 to 90 cm. There are concentrations
of siliceous microfossils in light brown to tan intervals
that are up to 2 m thick, and make up the entire core
catcher section of Core 17 and much of Cores 18 and
19. Core 20 lacks any significant siliceous component,
although it contains a few radiolarians. Distorted bed-
ding and resedimented chalk clasts are visible in Section
549-18-1. Subunit 3d is characterized by low sonic veloc-
ity (high porosity and low density).

The sediments contain numerous laminated and fine
cross-stratified beds (Section 549-18-1) and erosional
boundaries with clay clasts (Section 549-19-4). Mottling
in this subunit is variable but is particularly well devel-
oped below an erosional contact in Section 549-20-5,
where burrowing is highlighted by a greenish mineral,
possibly glauconite. Dark mottling is also visible at the
base of Core 19.

A thin section cut from Section 549-18-1 (25-26 cm)
is identified as an indurated radiolarian-, diatom-, and
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nannofossil-bearing chert. The chert is laminated and
contains scattered radiolarians that are infilled by opal
and occur in a matrix of fragmented nannofossils, dia-
toms, and diffuse opal. Occasional sponge spicules and
radiolarian spines are also present.

Unit 4

Unit 4 consists of light-colored nannofossil chalks.
(Graciansky and Bourbon, this volume). It occurs in
Hole 549 from 382 to 426.6 m BSF (549-21-3, 15 cm to
549-26-1, 10 cm) and is early Paleocene to early Turoni-
an in age.

Unit 4 consists of gray (5GY 7/2, 5Y 8/1), white (2.5Y
8/0, 5B 5/1), pinkish white (7.5YR 8/2), and pale
brown (10YR 7/1-7/3, 10YR 8/3) nannofossil (or, rare-
ly, foraminifer-nannofossil) chalks. The contacts be-
tween beds of different colors are usually gradational.
The contact between Units 3 and 4 is a minor uncon-
formity between lower and upper Paleocene sediments
(see Biostratigraphy, below). Smear slide analysis indi-
cates that the major components are calcareous nanno-
fossils (60-90%), foraminifers (0-20%), and unspeci-
fied carbonate (10-30%). Terrigenous detritus occurs in
the form of clay minerals in only minor amounts (up to
10%). Carbonate bomb analyses confirm the high Ca-
CO, content (84-95%). Natural gamma ray intensity is
extremely low throughout Unit 4.

Unit 4 is extensively bioturbated and contains large
burrows that are frequently outlined by fine rims of
grayish or reddish sediment (e.g., Sections 549-21-2 and
549-21-3). The nannofossil chalks show little sedimenta-
ry structure except for fine laminations from Sections
549-22-2 to 549-22-4 and in Sections 549-25-2 and 549-
25-3 (Fig. 6). In Core 23, Sections 1 to 5 contain pink
(7.5YR 8/4) chalk clasts embedded in a gray (5Y 7/2)
chalk matrix; distorted laminated beds occur in Core 23
in Sections 1 and 3 to 5 (Fig. 7). Syndepositional micro-
faulting is visible in Section 549-22-3 at 20 cm.

Reddish brown (5YR 4/4) flint nodules (mainly com-
posed of opal-CT) occur near the base of Unit 4 (549-
24-2, 55-65 cm; 549-24-3, 0-10 cm; 549-25-2, 50-55 cm;
549-25-3, 0-10 cm; and 549-26-1, 0-10 cm). Large frag-
ments of Inoceramus shells occur in Section 549-25-2
from 15 to 20 cm.

Unit 5

Unit 5 consists of gray and greenish gray nannofossil
chalks. It occurs from 426.6 to 479 m BSF (549-26-1, 10
cm to Core 31) and is early Turonian to early Cenoma-
nian(?) in age.

Drilling in Unit 5 was characterized by very poor re-
covery (4.4 m of core were recovered from 57 m drilled).
Unit 5 is differentiated from Unit 4 on the basis of col-
or, terrigenous sediment content (higher), and variations
in downhole logging characteristics. Despite zero recov-
ery in Cores 30 and 31, the base of Unit 5 is clearly visi-
ble in the well logs at 479 m BSF, where gamma ray in-
tensity increases sharply (see Downhole Logging, below).

Unit 5 consists of a sequence of gray (5Y 7/1), olive
(5Y 6/2-6/3), and greenish gray (5GY 6/1-7/1, 5G 5/2-
5/3) marly nannofossil chalks, with occasional layers rich
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Figure 7. Contorted bedding in Unit 4 (late Campanian or early Maes-
trichtian). Section 549-23-1. Note the burrow that intersects the
light-colored chalk at 91 to 94 cm and the oblique compactional
fractures between 85 and 93 cm.
in carbon, volcanic ash, and pyrite. The major lithic
components are calcareous nannofossils (30-80%), un-
70 specified biogenic carbonate (5-60%), and highly vari-

able amounts of detritus (0-50%, mostly clay minerals
and quartz). Black carbonaceous shales containing up
to 3.5% organic carbon (mainly of marine origin) occur

Figure 6. Thin laminations in early Maestrichtian chalk (Unit 4). Sec-
tion 549-22-4.
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in Section 549-27-1 from 20 to 41 cm and 49 to 53 cm.
These intervals are enriched in pyrite (according to
smear slide analysis) and biogenic opal-CT (according
to X-ray diffraction). In Section 549-27-1 from 47 to 49
cm, a thin band of altered, grayish green (5GY 6/1) vol-
canic ash occurs (Fig. 8); X-ray diffraction detected
quartz, smectite, and zeolites within this interval.

Unit 6

Unit 6 consists of gray calcareous siltstones. It occurs
from 479 to 664.15 m BSF (Hole 549, Core 32 to 549-
52-1, 15 cm) and is middle to early(?) Albian in age.

Recovery in Unit 6 was poor throughout, especially
in the upper part (Cores 32-41), where recovery aver-
aged less than 10% (in Cores 42-51, recovery averaged
35%). Although the lithologic boundary between Units
5 and 6 was not retrieved, downhole logging suggests
that the boundary is at 479 m BSF (see Unit 5). Unit 6 is
characterized by higher gamma ray intensities and lower
average velocity values than Unit 5 or 7.

Unit 6 is a relatively homogeneous series of hard,
laminated, gray (N4-NB8), greenish gray (5GY 4/1), and
olive gray (5Y 3/2) calcareous mudstones. There is sin-
gle layer of nannofossil chalk in Section 549-38-1 from 0
to 40 cm. Burrow mottling and disseminated pyrite oc-
cur throughout. Plant fragments are seen occasionally
in Cores 35 to 47.

In general, Unit 6 consists of calcareous mudstones.
The relative proportions of terrigenous and calcareous
sediment are highly variable, and the variations are rhyth-
mic. The origin of such cyclic deposits may be related to
variations in the orbital characteristics of the Earth
(Graciansky and Gillot, this volume). The variations ap-
pear as color banding on a scale of 2 to 50 cm in Figure
9. The lighter gray layers are richer in carbonate (up to
83% CaCO,), and the darker gray layers are relatively
poor in carbonate (as little as 15% CaCQ3). The TOC
contents more or less follow the variation in color.

Terrigenous detritus consists of quartz (0-25%) and
clay minerals (15-35%); zeolites occur in trace quanti-
ties (less than 5%). The biogenic fraction consists of
nannofossils, foraminifers, radiolarians, sponge spicules,
and, more rarely, echinoderm and unspecified shell de-
bris. A thin section from 549-42-2, 3 cm shows that the
fine laminae are due to variations in clay content on a
scale of 1 to 2 mm. The percentage of clay minerals in
this thin section approaches 50%; the rest is largely un-
specified carbonate and quartz. Occasional foramini-
fers, radiolarians, sponge spicules, fish fragments, and
clay clasts are apparent.

It should be noted that although these dark gray
shales are contemporaneous with the black shales of Al-
bian age found previously in the Bay of Biscay (DSDP
Leg 48; Montadert, Roberts, et al., 1979), they are not
particularly rich in organic matter (total organic carbon
[TOC] = 0.17-0.72%); as at the Leg 48 sites, the organ-
ic matter is of terrigenous origin.

Unit 7

Unit 7 consists of red sandy dolosparite (Borkowski
and Mazzullo, this volume). It occurs from 664.15 to
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Figure 8. Laminated dark greenish gray ash layer within Unit 5. Sec-
tion 549-27-1.

673.85 m BSF (549-52-1, 15 cm to 549-53-1, 30 cm) and
is of uncertain (possibly Aptian) age.

Unit 7 is a red (10YR 5/6) sandstone cemented by
calcite, dolomite, and quartz. It contains few fossils and
thus cannot be accurately dated paleontologically. How-
ever, its age is limited by the early Albian sediments in
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Unit 6 and the early late Barremian sediments in Unit 8.
Poor recovery within Unit 7 prevents an accurate direct
estimate of its thickness, but the unit is marked by a dis-
tinct drop in gamma ray intensity and by a large increase
in formation resistivity. Downhole measurements sug-
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gest that Unit 7 is 7 m thick (rather than the 9.7 m sug-
gested by drilling).

The detrital fraction of this sediment is largely quartz,
with minor amounts of feldspar, chert, clay (smectite
and mixed-layer clays), and igneous and metamorphic
rock fragments. In terms of texture, the sandstone is
moderately well sorted, and the detrital grain outlines
appear well rounded when viewed with a luminoscope
(Borkowski and Mazzullo, this volume). Occasional ghosts
of benthic foraminifers are visible in the thin sections,
suggesting a marine origin for the sediments. Red iron
oxide staining occurs throughout Unit 7.

The quartz grains do not float freely in the carbonate
cement; rather they are cemented together by secondary
silica to form an interlocking network of grains.

The carbonate cement fills in most of the remaining
primary pores and partially replaces the detrital and au-
thigenic quartz. Thus, carbonate cementation was a sec-
ondary diagenetic event (it followed silica cementation).
Numerous dolomitization phases occurred after this, as
evidenced by the zoned dolomites observed with the lu-
minoscope.

Unit 8

Unit 8 consists of gray, red, and yellow calcareous
mudstones (Rat et al., this volume). It occurs from 673.85
to 755 m BSF (549-53-1, 30 cm to Core 61) and is early
Barremian in age.

Unit 8 consists of calcareous mudstones and sandy
mudstones that coarsen toward the base of the unit. The
contact with the overlying dolomitic Unit 7 was not re-
covered (see above).

In Core 53, 2.7 m of calcareous mudstone in various
shades of red, yellow, and brown were recovered. The
upper 70 cm consists of red (10R 5/6) homogeneous cal-
careous mudstone. The remainder is made up of lami-
nated, red (10R 3/4, 10R 4/2), yellow (7.5YR 7/8,
10YR 4/6, 2.5Y 6/6), and brownish (7.5YR 5/2, 5YR
6/3, 10YR 4/2) calcareous mudstones. CaCO; makes
up 40 to 60% of the sediment; the remainder is quartz
(10-30%), clay minerals (20-25%), and chlorite-mica
(5-10%). Quartz grains and planktonic foraminifers are
frequently stained red (the stain is most likely derived
from the overlying red dolomitic unit).

The rest of Unit 8 consists of a series of dark gray
(10YR 4/1-5/1) to gray (5Y 5/1), massive to weakly
laminated calcareous mudstones and sandy calcareous
mudstones (Fig. 10), which gradually coarsen with in-
creasing depth; smear slide analysis indicates that the
sand fraction gradually increases from 10% (in Core 54)
to 30% (in Core 60). Dark gray, detritusrich horizons
and lighter gray carbonate-rich layers are interbedded
on a scale of 10 to 100 cm; carbonate becomes more im-
portant toward the base of the subunit. The CaCOj; con-
tent varies widely (15-80%, according to carbonate bomb
analysis), reflecting the carbonate-poor and carbonate-
rich lithologies. Both lithologies are highly bioturbated.
Smear slides and thin sections show that most of the
carbonate is in the form of fragments of brachiopods,
echinoderms, benthic foraminifers, and gastropods, with
less common algae and planktonic foraminifers. At the
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base of the unit (Core 61), worm tubes, bryozoans, and
coral fragments become more abundant. Sponge spic-
ules are dispersed throughout in small quantities. Terrig-
enous sediment is mostly quartz (5-55%) and clay min-
erals (0-10%), with rare feldspar, mica, and heavy min-
erals. The clay mineral suite contains abundant illite and
mixed-layer clays throughout; chlorite is restricted to
Cores 53 and 54; smectite occurs in variable quantities
only below Core 55; kaolinite appears only in small
amounts in discrete horizons in Cores 57 and 58. Dis-
seminated pyrite and glauconite occur throughout, with
the latter increasing in abundance toward the base of the
unit. Scattered plant fragments are common, particular-
ly in the carbonate-poor facies. Belemnite fragments oc-
cur in Sections 549-55-2 and 549-59-1.

The Unit 8 sediments have relatively high natural re-
manent magnetization, possibly reflecting the abundance
of terrigenous sediment or the presence of heavy miner-
als. High gamma ray intensities also reflect the presence
of terrigenous sediment.

Unit 9

Unit 9 consists of calcareous grainstones. It occurs
from 755 to 801.5 m BSF (Hole 549, Cores 62 to 71) and
is early Barremian in age.

Unit 9 consists primarily of hard, brittle, carbonate
grainstones, with lesser amounts of micrites and algal
encrustation (Fig. 11). Recovery was very poor within
Unit 9, averaging only 5%. The grainstones that domi-
nate this unit are light gray (5Y 7/1), gray (7.5YR 6/0),
yellowish gray (2.5Y 8/2), or dark gray (5Y 4/1).

Core 62 is represented by only one small piece of
rock, which was found in the core catcher (Fig. 11).
Thin section examination shows that it consists of layers
of milleporid encrustation and a small section of lime-
stone consisting of sand-sized fragments of brachiopod,
mollusc, and gastropod shells in a highly recrystallized
sparite cement. Nothing was recovered from Cores 63 to
66. The remainder of Unit 9 consists primarily of grain-
stones rich in fragments of brachiopods, corals, bryozo-
ans, sponges, echinoderms, and gastropods; some al-
tered glauconite and micritic intraclasts (e.g., Section
549-70-1) and pellets are also present. Algal mudstones
are only a minor component of this part of the unit.
Core 70 contains a thin (8 cm) bed of bryozoanrich sedi-
ment and a thicker (37 cm) quartzrich, carbonate-poor
claystone, in which there are several shell-covered ero-
sion surfaces. In general, the grainstone particles are on
the order of several millimeters in size, and they are ori-
ented in random directions. The presence of noncalcare-
ous quartzose claystone in Core 70, which is correlated
with a noticeable peak in gamma ray intensity, indicates
that terrigenous influence was periodically important
within the carbonate facies represented by Unit 9.

Downhole logging helps to fill the lithologic gaps in
Unit 9 that result from poor recovery. Both the gamma
ray intensity and resistivity records show that the lithol-
ogy of the unit varies. An interval of relatively low gam-
ma ray intensity and average to higher resistivity occurs
in Cores 64 and 65 (768.5-778 m). This may represent a
facies not recovered. Overall, the grainstones appear to
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be marked by low gamma ray intensity and relatively
low resistivity. Unit 9 has high sonic velocities through-
out (3.4-3.5 km/s).

Unit 10

Unit 10 consists of gray calcareous mudstones and
sandstones that grade downward to mudstones and sand-
stones. It occurs from 801.5 to 964.5 m BSF (Hole 549,
Cores 72 to 93) and is early Barremian in age.

Unit 10 consists of interbedded shelly, sandy calcare-
ous mudstone that occasionally grades to wackestone
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and is interbedded with mudstone, sandy mudstone, and
sandstone. There is evidence of an increased influx of
terrigenous sediment in the lower part of the unit.

Because of variations in the relative proportions of
carbonate and terrigenous sediment, as well as varia-
tions in the color of these sediments, this unit has been
divided into four subunits. The lithologies of Subunits
10a to 10d can be summarized as follows:

Subunit 10a consists of gray, shelly, sandy mudstones
and wackestones that are rich in brachiopods, bivalves,
and corals and are interbedded with gray carbonate-poor
mudstones and sandy mudstones. Carbonate-rich and
carbonate-poor lithologies each make up about 50% of
this subunit.

In Subunit 10b there is only one thin shellrich sedi-
ment layer. The remainder of the subunit consists of
gray, calcareous sandstones, mudstones, and sandy mud-
stones.

Subunit 10c consists largely of calcareous sediments
that are somewhat finer grained than those of Subunit
10b (which consists of mudstones and sandy mudstones
only); it is distinguished by its highly variegated color
(greens, reds, browns, and pinks), which indicates depo-
sition under variable oxidizing conditions.

Subunit 10d consists largely of brown or gray car-
bonate-deficient claystones, siltstones, mudstones, sandy
mudstones, and sandstones. Downhole logging records
a downward increase in gamma ray intensity close to the
boundary between Units 9 and 10 (at 803 m); sonic ve-
locity also decreases, from around 3.5 to 3.06 km/s.
There are strong small-scale fluctuations in gamma ray
intensity, sonic velocity, and resistivity within Unit 10
that reflect the complex interbedding of different lithol-
ogies.

Subunit 10a

Subunit 10a consists of interbedded sandy, shelly mud-
stones and carbonate-poor sandy mudstones. It occurs
from 801.5 to 843 m BSF (Cores 72 to 77) and is early
Barremian in age.

Subunit 10a consists of gray (5Y 5/1), bluish gray (5B
5/1), and dark gray (5Y 4/1), shelly, sandy mudstones
and wackestones that are interbedded with gray and dark
gray, carbonate-poor mudstones and sandy mudstones
(Fig. 12). In general, the carbonate-rich rock is lighter in
color and harder (more cemented) than the carbonate-
poor rock. Each lithology makes up about 50% of the
subunit.

Sediments rich in shell fragments make up most of
Core 72 and are interbedded with terrigenous sediment
in Cores 74 to 77; terrigenous sediment dominates Core
73. The carbonate-rich lithology consists of whole shells;
sand-sized fragments of brachiopods, gastropods, bi-
valves, bryozoans, echinoderms, algae, and corals; and
a mud fraction composed of calcite, quartz, and nanno-
fossils, with subsidiary dolomite and opaque minerals.
The CaCO; values for this lithology range up to 34%
(according to carbonate bomb analysis), but total car-
bonate content may be higher owing to the occurrence
of dolomite. Section 549-75-3 contains a wackestone
rich in ooids. Traces of hematite, pyrite, gypsum, and
glauconite are found throughout the limestones. Tro-
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Figure 12. Sandstone and shelly wackestone of Subunit 10a (early Bar-
remian). Section 549-75-2,

choline foraminifers occur in Cores 72 to 75 but are ab-
sent below.

The carbonate-poor lithology consists of mudstones,
sandy mudstones, and sandstones, with CaCQO; values
as low as 4% (according to carbonate bomb analysis).
The sand-sized fraction consists primarily of quartz, the
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mud fraction of quartz, feldspar, and clay minerals.
Plant fragments and pyrite are scattered throughout.

The clay mineral suite within Cores 72 to 74 consists
largely of illite, smectite, and mixed-layer clays. Kaolin-
ite and chlorite appear in Core 75 and below, where a
corresponding loss of smectite and mixed-layer clays
takes place (Rat et al., this volume).

Thin sections of the hard limestone (Sections 549-
73-3 [71-73 cm] and 549-76-2 [124-126 cm]) contain
corals, trocholine foraminifers, echinoderms, gastro-
pods, bryozoans, glauconite, ooliths, and fragments of
terebratulids in a recrystallized sparry calcite cement.

The lower boundary of Subunit 10a is visible in the
cores at 843 m BSF; on the gamma ray log, however, a
marked decrease in intensity that probably corresponds
to this boundary occurs at 847 m BSF (see Downhole
Logging, below).

Subunit 10b

Subunit 10b consists of interbedded calcareous and
noncalcareous sandstones, sandy mudstones, and mud-
stones. It occurs from 843 to 870 m BSF (Cores 78 to
80) and is early Barremian in age.

Subunit 10b consists of interbedded gray (5Y 4/2)
and dark gray (5Y 3/2), massive calcareous sandstones,
mudstones, and sandy mudstones; there is only one thin
bed of limestone within this interval.

The calcareous sandstones are color banded. The
darker gray layers contain more terrigenous detritus,
and the lighter gray layers are richer in carbonate. These
sandstones are composed predominantly of quartz, with
lesser amounts of feldspar, mica, clay, chlorite, heavy
minerals, carbonate cement, and shell fragments (echi-
noderms).

The sandy mudstones and mudstones consist of quartz
and clay minerals, with lesser amounts of feldspar, heavy
minerals, and dolomite. They also contain rare shell frag-
ments, coaly wood fragments, and pyrite, which may be
concentrated in thin beds. The clay minerals consist of
kaolinite, illite, chlorite, and mixed-layer clays.

Burrows are not very obvious in this subunit. There is
one erosion surface, overlain by mud-supported shell
debris, in Section 549-79-1 at 40 cm. A single thin (less
than 20 cm), gray olive (5Y 5/2), pelloidal grainstone,
which grades upwards into a wackestone, is present in
Section 549-79-1 from 90 to 107 cm. In Core 80, parts
of Sections 1 and 2 contain contorted bedding (Fig. 13).

Subunit 10c

Subunit 10c consists of color-banded calcareous and
noncalcareous mudstones. It occurs from 870 to 884 m
BSF (Cores 81 to 83) and is early Barremian in age.

Subunit 10c consists of highly variegated, interbed-
ded, calcareous mudstones and sandy mudstones and
one bed (less than 40 cm) of sandy limestone. The mud-
stones are thinly laminated and often burrow-mottled;
some contorted beds were observed (Section 549-82-2,
Fig. 14). Colors range from green (5G 6/1) to dark gray
(7.5YR 5/0), reddish brown (7YR 6/6), blue gray (5B 7/
1), brown gray (SYR 4/1), orange pink (10R 7/4), yellow
brown (10YR 5/4), gray red (10R 4/2), and olive gray.
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Figure 13. Contorted bedding within Subunit 10b (early Barremian).
Section 549-80-1.
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The major component of the terrigenous sediment is
quartz, which is often iron stained, and clay; only minor
amounts of dolomite, calcite, and pyrite occur. Wood
fragments are abundant in Core 82. The clay mineral
suite-is similar to that in Subunit 10b. Only the sandy
mudstone (Section 549-81-2) contains shell fragments.
The thin sandy limestone at the top of Core 82 is gray
(5Y 4/1) and fines upward.

Subunit 10d

Subunit 10d consists of interbedded mudstones, sandy
mudstones, and sandstones. It occurs from 884 to 964.5
m BSF (Cores 84 to 93) and is early Barremian(?) in age.

Subunit 10d consists of thin, interbedded, terrigenous
claystones, siltstones, mudstones, sandy mudstones, sand-
stones, and occasional thin layers of shelly limestone.

The terrigenous units are usually dark brown (10YR
3/3), olive brown (2.5Y 4/4), dark gray brown (2.5Y 3/
2), dark gray (2.5Y 5/1), olive (2.5Y 4/3), olive gray (5Y
5/2), greenish gray (5G 6/1), gray (10YR 5/1), or olivée
(2.5Y 4/3). They are deficient in fine-grained calcareous
material and contain only occasional large shell frag-
ments, which are sometimes concentrated in layers. In
general, they are rich in quartz, with secondary amounts
of feldspar, mica, heavy minerals, clay minerals, and py-
rite; carbonized wood fragments are dispersed through-
out (Fig. 15). The clay minerals consist of illite, kaolin-
ite, chlorite, and mixed-layer clays. Siderite concretions
were detected in Cores 90 and 91.

The terrigenous sediments are laminated and only oc-
casionally burrowed and mottled. In Section 549-84-1
there is a displaced block that consists of a bed of shell-
and pebble-bearing sandy mud and a bed of organic-
carbon-rich mudstone (Fig. 16). The block has appar-
ently been rotated nearly 90° from the horizontal. There
are large sediment clasts in a layer below this block, as
well as in Section 549-93-1. Upward-fining sequences
(sandy mudstones grading to mudstones or claystones)
occur in Sections 549-86-1, 549-88-2, 549-88-3, 549-
90-1, and 549-90-2. Upward-coarsening sequences occur
in Sections 549-89-2, and 549-92-1. Most other contacts
between terrigenous sediments of different textures are
abrupt. In Core 86, there is an erosional contact over-
lain by mud clasts. Irregular contacts are also present in
Sections 549-88-2 and 549-90-1.

The shelly lithology, which constitutes only a small
part of this unit, is usually dark gray (5Y 5/1), dark ol-
ive gray (5Y 3/2), or olive gray (5Y 5/2). It is hard, mas-
sive, bioturbated, and rich in large fragments of echino-
derms, algae, worm tubes, and bryozoans.

In Core 92 a band of hard sideritic(?) rock (Fig. 17)
was found along with the sediment types discussed
above. In Section 549-93-1, hard limestone intraclasts
contain echinoderm and bryozoan fragments.

Unit 11

Unit 11 consists of Hercynian basement. It occurs
from 964.5 to 1001.5 m BSF (total depth of hole) (Cores
94 to 99) and is middle to late Devonian in age.

Unit 11 is composed of fine to medium-grained, mi-
caceous, laminated and cross-laminated quartzite. The
bedding is tilted at a high angle (greater than 45°) to the
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Figure 15, Terrigenous sediments of Subunit 10d (early Barremian).
80 Section 549-90-1.

horizontal. It is light olive brown (2.5Y 5/4), dark yel-
lowish brown (10YR 4/4), or dark gray (2.5Y 4/0).

The contact between the Hercynian basement and the
overlying sediments was not recovered. However, it is
believed to occur where measurements of formation re-
sistivity increase markedly (at 967 m BSF). The contact
represents a period of erosion or nondeposition that
may have lasted some 250 m.y.

This rock consists of sutured quartz (greater than
90%) and sericite(?). The latter fills fractures and pores
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Figure 14. Contorted bedding within Subunit 10c (early Barremian).
Section 549-82-2. Slump structure probable.
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Figure 17. Sideritic(?) bed within Subunit 10d (early Barremian). Sec-
tion 549-92-1.

in the quartzite and, in Core 99, is concentrated in a
very thin (less than 2 cm) layer. The quartzite is usually
well laminated as a result of changes in grain size; the
coarse-grained beds are sometimes stained dark brown
with iron. In addition, small trough cross-beds and tan-
gential planar cross-beds were observed.

The sandstones have fracture planes that are oriented
parallel to the coring direction. Some of these are striat-
ed and are lined with micaceous or talclike mineral de-
posits (Fig. 18).
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Figure 18. Striated fractures lined with micaceous or talclike minerals;
Unit 11 (?Devonian). Section 549-94-1.

BIOSTRATIGRAPHY
Summary

The upper part of the section at Site 549 (Hole 549A;
0-196.5 m BSF) was cored with the variable length hy-
draulic piston corer. The Quaternary to uppermost mid-
dle Eocene section is incomplete (Fig. 19). The thin Qua-
ternary section (27 m) is underlain by upper to lower
Miocene nannofossil chalk. This sequence, which is on-
ly about 24 m thick, is interrupted by an unconformable
surface that represents most of the middle Miocene. An-
othier unconformity that represents the lowermost Mio-
cene marks the contact of the lower Miocene with the
upper Oligocene.

In contrast, the thick (145 m) upper Oligocene to up-
permost middle Eocene section seems to be nearly com-
plete. The sediments are rich in micro- and nannofossils
of good to moderate preservation, presenting an unusu-
ally good opportunity for detailed studies of the Oligo-
cene/Eocene boundary and for the fine resolution of
biozone boundaries (Snyder et al; Loubere; and Miller
et al., all this volume). Rotary coring (Hole 549) pene-
trated a sequence of middle Eocene to lower Paleocene
biozones (198.5-383 m BSF). The sediments are gener-
ally rich in foraminifers and nannoplankton, and sili-
ceous microfossils (which occur in relation to several in-
terbedded ash layers; see Knox, this volume) are also
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present within the middle Eocene and within a short in-
terval of the upper Paleocene (Zone NP9).

Diagenetic processes have altered the micro- and nan-
nofossils in the middle Eocene, but preservation is bet-
ter within the more clayey sediments of the lower Eo-
cene and Paleocene. The middle/lower Eocene bound-
ary coincides with a lithologic change (Units 2, 3a); the
lower Eocene section is marked by an influx of terrige-
nous detritus. The foraminiferal and nannoplankton as-
semblages are diverse throughout the Tertiary, and their
compositions are indicative of bathyal environments.
An unconformity representing a gap of about 2 m.y.
(lower Paleocene) separates Tertiary from Cretaceous sed-
iments. A relatively thin Upper Cretaceous section (95
m), which contains several small stratigraphic gaps, was
deposited in bathyal environments. Between uncon-
formities there are several relatively long intervals of
continuous sediment accumulation. The uppermost is
largely Maestrichtian, and there is a thin layer of Cam-
panian sediments at the base. (The middle part of the
Maestrichtian may be missing; see Miiller, this volume.)
The next interval extends from the Coniacian/Santoni-
an to the basal Turonian or uppermost Cenomanian.
The lowest involves lower through middle Cenomanian
sediments. The Upper Cretaceous units are underlain by
a thick section (190 m) of middle to lower Albian calcar-
eous mudstone that was probably deposited in sublitto-
ral environments and corresponds to the earliest postrift
deposits at this site. This Albian sequence is marked by
the alternation of soft mudstones and indurated calcare-
ous mudstones, cyclic sedimentation that might reflect
fluctuations in climate. The sediment accumulation rate
is unusually high (67.5 m/m.y.).

The Albian sequence is underlain by a red sandy do-
lomite of uncertain age. The dolomite is underlain by a
thick Barremian section (about 285 m). The lower part
of the upper Barremian and the lower Barremian have
been identified. The precise age of the lowermost part
of the sequence has been difficult to determine, but it is
considered to be Barremian, since biostratigraphic evi-
dence indicates the absence of the Hauterivian. The grad-
ual development from shallow subtidal or even tidal (es-
tuary or tidal flat?) environments to sublittoral-upper
bathyal environments and more open marine conditions
can be followed remarkably well upward through the
Barremian sequence (Magniez and Sigal; and Rat et al.,
both this volume).

The Barremian sequence lies unconformably above a
yellowish brown foliated sandstone that is related to the
Devonian from lithologic comparisons with Old Red
Sandstone outcroppings in the British Isles (Lefort et
al., this volume). The sandstone lies at a depth of 964.5
m BSP and represents Hercynian basement.

The boundaries specified in the following discussion
were identified on board ship. They are superseded by
the boundaries shown in the Site 549 Superlog (back
pocket), which represent the results of subsequent shore-
based work. For more detail, see Caralp et al. and Sny-
der and Waters (both this volume).
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Figure 19. Stratigraphic section at Site 549. Lithology as defined in Explanatory Notes,
Foraminifers 4-1, 60-63 cm; Fig. 19). The assemblages from this ab-
C . breviated section, which includes portions of Zones N22
e and N21, are typical of neither glacial nor interglacial
A surficial veneer of Holocene sediments in Hole assemblages. Numerical dominance is shared almost
549A is underlain by approximately 27 m of Pleistocene equally among Globigerina bulloides, Globorotalia
sediments (Samples 549A-1-2, 8-11 cm through 549A- inflata, Neogloboguadrina pachyderma, and N. “du/
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pac”. The excellent preservation and general lack of de-
trital quartz in these samples suggest that the section
bears a closer resemblance to the interglacial than the
glacial intervals recognized at Site 548. The Pleistocene
section at Site 549 may represent a transition between
glacial and interglacial conditions. In the lower part of
the section the apparent FAD of Globorotalia truncatu-
linoides occurs, and below it there is an interval in
which this species occurs with G. fosaensis. However,
for the reasons outlined in the discussion of Site 548,
this datum is not interpreted as the base of the Pleisto-
cene. Because Neogloboquadrina atlantica does not ap-
pear in sediments above the underlying unconformity,
no Pliocene sediments have been recognized. For more
detail, see Caralp et al. (this volume).

Immediately below the lower Pleistocene sediments
of Sample 549A-4-1, 60-63 cm there is an unconformity
that represents the entire Pliocene. The planktonic fora-
miniferal fauna of Sample 549A-4-2, 60-63 cm has been
assigned to the upper Miocene (Zone N17) on the basis
of the presence of such species as Sphaeroidinellopsis
subdehiscens, S. seminulina, Globorotalia cibaoensis,
Globigerina woodi, and G. decoraperta. This sample al-
so contains numerous specimens of Bolboforma (see
Miiller et al., this volume).

The N17/N16 zonal boundary, according to the LAD
of Globorotalia lenguaensis, lies between Samples 549A-
4-5, 60-63 cm and 549-5-1, 30-33 cm. Thus, Zone N17
is unusually thin, suggesting that a portion of it is miss-
ing. The stratigraphic ranges of some species present in
the uppermost sample of this Miocene section reinforce
this interpretation. For example, Sphaeroidinellopsis semi-
nulina, which ranges only into mid-N17, is present in
Sample 549A-4-2, 60-63 cm. The entire upper Miocene
section, which extends downward through Sample 549-
6-1, 30-33 cm, is approximately 19 m thick.

Below the sediments of Zone N16 there is another
unconformity, this one representing nearly the entire
middle Miocene (Zones N9-N15; Fig. 19). Samples
549A-6-2, 30-33 cm through 549A-6-4, 30-33 cm con-
tain planktonic assemblages that are indicative of the
Zone N8-N7 interval. Diagnostic species include Praeor-
bulina glomerosa, Globigerinatella insueta, Globigeri-
noides sicanus, and Globorotalia fohsi peripheroronda.
Sample 549A-6-2, 30-33 cm also contains rare speci-
mens of Bolboforma. The Zone N8-N7 interval, which
is underlain by yet another unconformity, is only about
5 m thick.

The unconformity between Samples 549-6-4, 30-33
cm and 549A-6-5, 30-33 cm represents most of the lower
Miocene (Zones N6, N5, and a portion of N4; Fig. 19).
Sediments of Zone N4 (upper Oligocene) are distin-
guished from the overlying Miocene sediments by the
last common occurrence of Catapsydrax unicavus and
C. dissimilis and by the LAD of Globigerina angulisu-
turalis and G. tripartita. The N4/P22 zonal boundary
lies immediately above Sample 549A-7-5, 30-33 cm. Its
position is based on the LAD of Globigerina officinalis
and the last common occurrence of Globorotalia opima
nana. The boundary between Zones P22 and P21, ac-
cording to the LAD of G. opima opima and G. postcre-
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tacea, lies just above Sample 549A-8-3, 50-53 cm. The
P21/P20 zonal boundary lies between Samples 549A-
10-2, 40-43 cm and 549A-10-3, 40-43 cm. Its position is
based on the first common occurrence of G. opima opi-
ma, the LAD of G. increbescens, and the stratigraphic
proximity of the FAD for Globigerina angulisuturalis.
The boundary between Zone P20 and the underlying
Zone P19-P18 interval, which lies between Samples
549A-11-5, 30-33 cm and 549A-11-6, 30-33 cm, is based
on the LAD of Pseudohastigerina micra and Globigeri-
na eocaena. Foraminiferal evidence discussed in more
detail below was used to place the Oligocene/Eocene
boundary between Samples 549A-17-1, 30-33 cm and
549A-17-2, 30-33 cm. If this interpretation of the bound-
ary is correct, the entire Oligocene section is approxi-
mately 72 m thick.

The placement of the Oligocene/Eocene boundary
(which is discussed by Snyder et al.; Miller et al.; and
Loubere, all this volume) is based partly on the LAD of
the genus Hantkenina. H. alabamensis occurs in Sam-
ple 549A-17-2, 30-33 cm, and H. longispina is present
in the sample immediately below (Fig. 19). Although
specimens of Hantkenina are consistently present in Cores
549A-17 to 549A-29, they are also rare. The fragility of
the species in this genus makes it unlikely that these
specimens have been reworked. Specimens of subspecies
of Globorotalia cerroazulensis, although extremely rare,
also persist through Sample 549A-17-2, 30-33 cm. The
last common specimens of G. cerroazulensis cerroazu-
lensis and G. cerroazulensis cocoaensis occur in Sample
549A-21-1, 30-33 cm. G. cerroazulensis cunialensis, which
in terms of evolution is the most advanced member of
this lineage, is rare in Sample 549A-18-1, 30-33 cm. Its
presence is indicative of late Eocene deposition. The im-
mediately overlying Oligocene section is complete, indi-
cating continuous deposition across the epoch bound-
ary.

The upper Eocene section extends downward through
Sample 549A-38-1, 41-43 cm; as a result, the total
thickness of this interval is approximately 67 m (Fig.
19). Zone P17 extends downward through Sample 549A-
27-1, 40-43 cm. Its lower boundary is marked by the
FAD of Globigerina ampliapertura and Globorotalia cer-
roazulensis cocoaensis. Primarily because of the FAD of
G. postcretacea and the LAD of Globigerinatheka bar-
ri, the P16/P15 boundary has been placed between Sam-
ple 549A-34-1, 49-52 cm and Section 549A-35,CC. The
upper/middle Eocene (P15/P14) boundary was recog-
nized by the LAD of Truncorotaloides collactea and T.
rohri and the approximate FAD of Globigerina angipo-
roides. Long-ranging but numerically important species
of the upper Eocene include Glogerinatheka index, Chi-
loguembelina cubensis, Catapsydrax unicavus, C. dis-
similis, and Globigerina eocaena.

The middle Eocene extends from Sample 549A-39-1,
70-73 cm downward through Sample 549-9-4, 18-21
cm, a thickness of about 79 m (Fig. 19). The position of
the P14/P13 zonal boundary is based primarily on the
LAD of Acarinina bullbrooki and the FAD of Chilo-
guembelina cubensis. The position of the boundary be-
tween Zones P13 and P12 is based primarily on the
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LAD of Acarinina pentacamerata. The FAD of Catap-
sydrax dissimilis and C. unicavus occurs 2 or 3 m below
this boundary. The LAD of Acarinina broedermanni
and the simultaneous FAD of Globigerinatheka index
and G. barri mark the boundary between P12 and the
underlying P11-P10 interval. The latter two zones can-
not be readily differentiated from the planktonic fora-
minifers. The base of Zone P10 (the middle/lower Eo-
cene boundary) is marked by the FAD of Acarinina
bullbrooki and the LAD of A. soldadoensis soldadoen-
sis and A. soldadoensis angulosa.

The lower Eocene section extends downward from
Sample 549-10-1, 67-69 cm through Sample 549-16-3,
52-56 cm, a total thickness of approximately 65 m (Fig.
19). The P9/P8 zonal boundary is based on the FAD of
Globigerina frontosa and Morozovella causasica and the
LAD of Morozovella subbotinae and Acarinina pseudo-
topilensis. The LAD of Morozovella formosa gracilis
and M. lensiformis serves as the primary evidence of the
P8/P7 zonal boundary. The LAD of M. marginodenta-
ta, a species that is common in the remainder of the
lower Eocene, occurs just below the P8/P7 boundary.
The differentiation of Zones P7 and P6 is based primar-
ily on the LAD of Planorotalites chapmani. The base of
Zone P6 is marked by the simultaneous FAD of Moro-
zovella wilcoxensis, M. subbotinae, and M. margino-
dentata. Long-ranging but numerically important spe-
cies of the middle and lower Eocene include Globigerina
eocaena, G. linaperta, Pseudohastigerina wilcoxensis,
and Acarinina primitiva.

The sediments from Sample 549-16-4, 57-60 cm
downward through Sample 549-21-3, 12-15 c¢cm have
been identified as upper Paleocene (Fig. 19). It is diffi-
cult to subdivide this interval on the basis of planktonic
foraminiferal evidence, however. The uppermost Paleo-
cene section contains a mixture of forms from Zones P5
and P4. The P4 forms may be reworked and mixed with
a more typical P5 fauna. Further complicating the inter-
pretation is a barren interval within the upper Paleocene
(Sample 549-16-6, 12-15 cm and Samples 549-17-4, 63—
66 cm through 549-19-1, 10-13 cm). The samples below
the barren zone contain a typical zone P4 assemblage
that includes Planorotalites pseudomenardii, Subbotina
triloculinoides, Morozovella pusilla, and M. conico-
truncata. The interval is approximately 40 m thick and
includes Zone P4 and at least part of Zone P5. The un-
derlying zone (P3) is differentiated by the FAD of Pla-
norotalites pseudomenardii and Morozovella aequa. The
thickness of Zone P3 is approximately 5 m. Below it
there is a thin (less than 2 m thick layer of sediment)
that has been assigned to Zone P2 because of the con-
current presence of Morozovella uncinata, Planorotali-
tes compressa, Subbotina triloculinoides, S. inconstans,
and S. pseudobulloides. The Zone P2 sediments uncon-
formably overlie Cretaceous strata.

Maestrichtian to Cenomanian

Late Cretaceous sediments form a relatively thin se-
ries, but all stages may be present (Fig. 19). These strata
accumulated in outer sublittoral to upper bathyal envi-
ronments. Small stratigraphic gaps may occur repeated-
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ly throughout the section (as between the Danian and
Maestrichtian), but this cannot firmly be established at
the present stage of examination.

Section 549-21,CC belongs to the upper Maestrichti-
an (MC11 or late MC10 Zone), as indicated by the pres-
ence of Racemiguembelina fructicosa in a very rich and
characteristic planktonic assemblage.

The core catchers of Cores 22 and 23 (Hole 549)
yielded encrusted and badly preserved foraminifers that
indicate an early Maestrichtian or late Campanian age
(e.g., Globotruncana arca, Schackoina multispinata,
Buliminella carseyae, Bolivinoides cf. decorata).

Section 549-24,CC belongs to the Santonian; it con-
tains a very rich planktonic assemblage that includes
such diagnostic species as Globotruncata lapparenti, G.
coronata, G. sinuosa, and G. concavata carinata.

Section 549-25,CC yielded a Santonian or Coniacian
assemblage.

In Section 549-26,CC a poor and badly preserved
assemblage of small planktonic forms, including large
specimens of Hedbergella and probably Globotruncana
praehelvetica, suggests a Turonian age.

Core 549-27, which is characterized by a black shaly
facies, contains no diagnostic species. Sample 549-27-1,
5-8 cm may belong to the upper Cenomanian or to the
basal Turonian stage.

Core 549-28 definitely belongs to the Cenomanian
(probably middle Cenomanian); it contains Rotalipora
reicheli and the R. cushmani group.

Cores 549-28 and 549-30,CC yielded early Cenoma-
nian assemblages, including R. appenninica, R. baler-
naensis, R. cf. globotruncanoides, R. cf. brotzeni, and
the Globotruncana delrioensis group.

Albian

A sudden lithologic change separates Cores 549-30
and 549-32 (Fig. 19). According to the downhole logging
records, it occurs within the unrecovered part of Core
549-31. Benthic foraminifers are present and have rela-
tively long ranges throughout the Albian. Planktonic
foraminifers predominate; they form an assemblage that
has been observed frequently in lower Albian sediments
from other North Atlantic sites. This assemblage is
present below the more specialized forms (such as Tici-
nella), which appear in the middle Albian and charac-
terize the rest of the stage. Accordingly, an early Albian
to early middle Albian age (late MCi-23 and/or MCi-24
Zones) is likely (and agrees with the age indicated by the
calcareous nannofossils). The diagnostic planktonic spe-
cies include Hedbergella infracretacea, H. cf. gorbachi-
kae, H. globigerinelloides, H. planispira, H. trochoidea,
H. cf. rischi, and numerous other small globigerinids.
Among the benthic species appear Spiroplectammina
baudouiniana, Gaudryina dividens, Gubkinella grayso-
nensis, Neobulimina minima, Praebulimina nannina,
Pleurostomella subnodosa group, P. subbotinae, Gavel-
inella intermedia, Gyroidinoides infracretacea, Valvuli-
neria parva, Conorotalites rumanus, Eponides chali-
lovi, and E. moremani. These assemblages originated in
open marine, upper bathyal, or possibly outer sublitto-
ral environments. The ostracod fauna is very poor, and



identification is a problem, inasmuch as all specimens
are poorly preserved and very small.

No important changes seem to occur from Cores 549-
32 to 549-49; the presence or absence of given species in
the washed residue probably results from the small
amount of available material. The absence of benthic
species is especially unlikely to be significant, since
these species are usually rare. Cores 549-50 and 549-51
were not recovered.

Barremian (Foraminifers and Ostracods)

The thick series of sediments from Cores 549-53 to
549-91 is assigned to the Barremian because of the fora-
minifers and calcareous nannofossils present (Fig. 19).
Although their microfossil content is not indicative, a
Barremian age can be confidently applied to Cores
549-52 and 549-93 because of the characteristic microfa-
cies, which has been investigated in thin section (Mag-
niez and Sigal, this volume).

Three succeeding assemblages of facies-linked fora-
minifers can be distinguished (1, 2, and 3 from base to
top; see below). They suggest three very different envi-
ronments. The upper assemblage contains some benthic
forms that usually have biostratigraphic value. They sug-
gest that Cores 549-59 to 549-60 approximately corre-
spond to the interval between the lower and upper Bar-
remian (MCi-13/-14 boundary). Younger Barremian di-
agnostic species (MCi-15) have not been observed in the
overlying cores. In the underlying cores, the species en-
countered are not diagnostic of an early Barremian age.
Accordingly, the lower part of the series may belong to
the Hauterivian stage. However, according to the gen-
eral foraminiferal assemblage and the calcareous nanno-
fossils, this seems unlikely.

With a few exceptions (Cores 549-55, 549-61, and
549-76 to 549-85), the assemblages of ostracods are poor
and of low diversity, and they include ornamented spe-
cies that probably indicate some environmental restric-
tion. All the species found indicate nearly normal salini-
ties in a shallow-water paleoenvironment. Many of the
species recorded here are known from Barremian and
Aptian deposits and therefore are not useful for finer
stratigraphic subdivision.

Assemblage 3 (Upper)

From Core 549-53 to Section 549-61,CC, nearly all
the samples examined yielded foraminifers. This assem-
blage contains many more species than the underlying
two assemblages, but the diagnostic species are very few.
The most important benthic species is Conorotalites
bartensteini, with its two subspecies bartensteini and in-
tercedens. The subspecies intercedens evolved from bar-
tensteini in Core 549-59 or 549-60, a fact that could in-
dicate the MCi-13 Zone (late early Barremian). It is
noteworthy that the subspecies aptiensis, which evolved
from intercedens, was not observed; this suggests that
these sediments do not reach the MCi-15 Zone (late late
Barremian). A second important form is the planktonic
genus Hedbergella, which develops many small species
(H. hauterivica, H. kugleri, H. tuschepsensis, H. infra-
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cretacea, H. sigali, and Clavihedbergella eocretacea).
These species are not diagnostic of Barremian age, but
their abundance indicates an open marine environment.

The remaining forms in Assemblage 3 are benthic
and form a typical assemblage of numerous lagenids
(Lenticula, Astacolus, Tristix, Lingulina), gavelinellids
(G. barremiana, the first occurrence of which could de-
note the early/late Barremian or Mci-13/-14 boundary),
various trocholinids (7. infragranulata, T. cf. acuta, T.
paucigranulata), which are distinctly smaller than the
species that characterize the underlying assemblage, mars-
sonellids (M. subtrochus), and uvigerinamminids (U. han-
noverana, U. tealbyensis, and new species). The whole
fauna supports the assignment of a Barremian age to
these sediments. This assemblage accumulated in mid-
dle to outer sublittoral environments.

Assemblage 2 (Middle)

From Section 549-70,CC to Core 549-79, foramini-
fers are present in all the samples examined, but they
form a very different assemblage. Prolific and large tro-
cholinids dominate (7. aptiensis with varieties, 7. cf.
burlini, and other new forms). The Choffatella deci-
piens group is observed in most washed residues and
thin sections. Thin sections also show the presence of
agglutinating lituolids with calcareous tests, miliolids and
other porcelaneous species, encrusting arenaceous (Acru-
liammina, Coscinophragma) or porcelaneous (Nubecu-
laria) forms, and fragmented sections of Orbifolina.
Other benthic species are relatively few and sporadic (la-
genids, Epistomina cf. colomi, Patellovalvulina patru-
liusi). A few specimens of Trocholina and Choffatella
were also observed in Assemblage 3 within Core 549-61
(washed samples and thin sections from Sections 3 and
4). These specimens are believed to be allochthonous, as
is also suggested by the petrographic observations.
Planktonic species are absent from Assemblage 2.

These microfossils, as well as other fragments of
large fossils, suggest that deposition took place in a
shallow or infralittoral carbonate environment, perhaps
in the vicinity of reefs. The downhole geophysical logs
indicate that this paleoenvironment probably also pre-
vailed during the deposition of unrecovered Cores 549-
62 to 549-66 and 549-68, although the missing sedi-
ments may be richer in carbonate. The sediments and
fossils encountered in this section (from 549-76-2, 65-70
cm to 549-79-1, 37-38 cm) can be considered transition-
al, because Choffatella and Trocholina are also present,
although they appear in a sandy facies inherited from
the underlying series.

Assemblage I (Lower)

From Core 80 to Sample 549-91-1, 146-150 cm, the
Choffatella decipiens group and various species of Hap-
lophragmoides dominate. Subordinate benthic forms in-
clude Glomospira, Ammobaculites, Trochammina, mi-
liolids, encrusting species as in Assemblage 2, lenticu-
linids, and a few large trocholinids. A single sample
(from 549-85,CC) yielded a quite different assemblage
that included more lagenids and more numerous epis-
tominids (Epistomina ornata, E. cf. hechti).
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Microfossils as well as other organic remains and
abundant plant debris point to a littoral or shallow sub-
littoral environment with variable salinity and a massive
influx of continental material.

The lowermost layers (Cores 92 and 93) are almost
barren. Only scattered encrusting forms (Acruliammi-
na, Coscinophragma) have been observed in the thin
sections.

Nannoplankton
Hole 549A

Quaternary

The Pleistocene is encountered from the top of Core
1 to Sample 549A-4-1, 4-5 cm (Fig. 19). The Emiliania
huxleyi Zone (NN21) is present from Samples 549A-1-1,
8-11 cm to 549A-2-2, 10-13 cm. The Gephyrocapsa oce-
anica Zone (NN20) is present from Samples 549A-2-2,
95-96 cm to 549A-3-2, 51-54 cm, although G. oceanica
itself is rare in the sediments because the site is so far
north and the climate is so cool. The Pseudoemiliania
lacunosa Zone (NN19) is present from Samples 549A-
3-2, 115-118 cm to 549A-4-1, 4-5 cm. The lowermost
part of Zone NN19 is missing.

The Pleistocene sequence is characterized, as at Site
548, by the alternation of layers rich in autochthonous,
low-diversity nannoplankton assemblages (Coccolithus pe-
lagicus, Gephyrocapsa ericsonii) and layers with abundant
reworked (Cretaceous-Tertiary) nannoplankton and de-
trital material. The alternation is due to fluctuations be-
tween glacial and interglacial climates (Caralp et al.,
this volume).

The alternation of assemblages is less pronounced
within the lower Pleistocene (NN19), indicating that cli-
mate was more stable during this time. However, varia-
tions in the abundance of Coccolithus pelagicus within
this zone indicate that paleoceanographic conditions
fluctuated. The Pleistocene is unconformably underlain
by the upper Miocene (hiatus of 3.5 m.y.).

Tertiary

The Discoaster quinqueramus Zone (NN11) is present
from Sample 549A-4-1, 50-51 cm to 549A-6-1, 61 cm
(Fig. 19). The sediments are rich in moderately to well
preserved nannoplankton. The coccoliths in some layers
are slightly fragmented. The abundance of the discoas-
ters fluctuates, recording variations in environmental (cli-
matic?) conditions. The discoasters that are more typical
of cooler water masses (D. variabilis, D. calcaris, and
D. surculus) are frequent, but D. guingueramus is gen-
erally rare or absent.

The lower part of the middle Miocene D. exilis Zone
(NN6) was identified from 549A-6-1, 69 cm to Sample
549A-6-1, 71-72 cm on the basis of D. exilis and Cycli-
cargolithus abisectus. The unconformity between the
late and middle Miocene represents a hiatus of approxi-
mately 6 m.y.

The D. exilis Zone is underlain by the Sphenolithus
heteromorphus Zone (NN5) which occurs from 549A-

6-1, 75 cm to 549A-6-2, 138 cm; the Helicosphaera am-
pliaperta Zone (NN4), which occurs at 549A-6-3, 52 cm;
and the Sphenolithus belemnos Zone (NN3), which oc-
curs from 549A-6-3, 59 cm to 549A-6-3, 78 cm. The
condensed lower Miocene section is comparable to that
at Site 548.

The upper part of the lower Miocene (NN3 and 4
Zones) is separated from the underlying upper Oligo-
cene by an unconformity that represents a hiatus of at
least 5 m.y. (Fig. 19).

Sphenolithus ciperoensis, which is an indicator of the
upper Oligocene (NP25 Zone), occurs from 549A-6-3,
95 cm to Sample 549A-7-6, 70-72 cm. The sediments in
which it is found are rich in large nannoplankton that
are both slightly overgrown by calcite and slightly bro-
ken. The most common species are Cyclicargolithus abi-
sectus, Dictyococcites dictyodus, Zygrhablithus bijuga-
tus, Reticulofenestra lockeri, and Coccolithus pelagicus.
Sphenolithus ciperoensis is present in all samples.

The Sphenolithus distentus (NP24) Zone was en-
countered from Section 549A-7,CC to Sample 549A-10-
5, 100-103 cm. The zone determination is based on the
presence of S. ciperoensis, S. distentus, Cyclicargolithus
abisectus, and Helicopontosphaera recta. Water mass
fluctuations within this zone are indicated by the pres-
ence or absence of Chiasmolithus altus. The middle
Oligocene Sphenolithus predistentus Zone (NP23) was
identified from Samples 549A-10-6, 100-103 cm to
549A-11-2, 10-13 cm. The abundant nannofossils are
partially broken. The thinness of Zone NP23 suggests
that part of this zone is missing.

Lower Oligocene sediments were encountered from
Sample 549A-11-3, 10-13 c¢cm to Section 549A-23,CC
(Fig. 19). Zone NP22 (the Helicosphaera reticulata Zone)
is present from Samples 549A-11-3, 10-13 to 549A-
12,CC, as indicated by the presence of Reticulofenestra
umbilica and the absence of Cyclococcolithus formo-
sus. The sediments are rich in nannoplankton that have
slight calcite overgrowths and are broken. Sponge spic-
ules and fragments of radiolarians and diatoms are fre-
quent. The interval from Sample 549A-13-1, 10-13 cm
to Section 549A-23,CC belongs to the Ericsonia sub-
disticha Zone (NP21). Large specimens of Braarudo-
sphaera bigelowi were observed in Sample 549A-15-1,
10-13 cm.

The determination of the Eocene/Oligocene bound-
ary is based on the last occurrences of Discoaster saipa-
nensis and D. barbadiensis in Section 549A-24-1 (see
Snyder et al., this volume). Nannoplankton belonging
to Zones NP19 and NP20 were encountered from Sam-
ple 549A-24-1, 10-13 cm to Section 549A-37,CC (Fig.
19). The subdivision of these two zones is difficult be-
cause Sphenolithus pseudoradians is missing. If the
boundary is determined by using the first occurrence of
Helicosphaera reticulata, it lies between Samples 549A-
32-1, 30-32 cm and 549A-32-1, 100-103 cm. The last
occurrence of Cribrocentrum reticulatum is within Zone
NP20. The Chiasmolithus oamaruensis Zone (NP18) is
present from Sample 549A-38-1, 27-29 c¢cm to Section
549A-42,CC. The upper Eocene is a continuous section



of sediments that are rich in moderately to well pre-
served nannoplankton and fragments of siliceous micro-
fossils.

Hole 549

Tertiary

Hole 549 was washed down to 198.5 m BSF (Fig. 19).
The mudline core is Pleistocene in age (NN21). In Core
2 (198.5-208.0 m BSF), the upper Eocene Chiasmolith-
us oamaruensis Zone (NP18) is present in Sections 1 to
4, as indicated by the presence of C. oamaruensis and
the absence of Isthmolithus recurvus. The sediments are
rich in well preserved to slightly broken nannoplankton
and contain fragments of siliceous microfossils.

A complete middle Eocene section 66 m thick was en-
countered from Samples 549-2-5, 23-24 ¢cm to 549-10-3,
10-11 cm (Fig. 19). The Discoaster saipanensis Zone
(NP17) is present from Sample 549-2-5, 23-24 cm to
Section 549-2,CC; the D. tani nodifer Zone (NP16) oc-
curs from Samples 549-3-1, 120-121 cm to 549-6-3, 62—
63 cm (first D. tani nodifer); the Chiphragmalithus ala-
tus Zone (NP15) occurs from Samples 549-6-4, 62-63
cm to 549-9-3, 16-17 cm; and the Discoaster sublodoen-
sis Zone (NP14) occurs from Section 549-9,CC to Sam-
ple 549-10-3, 10-11 cm. The sediments are rich in frag-
mented nannoplankton, radiolarians, and diatoms. A
biogenic change (disappearance of siliceous microfos-
sils) takes place within the lowermost part of Zone NP14.

The middle Eocene is underlain by a continuous lower
Eocene section about 50 m thick. It occurs from Sam-
ples 549-10-3, 102-103 cm to 549-16-3, 50-51 cm (Fig.
19). Nannoplankton are abundant, but in Zone NP13
they are badly preserved as a result of diagenesis. Pres-
ervation is good in Zones NP12 to NP10, probably as a
result of the higher amount of terrigenous detritus and
clay minerals. Siliceous microfossils are missing.

The Discoaster lodoensis Zone (NP13) is present from
Sample 549-10-3, 102-103 cm to Section 549-10,CC; the
Marthasterites tribrachiatus Zone (NP12) is present from
Sample 549-11-1, 99-100 cm to Section 549-12,CC; the
Discoaster binodosus Zone (NP11) occurs from Sam-
ples 549-13-1, 49-50 cm to 549-15-6, 139-140 cm; and
the Marthasterites contortus Zone (NP10) occurs from
Section 549-15,CC to Sample 549-16-3, 50-51 cm.

The Eocene/Paleocene boundary lies in Section 549-
16-3 between 50-51 cm and 105-106 cm (Fig. 19), as in-
dicated by the extinction of Fasciculithus tympaniformis
and the first occurrence of Marthasterites contortus.

The Discoaster multiradiatus Zone (NP9) was identi-
fied from Samples 549-16-3, 105-106 cm to 549-18-2,
30-31 cm. The nannoplankton are abundant and well
preserved. A stratigraphically significant change occurs
within this zone between Sections 1 and 2 of Core 17, as
indicated by the large numbers of siliceous microfossils
(radiolarians, few diatoms) within the deeper part. At
the top of Zone NP9 (Samples 549-16-3, 105-106 cm
and 549-16-4, 55-56 cm) there is a layer enriched in
large specimens of Braarudosphaera bigelowi.

The Heliolithus riedeli Zone (NP8) was encountered
from Samples 549-18-3, 38-39 cm to 549-19-2, 36-37
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cm. Nannofossils and siliceous microfossils are com-
mon. Samples 549-19-3, 15-17 cm to 549-20-1, 64-65
cm belong to the Discoaster mohleri Zone (NP7). The
NP7 Zone determination is based on the presence of D.
mohleri and the absence of H. riedeli. Nannoplankton
are abundant and well preserved; siliceous microfossils
are missing. The Heliolithus kleinpellii Zone (NP6) is
present from Sample 549-20-2, 6-7 cm to Section 549-
20,CC, and the Fasciculithus tympaniformis Zone (NP5)
is present in Sample 549-21-3, 10-11 cm.

An unconformity representing a hiatus of at least 1
m.y. lies between Zones NP5 and NP3 (Fig. 19). Zone
NP3 is present at 549-21-4, 7 cm and 19-20 cm, where
Braarudosphaera bigelowi is common. At 549-21-4, 19
cm, a few Cretaceous specimens are present. The nan-
noplankton are badly preserved as a result of heavy cal-
cite overgrowth. The lowermost part of the Danian is
missing because of an unconformity representing a hia-
tus of about 4 m.y.

Cretaceous

Maestrichtian assemblages are present from 549-
21-4, 25 cm to Sample 549-23-3, 28-29 cm, along with
some reworked Campanian specimens (which occur at
549-22-2, 50 cm and in Sample 549-22-3, 80-81 cm)
(Fig. 19).

The late Maestrichtian Micula mura Zone is present
from 549-21-4, 25 cm to Sample 549-22-1, 41-42 cm. It
is underlain by the Tetralithus trifidus Zone of the early
Maestrichtian, which runs from Samples 549-22-2, 50-
51 cm to 549-23-3, 28-29 cm. The middle part of the
Maestrichtian seems to be missing. The nannoplankton
are abundant, but they are overgrown and fragmented
by diagenesis. Lucianorhabdus cayeuxii is common, in-
dicating that Site 549 was located at this time in an outer
sublittoral to upper bathyal environment.

Floras of Campanian age (as indicated by the pres-
ence of Broinsonia parca and Eiffelithus eximius) were
encountered in Core 23.

Cores 24 and 25 contain undifferentiated Santonian-
Coniacian assemblages (Fig. 19). Marthasterites furca-
tus and Lithastrinus grillii are rare. The nannoplankton
are common, but they are generally broken as a result of
diagenesis. The Santonian-Coniacian sequence is un-
derlain by a very condensed section of early Turonian
age that occurs in Core 26 and probably in Core 27.

The Eiffellithus turriseiffeli Zone, which is character-
ized by E. turriseiffeli and Podorhabdus albianus and is
of Cenomanian-late Albian age, is present at least from
the top of Core 549-28 to Section 549-30,CC. Nanno-
plankton are rare within the lower part of Core 28 and
in Cores 29 and 30 as a result of severe fragmentation
that is related to diagenesis.

The middle Albian Prediscosphaera cretacea Zone is
relatively thick (180.5 m, Cores 31-50; Fig. 19). The cal-
careous mudstones in this interval are poor in nanno-
plankton, probably because of recrystallization; calcite
(sparite) and sponge spicules are common. In contrast,
nannoplankton are frequent in the darker silty mud-
stones. Fragile species are generally broken, whereas dis-
solution-resistant species are well preserved and more
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abundant. Pyrite and terrigenous detritus are frequent.
The uppermost part of the Parhabdolithus angustus
Zone (lower Albian) is probably present in Core 52. In
Core 53 there is an important unconformity that repre-
sents a hiatus of about 10 m.y. between the lower Albian
and middle Barremian.

The middle-lower Barremian (Lithraphidites bollii
Zone) has a thickness of 291.0 m (Fig. 19). The zone de-
termination is based on the presence of Nannoconus co-
lomi, Calcicalathina oblongata, and Hayesites radiatus.

The sediments in Section 549-53-1 are rich in hema-
tite, and the number of nannofossils is reduced by disso-
lution and fragmentation, probably as a result of diage-
netic processes.

Nannoconids are rare in Cores 53 and 54, but they
are common in most of the samples from Cores 55 to
60. The abundance of nannoplankton and the diversity
of the assemblages indicate that the sediments of the
upper part of the Barremian sequence were deposited in
an outer sublittoral environment. However, slight paleo-
environmental fluctuations are indicated by layers in
which nannoplankton are rare and of subnormal size.
The most common species are Nannoconus colomi, Pa-
rhabdolithus speculum, P. asper, Cretarhabdus angusti-
foratus, Watznaueria barnesae, W. communis, Conus-
Dphaera mexicana, and Manivitella pemmatoidea.

Nannoplankton are rare or missing from Cores 70 to
82. In general the specimens are small in size and the di-
versity of the assemblages is low. Pyrite, organic matter
(plant fragments), and terrigenous detritus are com-
mon. Nannoconids are absent or occur only sporadi-
cally. These characteristics stem from the very shallow-
water, near-shore environments in which the lower Bar-
remian sediments (Cores 70-88) were deposited (see Rat
et al., this volume). Nannoplankton are absent from
Cores 83 to 88.

SEDIMENT ACCUMULATION RATES

The sediment accumulation rates for Site 549 (Holes
549 and 549A) are plotted in Figure 20. Accumulation
was rapid during early Barremian synrift deposition
(97.3 m/m.y.). After an important (erosional?) hiatus
(12 m.y.), middle Albian strata accumulated at a similar
high rate (93 m/m.y.). During the Upper Cretaceous,
the site rapidly subsided to bathyal depths, deposition
was interrupted several times, and the rate of accumula-
tion decreased drastically (to 3.5-5 m/m.y.).

There was a threefold increase in accumulation rate
(11.0 m/m.y.) during the early Tertiary (Paleocene to
middle Eocene). Late Eocene accumulation rates in-
creased even more, to 17.2 m/m.y. The subsequent early
Oligocene rates decreased fourfold, to 4.9 m/m.y. This
low rate contrasts with a late Oligocene rate of about 7.6
m/m.y., and the difference suggests that part of the ear-
ly Oligocene sediment column is missing.

The Neogene and Quaternary sections are thin and
contain so many stratigraphic gaps that no attempt was
made to calculate individual accumulation rates. How-
ever, the rate for the entire Neogene-Quaternary interval
is 2.1 m/m.y., the lowest rate calculated for this site.
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ORGANIC GEOCHEMISTRY

Total organic carbon (TOC), carbonate, and total ni-
trogen contents were measured on 154 samples from
Holes 549 and 549A by standard shipboard procedures
(Waples and Cunningham, this volume). Rock-Eval py-
rolysis was carried out on 67 of these samples; the
results of that analysis are tabulated elsewhere (Waples
and Cunningham, this volume). Additional work has been
completed on shore by Hartung et al. (this volume).

Total Organic Carbon, Carbonate, and Nitrogen

Plots of TOC versus burial depth at Site 549 (Fig. 21
and Superlog) do not decrease monotonically with bur-
ial depth, as they did at Site 548. One important differ-
ence between Sites 548 and 549 is that the more clastic-
rock-rich Pliocene-Pleistocene section (lithologic Unit
1) at Site 549 is much thinner than at Site 548. Highly
calcareous sediments with very low TOC values (lower
Turonian-upper Miocene, Units 2-4) therefore appear
at shallow depths at Site 549, eliminating any decrease
that might have been due to organic diagenesis.

Organic carbon enrichment occurs within two inter-
vals at Site 549. Samples high in TOC (average 3.4%)
were recovered from Section 549-27-1 (upper Cenoma-
nian, Unit 5), in two beds of black sediment separated
by a thin organic-carbon-lean ash bed. Black, organic-
carbon-rich sediments of similar age are well known in
the North Atlantic and are usually referred to as black
shales. Although this terminology is not always precisely
correct, we shall adopt this usage in our report.

An unconformity separates the black shales from un-
derlying Albian to Barremian sediments (Units 6-10).
These Lower Cretaceous sediments are also enriched in
organic carbon (Table 4 and Superlog). Several samples
with very high TOC values (3-6%) contain large plant
fragments (Batten et al., this volume). Highest TOC val-
ues and greatest enrichment in macroscopic plant frag-
ments occur in the oldest sediments (bottom half of
Unit 10; Rat et al., this volume). Background enrich-
ment is rather modest, however; the rock matrix, ex-
cluding macroscopic plant fragments, contains less than
1% TOC.

Carbonate contents vary from 5 to 97% in the Ter-
tiary and Quaternary section (Units 1-3). Sediments
with low carbonate contents are much rarer than at Site
548; most of the post-Mesozoic section comprises nan-
nofossil oozes.

Carbonate contents are low in the black shales of
Unit 5, and average (with much fluctuation) about 50%
in the Albian and upper Barremian sediments (Unit 6).
The lower Barremian sediments (Units 8-10) are mostly
carbonate free, although calcareous layers are present
intermittently (see Superlog).

Because clayrich sediments recovered on Leg 80 con-
tain both organic and inorganic nitrogen (Waples, “Ni-
trogen”, this volume), atomic C/N ratios must be used
with caution as indicators of organic matter type and
diagenesis. If organic nitrogen is considered alone, it
can be seen that the upper Cenomanian black sediments



of Unit 5 differ substantially from the Albian-Barremi-
an sediments of Units 6-10 (Table 4). Atomic C/N,,, ra-
tios have values of nearly 80 for the Albian-Barremian
sediments but of less than 20 for the upper Cenomanian
samples. These differences are related to the types of or-
ganic matter that contribute to each group of samples:
the upper Cenomanian samples contain organic matter
from both marine and terrestrial sources, whereas the
Albian-Barremian cores are dominated by woody and
coaly terrestrial organic matter (Cunningham and Gil-
bert; Waples, “Nitrogen”; and Waples and Cunningham,
all this volume).

Rock-Eval Pyrolysis

The hydrogen indices of samples from all lithologic
units at Site 549 are well within the Type I1I range on the
Van Krevelen diagram (Fig. 22), with the exception of
the black shales from Unit 5 (discussed below). Hydro-
gen indices range from 0 to 150 mg HC/g TOC, suggest-
ing that the sedimentary organic matter is terrestrially
derived. The highest hydrogen indices among samples
containing Type III organic matter occur in sediments at
the bottom of Unit 10 (Table 4). The T, values (aver-
age 418°C) and moderate oxygen indices (average 150
mg CO,/g TOC) indicate an immature state of thermal
maturity for the organic matter in these sediments.

The black shale interval in Section 549-27-1 (Unit 5)
has much higher hydrogen indices than the rest of the
section at Site 549 (Table 4). The hydrogen indices (aver-
age 317 mg HC/g TOC) are in the Type II-III range on
the Van Krevelen diagram, indicating an approximately
equal mixture of marine and terrestrial organic matter.
The low T, values (average 423°C) suggest that these
samples are also thermally immature.

Organic Facies

Two distinct organic facies are present at Site 549:
terrestrially dominated and mixed terrestrial-marine. A
background of terrigenous organic matter dominates all
sediments recovered at this site. The accumulation of
terrigenous organic carbon was maximum in the early
Barremian, probably as a result of high sediment accu-
mulation rates in the synrift sediments in combination
with proximity to land. These sediments, which were de-
posited in a well oxygenated environment, are extensive-
ly bioturbated. The presence of local concentrations of
pyrite of both micro- and macroscopic size indicates
that reducing microenvironments existed within the sed-
iments, particularly in the vicinity of large organic par-
ticles, but does not require the presence of an anoxic wa-
ter column above the sediments. The organic richness of
some samples (up to 5.8% TOC) is due solely to the
coarse size and poor biodegradability of the woody
fragments.

The Unit 1 to 4 sediments, in contrast, were appar-
ently laid down in a well oxygenated pelagic setting.
They contain less organic material for that reason and
because land sources were much more distant.

Mixed marine and terrestrial organic matter occurs
only in the black shale interval of late Cenomanian age
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(Unit 5). Fine laminations, organic carbon enrichment,
and preservation of marine organic matter suggest that
the black shale was deposited during a brief period of
bottom water anoxia. The mechanism by which the
black shale formed was exceptional in the sedimentary
history at Site 549. Whether the brief anoxic episode
was caused by a general oceanic anoxic event or by local
events is discussed elsewhere (Cunningham and Gilbert;
Graciansky and Gillot; Waples and Cunningham; and
Waples, “Anoxia”, all this volume).

PALEOMAGNETISM

In the Miocene and Oligocene the frequency of the
geomagnetic field reversals is relatively high. Therefore,
since the Miocene section is very condensed (Fig. 19), it
has been impossible to define a magnetostratigraphy.
The Oligocene to upper Eocene section is more com-
plete, and an attempt has been made to identify specific
magnetic anomalies within the section.

The results from the upper part of Hole 549 (down to
the unconformity between the upper Paleocene and Up-
per Cretaceous sediments) enabled a polarity stratigra-
phy to be constructed for the middle Eocene to upper
Paleocene section. This continuous stratigraphic se-
quence should enable a detailed correlation between the
magnetostratigraphic and biostratigraphic studies to be
made.

The section of Mesozoic sediments below the Paleo-
cene/Maestrichtian unconformity is less complete than
the overlying Paleogene sequence (Fig. 19). Two short
normal polarity intervals in the Maestrichtian and Cam-
panian are tentatively correlated with Anomalies 32 and
33. These are preceded by a long normal polarity inter-
val (Cores 24-93) that is thought to represent the Creta-
ceous magnetic quiet zone (Townsend; and Hailwood
and Folami, both this volume).

PHYSICAL PROPERTIES

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

DOWNHOLE LOGGING

The dual induction, gamma ray, and caliper logs run
at this site gave good results, but the sonic velocity log
was erratic. A second logging run was made with poros-
ity tools intended to provide density, neutron porosity,
and natural gamma ray information, but no results were
obtained because the tool was lost in the hole (see Site
Approach and Operations).

Interpretation
Unit 1 (0-27 m BSF)

The gamma ray log recorded through the drill pipe
was the only log recorded over this interval (Fig. 23).
The alternation of marly calcareous (5-25% CaCO;) nan-
nofossil ooze and foraminifer-nannofossil ooze (70% Ca-
CO,) is precisely recorded on the log (see Superlog).
Three main peaks of maximum clay content occur at 7
m, 13 m, and between 19 and 26 m. The shapes of the
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0 T T ] Table 4. Organic geochemical data for Site 549,
Core-Section ~ €CaCO3 TOC N Roek-Beal
{interval in cm) (%) (%) (%) C/N Tmax H-index O-index 51/(5) + 52)
100 -1 Hole 5494
I-1, 11-12 65 017  0.036 6.2 367 29 1265 0.62
1-2, 30-31 26 0.26  0.048 7.1 400 19 189 0.58
1-4, 35-36 T0 0.1l 0.024 6.0 irs n 2582 0.57
200 2-2, 15-16 66 013  0.026 6.7 mn 23 1951 0.57
—1 2-4, 15-16 16 0.30  0.045 8.9 420 27 737 0.33
3-2, 4344 5 0.66 0066 13.4 428 36 n7 0.27
4-1, 15-16 47 033 0.048 9.0 383 70 673 0.18
4-5, 15-16 B6 0.07 0.014 T.2
5-2, 15-16 86 0.06 0.012 6.8
300 — 5-4, 15-16 85 0.07  0.014 6.7
6-1, 125-126 93 0.05 0006 102
74, 9-10 9
8-2, 21-22 93 0.04  0.006 9.3
86, 10-11 90 0.04 0.007 8.2
400, 9-2, 10-11 93 0.04  0.006 9.2
= 9-4, 10-11 9 0.03  0.006 1.5 _ 67 5067 0.33
11-2, 16-17 88 0.04 0.007 1.5
11-4, 16-17 87 0.04 0.007 7.1
—_ 12-2, 55-56 93 0.03  0.005 8.1
E 132, 5-6 88 006 0.009 9.5
£ 500 = 14-2, 25-26 89 0.08 0010 102 368 25 1988 0,50
s- 15-2, 5-6 95
o 16-2, 5-6 88 0.04  0.007 7.2
17-2, 5-6 97
18-1, 5-6 90 005  0.007 8.7
22,CC 27-28 91 0.02  0.005 6.4
600 - 242, 5-6 95 0.01 0003 5.3
25-2, 5-6 86
26-1, 37-38 B9 0.02  0.005 5.4
27-1, 37-38 B9
2B-1, 56-57 90 0.03  0.007 6.5
700 — 33.1, 29-30 B4 0.04  0.008 6.0
34-1, 30-31 89
351, 30-31 86
36-1, 10-11 95
37-1, 10-11 B9
38-1, 11-12 B4
800 = 391, 11-12 6 005 0010 69
41-1, 7-8 85 0.05  0.010 6.7
+ 42-1, 3-4 5 0.05 0.015 4.8
Hole 549
900 - 22, 44-46 82 004 0009 52 — 0 0 =
4.2, 58-59 B3 0.05  0.010 6.1
— — 5-2, 571-58 75
- - - 6-5, 63-64 70 — (i} 0 —
o 7.2, 29-30 62 008 000 4.9
1000 1 1 1 | 1 8-2, 72-73 69 0.05 0016 4.1
o 1 2 3 4 5 6 9-2, 56-57 74
10-2, 45-46 76
TOC (%) 10-5, 51-52 72 006 0013 61 — 0 0 =
i 11-2, 59-60 15 0.15  0.026 7.5 - o 0 -
Figure 21. Plot of TOC versus burial depth at Site 549 :;? ::9_..}; 10 iz 0.10 0032 42
132, 43-44 62
o . . 142, $5-56 63 007 0016 S8
curves suggest a symmetric (i.e., cyclic) alternation of MBI B e i
clayey and calcareous units, an inference that agrees 08 W L e o 0 ] -
with the climatic cyclicity suggested by other evidence. 82,3536 4 '
19-2, 41-42 63 0.05  0.009 6.3
20-5, 9-10 5 0,10 0.021 6.3
Unit 2 (27"'216'5 m BSF) 21-2, 19-20 73 0.09 0.015 19 415 202 500 0.83
7 g 22-1, 43-44 94 0.16 0.017 13.0
The gamma ray log recorded through the drill pipe 22, W5-106 95 004 000 126
was the only log recorded in the upper part of this inter- 2421819 92 004 0005 116
val (down to 110 m BSF; Fig. 23). Entry from the drill Sy o G A BL o= ¢ » =
i i - 26-1, 24-25 B4 005 0.007 95— 0 0 —
stem into the open hole is recorded by a marked deflec Toah o Sk Mm W = 2 0 -
tion of the gamma ray curve at 110 m. Unit 2 may be 271, 29-30 31 3137 0.166 253 428 116 46 0.01
a w 27-1, 42-43 3 028 0.021 17.3 415 54 100 0.17
subdivided as follows: 271, 50-51 o 351 0162 2001 418 318 by 0.04
27-40 m: Cyclic alternation of clayey and calcareous Wiz 5 o0 oo 18 ! -
1 1 1 1 1 3 3 29-1, 19-20 67 0.05 0.006 11.2
htho_logles, with maximum gamma ray intensity (i.e., e & O TN I W i Vi o
maXImum CIay) at 30 m. s ;:bf:cﬂ 53 Sr: 0.25  0.017 19, !I :ﬂ 16 144 g:g
40-195 m: The gamma ray curve is remarkably regu- 351,78 15 029 0013 293 425 38 138 0.15
: * 36-1, 20-21 49 0.46 0023 249 421 39 78 0.06
lar, with low Values corl'espondlng to very homogﬁne‘ 37-1, 31-32 23 0.72 0.042 220 417 13 61 0.10
i i = = 37-2, 32-33 2 0.49  0.033 185
ous, !’ugl_lly calcareous sedu'ner'lt (85-90% average). Re g v 5 e sa: e
sistivity is somewhat more variable. 860 B 24 Y@ Ds . s .
195-276.5 m: Caliper, gamma ray, and resistivity curves 4213839 72 052 0016 404 426 7 50 0.25
Per, g Yy y
are slightly more undulating, corresponding to litholo- Srum B om o N3 @ 1 &  om
gies that are more variable than those above. Gamma Wit b eas Onie ixs
ray average values increase from top to bottom as calci- shoie & 00 O B A 3 1s 0.67
um carbonate content decreases from 85% at the top 474,723 40 026 0018 193
(Cores 40-41) to 60 to 70% at the bottom (Cores 8-9). hioy W R S
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Table 4. (Continued).

Core-Section  CaCO3 TOC N _ Rock-Bwl
(interval in cm) (") (o) (%a) C/N Tpax H-index O-index 5y/(5; + 53)

Hole 549A (Cont.)

54-2, 91-92 3 026 0030 119 417 12 103 0.25
552, 114-115 52 021 002 127

56-1, 44-45 B0 0.09 0010 131 417 1 289 0.50
57-2, 53-55 16 042 0036 143 422 17 a3 0.13
58-2, 38-39 24 0.40 0.030 17.8 425 20 88 0.20
59-3, 52-53 21 0.47 0036 17.6

60-5, 127-128 52 027 0015 240 418 15 107 0.20
61-2, 107-108 24 036 0025 192 412 29 108 0.08
70-1, 30-31 1 030 0.038 104 427 13 a0 0.33
70-1, 75-76 1 0.37 0036 133 418 27 57 0.09
72-1, 94-95 16 067 0,043 206 414 S8 55 0.05
73-1, 51-52 25 047 0028 221 409 0 0 —
74-2, 24-25 8 047 0029 21.4

75-2, B1-82 33 035 0025 181 412 23 206 0.11
75-4, 14-15 4 006 0028 7.6

76-2, 51-52 9 0.0 0.034 306

78-1, 30-31 34 0.07 0025 36 415 14 571 0.29
79-1, 7-8 0 420 0101 546 415 15 40 0.05
79-1, 79-80 4 027 0024 150 412 15 167 0.20
80-1, 80-81 6 421 0.02
80-2, 26-27 11 0.1 0.012 69 426 18 546 0.33
B1-1, 56-57 0 010 003 41

81-2, 4748 0 036 0036 135 431 25 19 0.18
82-1, 28-29 19 026 0020 167 414 27 309 0.13
82-1, 126-127 2 008 0033 32 414 25 400 0.60
822, 11-12 0 019 004 62

82-2, 71-72 1 091 0.043 283 415 40 122 0.16
83-2, 57-58 0 D13 0026 6.6

83-2, 73-74 0 0.10 0016 85 420 54 100 0,30
B4-1, 3-4 0 019 0024 103

84-1, 130-131 2 152 0.040 502 425 49 74 0.03
84-2, 29-30 0 0.31 0032 128 423 84 68 0.07
84-2, 97-98 0 012 0023 69

85-1, 69-70 2% 0.38 0032 157

85-1, 100-101 1 162 0.045 48.1 422 134 50 0.01
852, 38-39 4 301 0.065 605 418 95 64 0.01
85-2, 40-42 14 243 0.057 558 412 102 53 0.04
86-1, 120-121 0 022 0042 70

B6-2, 118-119 4 0.81  0.040 269 416 40 %0 0.06
87-1, 137-138 2 275 0059 60.6

87-2, 82-83 4 041 0027 205 421 34 127 0.16
87-3, 19-20 35 041 0031 174

88-1, 44-45 62 026 0020 17.0 414 a2 242 0.08
88-2, 63-64 2 007 0030 3.0

88-3, 28-29 0 015 0044 46 417 1 73 0.50
88-3, 121-122 0 060 0051 156

§9-1, 95-96 63

£9-2, 38-39 62 0.25 0.020 146

89,0C 29 013 0024 69

90-1, 113-114 0 075 0,030 327

90-3, 19-20 1 057 0038 19.5

91-1, 6-7 1 113 0.066 630 416 134 225 0.02
912, 20 0 582 0.086 893 415 91 88 0.03
91-2, 70 1 072 0023 407

92-1, 85 0 428 0092 611 416 152 129 0.04
92-1, 104-105 0 391 0069 749 407 137 65 0.07
93-1, 83-84 2 133 0.049 357 415 19 41 0.04
932, 16-17 1 0.63 0023 362 408 35 44 0.04
94-1, 141 4 0.05 0.017 3.6

Note: Blanks denote that Rock-Eval pyrolysis was not done; dashes denote that no value was deter-
mined during pyrolysis; zero denotes that that value was yielded by pyrolysis.

Unit 3 (276.5-382 m BSF [cores];
276.5-383 m BSF [logging))

There is no sharp logging discontinuity at the bound-
ary between Units 2 and 3, even though lithology changes
across the boundary (Fig. 23). Differences between
Units 2 and 3 may be indicated in the gamma ray record
by more variable lithologies in Unit 3, i.e., alternations
of more clayey and more calcareous beds, with progres-
sive changes from one facies to the other. The bounda-
ries between our subdivisions of Unit 3 (3a to 3d) are
not obvious from the logs. However, there are large-
scale undulations in the gamma ray curve that corre-
spond to variations in CaCO, and clay contents; these
are accompanied by smaller alternations and may be de-
scribed as follows:

276.5-290 m: Relatively low gamma ray values ac-
company calcareous beds (about 75% CaCO; in Cores
10 and 11).
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290-297 m: Higher gamma ray and resistivity values
correlate with more marly sediments (average 40% Ca-
CO,). Caliper log also suggests a greater degree of cav-
ing within this interval.

297-320 m: A generally lower gamma ray value ac-
companies sediments with higher CaCO; content (60-
65%). Sharp peaks of higher intensity indicate clayey in-
tercalations.

320-345 m: Higher gamma ray values accompany a
more marly interval (60-65% CaCO;).

345-368 m: Lower gamma ray values accompany
more calcareous sediments (less than 60% CaCOs;).

368-379 m: Lower resistivity and higher gamma ray
values than below and above accompany a more clayey
unit. A marked intensity peak at 377 m indicates the ac-
cumulation of radioactive material. This peak has no
counterparts on other logging curves; it is probably re-
lated to the unconformity observed between lower Pa-
leocene white chalks (Unit 3) and upper Paleocene
brownish marls (Unit 4).

The shape of the gamma ray curve at the boundary
between the Upper Cretaceous white chalks and brown-
ish upper Paleocene-Eocene marls is remarkably similar
to the shape of the curve at the same point at Site 548.

Unit 4 (382-426.6 m BSF [cores];
383-429 m BSF [logging])

Below the intra-Paleocene unconformity, white nan-
nofossil chalks are characterized by a uniform lithology
that is rich in calcium carbonate (90-95%). This sedi-
ment produces a smooth gamma ray curve, although the
resistivity curve is irregular (Fig. 23). The slumped beds
of Core 23 (around 400 m BSF) are not apparent from
the log.

Unit 5 (426.6-479 m BSF [cores];
429-479 m BSF [logging])

The color contrast between Maestrichtian-Turonian
white chalks and Turonian to Cenomanian greenish gray
chalks, which also corresponds to a difference in CaCO;
content (from 90-95% in the former to 65-90% in the
latter), correlates well with a sharp change in the gamma
ray and resistivity curves (Fig. 23).

The black shale layer of latest Cenomanian age (Core
27), which has widespread counterparts in the Creta-
ceous sediments of northwestern Europe, is recorded as
a distinct double peak in the gamma ray curve and a low
resistivity value. Only 33 cm were recovered in the in-
complete core, and the convention used for core record-
ing fixed the depth of the shale at 436.20 m. The logging
record, however, shows that the shale spans the interval
from 439 to 440 m BSE.

Unit 6 (479-664.15 m BSF [cores];
479-660 m BSF [logging])

The boundaries of Unit 6 are defined by marked de-
flections in the gamma ray and resistivity curves (Fig.
23). Within Unit 6, layers with relatively low gamma ray
and high resistivity values regularly alternate with layers
showing higher natural radioactivity and lower resistivi-
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Figure 22. Van Krevelen diagram for Site 549.

ty. These fluctuations correspond to alternations be-
tween lithologies having more carbonate (50-80% Ca-
CO,) and less carbonate (15-20% CaCQOs), respectively.

479-520 m: Average gamma ray values are relatively
low, corresponding to the presence of calcareous beds
within this interval.

520-590 m: Average gamma ray values are relatively
high, and the resistivity curve is smooth. These charac-
teristics suggest a lithology that is relatively homogene-
ous and rich in clay. There is an exception in Cores 38
and 39 (530-550 m), where fluctuations in gamma ray
intensities indicate the alternation of calcareous and
marly horizons.

590-660 m: Fluctuations in gamma ray intensity are
most pronounced in this interval, indicating great varia-
tion in CaCO; and clay contents. Between 615 and 645 m
there are high gamma ray values that probably arise
from relatively soft marly beds, beds that might also ac-
count for the poor recovery in Cores 47 to 50.

Some of the fluctuations in the gamma ray curve in
Unit 6 are asymmetrical; gradual increases in intensity
uphole are followed by sharp decreases (Fig. 23). This
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asymmetry suggests a gradual transition from calcare-
ous to marly beds followed by a relatively abrupt return
to more calcareous sedimentation. At least five such se-
quences between 5 and 10 m thick are apparent (Fig.
23).

Near the boundary between Units 6 and 7 (664 m),
there is a strong peak in the gamma ray curve that may
represent the unconformity responsible for the absence
of most or all of the Aptian section.

Unit 7 (664.15-673.85 m BSF [cores];
660-669 m BSF [logging])

The calcareous and dolomitic sandstone of Unit 7 is
characterized by low gamma ray intensity and high resis-
tivity in the logging curves (Fig. 23). A peak of gamma
ray intensity and a corresponding low resistivity around
667 m may represent unsampled argillaceous horizon.
The hardness of Unit 7 caused very slow drilling, which
required the use of mud pumps. The increased hole size
immediately above Unit 7 was probably caused by pump
pressure.



Unit 8 (673.85-755 m BSF [cores];
669-752 m BSF [logging])

Smooth logging curves suggest that the sediments in
Unit 8 are homogeneous except near the base (Core 60,
744-748 m), where a decrease in gamma ray and resistiv-
ity values corresponds to a coarser detrital facies (Fig.
23).

Unit 9 (755-801.5 m BSF [cores];
752-805 m BSF [logging])

Low gamma ray intensity and resistivity in the upper
part of Unit 9 characterize the poorly recovered grain-
stone sequence (Fig. 23). Near the base, there is an in-
crease in both parameters that documents the occur-
rence of finer grained packstones and wackestones (800-
805 m).

The resistivity gradient suggests that porosity de-
creases from the top to the bottom of Unit 9. The self
potential curve shows that the interstitial water between
750 and 800 m was more saline than the fresh water of
the drilling fluid.

Unit 10

Subunit 10a (801.5-843 m BSF [cores];
805-846.5 m BSF [logging])

This subunit has generally high gamma ray and resis-
tivity values, although small-scale variations of consid-
erable magnitude occur throughout (Fig. 23). These var-
iations correlate with the alternation of calcareous and
argillaceous beds. The logs suggest an upward increase
in the number of calcareous beds, although preliminary
examination of the cores indicates approximately equal
distribution of calcareous and argillaceous lithologies.
An interval of low natural radioactivity and low resistiv-
ity in Sections 549-75-2 and 549-75-3 can be correlated
with a 2.3 m oolitic grainstone.

Subunits 10b to 10d (843-964.5 m BSF [cores];
846.5-965 m BSF [logging])

Wide fluctuations in the gamma ray and resistivity
curves occur throughout Subunits 10b to 10d, as would
be expected from the wide variety of lithologies in the
cores (Fig. 23). No precise interpretation of the logs is
possible because of the limited number of parameters
recorded. However, in general, relatively pure sand-
stones can be correlated with intervals of low natural ra-
dioactivity and low resistivity. Claystones have high ra-
dioactivity and medium to high resistivity, and lime-
stones have low radioactivity.

Unit 11 (964.5-1001.5 m BSF [cores];
965-?* [logging])

The basement rocks (with the exception of the upper
2 m) are highly resistive and moderately radioactive
(Fig. 23). The lower resistivity observed in the upper 2 m

4 Logging tools could not reach the bottom of the hole because of rock fallen from
above; therefore, the logging curves do not indicate the actual terminal depth of the hole.
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may indicate the weathering of the Hercynian basement
to that depth.

CORRELATION OF SEISMIC PROFILES WITH
DRILLING RESULTS

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

SUMMARY AND CONCLUSIONS

Site 549 (2535.5 m water depth) is located above the
seaward tip of a tilted basement high, near the upper
edge of the Pendragon Escarpment, which truncates the
seaward slope of the Goban Spur (Fig. 24). After having
thoroughly cored thick postrift sediments at Site 548, we
drilled Site 549 to penetrate the synrift sediments. The
most desirable location for synrift coring would have
been updip in the middle of the associated half-graben,
where the synrift sediments are considerably thicker (about
1200 m) and are more completely represented. Site 549
is a compromise location that provided basement, syn-
rift, and postrift strata in a single, nonreentry hole.

The chief objectives at Site 549 were to determine the
age, nature, and subsidence history of the basement; the
age, nature, and paleoenvironmental setting of the syn-
rift and postrift rocks; and the age and nature of the
principal reflectors and seismic unconformities displayed
on our control seismic line IOS CM 10.

These objectives were achieved, albeit with some dif-
ficulty. Core recovery was approximately 50% of that
attempted (511.8 of 1001.5 m), and, unfortunately, it
was poor in some critical intervals, such as the synrift/
postrift contact. Completion of only one downhole log-
ging run and the poor sonic record from that run ham-
pered correlations somewhat, but the resistivity and
gamma ray records allowed adequate lithologic interpre-
tation of most of the poorly recovered sections.

The most important achievements were the documen-
tation of nearly 300 m of Barremian synrift strata over-
lying Hercynian basement; the dating of the postrift un-
conformity as late Barremian-early Albian; the recovery
of an almost uninterrupted, richly fossiliferous, upper
Paleocene to upper Oligocene sequence; and the correla-
tion of six major seismic reflectors with stratigraphic
gaps in the cores.

Hercynian Basement

Basement was penetrated for 37 m, and 9.5 m of foli-
ated micaceous sandstone were recovered. Nearly verti-
cal bedding, slight metamorphic cleavage, subhorizontal
micaceous lineations, and sericite oriented parallel to
the foliation are clear indications that the sandstone
participated in the Hercynian tectonism of the Paleozoic
basement. No fossils were recovered from these strata.
The radiometric dating of micas yielded a Cambrian
age, but the lithology of both onshore sections and the
basement at Site 548 led us to believe that they were de-
posited during the Devonian (Lefort et al., this volume).

Barremian Synrift Deposits

Beneath Site 549 the Barremian sequence appears as
a thick lens of distinctive, high-amplitude, discontinu-
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Figure 23. Downhole geophysical log for Site 549.
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Figure 24. Segment of multichannel seismic profile CM 10 across Site 549 (see Fig. 2A).

ous seismic reflectors that form a depositional high be-
neath the site (Fig. 24). The seismic characteristics
change rapidly both updip and downdip from the site.
On the downdip side, some reflectors near the base and
at the top of the lens have the arched geometry that is
often characteristic of carbonate buildups.

Our cores reveal a 290 m sequence of Barremian sedi-
mentary rocks that accumulated rapidly (97.3 m/m.y.)
during a transgression of marine waters over the up-
raised basement block. This transgression is in evidence
as a series of four lithologic subunits (Subunits 10d to
10a). The basal part of the transgressive sequence (Sub-
unit 10d) comprises 150 m of noncalcareous terrigenous
mudstones and interbedded calcareous mudstones that
contain several assemblages of hyposaline microfossils
and abundant terrestrial plant debris. Thus, the early
Barremian deposition took place in coastal environ-
ments in which hyposaline conditions frequently alter-
nated with shallow marine ones (Rat et al.; Magniez and
Sigal; Batten et al.; and Mazzullo et al., all this vol-
ume).

The second, compositionally more complex part of
the transgressive sequence is represented by 40 m of
vuggy skeletal packstones and wackestones that have
been cemented as grainstones by several phases of diage-
netic recrystallization (Subunit 10c). The diverse micro-
and macrofauna (e.g., bryozoans, crinoids, solitary cor-
als, milleporids, trocholine foraminifers) in conjunction
with scattered oncolites and ooliths appear to be the
products of the mixing of several different carbonate fa-
cies. A complicated cyclical alternation of the carbon-
ates and silty clays is hinted at in one core, but poor re-
covery in this interval limits the precision of this inter-
pretation.
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The third and last part of the Barremian transgres-
sion deposited 120 m of calcareous sandy mudstones
that contain planktonic foraminifers and calcareous nan-
noplankton typical of open marine, outer sublittoral pa-
leoenvironments (Subunits 10a, b).

Similar three-part transgressive cycles are characteris-
tic of many Lower Cretaceous formations in western
Europe. In the Cantabrian Mountains of northern Spain
and in the western Pyrenees, which were much closer to
the Goban Spur during the Barremian than at present,
the carbonate sequences equivalent to our Subunit 10c
built broad platforms (Urgonian facies) during several
cycles of progradation and regression that lasted from
the Barremian to the late Aptian (Rat et al., this vol-
ume). In some places (such as the western Pyrenees), the
cycles persisted even into the Albian. In most of these
places the growth of the carbonate platforms matched
the rise in sea level (or the subsidence rates) and persist-
ed for long periods of time. At Site 549, the 40 m Barre-
mian carbonate section represents only approximately
0.6 m.y. of accumulation, but a few hundred meters
northeastward, the presence of arching reflectors sug-
gests that small carbonate buildups may have persisted
there throughout most of the Barremian (about 5 m.y.).

Postrift Unconformity

The postrift unconformity at Site 549 separates upper
Barremian from lower Albian rocks. The uppermost
part of the Barremian stage, most or all of the Aptian
stage, and a part of the Albian stage are missing at an 8
m.y. hiatus. This hiatus corresponds closely to the ma-
jor middle Aptian sea level drop and accompanying
global unconformity (112 m.y.) indicated by Vail et al.
(1977). A high-amplitude reflector marks the uncon-



formity on seismic profile CM 10 and can be traced
from its apparent outcrop on the Pendragon Escarp-
ment (Masson et al., this volume). Only the upper two-
thirds of the Albian sequence is present beneath Site
549.

The basal unit tentatively assigned to the Albian sec-
tion is a 6 to 7 m layer of hard (acoustic velocity 5000
m/s), sandy dolosparite of uncertain age and origin. We
have tentatively assigned it to the Albian, but it may be-
long to the upper Barremian or Aptian.

Above the dolosparite there are 185 m of gray calcar-
eous siltstones that contain middle or outer sublittoral
micro- and nannofossils and scattered belemnite re-
mains. This part of the Albian sequence can be divided
into two subunits on the basis of downhole logging and
the shipboard measurement of physical properties, al-
though none of the lower, higher velocity subunit (veloc-
ity 2500 m/s) was recovered. The recovered upper sub-
unit displays an irregular alternation of calcareous beds
(as much as 83% carbonate) and clayey beds (as little as
5% carbonate). Such alternations are characteristic of
Lower Cretaceous beds in Tethyan and other eastern At-
lantic areas (Graciansky and Gillot, this volume). Alter-
nating sequences are also present in coeval beds at Site
402, but there they incorporate turbidite beds and am-
monite-bearing layers (Montadert, Roberts, et al., 1979).

The dark Albian strata are similar to the black shales
of the mid-Cretaceous anoxic event discussed in recent
literature (e.g., Schlanger and Jenkins, 1976). However,
at Site 549 the total organic carbon rarely exceeds 0.5%
(maximum 0.72% in a single sample). The organic mat-
ter is wholly of terrestrial origin and is visually evident
in the form of patchily abundant woody debris. Lack of
marine organic carbon and ubiquity of bioturbation in-
dicate well oxygenated bottom waters. The prevailing
dark color seems to be, at least in part, the result of mi-
cropyrite disseminated throughout the Albian beds (Wa-
ples and Cunningham; Cunningham and Gilbert; Wa-
ples, “Reappraisal;” Batten et al.; and Fauconnier, all
this volume). Other mid-Cretaceous dark-colored shales
deposited under oxidizing conditions have been recov-
ered at Sites 400 and 402 in the Meriadzek area (Tissot
et al., 1980), Site 398 on Vigo Seamount off Portugal
(Deroo et al., 1979), and at several sites in the North
American Basin (Tissot et al., 1980).

Albian rates of sediment accumulation were almost
as high (93 m/m.y.) as those of the Barremian (97.5 m/
m.y.). High rates of deposition and increasing amounts
of terrigenous components also characterize Albian strata
throughout most of the North Atlantic (in shelf as well
as oceanic basins). This is demonstrated vividly along
the U.S. Atlantic margin, where Aptian-Albian siliciclas-
tics buried shelf-edge reefal banks and supplied large
quantities of terrigenous debris that were incorporated
in the Hatteras Formation of the North American Basin
(Poag, 1980, 1982a, b, in press).

Middle Albian-Cenomanian Unconformity

A 19 m coring gap that separates middle Albian from
Cenomanian strata also encompasses a probable 14 m.y.
hiatus in which the upper Albian and lower Cenoma-
nian are missing, as indicated by extrapolated sediment
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accumulation rates, downhole log analysis, and the in-
terpretation of the seismic sequences. A late Albian-Ce-
nomanian gap is known at other widely scattered sites
(including shelf, slope, and rise locations) around the
North Atlantic. These unconformities may be associ-
ated with the major early Cenomanian (97 m.y.) sea lev-
el drop and unconformity indicated by Vail et al. (1977)
and/or other paleoceanographic changes possibly caused
by the initial interconnection of the South Atlantic and
North Atlantic waters.

Upper Cretaceous Deposits

As rapid subsidence and rising sea level submerged
the Goban Spur during the late Cenomanian-Maestrich-
tian, 100 m of varicolored pelagic chalk downlapped the
underlying Albian high at Site 549, accumulating at a
severely reduced rate compared to that of the Albian
(drop from 93 to 3.5 m/m.y.). It is clear that the lower
part of the Cenomanian sequence is missing beneath
Site 549 (Magniez and Sigal; and Miiller, this volume),
but it is better represented, if not complete, northeast-
ward in the half-graben (Fig. 24 and Masson et al., this
volume). Sedimentary thinning across the Albian depo-
sitional high (beneath Site 549) and proximity to the
Pendragon Escarpment may have produced additional
small stratigraphic gaps, although at least a part of each
standard Upper Cretaceous stage is represented by diag-
nostic biota.

An especially notable aspect of the upper Cenoma-
nian chalk sequence is the presence of a 1.4 m interval
of radiolarian cherts and volcanic ash. The sequence is
interbedded with a laminated black shale that contains
organic carbon (TOC 3.5%) of at least partly marine
origin. This deposit may have resulted from local up-
welling that produced anoxic bottom waters for a short
period at Site 549. Black shales of Cenomanian-Turoni-
an age are common in the North Atlantic, and they also
have been thoroughly documented in northwest Europe
and in Cretaceous sediments from the western part of
the U.S.A. (Graciansky et al., 1984).

Lower Paleocene Gap

The Cretaceous-Tertiary contact at Site 549 is an un-
conformity (approximately 5 m.y. hiatus) between the
upper Maestrichtian and the upper Danian. The contact
appears as a continuous high-amplitude reflector on
line CM 10 that truncates the Upper Cretaceous reflec-
tors beneath the site. A more complete Paleocene sec-
tion is present in the half-graben updip.

The contact is also marked by an upward decrease in
carbonate (75-95% vs. 45-65%), a change in acoustic
impedance, and an increase upward in remanent magne-
tization (Townsend, this volume). A nearly coeval hiatus
has been documented also at nearby Sites 400, 401, and
548. A major sea level drop and unconformity (60 m.y.)
indicated by Vail et al. (1977) coincide approximately
with this hiatus.

Upper Paleocene to Upper Oligocene

The sedimentary mound beneath Site 549 was still
high enough to cause thinning over its crest during the
early part of the late Paleocene, but during the latest Pa-
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leocene the submarine topography was finally smoothed
by filling of the half-graben depression and burial of the
mound (Fig. 24). Burial of the mound seems to have
contributed to the subsequent accumulation of a thick
(180.5 m), nearly continuous sequence of bathyal Pale-
ogene deposits. This exceptionally complete, richly fos-
siliferous sequence provides an unparalleled stratigraphic
reference section for the upper Paleocene to upper Oli-
gocene interval. Its suitability for fine resolution of strati-
graphic sequences is further enhanced by the recogni-
tion of a sequence of magnetic polarity reversals within
this interval.

The upper Paleocene and lower Eocene strata were
rapidly deposited (28.5 m/m.y.), are typically brownish,
gray, or gray green, and are characteristically enriched in
terrigenous clays probably derived from the European
landmass, which was widely emergent during this time
(Graciansky and Poag, this volume). Volcanic episodes
in the Rockall Bank region may have contributed to the
significant number of volcanic ash layers. The lower to
middle Eocene contact, which was unconformable at
Site 548, is conformable here and is marked only by a
progressive but rapid color and lithologic change: the
clays and ash beds disappear upward and the brown col-
ors change to light greenish grays. The remanent magne-
tization, acoustic velocity, gamma ray intensity, and sed-
iment accumulation rate all decrease upward across the
boundary.

Light greenish gray, bathyal nannofossil chalks per-
sisted from the middle Eocene to the late Oligocene.
The only significant measured changes are an upward
decrease in acoustic velocity across the Eocene/Oligo-
cene boundary and a deflection in the sediment accu-
mulation curve that suggests a small hiatus in the late
Oligocene. A coeval late Oligocene unconformity was
noted at Site 548, and both may be related to the major
late Oligocene drop in sea level postulated by Vail et al.
(1977).

Miocene

Only subtle color variations separate the upper Oli-
gocene chalks from those of the Miocene, although the
contact is unconformable, according to nannofossil bio-
chronology (a hiatus of about 5 m.y.). This constant li-
thology and color also mask at least one additional 5
m.y. biostratigraphic gap within the middle to upper
Miocene beds. All together, only 20 m of chalk represent
the Miocene (approximate average accumulation rate of
only 2.0 m/m.y.). The seismic profile (Fig. 24) shows
that Site 549 is located at the downdip feather edge of a
lens of Neogene sediments.

Pliocene-Pleistocene

A strongly truncated series of seismic reflectors (Fig.
24) updip from Site 549 appears to represent the eroded
edge of a relatively thick Pliocene-Pleistocene wedge.
However, at Site 549 all the Pliocene section has been re-
moved, and lower Pleistocene sediments rest on the up-
per Miocene surface (5 m.y. hiatus). The thin veneer (27
m) of Pleistocene sediment contains all the standard fo-
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raminiferal and nannofossil biozones, but the thinness
of the unit suggests that parts of the Pleistocene se-
quence may be missing. As at Site 548, alternating mar-
ly and less marly beds reflect changing Pleistocene pa-
leoclimates and the attendant variability in terrigenous
detrital influx (Snyder et al.; Miiller; Pujol et al.; Caralp;
Pujos; and Labracherie, all this volume).

Conclusion

Through a combination of continuous coring and
downhole logging, we documented the stratigraphic re-
cord at Site 549 and reconstructed the depositional and
subsidence history of a typical part of the Goban Spur
continental margin.

The acoustic basement is part of a tilted continental
fault block composed in part of slightly metamor-
phosed Paleozoic sandstone, the subvertical foliation of
which reflects its participation in Hercynian folding.

Perhaps of most importance is the vivid sedimento-
logical and paleontological record of synrift submer-.
gence that took place during the Barremian. High sedi-
ment accumulation rates and near sea level paleoenvi-
ronments suggest that rapid tilting of the fault block
was matched by almost equally rapid deposition until
middle Barremian time, when deeper marine (outer sub-
littoral) conditions finally prevailed. Prerift deposition
was terminated at Site 549 by truncation of the Barremi-
an synrift deposits some time between the late Barremi-
an and early Albian.

Postrift deposition began with dark, sublittoral, cal-
careous Albian sandstones, and after a mid-Cretaceous
hiatus it continued as a thin series of bathyal Upper
Cretaceous chalks that appears to have been interrupted
by several minor hiatuses. Initial postrift subsidence of
the basement beneath Site 549 was rapid, as evidenced
by the submergence of the depositional surface from
near sea level (deposition and alteration of the basal Al-
bian(?) dolosparite) to about 1000 to 2000 m below sea
level (Cenomanian chalks) in the span of about 12 m.y.
(net subsidence rate of about 83 to 166 m/m.y.). A sub-
sequent deceleration of subsidence is verified by the
maintenance of bathyal depths (2000-3000 m) at the site
from the Cenomanian to the present (about 95 m.y.).

The Cretaceous-Tertiary transition is marked by an-
other major period of erosion and nondeposition, but it
is followed by remarkably quiescent Paleogene deposi-
tion that preserved an undisturbed series of bathyal nan-
nofossil chalks that span the late Paleocene to late Oli-
gocene interval. This depositional continuum was punc-
tuated by only one possible minor hiatus in the late
Oligocene.

The Neogene and Quaternary record is spotty. A thin
sequence of Miocene strata is interrupted by several un-
conformities, and it is separated from the Pleistocene by
a major gap that includes the entire Pliocene.

Six significant unconformities were dated and corre-
lated with shipboard geophysical measurements and our
control seismic reflection profiles in order to extrapolate
the core hole data across the entire fault block. Four of
these unconformities occupy stratigraphic positions that



are clearly coincident with global unconformities that
Vail et al. (1977) believe were caused by eustatic lower-
ings of sea level.

Site 549 will no doubt long remain an essential guide-
post to the complex interplay of faulting, subsidence,
variable sediment sources, sea level fluctuations, and
paleoclimatic cycles that have controlled the synrift and
postrift development of the Goban Spur and the north-
ern Biscay continental margin (Masson et al.; Graci-
ansky and Poag; and Sibuet et al., all this volume). The
extrapolation of these data, and the processes they im-
ply, will accelerate our understanding of the construc-
tion of other passive continental margins.
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i & = "
; Section 2, 85 cm—Section 3, 15 em: pale yellow (5Y 6/3) 1o light
e . =
. ".n."'.t"'i Maost of this core was broken inta 2-6 cm thick drilling blsuits, pepuinta e e and
-:L'_I_:_I_‘I.A.. SMEAR SLIDE SUMMARY (%): r.;:m 3, 16-60 cm: pale yellow hamagenaous foram.nanne
=) -, - 1,10 ]
@ 3 - -'-‘:—‘-i D Section 3, 8085 cm: light yellowish beown Foram-ranno chalk
2 Texture: 2 with cantorsd bacding, stamp(7)
PP ol Seppyl B B < Sand 0 i
a8 i Ryt St o b4 - . Section 3, 95 cm—Saction 4, 70 cm: pale yellow (257 7/4)
o B X gy By " ol ) i ey
=) ] Clay 70 Color grades 1o light yallowish brown (25 6/4) ot buse.
E » VoID Composition: " e )
Ouartz E-10 Soction 4, 70 cm throwgh Cose-Catcher: pale yailow (2,67 7/4)
E =) P e Bz o Clay 15 AM nanno or b chalk, ively b
= :'I_.I_'I-J._'L: WVolcanic gisu Tr Large burraw in Section 8, 3845, B3, and B cm,
T -J._I_-l..._l_-l. Carbonate unspee. 20
by _:-I-.I_-I-.I_-I- 0 Cale. nannofossils 50 SMEAR SLIDE SUMMARY (%)
4 - Spongs tpicale & . 1,46 2,80 3,60 450 6%
3 e —_—— 3 b 8 s o i
il R Y ORGANIC CARBON AND CARBONATE (%): Texture:
-l - AM
p Tl M Ty 2,56 T U] - 5 [ -
H Tl Carbonare ™ 5 5 Clay %0 100 e %5100
= 1 'I'_I..'L_l_"‘ E Compasiteon:
3 8 st i il - Quartz 5 5 5 5
4 i | Syt gt O = el - - - Tr
P et el ] i dipar 5
T Wik 4] Mica ™ - = - A
A CC L Cloy w2 1w w2
" Pyrite Tr - - = =
— Abrupt color Carbonats 20 n ] 0 20
4 urmpec.
change Foraminifars 10 = 5 5 -
Cale. nannofossits 40 B0 BB B0 ]
A Radiclarians Tr - - -
Sponge splcules - - - 1] -
ORGANIC CARBON AND CARBONATE [%):
2,45 551
Carbonate 76 72
5
A
AN
Lt 6
T
i i
o — i
 Norar e
7 Feigriy
T T
Anf am cC o e
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SITE E::s HOLE CORE 11 CORED INTERVAL 284.0-293.5m SITE 548  HOLE CORE 12 CORED INTERVAL 2835-303.0m
g FOSSIL ]
; g ?%m* j . | jcu:ﬁ'#sn
5 - e — |
o8 =1 1 of £ GRAPHIC - M i
| 2 ';5 L8|z El E | umoLogy LITHOLDAIG DEsCmPTION TE|EE|E § gl & Lo LITHOLOGIC DESCRIPTION
HEHEHEHEBHE + =H S H gl g | bmckdey o
2T |218/2|3 @ 4 £ 3 g &)=
R EE |8 H g
® |2 a 3 & & H g B 3
S A < i . s L n - A IJ. = n
L Section 1, D=130 am: light yellowish brown {26Y B4} nanne- B e 25Y 64
s | tossil chalk mettled with light groenish gray (SBG 7/1) veins. G B e T w— I Section 1, 0 em—Section 3, 130 cm: namotosul chatk mottled
Atundant {-0.5 mm) whine gpots, forams(7), aG a5 Pt e prades with light greenish gray [5BG 7/1) spots, wains, and burrows,
i ! L Saction 1, 130 cm—Section 2, 115 em: whale unit mottied with 1 o o S 1 Snction 3, 130 em—Section 4, 125 cm: yellewish becvn 1o dark
1 . light w.-unid.u gray [BBG 7/1) spats and weint, Aburdtant small P e i wullowish brown | 10Y R 5/4—4/4) nannofosiil chalk matthed with
1 (0.5 mm] whitn spate, = 1 e ’ 25veM light greenish gray spors, veine, and burrows, Large burrows at
Snction 2, 116 cr—Section 3, 20 em: nannofoiil chalk, = S — 16 and &3 cm,
N 3 2 r—rE—
i 2.8 574 Section 3, 20 cm—100 cm: nanno chalk mottled with grey veint & M _: s Section 4, 120130 cm: gradationsl contact, intenely burrowsd.
or 1pots, ® ra—— Section &, 130—160 cm: light greenish gray to greenish gray
Section 3, 100 cm through Core-Catcher: grayish hrown o light H o {BGY 7/1=BGY 6/1), biomrbated nannofossil cnalk.
4= T R w— o aedation alive brown (2.5 8/2~2.5Y B4} nannatossil chatk matuled with 'E o
z — S light greenish gray (BGY 7/1) vaing and spots, Large gray veins E el
" 2 bt {1 em) 31 39-41 and {120-121 em in Section 5. Abundant white O o e s
= = e s (0.5 mm), foeamal?). 2 o
t pedptemdy 257 404 T~
oM 2 D T D 25¢ 5 E 6 B 25Y &4 SMEAR SLIDE SUMMARY (%):
g g 2 —— H e 1106 3,77 4,68 4144
< ———— o9 I e it e e’ o o D D
=i s
3 S T— 257 5/B = cG I e e Lnlur-. . .
BT TRl Tt of SMEAR SLIDE SUMMARY [%): H it st = we -
T ¥rades 1,93 344 569 6112 6,140 it 1 v
3 e LEBAM RO SR 5 e o Quartz 5 5 10 5
oM e T 25Y dfd Texture: o S . Falcispar 5 = = =
e T T : T e S T Clay 0 Lo o s
g M " g:: foa 100 100 - = é‘, e Pyrite 5 u 5 -
T T I position: 4.
£ L & 1 3 = | ey R T n Cabonate umpee. 15 10 10 0
s e s s ::1';. & ': 5 W s : I —— Colcnannofossils 40 60 70 60
5 4 22 = - o o Radiotatians ™ - - T
= Clay 10 0 AL 5 10 o [T T T—
£ ‘Volcank: glass - T = - - ) Sponge spleules 1% 16 - 156
= - Pyrite - - 5 - - 2 =] S :
= I : e Corbonate unspec. 26 10 1 o i} E AM t—‘-""-—'—' - i " oamic MRMN'I&:IED ERTRONATEM:
4 =¥ =t Foraminifers - 5 - 0 - o e w—— .
g .’:‘4': Coe.nannofossils 15 80 60 15 40 2 4 I o — Chtonats “
" e T Radiclarisn - L m o - 5 R e
T .": Sponge wicules 18 10 5 oW 'I'I’.'; 5 b e
b - et inte hiaturbated
AQ s et ORGANIC CARBON AND CARBONATE [%): AG|AG - i el
R W — \ssvm SGY 61
::‘r“"""“' o 1:“ A Biaturbated nannotossil chalks
i W—— »
-3 1 i
5| =5
AG - L 1 L
cm
AG|
]
BGY /1 wwin
T E——— » of nanna chalk
i
-1I 4 i - i . I «| VOYR 4/4 nanno chalk
¢ e
7 o o
I n I A < i
aG|cm cC T P




SITE 548 HO 322
2 ILE CORE 13 CORED INTERVAL 303.0-3125m SITE 548  HOLE CORE 14 CORED INTERVAL 312.5-3220m
g FOSSIL ] vy
§ 3 _._!_c:m;crsn g " g | _CHARACTER
w E1E3
&= = el & GRAPHIC Tul2]|3 gEle
| §§ ; F e g LITHOLOGY LITHOLOGIC DESCRIFTION §| =[2E|2 glE GRAPHIC LITHOUOGIE DEACRIPEION
z LITHOLOGY
£7(EY (2 3 E al g ; | PR N 3 g ElE u
= =
@ AHHHE Tk  AHHHE
E I 3 FRHE 3
- o —— |
-3 L i i 10YR 478
= T T T 10YR 54 Section 1, 0—20 cm: drilling breccia. \omuﬁ* m All core marly nannofosl chalk,
cG T Saection 1, 20 em—Section 8, 140 om: nannofossil chalk, burrow ¥ " b Zones marked "A’ have greenish gray mottling reschis i
Al eolor oM ~.Gradation 9 w ing reaching approx
G| - i mottied with light greanish gray |5G 7711, AG) . Catlery by BO%.
YR 64 1 Highly varisble Section 1, 50-20 cm: highly variable squence dark brown 1o
w— light gray (10YR 4/4-5¥ 7/1).
5Y 711 .
25YA 714 Section 1, 90 em—Section 5, 16 em: light brownish gray (257
28Y 112 SMEAR SLIDE wu:v:;w l':l.-m p—— 257 62 6/2) motsied with light gresnish gray [5G 7/1),
5GY 11 , , ) \
Am 25Y712 e L Section 2, 137.5 cm and Section 4, 10.5 cm hes 0.5 om band
0‘;‘“"* s iy e af light greanish gray (5GY 7/1),
= = o™
H ition: =z
£ 10YR B/4 m" o 5 ¥ ™ " a3 SMEAR SLIDE SUMMARY (%)
" = 2
H Feidspsr L - . z 1,70 3,84 541 548 60
£ 10YR 514 Clay 2 1w 20 15 £ b b © DB D
; Carbonats unspec. 20 10 10 10 Companition:
Foraminifers = L T IElnu-m 1: ;s 10 ‘|rn 5
Cale, nannatossils 40 80 485 &0 i ¥ = 4 =
25Y 8/4 3 = Clay 15 15 % a0 2%
g | &racual boundary SPoPoespiesles 20 10 15 10 5 il b X 4 ol
% | —10YR 4/3 ORGANIC CARBON AND CARBONATE {%): Cobonawurupec. 6 10 10 E 0w
AG|AM 2,43 E ch Foraminifers Tr - = - 5
10YR 5/4 monied Carbonate B2 Calc. nannofossils 50 S0 40 40 50
with 10YR 4/3 and 1 Radiotarians - = - - Tr
| s 5 Spongasplcules 5 10 0 W -
.
E mivn B4 S ORGANIC CARBON AND CARBONATE [%):
2 Color grate = 256 4,16
e i B Carbonate 6 B8
%‘ 10YR B/4
25Y 712 FE———
e o . ! AM R
257 64 I=
€ | s Ll e —
- | _ - i n T
£ Bay £ o o e
E b 11 o, 1 1 < A
e s 10YR B/4 ol
E o . Sl
B 5GY /1 3 BY
) = o™ 5GY 71 layered
1 - 1 - L - s 10YR m
5 e R vamy o 5 [~~BGY 771 strnaked with dark gray
e~ : ' : . : v : 10YR 673 i
-1 I
T e 26¥ 7/2-62
i L 4 - n n i n 1 N
e o 25Y 12 el i
= R s
T s
oy e BGY 711 il i o — | 10VR 6/3-5/4
i A
- 6 R 25Y &/2-7/12 e M o
s & ] - SGY 7/1 band
e e s
n - = 10YR 54 = + r L - L . 10¥R 5/3-5/4
i I_I_‘ n i s 1
lac|am pr e SGY 71 7] T
10YA 6/3-5/4 Pl
T
7 B
aciam €€ e e

IL1
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SITE 549  HOLE CORE 15 CORED INTERVAL 322.0-331.5m SITE 548  HOLE CORE 18 CORED INTERVAL 331.5-341.0m
E FOSSIL g FOSSIL
« |% CHARACTER | « |& CHARACTER
8 |=.[e]% z| e 8 le.l2TTe @
N ETTHEE g & GRAPHIC i A EFHE R gl & GRAPHIC
TE|EE| & g z o LITHOLOGY d LITHOLOGIC DESCRIFTION V2 S| ¥ z Bl LITHOLOGY LITHOLOGIC DESCRIFTION
e HE R B s R HHE TR HE 3 =
= = B E
2l 11 bl 2l 1 i
FNHEIEE : BHHHE iE
< . L
| _EGY &N
Vs RE 2;%‘:: Section 1, 10-54 cm: very fine, hard homegenoous, martiod i o] Unit
~ . with dark greenish gray (5GY 4/1). m 0 Marly nannafossil chalk, light brown [2.5Y 6/2) to brown
AG] Section 1, 54—150 om: mottied throughout with greenish gray o 17.5YR 8/3), firm to very firm, inteniely to moderataly
1 f” i {8G 8/1), reduction spot-mortlingl?), pyrite within marthes. 1 0 - burrowed, motiles cccasionsly gresnish rw. mm sian
5GY /1 : c i Bojow Section 4 mm tized lent and bands of darker clayey
} s:::”;f"ll:l:mml:ﬂm;;vm:g-??ll? Lﬁntnf:mm?:;l": aM L o matwrial are found
: L Vark i f b jve & white speckind appesr.
~ 7-81 em, Section 2. Monbed amas (B9-B1 em. Section I} o lf::’ quantities of forams give & white ot
In 5GY 5/1.
& Gradual o ) . o
Section 3, 70 cm: little motting below. colar changes slightly. L . SMEAR SLIDE SUMMARY (%}:
SMEAR SLIDE SUMMARY (%): _Lo Intersively 1,84 5137 892 6127
L . L6 4100 7,33 frp— o S
= AG o o M s |ag] ¢ Texture:
pes L l Compasition: = Lo Sand 10 § W0 w0
£ 2 Quortz - 5 15 g 2 of [O imemsiey St 20 15 30 20
< b Wica - 10 10 = o — burrowsd Clay 0 80 e 70
Firthe W o - Q| Composition;
1L Carbonate unapec. — n w0 I 0 Quartz 0 =10 10 ’
T Foraminitars - <5 <8 = Feldwpat - |s - 10
ot Calc. nannofossiie 10 80 50 | ¢ Mica - Il
2 I L1, Sponge spicules - - Tr ¥ Haavy minersly - -
O o o 5 LAl 19 |- Fine prosngray  Clay I
e ‘ORGANIC CARBON AND CARBONATE (%): - hand Voleanic glas - T L] -
Lo Lopbeedg | motiing g 6|46 110 | =~ Ligft brown coter  Glaucanite - - Y ™
3 T e Grganic carbon 010 3 LI ﬁ'm"dwﬂ"d' Carbarute unspee. 10 18 0 20
I Carbonate » Lo Foramvinifers -6 Tr 510
rwaer L AG Sharp calor con-  Cale puenefossis 40 30 30 40
k] 2 : 1 0 1ot shades of Diataens = i T s
Tk A
Z T | | 1] o Sponge spicules - = T T
H e T Tz ] Chborite E 10 §-10 E-10 <&
i A .J.
P =0
" 2 L o ORGANIC CARBON AND CARBONATE [%);
Small concantration af 6Y 6/1 mortie & = W 2.56
[ AG B A 2 AG - Lo} Carbanats a
7 - ] i A g 1|0
B - o —e 1| it O
r E—— p T
1] L
L Y 5/1 bard — |
B 1 sedunentary struciures
n } 5% 571 hamity moried Q| |4 emall pisces af white
with 5GY &1 T i eryitaliing carbonae
A% L g [ns|%C L
5 oo = 5 (O
ng theoughout
L E cr sh [+]
1
3 L E i , [ Gradatianal darkaning nd fining
L 5Y 643 8
gradual change L
5Y
L frosven & -
ac|*® - | —— Grachual lightening of eolor
& 6
L ; o
Small concentration of AG i -
T - n 5Y &1 0
= ¢ I .
L BGY 81 7 o
7 0
4. Sharp contact 7 L )S
AG|AG cC 6Y 6/3 AN CG CC L]
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SITE 549  HOLE CORE_ 17 CORED INTERVAL _341,0-350.6 m SITE 549  HOLE CORE 18 CORED INTERVAL _ 350.5-360.0 m
g FOSSIL 2 ]
£ g FDSSIL
x |E | _cHARACTER % |5 CHARACTER
8 |sulE]2 z| 2 g |Z.METaT z| @
& |0 2 olg GRAPHIC EMELE 2
it »é HEIE E| £ | umoloey H LITHOLOGIC DESCRIFTION SEIEE|E § § | anasiic LITHOLOGIC DESCRIPTION
g5|EN12) 8] 3 g = 2 H g3 E" 3 B2 : i
£ |§ ; £EF i1~ 3|3 kg
- § E ol £ ]
3 g a E o bof & & § E E 3 3 §
E o 5 VoTy
- .
] " : 3l |0 u“inluny nofossil chalk, light yellow brown (25Y 8/4) to E 10YR &2 Unit 1
nan L yellow L B T I T L .
AG 03 v dark recldish brown (7.5¥R 4/d], the durker color is con- cG o5ttt L L Gradstions Chert bands, pale yellow to light alive brown [2.5Y 7/4—
1 - e 1 £+ fined to more clayey beds, firm 10 very fim . Fo——— JOYR 83 BY 5/4], hard, smorphous, breceiated by drilling
1 L - Little to moderste burrowing, some burrows filled with HAAAAA( >
1.0 ri greenish sedimant o T I TR 10YR 6/2 "
FrEEe o A e STl
& e horizans are mare sifty and may contain faint laminations s -+ T 0] pes| = 3], very -
] = Il Lighter units contain varitble quantities af forams appearing :" B e e —— “‘-"'mmﬂ ,:;""ﬂt'm Little mottling, gray units contain fine laminations in places
. a5 seattored white speckles 2 B S - and at bemst one fish layer
il z o T - Colors are banded, contact gradational )
3 |0 ORGANIC CARBON AND CARBONATE (%) B 10YR 81 Varisble concentrations of sliceous motter, distoms, end
e L] sl oG o S radiclarians apgeur richer in tan wdiments
2| las -1 o Organic corbon~ 0.05 5 P e oo i —
gl 3 = Carbonate 5 2 2 i SMEAR SLIDE SUMMARY (%]:
g = A @ E -] T [~ Gray 1,100 2,68 334
£ . . s G b % by
e o reee ot Texturs:
e = K Sand & 50 10
e 1 10YR 774 Sie 15 40
i £ o Clay L T
1,0 \ AG :.'.:.'. " Compasitian:
cm]om 1 1o Zones of grewnish i Quartz LU R
|- gray laminaa i t::_“ o ;“ 0
7 - canic - =
* 10 5 3 I B Glwconite T - 0w
s g = it - T -
— o - E :-'_: - A gwnmunl«r_ 10 ‘l: 10
3L Homogensous g u ma— < 10YR 73 Cale. nannofouils 50 5 30
= 1 brown 8 = g, i an Y Diatorms - - 20
g 3L clay 2 [ S——— Fsdiolariam ™ T 5
= al 2 i i Sponge spicules  5—10 E-10
" il P s | A Chiorite -5 50 Tr
3| roxs T s (U
8 |tM 1] 4| M ORGANIC CARBON AND CARBONATE [%):
4 = = B e s Y g
e e S Carbonata 43
o P 8 8 |ac e L w B
I_I Graylth
% (25Y 612)
% [V 1ovron
& oM
2 5
V 25772
1 1ova s
L
rn 10YA &8
A
™ "
i
A
e
-
7
o léi cc R e 25YR 714
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549  HOLE CORE 19 CORED INTERVAL 360.0—-369.5m SITE 5489 HOLE CORE_20 CORED INTERVA 369.5-379.0m
o
2 FOSSIL 2 FOSSIL
< |3 CHARACTER % |% CHARACTER
§;— EMTHEE g GRAPHIC g Bul2)3 8| g GR,
= glgls 1 4 HE APHIC
2 E§ i g z E| E | umoloay L . LITHOLOGIC DESCRIPTION s =§ HE E| & | Lioloay L LITHOLOGIC DESCRIPTION
A HHEHEUE +FH £1ET(312)38) 3¢ 1 EH
@ BHHHE Tl al BHHHE TiH
@ |8 s & § HE 3
ro——
0 | | [ S ET
S — - Gray Uit =} Uosit 1
r o — -
P S s r Mannofossil chalk, an (2.5Y 7/21 to gray (5Y /1) and green- I e U A Mannofostil chalk, gresnish gray (SGY 7/1) to gray (5Y 7/1)
P —— = Gray ish gray (5GY 771}, very firm D S 0o In Section §, firm ta very firm
1 e o e [0 Colars as shown, 130 units nat labelled, contacts pradational AG| AG] 1 1= Modarately to little motthed in shades of gray
F=g > |, Modernte to little mottling 0 Sharp erosional contact In Section B, lowss part of which v
10— = :f_undlnwwlrmmmlmmmlnm 10— 11 B highly maottled in green (probably glauconite)
[ ——— L = - ilicecus matarial abundance var . O Color contacts are gradational
_ . e § 4 n
z i e e e M - SMEAR SLIDE SUMMARY (%): I —_— : - : o ) SMEAR SLIDE SUMMARY (%)
s T T afs ~ svm 1L47 2,75 42 AG v [ 256 673
- e ] I} S e —— o
e — o Texture: _ it L Twxture:
e o e ey e I Sand 56 E o e e w I 4 Sand 5 5
-._l P — 1 Silt 30 5 0 E Attt ) Sile % 25
2 . ] 1| O *|-Brownandonen g,y s s 87 g 2 romsr s e Bz
e |1 O st i Composition: = -‘.‘Ill‘_l.o Composition
. o iy Ciay E N LS B e (11 4 Quartr -
7 e T Valcanic glass 5 - = E orveer e e [ Fubdspar - }2"‘
e - —— Carbonats unspec.  — 0 5 % o e e Clay 0 15
g L ] < i Cale, nannofossils 55 77 90 H o] € Volanicgias.  Tr e
z S S :ﬂldai : R o s N P8 Lemonsponipes. 10 30
; T = Ry » it e . r Foraminifers T T
T [ spicuite - - mannctossils 60 40
k] R 25V Chiarita "= - H o +lo okl 1
3 o T e e (5 @ § o = 5 Chiati - ; T
p rr—r— i ORGANIC CARBON AND CARBONATE (%): & 3 1|0 = ;
n L 2,41 a GAN
e ] " Mottling ORGANIC CARBON AND CARBONATE (%);
= i Organiccarbon 0,06 £ e “ dismppears 510
= - Carbanats 63 o Carbonate 57
£ = o
= — _Ton
P
LGy =
anm Ol . | e 4
| Gy oy
4 b . g 4 *
g Q| . Leminme and £ e
= clay clasts = o
o Gray groen (5GY 7/1) o
25Y 72 = vOID
Gray
O b Guemishoray e (ur———
s Gray 2 B T T et
. e
e cC 5GY 7/1 distinet dack mottles § - e e L /”"Pm'ﬁ‘
R T 4 lower ¥
#| mottled in gresn
5 i Tl o for several em
o e &
e s e [ 5Y 612
I e v s strang mattling
s i o i A L
e e v — &Y 7/2
L A L
R o o A\
= s s s
) o e - -
e mecr e () 5GY 7/)
cm|AG 6 o P e e -
e e T \ sY 11
B o —
Ao Ty
L i L \
e T e’ P2 |—sav 711
7
cojel Gl o - sy
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549 HO
= :;ss CORE 21 CORED INTERVA 379.0-3885 m
= L SITE 548 H
5 I3 CHARACTER - D:;s’ CORE 22 CORED INTERVAL 388.5-398.0m
z O] 2 L
FAAE e H
1 EHEE 5 g E | onaeuc % |3 | cunacres
Zlarm|z| 2| % g I LITHOLOGY LITHOLOGIC DE! 8 |sule[= z
g3 |3 SCRIFTION e |2 H g
oz 2| = ] S = e GRAP
£ |B 3 8 £ = E H ElE Yo
s |8 g HE ; PR HEIELE g Lipnacay o) LITHOLOGIC DESCRIFTION
E F E H HE
RHEHE :
Unit 1
05 Nannafossil chalk, gresnish gray (SGY 7/2), firm 1o very firm, aclam! +——4
1 extomively mottied In shades of gray, color bands of gray = +———+ 2
5 {5Y B/1) present, color contacts gradatienal @ T ; u":
z Gray layer mattfing often vivid due to oceutrence of drk: 1 e aram-nannofesil chalk, white (25Y 8/0), homogeneous 10
£ L pr e T ol A wray bumrow linings of darker e < pale brown (10YR 7/3) and laminated occasional By
= i v v o 1 | The lining cantaing micrograins of opaque reddith, dismond 1 — ripples, comacts of homogeneous and laminated units sre
g IJ= L - I - n n 0 SGY 81 vhaoed minersl o sharp, mattiing lx minor
= —t L] |arge em size 5—10% sand fraction i forams phus some chiosite clay may
] S e T e o BT Unit 2 < make up to 20% of chalk
] T T [ ey Faramnannolosil chalk, white (58 8/1), ve i r -
i " = Gray {tarsmi) homageneous LYy I ORGANIC CARBON AND CARBONATE (%):
L ="+ Quartz grains show pressire extineti ; — 1,43 2,105
e 3 ==s : — I = ® on, metsmorphic source = |acjam A + _~ gmmeem - oo
] L i vy 1 arBons)
HE P TR Gray SMEAR SLIDE SUMMARY (%): é 4 et — Laminations & o %
£ g [ s v [~ Very mattted 3 0e 433 £ o + ot i e .
i g i I T Y i — =i ] o é = = ™ Laminated
T r—— T Gray, very . r .|
= (= lem|ag 1‘.'.:.4_ mottied in Sand & 20 3 - F=| [ Laminated
213 ———— ehark gray Site 15 20 & 1 [ Paler
- |E A 4 Clay 80 &0 . Darker
5 I8 s sy W Composition; = - "
A e e Quartz 5 Tr g —— = o Microfaults
E 3 r—— e l_ Clay 0 - = AN —— =
H Ty C Volnicqias  Tr — 5| e | | o tamination
2 i o Tl EI—— Glauconite | - E E 3 —4 . White hor
£ :"‘—'—"‘-—"' e ot Carbonate unspec. 10 20 3 =] At R N—
r—— | Vary mattied P = o > - + H
M| P T — 26 712 Cale. nannofossils 70 60 z 5 B
Sharp arosionss Chlorite +——+
i —_ |- 5o o  CH— ER =
RP 4 g % ““::"“‘ = below i 5 44 | ™ Losded bed deformed laminss
g ey o[\ ihlte (63 9111 GRGANIC CARBON AND CARBONATE ): = R t st mier il
= S ——— arey chak with o 9 § m — L
lenses of glauconits 73 H L o
white (68 B1) 2 i o
A 3 ] = | .- White band
wehita chaik 5| | 45 )
z e 7] —+ = Flaser lamination
| L -
e N | White, homogeneous
z . :
E — " Pabe brown, nearly homogeneous
a3 i ™ - t
; — White, homogensaus
5 +
=
AG|AM cel —F Brecciuted pink and gray
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SITE 549  HOLE CORE 23 CORED INTERVAL _388.0-407.5m SITE 548 HOLE CORE 24 CORED INTERVAL 407.5-417.0m
o o
g FOSSIL E FOSSIL
x x
CHARACTER CHARA
g %.. BEEBRREE 4 ;... o !cren |
== |2z £ & GRAPHIC b - E GRAPHIC
iE :é g E : E E LITHOLOGY . LITHOLOGIC DESCRIPTION 5 §§ £ g i = ; uHoLoGy | R LITHOLOGIC DESCRIPTION
ET|E |2 g ! ¥ o R g g 5 g
F g HE 3|5 ; |5 HE HE B2 ;
ERHEHEE |5 HEHE E
r.y r———
v -
-3 10¥YR B3
- £ Section 1, D—25 cm: drilling breccix. - i l_a PR Whole core, nanna chalk, homogeneous, lirtle sediment struc
-1 1 il 1
i Saction 1, 26 cm—Bection 3, 20 cm: light gray (5 7/2) nanno- AGICH orﬁ, T o EILNET
5 fousil chalk with clasts of pink (7.5YR 8/4) nannofossil chalk 5 N
* (ais0 vains). 3 - e S SMEAR SLIDE SUMMARY {%):
1 Section 3, 2035 om: slightly distorted laminated beds. H P e e e : l')-* ;-”5
e T —
Section 3, 3580 em: 10YA 7/2 laminated nsnofossil chalk, i L—l 1 Texture:
Laminations bacome mode prominent towards base, — A J_' & L Clay : 100 100
Section 3, B0—140 cm: sevarely distorted nannafossil chalk -u- o — Compasition:
white ta light gray {10YR 82-7/1), = |aclcm et o Carbonate urapec. 20 30
At 140 em of Section 3 stylolite or fracture with black non- § === Cilo:nannofoute 99 7
= e i £ B o e e YR /4 1 ORGANIC CAR N ONAT
F 2 Section 3, 140 cm—Section 4, 70 cm: light gray (10¥R 7/1) E 5 2| ettt TGl BOL-AND CARR R
g nannoforll chalk with pink (7.6YR 8/4) nennofassil chalk E i : JI- - : - : e b w0k
i o CEE Carbonate 02
i el
SMEAR SLIDE SUMMARY {%): e
173 1,79 50 4,103 5,130 S AT
LI :' o g e e T | Fint nodule
s o6 Texturs: aclam Tr—r
2 Sand - 1 - - - J= = 7.5YA B2
g e Clay we 8 100 80 - e e
§ oy 7 = Composition: 3 S
3|8 3 <} Carbonats unspec. 30 20 30 10 20 e I o e
2 = Foraminifers - 5 - - - AM g [ TP ey
= E 3 Colerannofossits 70 765 0 90 80
g E ORGANIC CARGON AND CARBONATE (%): SITE 549  HOLE CORE 25 CORED INTERVAL 417.0-4265m
= ] ; S
- . Organic carbon 003 ; CN:E:“;#ER
Carbanats 94 % L.
3 o . |8 HE § g| # GRAPHI iz =
H ] se ;§ t g H Elw Ll 45 4 LITHOLOGIC DESCRIPTION
£ ol i == = Dirioreed lays w3 |38 i H ; gl s
2 o= =18 |% § H - £
3 r——— o E K 8 2l &
> b= o ey R S
H coloa Section 1, 0-10 em: drifling breccia.
H B mﬂ“ﬂ ml with Section 1, 10 em—Section 1, 20 em: white nannofossil chalk,
H [=7] . - hamageneous, 10YR &/2.
hit _ Section 2, 20-60 cm: all of this in matrix of white [10YR B/2}
B —— z nannofossil chalk.
£ e 5 - Stight distartion k Section 2, 20-30 om: inocaramen shells.
™ 1 Section 2, 55 em: flint layer.
o E o Pinkish white (7.5YR B/2} .
S — | Aamnatont chatk “ Saction 2, 80 em; inacaramua shell,
cu I - § |5 [Mam Section 2, 85-70, 108110, and 120-125 cm: leminated
H tayers.
5 3 Brown (10 6/3) clasts at Section 2, 115 e,
" Section 3: pinkish white [Z.6YA 8/2) nannofessil chalk, Burrow
5|z mottied and homogenscus,
2| &
s SMEAR SLIDE SUMMARY (%):
(s} 1,87 2,70
l— Flint nodule o o
Texmura:
Cley 100 100
Campasition:
I = Carbonate umpec. 20 0
Foraminitars ™ -
Cale, nanmofowils B0 B0
ORGANIC CARBON AND CARBONATE [%):
137 2.
fam Carbonate 90 &6




SIT :‘. HOLE CORE 26 CORED INTERVA A426.5-436.0 m SITE 549 HOLE CORE 28 CORED INTERVAL  445.5—455.0 m
g FOSSIL 2 FOSSIL
§ ; | CHARACTER « |E CHARRGYER
= ! s “ 8
£ |2F ! 3 i GRAPHIC H = 5w 2 2
12 EE & £| B LITHOLOGY LITHOLOGIC DESCRIPTION ¥ E § .E.. 4 Lm:‘g&v LITHOLOGIC DESCRIPTION
ws |2 HEIREIR 2 ] w3 HHRHE ] 2
z E 218 5] = =] G
M HHEE 3 P HEHE £ EH
=
Z [AM]AM i S ——— : —T
s e — ) ) o
§ 2 B ey Er— Light gresnish gray (SGY 7/1) laminated nannofossil chalk with T All core is nannafossil chalk.
E = 1 0.5: . m:'rmﬂl gy [5GY 6/1) laminse. Section 1, B-10 em: L Saction 1, 025 em: 2.5V &2, taintly laminated,
5 i'ﬁ o g : e | e Saction 1, 5080 cm; 2.6Y 8/2 with 56 5/2 laminae,
> B e e sl
3 SMEAR SLIDE SUMMARY (%): P e e e Shction 1,50 cir-Saion 2. OF e ety kniinetict S 61
180 s |z Ll o e s s Saction 2, 5065 cm; slightly distorted layes
2, ™ "I T — -
{ o € | o Saction 1, 7585 cm: strongly lsminated 5G 772 in BY 773,
3 ;"”“"“ 100 E |22 J==— Section 2, 85 cm—145 om: 2.5Y §/2 faimtly laminated.
= Composition: § Ei om e e vy Section 2, 145 cm through Section 3: homogeneous, BY B/3,
Carbonate unspee. 20 ] At L
H .
Cale. nannofonils 80 .: 2 SMEAR SLIDE SUMMARY [%):
2ls 1,10 1,53 2,40
ORGANIC CARBON AND CARBONATE (%): N i 2 o 4 5
" Ead ﬁ 3 P ._| L 1 ~+ Texture:
Cartionats 84 E|E N e 10 _
—t T Clay o0 -
SITE 549 HOLE CORE 27 CORED INTERVAL _436.0-4455m dd s o D me — ® W s
H FOSSIL 3 R o : Feldspar <5 5 -
5 g » ro—— Clay 0 0 5
Eull Zl 2 Pyrite 10 = =
A Elw DRARIGC LITHOLOGIC DESCRIPTION Carbonsteurapec. & 10 80
I FELE = | uTHowoGY o
§= =Nl E H ] Foraminifers - - 5
£ |& ; E 5 Cale. nannofossie 30 50 20
Q
= HIE ORGANIC CARBON AND CARBONATE (%}:
5 Bl E 1,73 228
5 T |rP|AM Organic carbon - 0.07
= 1 3
s Section 1, 10-25 cm: laminated nannofossil chalk, with darker Carbonate B8 75
ERE Y graanish gray (BGY 6/1) laminaa light greenish gray (5GY 7/1).
s H Saction 1, 25-50 om: deilling beeocia,
s SITE 549 (8]
Z E Saction 1, BO-B7 cm: sequence of gresnish grey (SGY 6/1) at —To CORE 20 CORED INTERVAL 456.5-464.6 m
2 & top, dark gresnish gray in middle to black a1 bottom pyritic H
E g recryntalized nannafossil{?) oozes. = 3
55 Section 1, 56 cm: aftered voleanic sh. §: gy B2 | cramuc
H ' 1] 5lE LITHOLOGY LITHOLOGIC DESCRIPTION
g SMEAR SLIDE SUMMARY (%]: £ alZ e 2
2 1,11 1,66 1,64 =18 =
'§ D o o H 3
Texture: “..‘ (W 1 i
Clay 0 - 100 §ilE [ —
Composition £ §_ 1 S ——— Homogensous pale olive (5Y B/3) nannofossil chatk. Balemnite
Ouartz 5 - - £ Ein - P ot 44 cm, Section 1,
Feldspar Tr - - £ §
o o o - 3|5 ORGANIC CARBON AND CARBONATE 1%
Volcanic ash - 80 é 119
Pyrite T - 1 Carbonate 67
Carbonats unsgee. 10 — 30 2 5
Cale. nannofossi 50 20 T0 = ? 5
5 wicles <6 = 'I"- i MNOTE: Cors 20 and 31: no recovery,
ORGANIC CARBON AND CARBONATE (%):
110 L@ 142 1,50
Organic carbon - 337 02\ as
Carbonate &7 n a L]
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SITE 549 HOLE CORE 32 CORED INTERVAL  483.5-483.0m SITE 548 HOLE CD’H_E 34 CORED INTERVAL 5025-512.0m
E] FOSSIL 2 FOSSIL
z CHARACTER x |& CHARACTER
g 2. 5|2 AANHARRHE
S 2 gl 2
=i Eg B g E é marme LITHOLOGIC DESCRIPTION AR i3 g ElE ey E LITHOLOGIC DESCAIPTION
< z o w0 F3 - w
B HHEHEHE 4 R HEH £ EE
|3 |5 £ - |8 HE 3|3 g L B o %
g |§ Z|a 3 & HE 3 & Sl )
| | cf |ge v
= 1 Unit Unit
£ la. cc|O. e A T Mev iy {80 3 very fm, - 0.5 ¢ Very calcareous mudstone, dusky groen (5G 4/1), very firm
= |52 b i 5 |» FP ] to hard, thinly laminated in shades of darker grwen, laminae
< |g% Banded in thades of gray on a scale of em s |z 1 1 o disrupted by moderate to aburdsnt burrows
= Contacts sharp and well burrowed < = N . i .
E gg Burrows on scale of mm, some are om size é g— 1.0 O Oﬁ:mﬂr:mnmnu lerises seaTTared infrequent
g m.::|:;:.,d:;;mm g feldsqae sod E |2 ; - Section 2 contains laminae of gray (5Y 5/1), materlal appears
f % § . mare calcarsoun
£ g o
4 ORGANIC CARBON AND CARBONATE (%): ; FP 2] A | ORGANIC CARBON AND CARBONATE (%):
2 [R1) i 1,52
E Qrgantc carban 0.36 5 Organic earbon 0.25
i Carbonate n £ Carbonate a1
; 2
2 2
2 H
g |ee H
£
H
SITE 549 HOLE CORE 33 CORED INTERVAL 483.0-502.6m
2 FOSSIL
; CHARACTER SITE 549  HOLE CORE 35 CORED INTERVAL 512.0-5215m
AAnERERAE "
= |C8|E| 2 gl = GRAPHIC H FosL
iz Eg| L S E| E | umiotoey LITHOLOGIC DESCRIPTION P CHARACTER
bl & 3 g 3 H 8 2,222 z| =
H 3 2 g H E i- 2, |Eu|El=z|3 = GRAPHIC
F & g 8|z £ s HEE E| £ | umioosy LITHOLOGIC DESCRIFTION
318 " B HHHHHEE T3P
crlem| B a1 ol | |5 |x|z(8]|E|E =+
S |5|15|213|% =
Unit s |€]z]& E
Calcargous mudstone, greenish gray (SGY 4/1), wery firm 1o v &Y ar2
5 |z hard, well mottied on a scals of mm, scattersd small lsrses A F L + K iﬁn‘l’n*'m:“. e
5= 4 sisto
g & {mm long) of dark green (6G 4/2) mater AN L P 5 Calcarsaus silty m e, ofive gray (5Y 3/2) in 1he uppar 10
= - ey
g g2 ORGANIC CARBON AND CARBONATE (%): £ ) A o et and groenish gray [SGY 4/1) in the rest of the core, vory
%= oo E 5T Lighter firm to hard
%12 Carbonate ” § En Moderately mattied, mottles ae mostly horizonzal, mm wide
= ESH s L [~~_0.5 em wide dark and up 1o em lang
g £ |2 E|aG i griy bands Fine sand and wilt sized grains: quarts, feldspar, and scateed
g = £ 2 black flocks and lenses (up to seversl mm long], faramini.
2 bl 11 " ™, T fors, minor amount of glaucanit
F H L 2 s Mineral fabeic seems horizontal
= ] ORGANIC CARBON AND CARBONATE [%):
- 17
g ; Organic carban 028
o § Carbonsts 15
H £
i 2
=
3
3




]
3
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549  HOLE CORE 38 CORED INTERVAL  5216-5225
kE_ rERY m SITE 548 HOLE CORE 38 CORED INTERVAL 531.0-540.5m
¢ CHARACTER H FOSSIL
A CHARACTER
S 15e[TTE10] L 12| 2 | cowme | ESLTETETe] [L18
TE =8| - § £ E LITHOLOGY < LITHOLOGIC DESCRIPTION e EHHEEE g E GRAPHIC
g5 (3|2 3le R k2 2 1 :é HE S ! EIE| B | wimoLoey A LITHOLOGIE DESCRIFTION
B = g = & 5T IE ] ul= i 8
HHEHE : e Ll :
2 [ |8 gls ]
E'L § EAHHERE E
RP =1 Light gray R T T
L. \ coarser 20ne Unit A 1 e
= £ mare calcarecus Vary calcarecus silty mudstone, light gray (N7) In upper 10 = F M [ I e — Unit
i r cm section and olive geay (5Y 471) bebow, very fiem to 5| lad b Nannofossil chah, medium dark gray T very fight gray (N4
5 5z hard, darkar sacimant are weil mottled in shades of green z |EB- MBI, very firm to hard, nearly homogenscus, no distinct
3 : Z [GY 4/1), mattles arn fine laminations ane burrows, most < |gS Ynichime
: |z of which are horizantal = E g
E 3 .- B By ORGANIC CARBON AND CARBONATE (%)
g ORGANIC CARBON AND CARBONATE (3): € |28 1.3
g G 1,20 g Organic carbon 0.8
: rnmi:::rhun .g.« 5 Carbonate 83
EH H
< 3
g H
_E :
-} E
.‘!.‘ 2
mlaclc | |me =
H
SITE 549 E .
> Hﬂ:liﬂ CORE 37 CORED INTERVAL 522.5-531.0m SITE 549  HOLE CORE 39 CORED INTERVAL  540.5-550.0 m
= L 2
« |E |_cnanacten I FossiL
4 z B
g £z HE : 2| E | onwme THOLOGIC DESCRIPTION 8. |52(2]2]2 Bl £ | onamc
L[58 ; g E g E E § umhoLoay | 3 ¥, 1C DESC 3 = EE : : BlE| E | umHolocy 2 LITHOLOGIC DESCRIPTION
= = = ¥ |E 2 |48l = 2
SR HEHEHEE +EH A AHHHHE g
2 = 8 3 S HEHHEE E 2k b
S o EME el ——Concentration of darker material
Unit CM| [ 8 oy Unit
- Darker band
=™ (] ™ £ O | v e e Calcaroun mudstons, dark gray to meslum lht gy (13-
s \ 1 0 n.l:w w,m“d ! , i sgses) " :\lm in slightly mottied laminae, no significant structures
ES i B extens shades . sin quanz, ified carbona
é g! 3lo /'n;:m are e wids and up 10 cm long, simost all ars horizontal g c and opaun dark material e
H 5 s |8z
i EHE 2o ORGANIC CARBON AND CARBONATE [%1: H g ? ORGANIC CARBON AND CARBONATE (%):
-4 5 1.3 a3 E 1.8
g ; & Organic carbon 072 049 EE Carbonate 2
O |2 Microfains Carbarnate 3 n ]
] 2 ) [}
: A g
é FMIAG| R AP i E
T i
2 <
i B
il E
£
£
]
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SITE 548 HOLE CORE 40 CORED INTERVAL 550.0-558.5 m SITE 548 HOLE CORE 43 CORED INTERVAL 578.5—-588.0 m
2 FOSSIL g FOSSIL
» § | __CHARACTER § ; CHARACTER
§ EwlE] 3 1 = ? » z| »
N 213 = GRAPH gulE) = gl &
| 2 :§ E 8z ElE LITHOLOGY LITHOLOGIC DESCHIPTION T':;: ﬁé £ g g|E| E LopanHIe. LITHOLOGIC DESCRIPTION
¥ = H i 3 ! 2% z g g w3 |zM 2 3 .!_ g 8% E g
E I F |18 =
HHHHAE T EE HHHHHE T EH
=] ; P F B
e (=2 s P Unit oM ¢ = Daker, sharp Unit
E = Callan;wa Tﬂmﬁ;ﬂm m gray (N4} with mattied L Eﬁ'm Calcareous mudstone, light 1o dark gray [7.5YR 6/0-4/0),
e aminge of gray . firm 1o r i
wary firm to hard
E Bz Dussicy yallonrgroen Frishis 8 14, 34, 32, v 36 on cp © Very light, lower Well mottled with mottling most concentrated in darker
3 g are: carbanate, quars, ik '/mucl grasdations! Rayers, darker layers ususlly have sharp boundaries
LI - g nd opeque black miterial [+] Lighter layers have less structure and gradstional boundaries
- Mattling s mastly horizontal, mm wide and up to cm long
A ORGANIC CARBON AND CARBONATE (%): _ e o i e fomaing dadkigray dltorted fardnae
g e "bm [ P - Sand tized minarsls: quartz, caleite, feidsper, and black
Orgsinie olnon " g opague
g Cortionats 5 o L, contacts Light lnyars richar in calcite
i § % = O B siadstional Gezasional thin lens of chioritic matarial
s |2z
S Mota: Core 41: 50 racavery. 4= = L, contacti
E i Gg cr o = grodational L = light calar and D = dark color — banding throughout
: i3t
] E [~ Olive gray,
f 5 Y heavily
g 2 o [~ motied ORGANIC CARBON AND CARBONATE (%1:
4 2,83
2 o Omganicearson 072
E Grasa fonz Carbonate m
SITE 5489 HOLE CORE 42 CORED INTERVAL 569.0-5785 m H O / containing chisetis
2 FOSSIL £
CHARACTER 5 e
5 E... BBRE z| 2 pel ¢
H1EHEE = LITHOLOGIG DESCRIPTION
MACIH EIE|E TRILoGY 15 "
FlE | g alg(=|* e 0
£
: HEHHE HE o
-~
b [+ B light gray lam F P
N Unit o
bt LY Calcareous mudstons, dark grey (NS—4) 1o light gray ING), ac|ce| 8| |am
[y EP -‘ INE':M o 5 very firm ta hard laminated 10 weakly [sminated in shades
= s o f darker
g 1 & lamingted of darker gray o P i O
g Thin section in Section 2 shows:
ez < Laminations dus 1o clay content on 3 scale of 1=3 mm
iz Sanduilt size pariicles; quartz, opeque spirdie shaped par
- ] ticles, forams, unspecified carbonate, chlorite-mica, clay
s - O |—aovnez clasts
2= | nodule Minars! clay contant approaching 5%
E = =) 6 = N6 band,
g gradational
= 2 SMEAR SLIDE SUMMARY (%):
3 ¢ an
E o
2 0 Texture:
i‘ 10
Silt 30
o Clay a0
o Compotition:
Yy th Cuartz 40
Q L iwninee Feldspar 5
oM Wieakly laminated Clay 10
Qe Fe—Graed beg, Carbanute unspec. 20
Felom| R [N arpbase | Calenannofossils 26
CARBON AND TE (%)
1.3 38
Organie earbon 052 057
Carbonate 72 W
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CORE 44 CORED INTERVAL  588.0-597.56 m SITE 549  HOLE CORE 45 CORED INTERVAL 597.6-607.0m
H |_ 2 FOSSIL
H H CHARACTER
g SulE - GRAPH § cw?gg_gg
E H ic ce |EFla| 5 o GRAPHIC -
1Z =§ £ 3 ﬁ LITHALOGY . i LITHOLOGIC DESCRIPTION I EHE E H £l & | uTholoay LITHOLOGIC DESCRIPTION
w33 HEHE 3 R HFHHEE R
£ |5 £ : i z H HHE
= & EHHE ils
o VoiD
[y, Dol &
W pp Gradational contact  Calcarsous sty madstone, dark gray (7.5YR 4/0) and olive - 5 om lightar
L Monle gray (5Y §/1) 1o lighter gray (2.5Y 5/01, very firm to hard, cr o band,
1 | Sharp conmer moderately to well mottied in shades of gray, motties mm 1 gradational
[~ Darkening, wide, up o em fong and almost all aligned harizontally cantacts
=  less mottied forming disrupted laminae ¢ Uit
I 0 - Sharp contact Unit is banded on scale of tens of centimaters, darker bands Calcarsous silty mudstone, gray (NG to dark grary 2.5 5/01,
mars hoinogeneois very firm 1o hand
7 = Lighter bands more calosrsout ¢ Moderately to extensively mottled and banded in shades of
i - Contacts varlable, dark beds often have sharp boundaries = sk
b 0 Klowakanst Wak st of ek grwen chionic: nwrial Ol Eo coor Mottling |s mostly horizontal, mm wide and up 1o em long
£ s L = light calor z o waristion Banding density s vasiable and darker bands appear les mot-
= ¢ 1= dhaekr et G O - f:‘:‘ ‘tlee! than main rock
EE > Gk i Lighter bands appedr mare calcareous
z - Bt Comen E 2 = Darker bands usually have sharp contacts
g p EL renlondd ORGANIC CARBON AND CARBONATE %) o = Ocoasional fomil wood fragment
2 = 2110 Sand sized particles include: quartz, forams,. opsaue dark
s B = Organic onban 034 o spindile shaped particies, calcarnous partiches
g E e e ®
% - fritimmrtiee NIl 1 M ??ﬁm " |+ Somewhat gresnsr  ORGANIC CARBON AND CARBONATE [%):
g § Intervals ol L. 5 :!;;
oM = rganic carbon
= Arrowsmark oo
< 0 AP O | (et where e 40
i 3 5 3 ™ | sediments
L
s 2 o e l"""" L = light color and D = dark colar
] L
3 fragman fry =
H & -~ Snet 5 E = [~ }m Tragmants {mm long)
o |
= g o
Q| R :
=D, L H i b= 4
— D, sharp contacts g o
4 [ D, gradaticnal contscts r P
] =
L|O| [ D hep contact N &
i Vary light 3
b i 'I; <
o A = L %
1
L H
5 1L = ¢ 1 Gray to dark gray
Ly ] o
: o
6 o
ap| cr| R B
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549 HOLE CORE 46 CORED INTERVAL _ 607.0-6165m SITE 549 HOLE COIE 47 CORED INTERVAL 616.6—626.0 m
o o
= FOSSIL = FOSSIL
2 ; CHARACTER g g CHARACTER
8 |=u|2]2 Zl g 8 |=.l2ls g z| w
EAEH HE : g GRAPHIC N ERI L E 5| = GRAPHIC =l
HEHE H g5 E LTHoLoGY |, Y LITHOLOGIC DESCAIPTION HEE HE 5 5| E | umHooay b 3155 LITHOLOGIC DESCRIPTION
=" E[ 5| 3 E HE E i 271E 5] 3 g gz +E |
R HEHEHE FEH SR HEIHHE = +H
R HEHEHEE 3 A HHEHE HE
444 Lightenirg
oM ¢ Uit o hownwards Uni
Caleareous silty mudstone, dark gray [25YR 4/0) 10 light 'in E::“i“ Calearsous silty mudstons, dark gray (25YR 4/0 Lo lighter
o ¢ oy (75YR 01, very fi 1o hard, moderstely. 16 verl) gt gy (Z5YR K0, BY 7/1), very firm to hard
1 —t mattted snd vasiably color banded in shades of gray 1 ¢ Moderatsily to well mottied, most motties horizontsl, mm
O =1 Matthes are mastly horizontsl, mm wide and cm long wide snd up to cm long
- Calor bands:
Calor banded in shades of gray, paler and darker bands lass
o L Darker tend ta have sharp contacts, light sre gradational oL L mattles than rest of eore
Light bands thow less sructure and am more calesreous n Very top of core is light colored chalk
— Fine green lenses and fieck soccasionally seen appesr 1o be 0 i 2;::*»«: Scattered small nacrous shell fragments and fossil wood chips
. mostly chloritelike material N ncore
et < - oM Scattered dark geoen fing lonses and flocks
= -
i @ 0 = Wery light L = lighter color o o L L = lighter color
e = Very light D = darker color 0'{ L D = darker color
23 2 2
-3 Duarkening
; E I 0 DRGANIC CAI‘WP;I;I‘D CARBONATE 1% - 5 ORGANIC CARBON AND CARBONATE (%):
. T 1,48 4,72
iz L Cartiomate <. & ol Carbanate 2 40
g ¢ & =8
- g 3
§ cP 0,5 e darker band, sharp contects : D
€] o £ L s |22 0 FL
E i |%
Stiell fragments g
i §| [T Darkening 3 3 E o™ oL o
H 3 Thin fight band %E 3 -
2 in dark band g .
£ Thin lighter tand 2
b §|  F5 Serim of thin dark < L Gray
or _i hoenogensous bands 8 O sren
2 | sG¥ 5N
¢ E (] /Guv
=
- H I~ ssan
4 ¢ = &l
mottied
4
ol B EOE AP g
= PP £
aclew|n | |am E % o wen
¢
25Y 50
5
RP{CP| B B
fml le 8 .
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SITE 549 HOLE CORE 48 CORED INTERVAL  626.0-B355m SITE 549  HOLE CORE_52 CORED INTERVAL 664.0-673.5m
§ [ -
A
z |2 " » ; CHARACTER
§|- Gu|B) 3 g § & GRAPHIC §n- Gu 5 2 S g GRAPHIC
'3 :E £ g ElE | umHoLoey H LimoLoecorscuieTIon 3 ES £ 8 El E | umiowoay LITHOLDGIC DESCRIPTION
o HHHAREE 2 tF SHHHHEHEE £ E
SR ELE EE g R HEEHE EEH
3 HEH T R HEHHE FEH
- A T
= 1 . P ~a L R [ g it j:
3= i . wéu sty mudstons, medium light N6} 1o fight § ] "‘J.."'_L.":" el
3Z p— , medium light gray o 3 _ 1 L Cosrser more Calcareout 10YR B/1 [
1 E i gray (MB], very fism to haed, extensivaly mattied in darkes 5 |22 o5+ <, LT K o pagiger ﬁ::::m":w 1 B/1), vary firm, one lage
=) sk arays 2 i 1 i Tt 170 [ Diark strmaks
> Stightly darker band liom 7326 em 2z gy i i tabular minaral
- H = e = ke + quartz = 10% rock Unit 2
= 1= 2 |8 1.0— .I_J__J_._‘-..,t_ AL \‘lomm Coare grained dolomitic siltstone, red (T0YR S/6), hard,
S = gy - Dark lensos, ouartz + ttered dasik minaral and occasional dark cem aize b
3 g ORGANIC CARBON AND CARBONATE M%): - T I bt PRl k5. dark mineral o '" b e
£z 133 :m:“mﬂ 99K Oartz and caiche aiso present
g Carbonate 40 pevanic Chiastz filledt yoicds oecut infrecuenly
‘Beveral vaids stained sulphur yellow
SITE 549 HOLE CORE__ 49 CORED INTERVA 635.5-645.0 m
o sy SITE 548 HOLE CORE 53 CORED INTERVAL 673.5-683.0m
« | CHARACTER FOssIL
R EMRE g § -] - CH TER
e E§ HEIF ElE GRAPING LITHOLOGIC DESCRIPTION E» w|2]2 HES APHIC
s an|z < 2| g s § £)8 El & LITHDLOGY LITHOLOGIC DESCRIPTION
£ g H g HHHE w3 £ §|3 ; gl ¢ § 2
FRHEE § E a HEE E = g
oM 1 JEAEG 3
Unit T e e Tl 11 |— Geouss with
Blcrl B B S A S Ry quartz crystals
£ Calcarecus mudstona, gray [NG—NB) laminaned with larminse e Unit 1:
2 disturbed by burrowing, ¥ cm core v lad Coarse grained dolomitic sitstone, red {10YR 7/6), hard,
< = scattered black Mecks, dark mineral
£1= ORGANIC CARBON AND CARBONATE [%): - :
B |= F Increasing _—
L ] 1.33 = concantration Wnit 2;
4] Organic carbon 0.17 = 2|FP [ of 2.5YR 78 mudstone, red (100 5/8, soft to firm, homogen:
= Carbonate 5 e
= a9 5 s gl /.-;_pu:n-:l Cummmn quarts, coated by red material
iz 5 HH g ;%RNU&?.‘“ Mixedt downward with & velow (10 6/2) calcareous mwd-
g 2 i E = " one
l s 33
s s Uni 3:
§ 3 = E|E Caleareous. mudstone, olive gray (110Y 6/2) to brown (7.5YR
: 2 3 = 71.6YR 6/2 572), soft to firm, homogenecut, abundant gquartr and
H \?‘o:v contact caleits or dolamite thomtn
i R Contains fincks of fossil wood
£ [~ 10YR &1
£ b SMEAR SLIDE SUMMARY (%):
FPlom 1,42 1,142 2,138
£ L 57 o
Texture
Sand 5-10 0 15
40 A0 36
SITE 549 HOLE C[lﬁ_g 50 CORED INTERVAL B45.0-6545m :?.Iy 50 50 50
g FOSSIL Compotition
» 5 CHARACTER Ouartz 25-30 o 20
§ Eu BEH ] 8| g GRAPHIC o = £ =
i ,-,§ v § ] £] 8| e LITHOLOGIC DESCRIPTION Glaucanite e T, -
Zlar|z - ol w ] - Carbonate unspec. 30 50 35
E E 3 ﬁ ] ! wl ® E i Cale, nannofossils 10 10 0
" I‘ H g g i E § Fish remains - T -
s |4 ] Chiorits 510 5 5
™ 3 One small
2 L I 4 pabbla Linit F
€ z | O emall pebbile of greenith gray (5GY G/1) calcareous ity
2 & mudstone, containg cne bummow filled with darker matasial
<
%‘ B
2 -] INOTE: Cora 57: na recovery,
3
E
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SITE 549 HOLE CORE 54 CORED INTERVAL 683.0-692.0m
2 FOSSIL
E 5 CHAII“TER
EulEl2]2 gl 2
N EH g GRAPHIC
[ 23 £ HE El & | umoloey . LITHOLOGIC DESCRIPTION
e HEE g AR :
B |E § I =
s | HEHE 3
P om B BT
.
+ Unit
o N Calcaneous mudstons, dark grey (10YR 4/1) 10 gray (BY &),
1 - fiem to very firm, somewhat silty taxture, homogenaous to
ok very faintly mottied, scattered black flecks end some pieces
i of black fossil wood [ <cm size)
e
= CARBON AND CA E (%):
2.0
e Omganic eabon 028
> Carbonate &1l
& = ~
e [~
-'1‘5 10YR &1
= 2 P4 Gradationsl contact
g oM | P RP 5Y 4
EI=
ErE
a ,‘.é
&
g F FF|FG RP
'.Sg 10 R 411
2
3
- Fraquant dark grean strasks
I
crlce AP I i
T BY 81
$ b
CM| FP RP

SITE 549  HOLE CORE 66 CORED INTERVAL 692.0-701.0m
H FOSSIL
« |E |_cusnacten
g |zulelz HEF:
3
€= (22]0 § MEIR GRAPHIC LITHOLDGIC DESCRIPTION
| Z E E = LITHOLOGY
w32 HEFTEI RS F =
£ g gla g w|= 5 )
@ AHHHHE e !
s |S)=]=2]5 5
oMo AP Wieakly |aminated, 5Y 5/1, hioturbated calcareous mudstone,
05 Oceasional plant debris, shell fragments (brachiopods and rare
belemonites) throughout. Patches and spots rich in green colored
1 minaral (‘chiorite’?].
Vi L Bioturbation very intene at Section 4, 107150 e,
e Strongly Leminated tand et Section 5, 88— 100 cm_
L
L SMEAR SLIDE SUMMARY [%]:
2,97 5,70
s (] s}
< Texture:
I L Sand w10
L sit a0 a
E 2 Clay 0 5
o Compasition:
£ |eplem o o Quartz 5 10
- Feldspar & 10
Clay i 10
Carbonate unspec, 40 a0
Cale. nannofosin 30 0
5 ORGANIC CARBON AND CARBONATE [%):
. E 214
¥ Qrganic carbon 021
CM| AG M| 3
=2 Carbonate 52
£
£%
gt
=% =
HE
5
Z [FMjcM AP
5
E 4
E
i
=
£
=t RP —
s 3 .
CM| CM AP e
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SITE 549  HOLE CORE 56 CORED INTERVAL 701.0-710.0m SITE 549  HOLE CORE 57 CORED INTERVAL 710.0-719.0m
3
i FOSSIL 2 FOSSIL
x
g § | CHARACTER 8 g _|cmmm:rtn
Eul2| 2 g Zl g c ] z| w
REHH =] GRAPHIC S &
T E :é £ z £| & | umoloay LITHOLOGIC DESCRIPTION e ;§ HE § 2|8 e LITHOLOGIC DESCRIPTION
g° [E il g 1 TF S FEH HE +FE
A HEHEHE s HaHE 8 £ T
= E = =
-BHHHALE 3 HHHE TEE
- voID
Gray (6Y B/1) weakly laminsted, bloturbated, from calcareous = CALCAREOUS MUDSTONE, MARLY
b (2 " m:;.m N ’ ] Usualty 5Y 5/1 in color; Section 2, 88120 cm BY 6/1
= Burrowsd moderately 1o intensaly
M
1 Scattered organic [plant?) fragmants throughout. ICM | CM F . z N M o i with. ish et
Docmional spots of a green [?dingenetic) minaral, 3 Plant fragments: Section 1, 37 and 110111 em, and dissem-
Section 1 has o noticably haed band of Pimestons gresnish s inated through Seetions 1, 3, 4, and 5; Section 3, 80150
gray [5GY 7/1) at 104106 cm, N su‘:“; ke Mws:nw-t}:;' 110, 138, and 144 om (brach.
Section 4 has a mars strongly laminsted band between 4045 : "‘?“s"“'n:;“m"“'s e i
£ ™ Care streaked with gresnish gray chiorite, rich beds in Section
E b - 2, 76=77 em; Section 3, 57 and 88-70 cm; and Section
SMEAR SLIDE SUMMARY {%): ! V' 4,113 em {in burrow]
E M| P AP 2,70 4,98 EP|FP RP 1\ rla:;h:z—lﬁw aned Section 5 laminated, occaonally
o [+] aurl Frowing
£ o i Composition: 2 /1
L] Quarts 15 38 BIS SMEAR SLIDE SUMMARY (%]:
5 Foidupar 5 T : %20
5 Pyrits ® = 0
E Carbonate unipec. 50 0 FM | CMl ] e Texture:
> & Cale. nannofomils  — 5 Sand 20
> A1 Mud BO
E 3 ORGANIC CARBON AND CARBONATE (%); Compasition:
§ 1,44 e R Ouarrz 1%
z Organic earbon .08 5 ? -~ Mica 13
] e -l " » 5 g™ RELE > ?v:‘iru 'S
y = Carbonate unspec, 30
£ H -‘E Calc, nonnofossils 30
5 ) 3 Plant dabrls T
? — VoID Dalosnite T
2 ORGANIC CARBON AND CARBONATE (%):
3 Imm AP 2,53
§ Organie carbon 0.42
Carbonate %
s 4 4
.
(AM| AP
B
E& oM RP oM
FM Ll
RP| AP AP .
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SITE :ﬂ HOLE CORE 58 CORED INTERVAL 718.0-728.0m SITE 549 HOLE CORE 59 CORED INTERVAL 728.0-737.0m
£ cmn..lr.':'sn g rosaiL
- X « | | ceanacte
Er gg HE ; g E GRAPHIC §.— EPTEHEE 3| 2 GRAPHI
B E g § 5 g £ LITHOLOGY o » LITHOLOGIC DESCRIPTION 'V E§ g g = glE| & Ficarm e LITHOLOGIC DESCRIPTION
E
Eu%;ﬁgt EEEH ¢ £° (BT (5)5(2|B]E (5| 2 2o o
HHEHEHE EEH ERCRHEHE § g
= g |® 2|3 E
Voo
(CM ] FM) Unit Unit
Calearsous sandy mudstons, dark gray [5Y 4/1), 10ft to firm, - Calearoous sandy mudstone, dark gray (5Y 4/1), firm 1o very
_l Tivin Iaminar hamogeneous with occational faint mottling 2 firm, homogeneous 1o faintly bioturbated
tcattered throughout  Scattered black flecks and fragments | <em) of fossil wood 1 -] Scattered black flecks and small pieces of fossil wood
* | Could ba drilling Oceamlonal lighter { < cm) bands wnd lenses of dark green Eu . Occational smal shell
L materiat s One bulemnite
Fare shell fragments _ lemiowm AP - FRare small dark green streaks and leres
Sediment has shundant quartr and noticable content of 13 Sediment containg shundant quartr and rhomin of calcite
i} apegue and colored heavy minersh 5 o dolomite
Frequent well formed calsite or dolomite mambs A =t Small shell Noticabile quantity of opaque and colomd heavy minerals
= Micracling pressnt
CM| CM £ g Comman fish wertebra
SMEAR SLIDE SUMMARY (%): E 5|2 _|ne|cw] AP Seattered foraminiters
i EElzs
- o ; ElEZ 2
z Texure: +a2 |2 % SMEAR SLIDE SUMMARY 1%)
% Sand % fzlg & 1,88
it ) ERA e ]
£ Clay an N € % Texture:
E Compasitian: g Sand 30
Ouarts 55 35 - Silt 30
Foidspar 5 T 2 Clay a0
3 Haavy minscals 3 H b T Campouition
Clwy 10 E = Duarte 50
cP| FP Carbonate unspec. 30 L el3 Fidspar 3
Cale, nannofossits  Tr Clay 1]
Chiarita 5 I Glmsconit T™
G =1 AP [ Coneanteationof  Carbonate unspee. 30
55 ORGANIC CARBON AND CARBONATE (%): ] . w B small fossll woad  Foraminifers Tr
E e 2,38 I Tragerunia Cale. nannofomsits  Tr
|= a Organic carbon 0.40 Fish remains T
= Carbonate 2 Plant dtsrin Tr
-i-g g Chiorite 5
5 2 Jom) om)
E ORGANIC CARBON AND CARBONATE (%):
s 3,52
i Organic carbon 047
2 Carbonata 2
= Brachiopod
H " tragmant
£
FM{Ca
[ Dark green lers
AP jCM
cp| PR
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SITE 549 HOLE CORE 60 CORED INTERVAL 737.0-746.0m SITE 548  HOLE C(%F_l_E 61 CORED INTEAVAL _746.0-755.0 m
o
FOSSL 2 FOSSIL
§ CHARACTER _ | « |E ER
w| Bl 2 2 EREMOE z| =
BAEHE i -5- B | hos LITHOLOGIC DESCRIFTION T Bzl g|E]E | jonamic LITHOLOGIC DESCRIPTION
1 g =23 E 5l LITHOLOGY 3 - i E e 5l s LITHOLOGY ks ™
S HHEHHEE B i HHEHHEE
F la g = 5 E 5 & g | 5 3 ;
MHHEHE 3 z HE FE
~
A
M | Unit g Unit
owm W | Cabcarooun siltstons, gray (5Y 4/1), very firm, grading down- ol Calcareous sandy mudstone, gray (Y S/1), firm 1o vary firm,
ward 10 a gray (BY 5/1) fine 1o medium sanditons, very e h:imma:v::ﬂnre:;r:ﬂnmolrn
firm man scattes 1] wood
Both sedument types have minor bioturbation but lack any Below Section 2, 86 om abundant large shell detwis, corals,
real seclimentary structures rudists, brachiopods and athers
Both contain shell and fosil wood Iragments Occasicnel laminstion s marked
The sandstone is rich in glauconite = ORGANIC CARBON AND CARBONATE [%):
= 2,107
Increming = |ewles Organic carbors 0,38
quantity of SMEAR SLIDE SUMMARY (%) £ Carbonata 24
shell fragments 177 528 & E
L Re ~ Gradatianal B B E 4
2 Texturn: £ ; | corat
Sand - 0 s |3 il
i 8 St = } 70 a [ [ Coral or rudist
Clay = g
Comipeition: E Abuindant shell
Ouiartz 16 10 fragments, rudists, coral
Heavy minerals - <5
EP AP Clay - 10 & [ Laminated
Glauconite 10 10 Abundant shel| tragments,
Iy Pyrita Tr <85 Wiy
™ Carbonate unspec. 40 50
5|5 E Cale. nannofossils 25 10 Sandty mudstane
E
FP
E 5 B ORGANIC CARBON AND CARBONATE (%): P M
@ | = 517 Shell # misd 1]
Orgutic cartion 027 FPFm ragments, mud brecei
|— Plant detwis Cabony % == =
FP|FG RP Cotly
NOTE: Core 62-66: no recovery.
| Faa
4
Abundant glaucanite, SITE 549 HOLE CORE 67 CORED INTERVAL 787.6-7925m
whell fragrments - A
2 FOSSIL
l 5 g jﬂm“
@© -1 B = w
Y EHIHE i el GRAPHIC
. i ;5 £ 8 : HE LITHOLOGY |y . LITHOLOGIC DESCRIPTION
R HHEARHE £ +F
S E H gl =+ 5
s |2 g Z|& B
cP|Fm re| 5 = 4
[~ — e — Unit
| et 1 = Grainstone, gray {7.6YR B0 hard, posous [up 10 several mm
0. — —— — + spaces), matrix of shell fragments, sheils, subangular mé-
= e ——— L critic partiches and pelioids
T Shall fragmants of brachiopod, corals, rudists, sponges, schin:
3 s,
§ Grain size Is generaily several mm
S Random orientation
& g At 14 and 78 cm pieces of limestone are composed of a finely
i - = laminated gray brown mudstone (algal?) truncated by
prainstong
chaj o g In several places cofonial corali sre growing on grainstons
EM{FG ar |CC wrfsos
Commaon trochaling forams
NOTE: Core 68: no recosery.
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SITE 6549 HOLE CORE 69 CORED INTERVAL 793.6-7845m

881
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SITE 549 HOLE CORE 72 CORED INTERVAL 801.5-806.5 m
H x BRE FOSSIL
§ | SIARACTER » ; CHARACTER
EMAEE z| 2 § |3 |
HHE B2 | omame g 52| annn
5§ % g & E| E | umHoLoay . LITHOLOGIC DESCRIPTION 5s Eé g g El B | o LITHOLOGIC DESCRIPTION
AHHHHBNE E A HHHHHEE 45 H
HE ! N RHHHHE §
-BHHHE . FAHHHHE 4
§ =51 _ ====
¥ Unit == Unit
E Three fragments, grainstona, gray {2.5Y 8/2), hard, in contact e e T Wikkeitons with soms sctions of packstone, dark geay (6Y
H with & grayish brown (2.5Y 5/2) mudsions [aigal?) — - Dark 1), firm to hard, grainy are macro- and microfossiti,
3 a1y porous, ol mpperied mairi ca el g — e Abundsnt shell Tragments slong with entire fossils =
g Mipdesians b hosvopeaou oy B e corals, brachiopods, gastropads, and athars,
T 10— The mud fraction i composed of sbundant caleite fragmans,
‘;‘ : I : I : common quartz, black opagque perticles, and chiorite,
s ler AP e — The very fine fraction contains caleite graing, quartz, black
549 HOLE CORE_70 CORED INTERVAL _794.5-797.0m H [ i e griki pod ol
= = T — L
§ Ten § T C Higw ORGANIC CARBON AND CARBONATE (%):
MEANEE x| e 2 . SEIE L o a1
e §§ HEIEINE: E| B | oresy LITHOLOGIC DESCRIPTION H 2 —_—— =
S EEHEHE = 2 a ——— =
H 5 HE g o B = == . iram wicle chark grainy lena
R HEHEE +EH P R I P ==
—= I — AG| RG] aM|ccl e
] e ™~ Bryozoan
E ol ki s s Truncating coarser  Unit
E = |RP| & 8 beds, shell D-10 em: intraclastic nudmone, dark gray [5Y 4/1-31),
£ lep|ns el 1 . concentration hard. Abundant micritic clasts, some coated by one or two layers SITE 649 HOLE CORE 73 CORED INTERVAL 806.5-811.0m
3|2 —— of fine calcite, Some clasts ara smpty and fillad by crystalline 5
2|k i T ealcite or dolomital?). Clasts aro darker colored, Riock matrix fa
a shell fragmental, §
g 16—23 em: bryczosn limeitone, pale gy, hand, on one plecs Er w
3 the surface is truncated by & grainstons. |Z g LITHOLOGIC DESCRIPFTION
E 7360 cm: claystons, dark reddish brown (25YR 30M4), ‘i
hacd, |aminated, and microlmilted, soveral ercslon surfaces =
{lamina truncated) where cosrser shell dobeis. is found, Rich in
quartz and contsing litte calcite. -
B0-B0 om: grainstons, rudstons, light gray (5Y 7/1), hard, L P o Uit
pisce J;:I: |:n:.:lp:‘:m;::‘ mmm x m“‘“'ﬁ‘l': Calcareous wndy mudstone, gray 1o olive gray (BY 5/1-4/1),
riche very firm to hard
grainstons tldnl and below, one contact conformatie and the ..l thrvigaricos Most of the sand sized mataeial is shall fragments
other is srosive. Tl bus
5 As marked, the unit siternates between darker firm bands
CARBON AND TE [%): and lighter, more calcareous, hard bands )
L3 1,78 owmdpinsin TP Per burds o, et e 30 ey i oot
Drganic carbon 030 037 rhonate.
= ‘E Darker bands appesr more terrigenous and can be finely
3 larminiated
Loss
terriganous DRGANIC CARBON AND CARBONATE (%):
- | Laminated N
549 CORE 71 CORED INTERVAL _ 797.0-801.5m 2 ] | Lesstarrigonous  Organic carbon 0.47
Q T AP L ha Camlnatd Carbonate 5
- - —
§ z E -1 Less tarrigenous
£y (28 g GRAPHIC 7 =
15|58 E| £ | umolooy LITHOLOGIC DESCRIPTION 3 i
£ 8| % ] .
F = Al 8 re3] o Laminated
8 3 :
o —————
[ — === P! Unit
i Grainstone and massive limestone fragments, yellawish gray
£ (2.5Y &12), hard
F Grainstone i composed of shell-fragment matrix, very porous,
some voidi have well formed eryetals of delomit/escite in
§ them
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SITE 548 HOLE CORE 74 CORED INTERVAL 811,0-816.0m SITE 549 HOLE Dglﬁ_s 75 CORED INTERVAL B16.0—-825.0m
o 1]
= FOSSIL £ FOSSIL
F CHARACTER « 13 CHARACTER
e - L.
-E E] g - EMAE ]
oy 2 w
TLlEE|E ! § Tl It I LITHOLOGIC DESCRIFTION A H i § ; | Snaie LITHOLOGIC DESCRIPTION
gfg"é HHHUE g gfg";;;; il ¥ o «
5 E
=3 = = =
g HEH E -MHHHEE 3 i
|z L] = a
Altaenating hard, biulsh gray (58 5/1) marly limastons and dark Aftimation of hard gray (5Y 5/1) mary bioclastic imestans
FE L oray (BY 4/1) dlightly calcarsous kiltstone. AP|RG L3 10 dark gray (SY &1 calcarsous siftatone, which contains abund-
Section 2, 86101 cm has sxtansive recrystalized calcite vaining. ant small bioclastic fragmants,
cr| G ap| 1 Shell fragments abundent throughout, but mare 5o In hard lime 1 Hardngss probably reflacts degren of carbonate cementation.
ones,
Oecagionsl wood fragments throughout, Section 3, 25-07 om: mierbedded oolitic blocastic limestones
Hard fayers probably equally calcite cemant, Soft fayers largely and calcite siltstones containing fimited amounts of Ioclsts.
uncamanted. voin Section 3, 97 cm—Section 7, 25 cm: coanse grained blockmtic
e 5 Z Fimestone.
¥ _|FP|Ra AP SMEAR SLIDE SUMMARY [%): i &85 Section 7, 25 cm through CoreCatcher: dark brown (7.5YR
§ |52 2,82 5|5 S &/4—3/2) laminated silty mudstone.
E P o ]
E 55 2 . " F Note: umasr dide from softer layer. b g L 2
§ |5 ™ — 2 8 23| Fe{nq L S ELIOC UMY ot Nots: smaar slides
> 1
g i 0 3 .‘,’ - :;u ‘;;‘ sampled from
H %g 30 Tachae: sittstones only,
i -1 Sand 10 10 - limestones
?' |l Silt 0 40 4p ‘toohed
v AG Y Clay 20 0 60
Tr I :: b ERTRCETIOR Composition:
RG Carbonate unspec. 10 — 1 Ouarty &5 50 o5
Cale. nannolosils  Tr 3 1 Clay Tr To 5
- - { Pyrite - T -
3 — ORGANIC CARBON AND CARBONATE [%): = i Carbonato umspec. 30 40 Tr
== e T T Cale. nannofonsils  — Te =
== Orpniccabon D47 =
B —r Carbonars 8 e — ORGANIC CARBON AND CARBONATE (%]:
3,16
Organic carban 035 016
Carbanate 33 4

4
- voID

s| 3

<
7 T— T
FP |RG A? lec] ——
T
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SITE 549  HOLE CORE 76 CORED INTERV__.»Q_‘. B825.0-834.0m SITE 548  HOLE CORE 77 CORED INTERVAL 834.0-843.0m
H L B FOSSIL
|__CHARACTER | CHARACTER
E» é"‘ 2 g? Bl E | craemic g E... HEE] Zl g
I Eé g H E : E LITHOLOGY LITHOLOGIC DESCRIFTION - gg £ g 2 g o L“”Lrgg\f = LITHOLOGIC DESCRIPTION
" TTHON
N HHEHEUE i S HHHHEEE EE
= 13 § = -
A HEHHHEE MHHEHE :
. CC
Section 1, D70 cen: dark gray (BY 4/2), firm, calcarsous sin z Core-Catcher anly: highty fragmentad by drilling, langest frag
iy g ment ~ B om diameter, 5Y 4/1 sandy, shelly, calcarsous silt-
AP RG| AP - 5 stone,
Section 1, T0-120 em: dark gray to gray (5Y 4/1-5/1], cal @
1 carwoun siltstone  grading downward to bioclastic Hmestane =
1 Soane with laminations at bass af unil, .
Section 2, 0-70 em: gray [BY 4/1) caleareous sltstons, Z
Section 2, 70-80 om: silty biodlestic fimestane, 5Y /1 lamin- §
= Z|mp AP ated af base, &
E =3 Calcite vein ot Section 2, 58-89 em. €
HH Ik " Section 2, 100-112 cm: 5 4/1 caleareous sitszans,
i g 2 . AL Section 2. 112137 onut. 6Y 51 wery coene blochartle (e SITE 549 HOLE CORE_78 CORED INTERVAL 843.0-8520m
% 2 H
i3 Section 2, 137 em-Section 3, 20 em: §Y 4/ calcarvous it H e
s stone, 2|2 '!—7“%‘“1—‘ z| @
Section 3, 2030 cm: sendy silistone. I H = el e GRAPHIC
- ! = EHE H E| E | wiHotooy LITHOLOGIC DESCRIPTION
RG Section 3, 30--40 cm: sty bloclastic limestons, wacketone, w3 |3 H 3 g a u =
Section 3, 40-60 cm: ofive gray (5Y 5/2), ity calcareous Z|s HEE
sandstone, hard. HHHE i
o 3 " Thin section in Section 3: malluse shells micritized, some farams, =
B |RG L] 10% quartz, 40% umspecified carbonate, 5% hamatite, 40% ™ RG |, Oeee Wit 1
dolomite cament, traces of gypsum and glauconite, £ | Lighter Fine calcaneous sandstone, gray (B 4/2), hard, banded in
EF Darkar shades of gray. Darkar are somewhat coarser and more tesrigen-
SMEAR SLIDE SUMMARY [%): = c 1 = ous, lighter are more calcareous, Color cantacts are rapidiy gra-
1,62 2,65 3,38 EE Lighter dational, lighter bands very occasianally mottied. Scattersd con-
o D o 22 B 1 - centrations of shell fragments. Composed dominantly of caicite/
Compesition; 2 &Y 42 dolomite and quarts grains, common feldspars and chiorite, and
Quartz B0 50 30 8 Large shell frag-  naticasbile quantity of haavy minerals.
Feldspar - - Tr |~ ments, gastropods,
Heavy minerals T - - F] ™ mﬂl:‘“ Unit2
" - - 10 BY 32 Homogenecus silty mudstons, dark gy (BY 372, soft,
Carbarte ungee. 30 45 50 8|8 B8 Faint Lamination, ud bidack 1 o moderststy calcareou ’
Cale. nannofossite  Tr T - cotor grading v seatter becks, ritely © N
10YR 4/2
ORGANIC CARBON AND CARBONATE {%): Belemnites? ORGANIC CARBON AND CARBONATE [%]:
2,51 1
Organic carbon 080 Organie eartson oo
Carbanate g Carbonats M
SITE 548 HOLE CORE 79 CORED INTERVAL 852.0-861.0 m
H FOSSIL
= |5 CHARACTER
8 l=z.l2l2 z| @
‘f'g HHE g 8 % & LITHOLOGIC DESCRIPTION
“nlzE| 2 e -
M HEHHH U
g - HHHHE
= wl| =z 3
T . Black, noneslorons
2 . ok ;
£ ™~ Erosive contact Medium sandstone, light gray (BY /1], hard, calcarsous, rich
£z 1 shell concentration in <2 mm sire shell fragments. Shell areintation i wb-
T horizoital, Aburdant colored minarsls.
Slightly calcaerous
EEIIP B B W?“E:HDCW Aboys and below the mndstone are gray 0 black mudstones
23 drilling poar in calcite
2 o |- Pelloidal floatstone At the bass of the core & frasctured palloidsl Mloststons (par-
B Pullcidat g tickes 12 mm sizel with matrix of fine sandhitone =
Hard, rich in shell
s Hoaments duscived shove
Below the llcatstone {s a pelloidal grainstone, massive, well
sarted with sbundant thell Iragements, very gray olive (5Y
5/
Mast contacts are obscured by drilling
ORGANIC CARBON AND CARBONATE (%):
1.7 1,78
Carbonate o 4
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SITE 549 HOLE CORE 80 CORED INTERVAL 861.0-870.0 m SITE 548  HOLE CORE 82 CORED INTEAVAL B74.5-879.0m
2 FOSSIL g FOSSIL
¥ § |_cHaRacten ¥ |& | _cHamacter |
M AE = 8 |zul2]2 218
Gu 4 = ou =
AR ; g § | ;omamac. LITHOLOGIC DESCRIPTION TE|EE|¢E ; ] | e LITHOLOGIC DESCRIPTION
w3 |2Nlz g FEH w3 38| 2 g 8
E H HFIE]
= - E Z g |2 g H
A HEHEHE L R HEHHE T £H
5 E |z [2]3]2]a 3
AP| AG) AP | et
APl & ap| . Rich in randomiy  Unit e Unit 1
arigntated shall Adtermation of: 8 Groan Hemogeneous sandy limestona, gray (5Y 4/1) becomes sandiar
fragments 1 = homagenaous ssndy mudstonn, dark olive gray (5 31), B towrds base
z 1 Hirm; with 1 Alternations of
s 2 — dark gray (5Y /1) clayey mudstone, soft 10 firm (with = Ftl o ety Unit 2
H i = Contorted bedding, little cakcite snd modarats to very abundant fossil carbon- zZ . Laminated Mudstona to claystons, green (56 8/1) 1o reddish brown
a 8 abundant wood scoous waod) and with = E ) (T¥R B/6-6/1) o gray (BY 6/2-5/1 and 10YR 31,
= r 3 — fine grained, Prerrigenois imestons, hard, grayish brown -4 5 —— Bioturbation often finely laminated and with shundant wood fragmants
z . Cm;f; R hove |28 572 1o greanish pray (SGY 5/1) : {earbonized) in the lower part of the core. Dominant con-
z \l-iﬂ“ ik Contorted bedding ohsarved a3 marked — sumping? RG Laminatsd wtituents ar quartz and clay minasals,
£ . dolomitic L Hedding marksd by color of units above and belaw defor- . ‘G"\‘ Many of the quartz grain ar iron stsned
' N, e . e
G Sardy fractiont contsin hasvy. minerats 2 SMEAR SLIDE SUMMARY [%):
2 > s :_aw-rngs Seattered black flacks in sandy mudstones Lamninated 1,106 2,16 2,80
e “'wmer Sandston st base of section contalns comman graim of iy . abundant wood o o o
& o I contorted bedding dalomite Largn cyrite Tenture:
=t 4 — Scatternd shell ryaal w w20
™ SMEAR SLIDE SUMMARY [%): Sin 40 10 0
1,27 1,140 Clay 50 0
o o Compasition:
Texture: Quartz w 0 8o
Sand 50 S0 Faldspar = = Tr
Siny k] an Heavy minerals - - Tr
Clay mn 20 o0 % -]
Composition:
Ouartz 50 a0 CARBON AND TE (%):
Faldapar T -8 1L28 1,126 21 27
Heavy minersls Tr-5  1-5 Drganic carbon 026 008 - [18:]]
Clay 20 10 Carbonate 1] 2 o 1
Dolomite - 0
Carbonats unspee. 20 1-10
Chlorite 1-5 10-15
CARBON AND TE %); SITE 549  HOLE CORE B3 CORED INTERVAL  879.0-884.0 m
1,80 2,26 1 FOSSIL
Carbonate & M = § | CHARACTER
8 |=z.le]® z| w
e [2F = g ol & GRAPHIC
§ i == % 2 E El B LITHOLOGY LITHOLOGIC DESCRIPTION
SITE 549 CORE 81 CORED INTERVAL B70.0-874.5m Zl38)g| 2| % HHEE M
- g g 3 % HHEIE : g
5 12 b SHHHHE 3
-4 ! = =
e "g u 2 LITHOLOGIC DESCRIPTION I ¥ ¢ ik drsespingd
iz E" L g & 5 5 with brown gy Upir
A H 3|2 * AP P Cos UM gk i Mudstone, blue gray (58 7/1), firm, laminated or mottied
= |8 HE g s E 18] a g bepeet with muedstones of varicus colors: brown gray (5YR 4/1), orange
] £ & T Laminae of red, pink |10R 7/4), yellow brown [10YR 5M4), gray-red (10R 4/2),
o 2 ETA A0 E = brawn, biue, and  and olive gray (5Y 4/1),
8 5 wadational to o o ™
mm calcareous Uit 1 T ORGANIC CARBON AND CARBONATE (%}:
m:ﬂl Sitty mudstone, dark gray |7.5¥R 4/0), very firm, calcarsous & Y | Sl b motied 2,73
near top only, mottled in phaces, color grading downward £ Voltow gray Carbonats o
1 to dark reddish brown (SYR 3/4) in noncalcareouws section Bla|le ;]
=l B £ O =~ Yellow gray motties
e Unit 2 |—— Riod brown motthes
it
= E Calcarecars sandy silistone, olive (Y 4/3), firm 10 hasd, » E Brown and gray laming
"“ cM| B (=] bundant to common shall fragments, parts ane more grayish =
o ™. Calcarpous el harder entasning more fing calcansous material 0
CM shall fragments o
2 - 2 =
" = Ol | richin e ORGANIC CARBON AND CARBONATE (%): .
B |RG fragments, calcita i 247 -
cement Organic carbon - 0.36 : i
N“'*:'MWW‘“ Carbonats o o sle N E B rmm—— ] 4 Oliva brown martling
with bed abova
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SITE 548 HOLE CORE 84 CORED INTE R\&| B84.0-888.0 m SITE 548 HOLE CORE 88 CORED INTERVAL 897.0-906.0 m
g FOSSIL H FOSSIL
g |3 |uanacren x |5 | cuamacren
‘M ARBERREE MAOBE z
A Bl p | Snarmc LITHOLOGIC DESCRIPTION e (2 B2 2 i LITHOLOGIC DESCRIFTION
s |EE|E ] 81E| E | umoLoey | £ «§ E H 7 g
RERHHEIHEE g REHHEHAHE §
N AHEHEE § R :
& ils s |E|Z|=|a E
10YR 3/3 homogeneous Meottles alive gray )
25v 404 Section 1 0-70 em: siltstone, andgrengay | Unlt 1 . , .
B " o Section 1, 70-120 cm: large sump block, sediment is graded B B [ Becomes mare cal- Claystone, wﬂlﬂ';:\lf llsﬁu:-"l- firm 1o plastic, non-
2.5 413 and 5G 61 i left: contains la camous calcarsaus, same larninal
56 from coane st right of core to fine at e pas g [ domminated by
1 mottied togethar tropod layer slong Wngth of cors. Largs fragmants up to 1 cm 1 o [ Oont bl neralogy quan
L] in diamatar. L Hard, calearscus  Unit 2
i3 1 Saction 1, 100 cm: large crganic fragment at left of core, olive mottling Sandy to sity muditone, gray (5Y 4/0-5/1-31), fim 10
g Section 1, 120-Section 2, 20 om: wery dak gray [2.65Y N31, hard, calcsreous in hard sections, matrix "
2 weakly laminated sandy siltstons, with large black sediment B ] - Erosive contact, in siter sections, abundant to moderate quantities of shall
clasts raar base [Section 2, 10-20 oml, i mdmﬁ-m hwuvﬂmlﬂhﬂmﬁ: fragments ) —
3 ™
B B Section 2, 70-100 em: olive (10Y 4/3) to greenish gray (5GY ! B fria i :M' contacts e lost u.:..:o.. rilling, occasional cwing
B/1) mottled sandy siltstons, g whell fragments Bocomes limestone ot Section 3, messive and very shelly
Section Z, 100130 em: alive (5 4/2) rom homogeneous sandy E Hamvy minerals of various sorts are present in ol sections;
" Bla sltstors. g 2 Nori-calcarois dolomite is present s sand; chiarites are present and well
= formed
8 ORGANIC CARBON AND CARBONATE (%) i B [} ™ N FEm g
8 WA R0 A8 A < large hll 128 SMEAR SLIDE SUMMARY [%):
AP Organic carbon 019 152 03 - it IRt et Josdll 1Az L6 2
Carbonate 0 o ] ipoemsmem pma L= |\ wood o o o
Tty [, Black laminse
a —— Large wood Texture:
it fragments + Sand o 40 70
— — - pyrite Sil 40 30 o
SITE 549  HOLE CORE_85 CORED INTERVAL 888.0-897.0m 3 —— Clay 0 W W
g2 = Composition:
E g ——— Quartz 0 80 60
= @ RP FP Feldspar B 5 1-5
= & GRAPHIC CC et Mica T T Tr
|~ LITHOLOGIC DESCRIPTION L]
| gé E | wurHooay o Hewyminersk  Tr Tt Tr
gs |2 £ B ] Clay 615 W 0
i 3 i Carborinte unspee. — 5 15
] 3 Chiorita 5-10 10 0
Limit 1 ORGANIC CARBON AND CARBONATE [%]:
p=— Coral, large 1120 2,118
B I~ shail fragment Calcarsous siitsans, ofive gray (BY S/2-1/7), firm, maderate e Pt
to sbundant lerger shell fragments and carbonized wood frag- rganic carban
1 lndurduunini imants. Carbonate o 4
Doark with lack
= motties Unit 2:
'_'/P\uiu and wood Sandy siltstone, dark gray [BY 4/1-3/1), firm, in places
s RP (=" fragments abundant small (0.2 mm] black crystals and shell and wood
| = Large shell fragmants.
= fragmants
i
E -i CARBON AND CA %l:
gIIP B RP BY 211 1,68 1100 2,38 240
€ Black abyndant Organic carbon 038 182 am -
SE 2 shal fragment ¥ Caronate 8 1 ] 14
5 |83
£ 5 . Large pyrite
E E " 5Y 31
i|® Abundant small black crysshs
-
B a Hard, shaily
3 Larpe waad anct shall fragmants
M FM
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£61

TERVAL 919.5-928.5m
SITE 549 HOLE CORE 87 CORED INTERVAL _806.0-810.5m SITE 549 HOLE CORE B9 CORED IN
[ FOSSIL
£ | cnanacres « |E | cvanacren
g 8 AE z|z
= H 5 a|s GRAPHIC DESCRIPTION
§i— PIHEE gl g GRAPHIC LITHOLOGIC DESCRIPTION SEIEE|E : El B | umowoay OO0
- AEHEE £l £ | umouosy H S H glg 2
R - 4 g
S HHEE B 3 y HEHE
S AHHHE i § HHE :
HIHHHEHE HHE
.
St Unit 12
Unit 1:
laystone Silty and sanchy bioclatic limestone, dark gray 1o very dark
= o mudstone and siltstone, dark ofive gray to gray gray (5Y 4/1=31), it small shell frogments
[8Y 3/2-6/1 and 25YR 4/0), firm, variable casbonate r ¥, 'wﬂ-wmwd b
1 - content, most horizons comtain shell fragments and small 1 itturbsted o v wecasional gastropod
; black fiecks of organie matter Unit 2:
1 All unit is rich in terrigenous material, quarts is dominant, 8 Y £F e e BV IR 16 i
wehdige. mﬂ.m,. s s Gy b = Non-calcarsous (5GY 6/1-B/1), firm, Iittle carbonate, occasionally mot:
-i i i thed, Guartz s the dominant component, wood fragments
. AP M Sedimants ganarally show ittie coherant structure, nearly all
§ [ Noncalcarsous boundasies are sharp, but & number sre artificisl due to AP ol present
H ™ Atundant el drilling x Weakly lamingted
¢ lzg ‘\ gt T Sbundsnt imall e AR SLIDE SUMMARY (%)
e Shel fragments  Unit 2 === kv icbirieed 2,10
i not sbundant Bat — gielty fimastone, dark gray (5 6/1) hard, variable smounts 2 ===== b
i 2 's":l:ef:'m of sand and silt, shalls as frogmants 3 = Texture:
ragments, = -
palioids B8 B TR - . N Black, clay clasts  Sand 0
il 80
i :mdl:v"r\r SMEAR SLIDE SUMMARY [%): ?:v 5
13 SGY 61,
Daformed lonses D 10YR 33 at Compaaition:
3§ + stringers of sand 8 hade Otz 70
L Ntes sitty Tt ntensaly mix Clay 20
> i = of olive and gray  pyripe Tr
- ey % Cuterm e T
dabris i
-+ Compasition: Plant T
= Sowe i ORGANIC CARBON AND CARBONATE (%):
| L Feldspar Te 195 2,38 CC
Pl B Mics T i =
Heawy minerals 10 Carbonate 63
Clay 10
mpnc. 1030 SITE 549 HOLE CORE 90  CORED INTERVAL 92B.5-937.5m
ORGANIC CARBON AND CARBONATE (%): g FOSSIL
1,137 2,82 3,19 § g | cHamacTeR |
Drganic carbon 75 o4 o4 E wl|El S 2 E i BRAPHIC
2 RIPTION
Dyttiomits = B B HAEHE £ £l E | umioloey LITHELOGHC Dedc
A HHEIHEIEE H
= e =
SITE 549 HOLE CORE 88  CORED INTERVAL 9105-8195m FolE |z g ‘_:' ] §
s |2
H cu:mn! s |-~ 2.5Y 672 cadcarsour
& ; | HARAcTER P - 25Y MZilttle Y 1:
é M 3 gl 2 GRAPHIC calcareous Mudstone to sandy siltstone, light brown gray (2.6Y 842 to
S EHHEFE BB | ionme, LITHOLOGIC DESCRIFTION A N My ke gy alive gray (5Y 5/2) or greenish ey, firm
g 5382 ; g% 8 burrows Variabile, but genarally low carbonate content
£ |5 ; £ z = [~—Erosvecontact  Varisbde quantity of shall fragments, most af these present in
E 2 g i ; T 5Y a2 the upper part af Section 2
Shall ™ § m"“‘w“'“‘w e Wood fragments commaon ta shundant
RP| B | AP AP —* Shall fragmeni 8 H m""“ Ricturhation pressnt in varisble degrees, some lamination
2 " Uit 1 = oocurs a macked
25Y /2 Sandy siltstone, siltstone or mudstone, dark grayish brown ™ Tops of siltatones se graded
° Seal (25 3/2) 10 gray (5 4/1) 1o gresnish gray (3G 6/1), 2 <P sy
1 sbundant shall firm, slightty to moderately cabcareous, seversl horizons 5 ~Al vihal | UnkZ
fragments of abundant shell fragments, occasionsl burrow mottling, 2 \;,w. Sandy or sty shelly limestone, dark olive gray (5Y 221,
L boundaries sharp o [ Biotusbated hard, may be wekly laminated, contains plant fragments
il o« [ Abundant clay clasts  Quartz is the dominant minaral, often Iron stained 5Y 4/
Glauconite is presant \Elg\m\f calcarnous
by Noncah SMEAR SLIDE SUMMARY (%]
omogeneout concretions
°|® . Poncuamon  Unit2: : L " Bandad in shades of ;"’E
5 Calcaroous siltstones of bioclastic limestones, dark gray 8 \gﬂ.g:l fragments
= .~ Contact sharp [2.6Y 6/1), hard, moderate 10 sbundant caleie in matrix, R Fnenish griy
3 a|s ] 8 " irragular large shell fragments - - Dark gray, non- Sand 1:
5 non-caleareous g S S
5 o3 2 ) 10YR 42 ol Clay a0
EZ el Iaminated bass  SMEAR SLIDE SUMMARY (%): IR Compustiion:
3 % A] 33Ok gray mudsions 2,45 - Catearsoun Ouartr S
i roen o . | ] |~ Organic rich Heay minerals 16
£ Texture: Iwyar Clay ™
-E Sand 20 Carbonate umspee. 5
sin = Coalifiedwood 15
Clay 0
. ORGANIC CARBON AND CARBONATE [%):
Cugrey = 1,113 3,19
Clay L] o 1
3 Glauconite ] Cartyoniate
CARBON AND TE (%):
RP ] L 14 2,63 37 37
Organic carbon ox - = -
62 2 ] a
&4 == Bioclastic tilty mudstons, calcarsous
8|8 B — Black pyritic non-calcarecus.
kPl B AP |CC
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SITE 548 HOLE CORE_ 91 CORED INTERVAL 937.5-846.56 m SITE 549  HOLE CORE 93 CORED INTERVAL _955.5-964.5m
o o
2 FOSSIL -4 FOSSIL
i § | _CHARACTER § CHARACTER
8 IE[ET3TAT [ 15l 2 | onnem A RE Bl ¥ | o
L EH Elu gl LITHOLOGIC DESCRIPTION cclcz|tl g Ele | o £ LITHOLOGIC DESCRIPTION
1E128]% 3 E 5l s LITHOLOGY < 1212858 51 & THOLOG o a
A HHHHHEE 4 FH A HEHHEEE d
R HEHEE FEH F | HE J g
8 |& & E E " g E -] 3
| Abundant wood L L = 10YR 712
e fragmants, dari e —= Jumble of pale
i gy, nan-calcarepus Uit 12 A4 = Himestone & dark  Unit 1:
B B n [~ Claystone ta sandstona, dark gray [10YR 4/1) to greenkth gray =1 L carbonaceous ok Massive limestone, pals brownish gray (1OYR 7/2), fine
o Non-calcaneous I5G /1), firm, varisble but generally low carbonete con- 0. L bundant shell grained, well sorted, very hard, signs of taint leming and
- 1 - :‘-‘““"m:n" tent, often f AT ragmerts Including e sl b
z + Shtly calcareous s pundant carbonized wood fragments = sanodam
F AL Dhark brovn, Top of Section 2 contains a poorly sorted mudstona with 1 " Unit 2:
- calcarvous, hard coarte quartz and rock tragments | Srell concretion,  Sandy mudstone to andstone, dark gray (5Y 5/1), firm, tap
SY 471 shelly May be mattled and often shows some lamination -_ rock is porous, shall of unit, near 80 cm, is lighter color and samewhat cal-
| =5 Contacts ganerally sharp but many are formed by drilling 7 ﬁﬁmmﬂ © odule  CEOUS, 08 is noncalcarsous
& Quartz |s dominant minersl and Feary minerals are present, e 12 omeration, . Containg scattered fomil wood deicis outlining fine distorted
£ lar [} ©oase sand, poaily pomibily [ncluding curmaline and cramiite rock porout laminae, & few clay clasts and large burrows, several sections
£ norted, wood frag ray, hard, plant whars thells are concentrated ord sesm dissolved out of
2 2 [ Unit 2: debrit ook
m‘g“""""‘ Sheily limestone, dark gray (5Y 4711, hard with sbundant
b4 Abundant plant shell fragments. contact to terrigencus sediments is ob-
materisl s olive brown  seured by drilling ON AND TE (%)
B B oo . sain, non-
SMEAR SLIDE SUMMARY (%): cubons ‘;f’ % 18
Dark gray, con- 2,70 cc e
cretions, fossil o o
o Texture:
Sand B Ful
iy n 40 SITE 548  HOLE CORE 94 CORED INTERVAL 9645.-973.5m
feid L 2 FOSSIL
i T R « |E | _cnamacten
= - ! w
Feldspar 610 - é» I HEE 3l e GRAPHIC
Mewyminersls  Tr 5 HEHE AE £l | umholoay L LITHOLOGIC DESCRIPTION
Clay ] 30 g 5 2 g ; ul=E
=
ORGANIC CARBON AND CARBONATE [%): E EH S H g
L8 Pale groy to dark gray quartzite
Carbarnats 1 1 Wit 1:
Top of Section 1, guartrite, pale gray 1o dark gray (2.5Y
o e size clayitone B/2, 4/0), fine grained, hard, contact 1o Unit 2 is absent
SITE 548 HOLE CORE 92  CORED INTERVAL 846.5-855.5m 1 / Lo
o Unit 2:
z cn:::::"?m 1 Micaceous fing 10 medium sanditone, light olive brown (2.5Y
é 2 ETeTel T1= 5/4), hard, shows some high angle bedding and o fracture
cr [C8 E H g =] E GRAPHIC Aubble, 1 plece surface sunning parallel to coring direction, ganerally
T :E HEE 8 il W oregis LITHOLOGIC DESCRIFTION sickensitied homogensous, quartz snd mick se dominant companent,
g7 ="3 g i3 g 2 3 8 mica Is somewhat altered, sericitized, quartz crystals inter-
F 1B | g e o g grown somn
s |8]|2 5] 8 3
B B [ Grimy o szo clay clasts ORGANIC mnm‘arz CARBOMATE (%):
_,_:.ua.m fine: Unit 1 I .
~. SI"M:._:.“ ste Claystone 10 windy wiistone, gray (10YR B/1) o dark gray
= 1 ‘contact, mottied (ZSYR 2/0), firm, nen-calcareous, variable but genevaily
Z: B 8 abundant wood fragments (carbonired]
£ 25YR 20 Contacts are generally sharp and particle alignment subhaori
- “'b“':m" rantal to harizontal
wood aMENs o itstone sround 100 cm contaln non-calcareous
of all sizes, mud
lasts (pyriti nodles
[
E Unit 2:
Shelly laimestane, oflve gray (5Y 5/2), hard, shell fragmants
E are small (mm)
Maotthes outhined in fine dark lines
ORGANIC CARBON AND CARBONATE [%):
1,85 1,104
Carbonats o [}
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SITE 548 HOLE CORE 85 CORED INTERVAL  873.5-9878.0m SITE 549 HOLE CORE 98 CORED INTERVA 991.5-996.5 m
H FOSSIL F]
I
B [2.[eTs 3 . 5 150 o
e EH F 2|z GRAPHIC w Cw K
; § :5 HEE £l & | umoooy § LITHOLOGIC DESCRIPTION ELlEE|E Elu L::YHDLOG\' LITHOLOGIC DESCRIPTION
R EHHHH R EF] 43 |3R|2 glE "
g S HEE i i = £ E wl| =
= 18 |E|3|3]5 ER g |5
8 |2]2f2la k] g |8 z
Uniit
Fine to medium micaceous sandstone, |ight olive brown Unit
o o [10¥R #/4), hard occmsional faint ace of high angls Micaceous sandstone, light olive brown |2.5Y 5/4—4/4), hard,
Tiwnia bedding, fracture plane parallel 1o coring direction, some wall sorted with fine lnmination )
iron oxide staining, some mica or clay mineral develapmant [~ Shaley Bcuwnd iron staining,  bedding #t an angle to drilling
1 along planes (movement?) direction
Sandstone s well torted, composition dominated by nter
grown quartz grein and by white mice
- voio VoI
Fo-coridn stai
-0 tains 2
2
SITE 549 HOLE CORE 99 CORED INTERVAL 996.5-1001.5m
E FOSSIL
SITE 548  HOLE CORE 96 CORED INTERVAL 978.0-8825 m § E CHARACTER |
o = -4 B e
2 FOSSIL 8, |Buw 2 s dpiG |
i z |EE|E LITHOLOGIC DESCRIPTION
g - HHEE Z ] 'g‘?. i ] LTHoLoGY |,
on 2 g
TEI|EE|E H E itsty o LITHOLOGIC DESCRIPTION F s i g 3
w3 E" H ; ; 2 E
H3
L - i ; gz Color banding
= § HEEB _l o
Banding with Micaceous sandstone, light olive brown (2.6 4721, hard, well
Unit hmoc_t Wy 01
Micaceous sandstone, fight olive tan {10YR 4/4), hard arkony Banded with lighter color (2.5 &/0) at top
Well sarted fine to medium sandstons Lower part of core 1.hlnd|d with semewhar siltier horizons
Soms bedding seen, it is 91 high angle 1o coring dawction Iron ux_ldl staining (s present and apparently parallel 1o
[45-60" | i
SITE 649 HOLE CORE 87  CORED INTERVAL 9825-9915m
2 FOSSIL
o |E | cnanacren
2. [ex[2]2 B2 | onauic
13 ES ; i £ E | umolosy " LITHOLOGIC DESCRIPTION
w
£7E"([55)E] |32 g
EBHEHEHE i
Unit
iy sy, Micaceaus sandstone, light olive brown (2.5Y 5/8—4/4), hard
/ Fingly laminated with one cross-stratified bed, bedding it at
] # high angle to caring direction
rous-tddad
1 harizon
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CORE L 0.0-80m 549 HOLE A RE CORED INTERVAL B.0-17.6m
o o
; i FOSSIL
3. Sy|E HE Es— §‘“ g g e GRAPHIC
k(B I £l E LITHOLOGIC DESCRIFTION i HE E|l & | uThotoay LITHOLOGIC DESCRIPTION
43583 ge Bk s A HHHHBUHE :
I £ 1f a 2HHHE H
] E =] = § HE B &
AG ™
iy : RO Unit Sk Unit 1
== ag BY 472 i
o . B Marly caleseous ooze 10 nannofosil ooze. pale yellow (5Y o Marly csicarsous oo 1o oslcoreous mud, olive gray (5Y 6/2
5] _Dl:lc O 7/3) at 109, clive gray (5Y 5/2] to light gray (5Y 7/1), soft (e} Q - o recdish gray [2.8Y 6/2), soft
A = o Generaily homogneous with scatered diffute thin blackish 8 5v 572 10 somewhat b contacts mattied
= ) hands and occational small pebble . Color gradient to sharp
1 oo |© Two graded units with erosive bottom contacts, are becomes o | Sharp conmact Occasional wmal] peubles
000l s sandiar (bioganic particie) ot basa of sach unit 8 - Scattared small black flacks
Ay n:::F o - ~~Sandly dant Occasional larger (1-2 mm] size shell fragments {ptaropods
oo — Lighter SMEAR SLIDE SUMMARY (%) FG Y B2 forams)
n soq |¢ 1,14 1,108 2,80 3,68 4,32 AG ——1  voin
(oo Lo o © ©D D D ¢ BY 71 unit2
= od Texture: z v Galcareous oozs to nannafossil care, light gray (5 7/1), 5o,
T=1:| 0 x - " » 15 2 o svsi gerennlly richer i thven Linit 1,
2 . D oo ¢ sl ‘:I:v = : = = } P ﬂz o [ Sandy tayer lnts quartz than Unit 1, somawhat les clay
z ] rar < e pebbiay Compotition: = AG " Catearaous
= i ¢ Cuartz = & 2% 2 & 2 ] SMEAR SLIDE SUMMARY (3%1:
g o |© Mics 8, mm oam B i G 185 1100 2,82
z Clay w w20 W - 0 ~Pebile D o o
é 5Y 412 Carbonate unspec. 15 30 30 Fol = S (e
3 [ ; Sharp Faraminiters 10 - - - & 26Y862 ) w1 10
& cantacts ;.1; nsnnofessils 3_n 2;0 ‘_o z:u >17_|: FG \ ontact St W 4D
3 Sl Clay 0 &0 S0
3 8Y 712 Fadiclarians T - - [ o oo
& Sponge splcules Tr - - - - Qarcp _ P
g 3 Dittuse gray band g"":; ? 5 T
E ORGANIC CARBON AND CARBONATE (%}: T AG Darkening upwards Mice wnd chlorin 16 E 0
5 0 sY L2300 4,3 ] b e . % 5
OE = o Organic carbon 047 028 01 H o - mnl,_&,,‘, g:mm 40
™ ing
= ® voID M. 2 e E I\ Groy [2.6v 5/2) umpee  5-10 25 20
& mottled derk Foraminifers T w15
£ o = ~~Darkcar band Calc. annofomin 20 25 16
| Gradational 25Y 812 Opaques -8 = fi
| Band greenish _
. ¢ ouke = ORGANIC CARBON AND CARBONATE [%):
& cG B 2,16 4,15
© z . b Orgmnicewbon 013 030
2 Darker Carbonate ] 1%
; Lighter
g Darker
& 7 ¢ — FG
= o 3
] o I~ Gradational )
= BY 5/3 Gradational
s| 3 © A 25Y 772
. reenish, mattied
O bissal contacts
= 5Y 4/1 sandy
5Y 62 [~ Sharp contact
;E\" /2 mud
o
o
]
Aglee
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4 0-36.5m
SITE 548 HOLE A CORE 3 CORED INTERVAL 17.6-27.0m SITE ?@ HOLE A CORE CORED INTERVAL  27.
] = FOSSIL
g FOSSIL
H L. - CHARACTER
CHARACTER « |&
§ E"’ T_—T gl 2 §.. PTHHE HE: GRAPHIC LITHOLOGIC DESCRIPTION
- |22 || 5] 2 g = GRAPHIC LITHOLOGIC DESCRIPTION S IES|E B
| H B LITHOLOGY
M
I ﬁé < H 5 é LITHOLOGY HEHE H ! gl & ko :
£ HHBE FER HHL: =i
" g HE FEHHHE E
[ o
Lt o = 1 =] BY &1
AG|AG “5:7 [ : [z i B oo | i ot
Unit E |la 7 - SGY B/1
Marty caleareaus oozs with same horizans of nannofassil oo £ |2 _'F_r‘T‘.,'__‘__, 2O fiffuse contscs  Marly olive gray mannotosil ooze, probably matarisl failen
of foramenannotoull coze, olive gray (BY 4/2) 1o whitish RS Il <G o5 I T T ""-ff.;;“ s inte the hole from sbeve
ki . rp can
! m’ﬂdﬁ’.ﬁ.’&ﬁm bbb m&:m. component ! —I"’I‘l".,.‘“ 0 5GY B/1 Unit2
" Gradstional amount o4+ o Foraminifarat-nannofassi! oaze, light gresnish gray (5GY 8/1),
[~ contact Sand may be either ae quarts or as foraminifers ce :_'_‘l'_'_‘l‘_'__ ™~ Somewhit reaching fight bluish gray (58 /1) in the (:mc-w
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SITE 549 HOLE A CORE & CORED INTERVAL 36.5—46.0m
2 FossIL T SITE 343 HOLE A CORE 8 CORED INTERVAL _46.0-55.5 m
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SITE 549  HOLE A CORE 11 CORED INTERVAL 93.5-103.0m SITE 549 HOLE A CORE 12 CORED INTERVAL 103.0-106.0m
) ]
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e |22 GRAPHI MHE gl &
T E§ H 2 g Bl e, LITHOLOGIC DESCAIPTION ce |22l ] g £ | gnamMc, LITHOLOGIC DESCRIPTION
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[ + T 1 —
H = 5z e -
& 1; LIy Composition:
¥ 25| ao e —— Cisy T
5 55 — — Foraminiters 20
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SITE 548  HOLE A CORE 14 CORED INTERVAL 111.0-116.0m
£ FOSSIL
w |§ |_cuaracten
g |z.lel= z| w
oW = ol &
1B ; = meggv LITHOLDGIC DESCRIPTION
JZ128 H I 3 &
3 5 g 3 5 u|= E x|
-1 83 HE i g
B Zle|d 3
A B e e i
aal R v T s Biith white (S8 971}, firm, homogeneaus foram nannofossi
- n - I I = i chalk
= 1 I ‘Warlabda toram-sllicecus content
- i 1 i A -
t |=z | = ;
g |2 s v s L) SMEAR SLIDE SUMMARY (%):
= = n 1 n n
=1 3 2 1 L 1
A1 B T o
i b o T Y Tuxture:
AG 4o - Sand w0
- S o
4 AG T
% e — Clay 50
E 1 ZEF r I Composition:
A ke Clay T
cC 0t Foraminifers 10
Cale. nannctounili 70
Diatoms. Tr
Radiotarians &
Sponge spicules 10
DRGANIC CARBON AND CARBONATE (%):
Organic carbon 008
{AG | AM Carbonate 89
SITE 549 HOLE A CORE 16 CORED INTERVAL 116.0-118.5m
2 FOSSIL
- E CHARACTER
- EMABE z|le
HE al= al & GRAPHIC 8
] :g E 8 g 5| B | utHowoev A LITHOLOGIC DESCRIPTION
S ENH I R
SRR TEH
& w | = E|o E
AG i x i i A i
i —— Buish white (68 B/1), firm, homogersour nannofossll ehalk
s
- i I
EZ 1 e T e SMEAR SLIDE SUMMARY [%):
z B: i i i n L]
!i EE o o
s 5%  Eror e Texture:
T Sand 5
3 AG e Silt 10
R g pe oy
| | Srmmrrm— Compusition:
§ e s o Faraminifers 5
= e e e s Calc. nannotowils 75
" 2 J— L Radialaians s
: B Spange spiciles 10
I
AG n
r ORGANIC CARBON AND CARBONATE (%)
L 2.5
AG|am ccl T Carbonate BE

SITE 549 HOLE A CORE 16 CORED INTERVAL 11951226 m
o
E FOSSIL
=
2 E"‘ HHE gl 2 GRAPH
'3 |E8| 2 ] HE: LIMOLOGY LITHOLOGIC DESCRIPTION
w3 <R H z 2 u!J 1 @
B i 3 =
 AHEHHE TEE
o § & 8 5
v r e 1
o
] n : I : L : Bluish white (58 871}, firm, homogeneous, nannolosl dhalk
- = n n A
= Rt e e SMEAR SLIDE SUMMARY (%):
~ 1 - 1 1
Y == | |, :
§ 10—ttty Campanition:
i 5 14 = A - i S L C‘.\« T
o I Foraminifers 10
23 AG [ — — Cale. nannotossils 85
2 | VS S 1 Digtoms T
g o
E am TR T R Radiolarians 5
] Sponge spicules. 16
ORGANIC CARBON AND CARBONATE [%):
2,5
Organic carbon 0.04
] 1 Carbonate 8
SITE 549 HOLE A CORE 17 CORED INTERVAL 1225-1266m
=]
g L
= |2 CHARACTER
S |Be(2] 3|4 8| £ | anmemc OGIC DESCRIPTION
12 EE 5 E H ElE LITHOLOGY a = LITHOL
=2
N EIE IR e
=g |2 H glz E g
g [B[3)3]3 E
Agq e
A S Biuish white (58 B1), firm, homopeneows, nannofossil chalk
05 : T : i : i .
e
= 1 T —— SMEAR SLIDE SUMMARY (%:
3 i s ey :
i " 2
§ I e i
212 AG  E—— Tenture:
- 1 von Sand 10
2 St 10
AN = Clay 80
fifo 2| Campoiiion:
AG | AM) S S——— Clay Tr
i — Carhonate unspee. 10
L Foraminifers 0
Cale. nannofassila 60
Aadsolarians 5
Spange ipicubel 0
QRGANIC CARBON AND CARBONATE ():
2,5
Carbonats a7

6¥S HLIS



£0¢

mss:e HOLE A CORE 18 CORED INTERVAL 1265-127.0m SITE 549 HOLE A CORE. 200 | COREDINTERVAL “SHibidine
E FOSSIL o
o [E Lo s
8 |z.le]3 2 t =
= (23 HHE Bl E | onmmc LITHOLOGIC DESCRIPTION S P HEHE 8| E | onavmc
12|55 g H | £ | umHooey TE p.é H H ElE | Jmoios LITHOLOGIC DESCRIPTION
e 1E¥ 5| 5[2 (8] |®|% T ¥ 5|3 HHBHE Y By
E
= 5 e = 5 2 =]
iz HHE ik i RHEEE T HH
a AG o
L3 lag Bluish white (S8 8/1], firm, homogeneous nanaofossil chalk 4 i S
== 4 - B I Bluish white (S8 9/1), firm, homoginecus nannofossil oaze
28 . SMEAR SLIDE SUMMARY (%): § == R — M ki By e
i~ 1,70 O L el o7
: AG e £ g
e Compauition =
A A Cuartz Tr -
: Clay T g
Carbonate unspec. 20
g Farsminifars 5 i
o Cale. nannolossis 60
3 Radiolatisns T i
Sponge wpicules o 23
ORGANIC CARBON AND CARBONATE [%): ;
1,5
Carbonate 20
SITE 548  HOLE A CORE 21 CORED INTERVAL  129.0-130.0 m
SITE 549  HOLE A CORE 19 CORED INTERVAL 127.0-128.0m @ ; c,,.nmt“
S FOSSIL ‘|_ - EAE 5| 2
x Z oyt sE E§ HE E £ { | aRaemc, LITHOLOGIC DESCRIPTION
= el=2Te E] Z|IEl s o 4
= E% = : E E Lfmgv g LITHOLOGIC DESCRIPTION g £ |3 HE ! ] [ E S )
HEHHHTREE T3P HHHE iH
R HEEE T :H c | [a
L L — = = |ag 3 oo i Blukh whita (5B /1, firm, homogensous, nannotassil chalk
= AN 1 ]9 = o T
= 1 B 2y Biuish white (58 91, firm, homogeneous, nannofossil chalk b s 5"
== lasa| T —— e} ~ ¥ = L
2 P | e s Z |aclam o i e
£ = e e ———— H 5 ez e
rt SMEAR SLIDE SUMMARY [%]: -] §
Pl T % |82
g Composition:
Carbonate unipec. 20
= Foraminfers Tr
F] Cale. nannofossils 80 5
EE Radiolaisns 5
[“ Spange spieules 10
SITE 548  HOLE A CORE 22 CORED INTERVAL 130.5-131.0m
FOSSIL
CH, CTER
§ MHE gl & GRAPHI
SEIRE|E El 8 | erhay LITHOLOGIC DESCRIFTION
H HEEIE
£0E (3]8]2 »
Lo |- 8|3
g |8 HE
G| AM 1 Ewilling breccia
z Ccj Bluish white (58 9/1), firm, homoganeous, mannofossii chalk
2
ORGANIC CARBOM AND CARBONATE {%):
cc, 27
Carbonats 2]
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SITE 648 AE 23 CORED INTERVAL 130.5-131.0m 549
g o
3 x
2 CHARACTER
g, g““:! Bl E | orarmic 5 é...:; R
1 EELE g E | uTHoloey LETHOLGOIC DESORIFTION - HEE HE LITHOLOGIC DESGRIPTION
g: gu ; £ ] g w3 mlz| 2 g g g 2
% 2 & E H HEEHBE E
= g H HEE & B |2 g HE : §
2|28 |2
—r—1—T ]
AM M
5 T oo 2 g G Bluah white S8 91), homogeneous, firm, nannofossil chalk
™
'3 SMEAR SLIDE SUMMARY {%):
) ; g
z )
; § E o
§ w Sand 5
= £ Silt 10
] = z Clay s
Composition:
§ Faraminifers 5
g Calc. nannofossils B0
Radiolarians Tr
Sponge splcules 10
DRGANIC CARBON AND CARBONATE [%):
2,5
SITE 648 CORE 24 CORED INTERVAL _ 132.0-135.0m Carbanats 86
o
H
LY RACTER
g |S«[ETaTaT [ 13| 2
-3 GRAPHIC
g'g §§ £ 5 5 g umioLoay |, . LITHOLOGIC DESCRIPTION _‘:
E = 2
F E g ] g = g =
= [2]3]318 3 ANEE gl 2
] e a— HAHEE g g LITHOLOGIC DESCRIPTION
— i Blulth white (58 9/1), firm, homaogeneows, nannofossil chalk g" g g ; ! 8¢ E 2
ro—— H ] E !
_ {30 o e e H = E
g e SHHEE &
= o S
% ]"‘ : = : - : x GABANIE mnsm:';n FAREREIE Ay Biuish white (58 8/1), homogereoua, nannotossil chalk, firm
et n L I Y
Carbonate a5 5 ™
. = SMEAR SLIDE SUMMARY (%);
E voin =
E i = .
- § Composition:
& Foraminifers Tr
E Cale. nannofossils 85
Radiolsrians Tr
Sporige spcules 10
S ORGANIC CARBON AND CARBONATE (%1:
1,37
=l Carbonate BE
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SITE 549 HOLE A CORE 27 CORED INTERVAL 1385-140.0m
FOSSIL
g
w|E| 2 ! 2| @
A HE 2| & Spardic LITHOLOGIC DESCRIFTION
LE FAH g £ E i LITHOLOGY 5 "
-l - § 2 ! g EfEA Y
= E
=3 3 =
MHE g E 3 g
rE——
M I T e
e e e Bluish white (58 /1), homegeneous, firm, nannofossil chalk
aG 2
1 1 i
Fowarer At e » SMEAR SLIDE SUMMARY (%):
E i T { — L 7
= L n A
w e T — [
2 |z 10 p—t—t—t Composition:
£ = R =
= |az B e e — Foraminifers T
= [Am|am = o T T Caic. nonnatousils 85
§ o T — FRraciclorians T
= Sponge spicules 1]
z
ORGANIC CARBON AND CARBONATE (%):
1,37
Carbunate By
SITE 548 HOLE A CORE 28 CORED INTERVAL 140.0-143.0m
FOSSIL
0 CHARACTER
8 2. ?| 3 2
i EHEE ; : # | Goapmc | 92 LITHOLOGIC DESCRIPTION
= g z
e HHEFINEE 11P
Eolg |2|2]5]% E
n - a
- = ; ; E
e e
B e e e Higish white {58 9/1), homogeneous, firm, nannofossit chalk
A I 1 1 I
o. TP &
Il === " SMEAR SLIDE SUMMARY (%]
1|z S iy s 1.70
332 Al 10 r—— o
g 122 B o e s Compasition:
£ |%s i S —— Faeaminiters ™
* & B ey e — Cole. nannofoasie 80
m i e Aadialarians Tr
1 . ~ 1 = L Sponge wpicules 16
L i i
2| g ON AND CA 1%
3 —{_L I i 1 1'“
g TS i Carbiarate )
i | e

SITE 548 HOLE A CORE 29 CORED INTERVAL _ 143.0-1435m
g2 FOSSIL
« |2 CHARACTER
MEMBEE gle| .
AR £l & | iHotoay LITHOLOGIC DESCRIPTION
N HHHAREE 0
g 2 HELE E
HEIHE T
c (o[ el a5y | |
§ Trace only, bluish white (5B 9/1), fiem, neniofosil chalk,
= homogensous
NOTE: 5494, Corn 30, 1435~ 145.5 m: no recovery.
SITE 5489 HOLE A CORE 31 CORED INTERVAL 1455-1475m
o
= FOSSIL
§ 2 .
= - ! S “
oW o @
‘,‘% EE 5 H ElE ._Fr':,‘;l_"ggv ’ . LITHOLOGIC DESCRIPTION
H ; ] 3 g Bl = e i
= a g =4 =
& HE 3
e 1 onyiem
o ceaeed Twe cm of light greenish gray chalk
05
5 & ]
s |E b =
LA ¢
= 1.0
EZ a
= =
ES
= 4
4 1
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SITE 348 HOLE A CORE 32 CORED INTERVAL 147.5-150.5m SITE 548 HOLE A CORE 34 .CORED INTERVAL 155.5-160.5 m
T FOSHL g2 FOSSIL
§ § AE z ¥ [E CHARACTER
“ =
i TR g| GRAPHIC = - EMAERE zl e
L2158\ glz 3 £l E | umhoogy e, M IROLOGICORSRINTION g EE HEH E|E Loty ! LITHOLOGIC DESCRIFTION
= - wls ] ws " "
£71E |5 g 3 ] Ee H HE] MHEEE e 5
E |= = B 3 B 3
=] 3 I =
EMHEIHE T4l -AHEHHE T EE
W T 1
i AM _-'i'i'ul g T i
& ! Unlt A6 e — Nannotossil chalk,  light ith (SGY 1), Hem
5 0. | S R | Nannolowsi chalk, light greenish gray (SGY /1), firm 05 T o = h“ . eiih gy g g
4 |29 L Homogeneous, sponge spitules are common - T — Omogenaoas
B 1 S R s T [ i prs vy
& X e SMEAR SLIDE SUMMARY [%): & ' B P e ORGANIC CARBON AND CARBONATE (%)
g R " 1,100 & 1 et T 1,30
E%E _'-:x'-' o e Carbonaty a0
s croar Tuxture: r e
el £ g T o = I
2 5 I —— Sant Te = laclam M Wi TR P
ot o w asr w—T Sl 10 ? c o —
22 A I i s i 3 Clay a0 2 J€c ri— —
Lt Compasition; B
% 2 = : i : 1 : i II Clay <8 =
3 ] Glaueonite T
g T : L : 1 Focaminifers <3
s Calc nannofouils B3
AL AM cc| e Radialarians 1
t_' Sponge spicules 1]
SITE 549  HOLE A CORE 36 CORED INTERVAL 160.5-165.5 m
SITE b4 HOLE A CORE 33 CORED INTERVAL 150.5-155.5m ; FOSSIL
F] T « |3 HARACTER
£ cu:g:%'lfen HER ?‘?T_ zl s
é 3 AE F z| » TE EHRFIE 2|8 o LITHOLOGIC DESCRIPTION
= ol = am |z ]
TE[EE|E| 8| F HE Pyl LITHOLOGIC DESCRIFTION wS 3N 2 g 3lg R g 8
w3 |ZN|Z| S " E |a |2 BlE =] ;
SAHHEHEN 1k HHHE :
< =
g |2]% g & E il e e
e, ey e s 1 e « Linit
m I+ : A : n J.-' Unit £ e Mannotoss| chalk, light greenish gray [5GY B/1), firm,
S oy DT . Mannotosil chalk, fight greenish gruy (SGY 811, firm .g am|om cgl -t hamaganaous
Homogansaus =
G 1 o : t : Spange spicules present H E ORGANIC GARBON AND CARBONATE (%):
— T E ¥
; AN 1.0 :_k' .: ,: SMEAR SLIDE SUMMARY (%): F Carbonata 86
- - E 1,
& T o g
B 2 e e Texture: %é
B o e s o Send 15 ng
25 R e sin 25 i3
H Eg i e ot m 3
g |3 [ e w— v Compasition:
‘ll £ I — & L Quartz Tr=§
L
H 2 o v Clay Tr-10
= o T Catbonate unspee. 10 2
e ey T Foraminifers  5-10
& s Smar Cale.
S o ars nannafossils 60-70
o Rediolarians T
——lt Sponge spicules B
3 S
R s ORGANIC CARBON AND CARBONATE (%):
co] ittt 1,29
e l_| Carbonate B4
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SITE 548 HOLE A CORE 36 CORED INTERVA 165.5—-170.6 m SITE 548 HOLE A CORE 38 CORED INTERVAL 1755-180.5m
o
S FOSSIL FOSSIL
« |E CHARACTER . CHARACTER
8 lz.lelaTe z| « ] gle Z| & w
o | = o & GRAPHIC E- (22| E| 2 H 2| s GRAPHIC 4
3 =§ g § H 5 E LITHOLOGY A LITHOLOGIC DESCRIPTION '§ g% H £ B LITHOLDGY b " LITHOLOGIC DESCRIPTION
A SHHHI N o g R HHHARHE s
ol BHHHE TiH al AHHHE FEE
= E = £ k& Efr &
3 _A_L:I.I. g - S —— .
= ] zane Uit r——
AGLAM) e Hard Mannatossil chalk, light greenish gray (GY B/1), firm 1o bard E Y o S e Unit
§ = Homogeneous in colar, sesm b be zones whene chalk becomes & :3 o o b Nannotosil chalk, light greenish gray (SGY 8/1), haed to very
= quite hard E tiem
& |2 Sponge spicules present in moderate smounts 2 l§ ” i
2 |az Sponge ipicules common
= =z =
- e Between 30 and 60 om there are 361 4 fine purplish lines that
%§ HIEARSLIOE SIJM:I?:Y e i; T sub-horizontally 1o vertically down the cors
i B £
g @ MARY [%1:
. Texture: g% SHE‘RSUDES'”‘! I: =
} Sand 10 o
Si 20
Clay 0 Texture: o
wm g Sitt 0
vird } 8 Clay 70
Feldspar o
Clay 10 ch‘.pm“m- 5
rbonate unipec. 1
?;-mm::. s-lg Faraminifers 0
Cale Cale. nannolonils 86
nannolowils 56-66 Spange spicules 10
Aadiclarian T N
Sponge spicules 5-10 nnmnmcanauu]ar::mnuomn %0
ORGANIC CARBON AND CARBONATE [%): Carbonate 84
1,10
]
SITE B48  HOLE A CORE 39 CORED INTERVAL 1B0.5-185.5m
£
SITE 589  HOLE A CORE 37 CORED INTERVAL 1705-1755m H g s .
o - ” “
z O I EHEE g 2|im: | jamamic, LITHOLOGIC DESCRIFTION
x % S5(EN1E By B 8
E»- Su|2ld gl g GRAPHIC 2 B H ‘§ 2|8 il 5
S|EE| L = LITHOLOGIC DESCRIPTION F |5 £ E g
JE gg F 5 E LimeoLoay; b = ERHEIHE E
H HEEIHBE Expl s —
E g 3L EaEe ] !
2 [B HEH EE ] Unit _ ;
L i { e Naanofossi| chlk, light gresnish gray (5GY 7/1), firm,
[ o — ra A 0.5 homogensou
[AMIAG CC —— F— J_ | Unit —  |AG 1 .
= Mannofouil chalk, light greenish gray (SGY 8/1), firm to sofy, = ORGANIC CARBON AND CARBONATE 1)
s = homogeneous Els 0] Yol L1
i |2z .g * 1 Carbanate 86
2 |3 DRGANIC CARBON AND CARBONATE {%): 2 % =
5 1,10 —
= Cabonate (] %._ e
z 2 . M ey
= AM 1 z A & i a i
3 | | : EXEE el
& = o —
g &
D)
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SITE 548 HOLE A CORE 40 CORED INTERVAL 185.5-180.5m SITE B48 HOLE A CORE 42 CORED INTERVAL 195.5-200.56 m
2 FOSSIL g FOSSIL
§ g |_cHamacten « |3 CHARACTER
EME E E gl & § AR z| =
=y 2% 3 ol GRAPHIC ETHELE =y GRAPHIC
15|58 g H El E | umhooay LIFROLOGIC DERCI oK 5 I HELE | & | umoloay 23 LITHOLOGIE DESCRIPTION
e ERHEF R +H+EH uS|an(zisf=fe) || 23 g
= = H =
"g§59: E § R =+
H zZ|=|o 3 s |2|2|2|& o G ]
:',‘:'-’i‘ aG|aG 1 .’.‘.‘.2!
T Uniit e Uiy
| AM T [ Y e —r— Nennclosit chalk, light greenish gray (BGY 7711, Hrm, Nannofousll chalk, light greenith gray [SGY 7710, wery firm
= Rt homoganesus to hard
E |G P i o e o H Homogeneoas
g | o H
w 1 1 ')
= ot edl i 8. ORGANIC CARBON AND CARBONATE (%)
B L
i g |z Carbanats 6
g £ |E
H H
iz
=]
iz
Ez
E £
2
I
z
&
SITE 548 HOLE A CORE_ 41 CORED INTERVAL _180.5-1855 m
2 FOSSIL
« | |_cuamacren
a8 |=.]zl® 2l 2
z |2F 5 o) & GRAPHIC |
15 =§ ; 8|z E|E | umHotosy g LITHOLOGIC DESCRIPTION
A HH + FH
] ; - 13 = Ei
g[8 |3 i 5pi o
AG 1 I < r < I - I I\ .
I n n n - Unit
e -t Nannofossil chalk, light greénish gray SGY 7/1), wery fitm
Hamegansos
Comman spange spicules
SMEAR SLIDE SUMMARY (%:
o
Textura:
Send 2
Siit 5
Clay B3
Composition:
Clay L]
Carbonate unspee. 10
Foraminiters 1
Cale. nannofossils 75
Aadiolsrions 3
Spange spicules 0
ORGANIC CARBON AND CARBONATE (%)
Carbonate Bs




SITE 549 (HOLE 549)
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SITE 549 (HOLE 549)
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SITE 549 (HOLE 549)
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SITE 549 (HOLE 549)
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SITE 549 (HOLE 549)
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SITE 549 (HOLE 549)




SITE 549 (HOLE 549)
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SITE 549 (HOLE 549)
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SITE 549 (HOLE 549)
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SITE 549 (HOLE 549)

15-7 15,CC. 161 16-2 16-3 16,CC 171 17-2

—0 cm
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—0 cm
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SITE 549 (HOLE 549)
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SITE 549 (HOLE 549)
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NO RECOVERY
NO RECOVERY
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SITE 549 (HOLE 549)
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—0 cm .
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SITE 549 (HOLE 549)
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SITE 549 (HOLE 549)
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SITE 549 (HOLE 549)
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SITE 549 (HOLE 549)
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—
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—0 cm

—150

56-2

56-3

56-4

56-5

57-5

58-1

SITE 549 (HOLE 549)

58-2

58-3

229



SITE 549 (HOLE 549)
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SITE 549 (HOLE 549)
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SITE 549 (HOLE 549)
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SITE 549 (HOLE 549)
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SITE 549 (HOLE 549)
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SITE 549 (HOLE 549)
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SITE 549 (HOLE 549)
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SITE 549 (HOLE 549)

—0 cm
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SITE 549 (HOLE 549A)
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SITE 549 (HOLE 549A)
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SITE 549 (HOLE 549A)
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SITE 549 (HOLE 549A)
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SITE 549 (HOLE 549A)
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ks el o W b =
i \

i
- |
!

L | =
o et ——
—100
—125 =~ _;}‘_ : : i
| |
L . RI:\ . i
- N
L. L

|_150 Ea—— i - - . el sl ] LSS

243



SITE 549 (HOLE 549A)
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SITE 549 (HOLE 549A)
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SITE 549 (HOLE 549A)
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SITE 549 (HOLE 549A)
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SITE 549 (HOLE 549A)
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SITE 549 (HOLE 549A)
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SITE 549 (HOLE 549A)
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