5. SITE 516: RIO GRANDE RISE!

Shipboard Scientific Party?2

HOLES 516 TO 516F

Date occupied: 10 March 1980
Date departed: 29 March 1980
Time on site: 19 days, 1.7 hr.

Number of holes: 7 (The table below includes data only on the holes
with core recovery; see Operations section for discussion of Holes
516C, 516D, and 516E.)

Position: 30°16.59’S, 35°17.10' W

Water depth (sea level; corrected m, echo-sounding): 1313.0
Water depth (rig floor; corrected m, echo-sounding): 1323.0
Bottom felt (m, drill pipe): 1327.9

516 516A 516B 516F

Penetration (m): 183.3 69.5 23.2 1270.6
Number of cores: e 16 1 128
Total length of cored

section (m): 183.3 69.5 7.6 1101.5
Total core recovered (m): 148.7 61.10 4.52  691.72
Core recovery (%): 81 88 59 63

Oldest sediment cored:
Depth sub-bottom (m): 1250
Nature: Calcarenite
Age: Coniacian
Measured velocity (km/s): 3.5 to 4.5

Basement:
Depth sub-bottom (m): 1252.6
Nature: Basalt
Velocity range (km/s): 3.8 to 5.3

Principal results: Hydraulic piston core (HPC) objectives were success-
fully completed at Site 516 on the upper flanks of the Rio Grande
Rise. HPC Holes 516 and 516A penetrated to 183 m sub-bottom,
with 85% core recovery and duplication of the uppermost 70 m of
the section, Holes 516B, 516C, 516D, and 516E were drilled for in-
strument development tests and heat flow measurements, and
would have continued as rotary holes except for weather and bit
loss problems. Rotary drilling at Hole 516F continued to 1270.6 m
sub-bottom and recovered a virtually complete sedimentary se-
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quence down to basal sediments of Coniacian age (approximately
82 Ma).

The stratigraphic succession is almost entirely calcareous, and
virtually complete from the Recent to the basal sequence of Conia-
cian age. The lithologic section is continuous across the Creta-
ceous/Tertiary, Paleocene/Eocene, and Eocene/Oligocene bound-
aries. The Paleocene sequence is remarkably complete. Shipboard
paleomagnetic measurements on more than 500 samples indicate
sharp polarity transitions down to Anomaly 33/34. The excellent
paleomagnetic and biostratigraphic continuity qualify Site 516 as
an appropriate stratigraphic reference section for the South Atlan-
tic, comparable in quality to the Gubbio section, but spanning a
longer time interval. Measurements of sediment physical proper-
ties, including P-wave velocities, were made on more than 400
samples. These allow a detailed comparison between the extensive
multichannel seismic coverage around the site and the lithostrati-
graphic succession. The 3.5 kHz precision depth recorder (PDR)
provides 70-m sub-bottom penetration, which is of value in inter-
preting the shallow HPC section. The ‘‘midsection dome”’ reflec-
tors coincide with a zone of middle to late Eocene limestones inter-
bedded with volcanogenic turbidites and ash layers absent else-
where in the section. The base of Hole 516F includes calcareous
volcanogenic sediments, ferruginous chert, and two or more rela-
tively fresh basalt flow units.

BACKGROUND AND OBJECTIVES

Site 516 on the Rio Grande Rise lies in 1313 m of wa-
ter near 30°16°S, 35°17'W (Fig. 1). Sediment thickness
on this part of the Rise varies between about 1100 and
1500 m (1.0 and 1.3 s).

The site is the shoalest of those drilled during Leg 72
and was designed to sample sediments deposited in the
upper levels of the southwestern Atlantic water column
through the Tertiary and late Cretaceous, whereas other
sites (357 at 2109 m, 517 at 2963 m, 518 at 3944 m, and
515 at 4265 m) sampled sediments deposited in deeper
water. The HPC samples are the basis for detailed stud-
ies of the short-period orbitally induced ‘“Milankovich”
effects on sedimentation during the Quaternary and
probably into the Miocene (Perch-Nielsen, K. et al.,
1977). Among other targets in what was expected tobe a
fairly continuous carbonate sequence were the Eocene/
Oligocene and Cretaceous/Tertiary boundaries. An im-
portant objective was an improved understanding of the
origin and subsequent subsidence history of the Rio
Grande Rise, both as a contribution to the general prob-
lem of aseismic ridge development and to provide mid-
water paleoecologic datum levels in the southwestern
Atlantic. This objective was achieved by penetration to
crystalline basement,

Placement of a re-entry cone is so time-consuming
that other Leg 72 objectives would have been com-
promised had one been used at Site 516. Therefore, an
attempt was made before drilling to find a location
where basement was reasonably shallow and to avoid
hiatuses recognized in reflection profiles for the shal-
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Figure 1. Location map showing positions of Leg 72 sites, marine magnetic anomalies, and generalized

bathymetry.

low, HPC part of the section. The mandatory objective
of our site survey was, however, to avoid the “‘midsec-
tion dome”’ reflectors first revealed in University of
Texas Marine Science Institute (UTMSI) processed mul-
tichannel profiles. Earlier single-channel profiles fos-
tered the belief that these reflectors represented crystal-
line basement, but at the time of Leg 72 drilling, base-
ment was thought to lie 400-600 m deeper. The nature
of these domes was uncertain before Hole 516F was
drilled. Interpretations included such possibilities as:
reefs fringing a Late Cretaceous Rio Grande island
group, volcaniclastic debris flows from the same source,
and even late-stage intrusive bodies. The nature of the
well-bedded sediments beneath the domes was also un-
certain; the Santonian limestones found beneath 700 m
at Site 357 were the obvious candidate, because volcanic
basement could not be much older even if it formed at
the ridge crest. Volcaniclastic debris flows and ash lay-
ers were other possibilities, Site 357 lies about 800 m
deeper than Site 516, so that processes related to sea
level, such as reef formation, should have occurred later
at Site 516.

OPERATIONS

We approached the vicinity of Site 516 on the Rio
Grande Rise on the morning of 10 March. At 11127 we
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passed near DSDP Site 22, reduced speed and changed
course to 175°, beginning the required presite survey.

We first steamed south along a line some distance
to the east of UTMSI multichannel line WSAI13 for
30 miles, then crossed it and headed northward (354°)
for 16 miles before selecting a site location on a small
basement high. We then altered course to 160° and
dropped the beacon at 1848Z. By 2035Z we were on site
at 30°16.59’S, 35°17.11'W, in 1313 m of water
(Fig. 2).

Our strategy for Site 516 was to use the HPC to the
limit of its capability in the first hole, then pull to the
mudline and repeat the upper part of the section in an-
ticipation of heavy demand for samples. Hole 516 was
cored to a depth of 183.3 m below the mudline, where
HPC coring was terminated at the top of a stiff chalk
zone at 1500Z on 12 March. Forty-four HPC cores were
taken in Hole 516, and 148.7 m (81%) of sediment were
recovered (Table 1). Hole 516A was spudded at 1716Z
on 12 March and cored using the HPC to a depth of
69.5 m, of which 61.10 m (88%) were recovered. HPC
operations were terminated at 0530Z on 13 March.

The hydraulic piston corer worked very well, but the
upper 50 cm or so of each core were badly disturbed,
probably because the bit was washed down to the top of
the cored interval. Physical properties measurements in-
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Figure 2. Approach and departure, Site 516.

dicate slight to moderate disturbance throughout. The
dominant lithology in the upper part of the section at
Site 516 is an unconsolidated foraminifer sand, and its
coarse grain-size aggravates the degree of disturbance.

Upon completion of Holes 516 and 516A, the drill
string was pulled to the rig floor and we prepared to test
the pressurized core barrel. Hole 516B was used to con-
duct a bit motion experiment. The hole was spudded at
1813Z on 13 March and terminated at 1830Z. The hole
was washed to a depth of 15.6 m, and one 7.6-m core
was cut during the test; 4.52 m of core were recovered.

Hole 516C, spudded at 1947Z on 13 March, was used
to test the pressurized core barrel (PCB). The hole was
washed to 14.1 m and a 6.5-m core was cut. The PCB
came up empty and had not held pressure. The bit was
pulled clear of the mudline at 2042Z and pulled to the
rig floor at 0030Z, 14 March. This complete round trip
for the purpose of testing the PCB was necessary be-
cause it was proved at Site 515 that the PCB was not
compatible with the hydraulic bit release.

By 0030Z on 14 March, the weather had deteriorated,
and operations were suspended until 1012Z on 14 March
because of high winds. Because our plan was to reach
basement at an estimated depth of about 1100 m with-
out benefit of re-entry, an F93CK bit was selected for
rotary coring. A hydraulic bit release was included in
the bottom-hole assembly in anticipation of logging the
hole.

Hole 516D was spudded at 1532Z and washed to a
depth of 90.1 m sub-bottom. We were unable to retrieve
the wash core, and a second core barrel was dropped.
Upon recovery, at 1900Z, the second core barrel con-

tained about 1 m of sediment, which indicated that we
had accidentally dropped the bit. The bit release prob-
ably shifted partially when it was greased, and it sub-
sequently failed. The drill string was pulled to the sur-
face by 22427 on 14 March, thereby terminating Hole
516D.

Having lost our only 93 bit, we rigged an F94CK bit
for Hole 516E. The 94 bit is designed for hard forma-
tions and has substantially shorter teeth than does the
93. Hole 516E was spudded at 0418Z on 15 March and
drilled to 90.1 m sub-bottom. Between 0508Z and 0704Z
on 15 March, we made a temperature measurement at
93.1 m sub-bottom, and then drilled to a depth of
128.1 m and made a second temperature measurement
between 0757Z and 0924Z. The temperature probe
worked fairly well on each run, but proved to be slightly
out of time (slow) in each case and apparently skipped
several registers on the second run. No data were lost.

After the second temperature measurement, the com-
bination of wind and swell was such that we could not
stay on site and operate safely. The bit was therefore
pulled clear of the mudline at 1307Z on 15 March, and
the remainder of the drill string was pulled by 2300Z,
ending Hole 516E. The wind and sea did not moderate
sufficiently for safe operations until 2306Z on 16
March, at which time we were again on site and running
in the hole.

Hole 516F was spudded at 0314Z on 17 March and
washed to 169.1 m sub-bottom, where another tempera-
ture measurement was made. After this measurement
was completed at 0714Z, we began continuous coring
operations. At 2108Z on 28 March, the hole was ter-
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Table 1. Coring summary, Site 516.

Table 1. (Continued).

Date Depth from Depth below  Length Length Core Date Depth from Depth below  Length Length Core
(March drill floor seafloor cored recovered recovered (March drill floor seafloor cored recovered recovered
Core 1980)  Time (m) (m) (m) (m) (%) Core 1980)  Time (m) (m) {m) (m) (%)
Hole 516 Haole 516F Cont.
1 10 2314 1327.9-1330.4 0.0-2.5 2.5 2.34 94 11 17 1943 1592.0-1601.5  264.1-273.6 9.5 5.72 60
2 1 0031 1330.4-1334.8 2.5-6.9 4.4 353 B0 12 17 2038 1601.5-1611.0  273.6-283.1 9.5 1.55 16
3 1 0140 1334.8-1339.2 6.9-11.3 4.4 4.64 100 + 13 17 2130 1611.0-1620.5  283.1-292.6 9.5 4.72 50
4 1 023 1339.2-1343.6 11.3-15.7 4.4 4.41 100 + 14 17 2231 1620.5-1630.0  292.6-302,1 9.5 0.16 2
5 11 0335 1343.6-1348.0 15.7-20.1 4.4 4.60 100 + 15 17 2329  1630.0-1639.5  302.1-311.6 9.5 9.62 100+
6 1 0435 1348.0-1352.4 20.1-24.5 4.4 4,62 100 + 16 18 0020 1639.5-1645.0  311.6-321.1 9.5 0.40 4
T 1l 0530 1352.4-1356.8 24.5-28.9 4.4 4.49 100 + 17 18 0108 1649.0-1658.5 321.1-330.6 9.5 3131 35
8 1 0610 1356.8-1361.2 28.9-33.3 4.4 4.60 100+ 18 18 0203  1658.5-1668.0  330.6-340.1 9.5 1.45 15
9 1 0655  1361.2-1365.6 33.3-31.7 4.4 4.45 100+ 19 18 0314 1668.0-1677.5  340.1-349.6 9.5 5.06 53
10 8] 0740 1365.6-1370.0 37.7-42.1 4.4 4.1 93 20 18 0415 1677.5-1687.0  349.6-359.1 9.5 3.57 38
1 11 0834 1370.0-1374.4 42.1-46.5 4.4 4,13 94 21 18 0523 1687.0-1696.5 359.1-368.6 9.5 570 &0
12 n 0918  1374.4-1373.B 46.5-50.9 4.4 4,57 100+ 2 18 0624  1696.5-1706.0  368.6-373.1 9.5 299 31
13 11 1006 1378.8-1383.2 50.9-55.3 4.4 193 89 2 18 0722 1706.0-1715.5 378.1-387.6 9.5 4.46 47
14 11 1045 1383.2-1387.6 55.3-59.7 4.4 4.44 100 + 24 18 0834 1715.5-1725.0  387.6-397.1 9.5 235 25
15 11 1125  1387.6-1392.0 59.7-64.1 4.4 2.81 64 25 18 0937  1725.0-1734.5 197.1-406.6 9.5 6.27 66
16 11 1300 1392.0-1396.4 64.1-68.5 4.4 2.91 66 26 18 1045 1734.5-1744.0  406.6-416.1 9.5 7.39 78
17 11 1335 1396.4-1400.8 68.5-72.9 4.4 4.65 100+ 27 18 1324  1744.0-1753.5  416.1-425.6 9.5 8.80 98
18 11 1424 1400.8-1405.2 72.9-71.3 4.4 2.59 59 28 18 1430 1753.5-1763.0  425.6-435.1 9.5 3.56 a7
19 11 1507  1405.2-1409.6 77.3-81.7 4.4 0.00 0 29 18 1526 1763.0-1772.5  435.1-444.6 9.5 8.25 B
20 1n 1554  1409.6-1414.0 81.7-86.1 4.4 4,30 98 30 18 1628  1772.5-1782.0  444.6-454.1 2.3 9.48 100
21 11 1632 1414.0-1418.4 B6.1-90.5 4.4 4.06 92 kil 18 1722 1782.0-1791.5  454.1-463.6 9.5 1.61 80
2 11 1714 1418.4-1422.8 90.5-94.9 4.4 34 76 2 18 1823 1791.5-1801.0  463.6-473.1 9.5 9.92 100 +
23 11 1800  1422.8-1427.2 94.9-99.3 4.4 0.00 0 13 18 1922 1801.0-1810.5  473.1-482.6 9.3 8.36 88
24 1} 2146  1427.2-1431.6 99.3-103.7 4.4 4.67 100+ 4 18 2031  1810.5-1820.0  482.6-492.1 9.5 4,12 43
25 11 2232 1431.6-1436.0  103.7-108.1 4.4 2,78 63 5 18 2125 1820.0-1829.5  492,1-501.6 9.5 5.96 63
26 11 2315 1436.0-1440.4 108.1-112.5 4.4 4.18 95 16 8 2215 1829.5-1839.0  501.6-511.1 9.5 5.95 63
2 1 2403 1440.4-1444.8 112.5-116.9 4.4 4.42 100+ 37 18 2303 1839.0-1848.5  511.1-520.6 9.5 5.01 2
28 11 2438 1444.8-1449.2 116.9-121.3 4.4 4.54 100+ 38 19 0010  1848.5-1858.0  520.6-530.1 9.5 .77 19
29 11 2522 1449.2-1453.6  121.3-125.7 4.4 4.47 100 + 39 19 0108  1858.0-1867.5 530.1-539.6 9.5 328 15
30 12 0202 1453.6-1458.0 125.7-130.1 4.4 184 87 40 19 0210 1867.5-1877.0  539.6-549.1 9.5 121 M
k|l 12 0303 1458.0-1462.4 130.1-134.5 4.4 0.00 0 41 19 0319 1877.0-1886.5 549.1-558.6 9.5 1.88 20
12 12 0358 1462.4-1466.8  134.5-138.9 4.4 4.39 100 42 19 0419  1886.5-1896.0  558.6-568.1 8.5 0.84 9
33 12 0450  1466.8-1471.2  138.9-143.3 4.4 1 ?‘.l' 43 19 0514  1896.0-1905.5  568.1-577.6 9.5 1.68 18
34 12 0530 1471.2-1475.6  143.3-147.7 4.4 4.07 93 44 19 0614  1905.5-1915.0  577.6-587.1 9.5 0.94 10
35 12 0703 1475.6-1480.0  147.7-152.1 4.4 4.32 98 45 19 0722  1915.0-1924.5  587.1-596.6 5.5 1.16 12
36 12 0830  1480.0-1484.4 152.1-156.5 4.4 2.37 54 46 19 0840  1924.5-1934.0  596.6-606.1 9.5 0.53 6
kn 12 0920  1484.4-1488.8 156.5-160.9 4.4 2.69 61 47 19 0948 1934.0-1943.5  606.1-615.6 9.5 1.03 11
38 12 1010 1488.8-1493.2 160.9-165.3 4.4 2.89 66 48 19 1125 1943.5-1953.0  615.6-625.1 9.5 2.54 27
19 12 1053 1493.2-1497.2 165.3-169.3 4.0 1.66 92 49 19 1252 1953.0-1962.5  625.1-634.6 9.5 1.60 27
40 12 1150 1497.2-1501.2  169.3-173.3 4.0 4.05 100+ 50 19 1445 1962.5-1972.0  634.6-644.1 9.5 .87 30
41 12 1233 1501.2-1505.2 173.3-177.3 4.0 0.00 0 51 19 1548 1972.0-1981.5  644.1-653.6 9.5 B.06 85
42 12 1324 1505.2-1508.7 177.3-180.8 35 R 91 52 19 1650 1981.5-1991.0  653.6-663.1 9.5 6.42 68
43 12 1410  1508.7-1510.2 180.8-182.3 1.5 0.62 41 53 19 1820 1991.0-2000.5  663.1-672.6 9.5 6.92 73
44 12 1458 1510.2-1511.2  182.3-183.3 1.0 0.05 5 54 19 2005 2000.5-2010.0  672.6-682.1 9.5 9.00 95
183.3 148.07 81 55 19 2130 2010.0-2019.5 682.1-691.6 9.5 2,24 24
56 20 0110 2019.5-2029.0  691.6-701.1 9.5 9.74 100 +
Hole 516A 57 20 0257  2029.0-2038.5  701.1-710.6 9.5 0.01 0
58 20 0606 2038.5-2044.5  710.6-716.6 6.0 375 63
1 12 1727 1327.9-1331 .4 0.0-3.5 3.5 180 100+ 59 20 0756  2044,5-2048.0  716.6-720.1 3.5 2.36 67
2 12 1807 1331.4-13358 15-719 4.4 422 96 60 20 1013 2048.0-2057.0  720.0-729.1 9.0 9.97 100+
1 12 1852  1335.8-1340.2 7.9-12.3 4.4 3.62 B2 61 20 1245 2057.0-2066.0  729.1-738.1 9.0 712 79
4 12 2012 1340.2-1344.6 12.3-16.7 4.4 4,25 9 62 20 1433 2066.0-2075.0  738.1-747.1 9.0 4.87 54
5 12 2109 1344.6-1349.0 16.7-21.1 4.4 4,30 98 63 20 1714 2075.0-2084.0  747.1-756.1 9.0 9.06 100+
6 12 2150 1349.0-1353.4 21.1-25.5 4.4 4.51 100 + 64 20 1937  2084.0-2093.0  756.1-765.1 9.0 7.84 87
7 12 2235 1353.4-1357.8  25.5-29.9 4.4 4.26 97 65 20 2219 2093.0-2102.0  765.1-774.1 9.0 2.86 12
8 12 2315 1357.8-1362.2 29.9-34.3 4.4 4,35 99 66 21 0011 2102.0-2111.0  774.1-783.1 9.0 5.5 62
9 13 0000  1362.2-1366.6 34.3-38.7 4.4 4,60 100 + 67 21 0247  2111.0-2114.0  783.1-786.1 3.0 2 100+
10 13 0044  1366.6-1371.0 38.7-43.1 4.4 4.56 100 + 68 21 0522  2114.0-2120.0  786.1-792.1 6.0 5.01 84
11 13 0124 1371.0-13754 43.1-47.5 4.4 393 a9 69 21 0807  2120.0-2124.0  792.1-79%.1 4.0 346 a7
12 13 0211  1375.4-1379.8 47.5-51.9 4.4 4.66 100+ 70 21 1058 2124.0-2129.0  796.1-801.1 5.0 2.59 52
13 13 0250  1379.8-1384.2 51,9-56.3 4.4 3.96 90 mn 21 1433 2129.0-2138.0  £01.1-810.1 9.0 7.18 80
14 13 0335 1384.2-1388.6 56.3-60.7 4.4 4.54 100 + 72 21 1803 2138.0-2142.5  B10.1-814.6 4.5 5.10 100+
15 13 0417 1388.6-1393.0 60.7-65.1 4.4 0.00 0 73 21 2127 2142.5-2151.5  814.6-823.6 9.0 71.36 82
16 13 0509  1393.0-1397.4 65.1-69.5 4.4 1.54 a5 74 n 0039 2151.5-2160.5  §23.6-832.6 9.0 8.00 89
9.5 6110 88 75 2 0338 2160.5-2169.5  832.6-841.6 9.0 9.68 100 +
: " 76 2 0522 2169.5-2178.5  841.6-850.6 5.0 1.76 86
Hole 516B il 2 0745 2178.5-2187.5  850.6-859.6 9.0 717 80
78 22 1045  2187.5-2196.5  859.6-868.6 9.0 5.80 64
Washed 13 1327.9-1343.5 0.0-15.6 79 2 1311 2196.5-2205.5  B68.6-877.6 9.0 7.01 78
1 13 1919 1343.5-1351.1 15.6-23.2 7.6 4.52 59 80 2 1441 2205.5-2214.5 R77.6-886.6 9.0 4.20 47
7.6 452 59 81 22 1547  2214,5-2221.5  BB6.6-895.6 9.0 3.41 38
3 < 82 2 1822 2223.5-2228.5  895.6-900.6 5.0 2.87 57
Hole 516C 83 2 1950  2228.5-2238.0  900.6-910.1 9.5 8.16 86
B4 2 2129 2238.0-2247.5  910.1-919.0 9.5 8.09 BS
Washed 13 1327.9-1342.0 0.0-14.1 85 22 2322 2247.5-2257.0  919.6-929.1 9.5 2.32 24
1 13 2126 1342.0-1348.5 14.1-20.6 6.5 0.00 1] B6 21 0108 2257.0-2266.5  929.1-938.6 9.5 9.57 100+
6.5 0.00 0 & frx] 0300 2266.5-2276.0  938.6-948.1 9.5 9.37 99
. . 88 23 0450  2276.0-2285.5  948.1-957.6 9.5 3.60 38
Hole 516D 89 23 0725 2285.5-2295.0  957.6-967.1 9.5 8.78 2
90 23 0915 2295.0-2304.5  967.1-976.6 9.5 8.34 BE
Washed 14 1327.9-1418.0 0.0-90.1 9 2 1055 2304.5-2314.0  976.6-986.1 9.5 8.68 9
92 23 1235 2314.0-2323.5  986.1-995.6 9.5 6.26 66
Hole 516E 93 23 1517 2323.5-2333.0  995.6-1005.1 9.5 7.84 83
94 3 1816  2333.0-2342.5  1005.1-1014.6 9.5 8.58 %0
Weshed 15 1327.9-1418.0  0.0-90.1 95 23 2116 2342523515 1014.6-1023.6 9.0 7.96 88
Hole S16F 9% 24 0109 2351.5-2357.5 1023.6-1029.6 6.0 .68 61
97 24 0307 2357.5-2360.5  1029.6-1032.6 3.0 32.6 100+
Washed 17 1327.9-1497.0 0.0-169.1 98 24 0653 2360.5-2369.5 1032.6-1041.6 9.0 7.10 79
1 17 0805 1497.0-1506.5  169.1-178.6 9.5 3.02 32 99 24 1010 2369.5-2372.0  1041.6-1044.1 2.5 0.9 36
2 17 0910 1506.5-1516.0  178.6-188.1 9.5 9.65 100+ 100 24 1358 2372.0-2378.5  1044.1-1050.6 6.5 6.00 )
3 17 1015 1516.0-1525.5  188.1-197.6 9.5 9.78 100+ 101 24 1911 2378.5-2383.5  1050.6-1035.6 5.0 1.60 2
4 17 1135 1525.5-1535.0  197.6-207.1 9.5 9.49 100 102 24 2324 2383.5-2387.5  1055.6-1089.6 4.0 427 100+
3 17 1245 1535.0-15445  207.1-216.6 9.5 9.84 100+ 103 25 Q148  2387.5-2396.5  1059.6-1068.6 9.0 197 44
6 17 1336 1544.5-1554.0  216.6-226.1 9.5 2.24 %4 104 25 0630  2396,5-2405.5  1068.6-1077.6 9.0 8.03 89
7 17 1419 1554.0-1563.5  226.1-235.6 9.5 4.51 47 108 25 1055 2405.5-2414.5  1077.6-1086.6 9.0 9.07 100 +
8 17 1543 1563.5-1573.0  235.6-245.1 9.5 9.80 100+ 106 25 1405 2414.5-2423.5  1086.6-1095.6 9.0 9.94 100+
9 17 1717 1573.0-1582.5  245.1-254.6 9.5 6.30 66 107 25 1522 2423.5-2432.5  1095.6-1104.6 9.0 7.73 86
10 17 1854  1582.5-1592.0  254.6-264.1 9.5 4,79 50 108 25 2033 2432.5-2437.0  1104.6-1109.1 4.5 5.53 100+
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Table 1. (Continued).

Date Depth from Depth below  Length Length Core
(March drill floor seafloor cored  recovered recovered
Core 1980)  Time (m) (m) (m} (m) (o)
Hole 516F Cont.

109 25 2244 2437.0-2446.0 1109.1-1118.1 9.0 7.06 78

1o 26 0122 2446.0-2455.0 1118.1-1127.1 9.0 9.10 100+
11 26 0422 2455.0-2464.0 1127.1-1136.1 9.0 0.00 0
12 26 0812 2464.0-2473.0  1136.1-1145.1 9.0 8.66 96

13 26 1140 2473.0-2481.0  1145.1-1154.1 9.0 9.53 100+
14 26 1507  2481.0-2490.0 1154.1-1163.1 9.0 B.82 98
115 26 1518 2491.0-2500.0 1163.1-1172.1 9.0 5.90 66
116 26 2017 2500.0-2509.0 1172.1-1181.1 9.0 8.16 9
11 27 0215 2509.0-2518.0 1181.1-1190.1 9.0 B.98 9%
118 27 0834 2518.0-2522.5 1190.1-1194.6 4.5 4.01 89
119 27 1409  2522.5-2531.5 1194.6-1203.6 9.0 6.57 73
120 27 1618 2531.5-2540.5 1203.6-1212.6 9.0 2.10 23
121 27 1814  2540.5-2549.5 1212.6-1221.6 9.0 0.68 B
122 27 2007  2549.5-2556.5  1221.6-1230.6 9.0 2.97 33
123 27 2205  2558.5-2567.5  1230.6-1239.6 9.0 0.94 10
124 28 0125 2567.5-2576.5 1239.6-1248.6 9.0 1.39 15
125 28 0421  2576.5-25B0.5  1248.6-1252.6 4.0 1.60 40
126 28 0733  2580.5-25B5.5 1252.6-1257.6 5.0 4.76 95
127 28 1316  2585.5-2594.5 1257.6-1266.6 9.0 575 64
128 28 1808 2594.5-2598.5  1266.6-1270.6 4.0 3.00 75
1101.5 691.72 63

minated, after continuous coring to a depth of 1270.6 m
sub-bottom. Basaltic basement was encountered at a
depth of 1256.2 m and penetrated another 18.0 m, at
which time the bit had been rotated for an incredible
157.8 hr. Of the 1270.6-m interval cored, we recovered
691.72 m (63%) in 128 cores (Table 1).

We attempted to log the hole on the morning of
29 March, but found it bridged at about 184 m sub-bot-
tom. A wiper run was unsuccessful, and we were forced
to abandon the hole.

We left Site 516 at 2050Z on 29 March, heading 330°
for approximately two nautical miles before altering
course back to the site on heading 135°, crossing the
beacon at 2132Z. After maintaining that course for
about three miles beyond Site 516, we followed a north-
erly course (006°) for another three miles in order to ob-
tain a profile linking the site with multichannel line
WSAI13. At 2230Z on 29 March, we altered course to
260° enroute to Site 517 and crossed the beacon at Site
516 for the last time at 2302Z.

SEDIMENT LITHOLOGY

The drilled section at Site 516 is composed of eight
different units distinguishable by the microfossil con-
tent, carbonate percentage, minor constituents, degree
of induration or diagenesis, and sedimentary structures
and colors (Fig. 3). (Depths in parentheses are sub-bot-
tom depths.)

Unit 1: Calcareous Ooze (0-193 m)

Unit 1 is 193 m thick and spans Cores 1 to 44 (Hole
516); Cores 1 to 16 (Hole 516A); and Cores 1 to 4 (Hole
516F). It is Quaternary to early Miocene in age and con-
sists of poorly consolidated calcareous ooze including:
foraminiferal ooze (0-15 m sub-bottom, Cores 1 to 4
at Holes 516, 516A); foraminiferal-nannofossil ooze
(15-135 m sub-bottom, Cores 5 to 32 at Hole 516; Cores
5to 16 at Hole 516A); and nannofossil ooze (135-193 m
sub-bottom, Cores 33 to 44 at Hole 516; Cores 1 to 3 at
Hole 516F).

Principal constituents of Unit 1 are calcareous nan-
nofossils and planktonic foraminifers. Total carbonate
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(entirely biogenic) averages 90% and exceeds 75% in all
but 6 of more than 350 bomb analyses (Fig. 3). Remain-
ing components are terrigenous clay (5-20%); feldspar,
quartz, mica, and volcanic glass (rarely exceeding 3%
combined); manganese micronodules or pyrite (0-2%);
and minor siliceous biogenic debris (0-1%). Benthic
foraminifers, pelecypod shells, and pteropods are also
present, although in low abundance. The latter two are
only occasionally noted.

Colors vary from pale brown in the foraminifer-rich
cores, to white in the foraminiferal-nannofossil and
nannofossil oozes, and occasionally to shades of light
gray. Burrow mottling is ubiquitous, although often
faint and barely perceptible. Minor parallel laminations
of pale yellow, green, white, and gray occur in Core 21
(Hole 516) and from Core 27 (Hole 516) to the base of
the unit. A layer of Mn-oxide sand and granule-sized
foraminifers occurs at the same level in both HPC holes
(Cores 16, Holes 516 and 516A). Those components are
mixed with gastropod and pelecypod fragments and
with fish ossicles (similar components occur in Samples
516-14,CC and 516-37,CC, although no textural differ-
ence was noted at those two locations). This sandy inter-
val includes a hiatus (see Biostratigraphy section) and
corresponds to an acoustic horizon seen in the 3.5-kHz
seismic record., This interval may be related to slump-
ing, but the coarse components could also be concen-
trated in graded zones produced by resettling during
coring, and structures may not represent actual bed-
ding.

Unit 1, in summary, is a typical calcareous ooze de-
posited in a tranquil environment above the calcite com-
pensation depth (CCD) and the lysocline. There is little
evidence of dissolution, cementation or reprecipitation.

Unit 2: Nannofossil and Foraminiferal-Nannofossil
Chalks (193-332 m)

Early Miocene to late Oligocene in age, Unit 2 spans
Cores 3 to 18 in Hole 516F. It is somewhat darker than
Unit 1; the hues of Unit 2 are generally brown and yel-
low (white, light gray, brownish gray, and yellowish
brown). Sponge spicules in a uniform concentration of
approximately 10% characterize Unit 2 and are asso-
ciated with thin chert laminations and concretions at
various stratigraphic levels. Chert layers are greenish
gray to white and very thin and hard; they are probably
responsible for the poor recovery in some cores. Car-
bonate content ranges from 75 to 90%, and the main
biogenic components are nannofossils (70-90%), fora-
minifers (10%), and sponge spicules (10%). The only
sedimentary structures identified in this unit were bur-
rows and a few intervals of parallel laminations.

Unit 3: Nannofossil and Nannofossil-Foraminiferal
Chalks (332-634 m)

Unit 3 (Cores 19 to 50 of Hole 516F) consists of up-
per Oligocene to middle Eocene light gray, olive, olive
gray, and greenish gray nannofossil and nannofossil-
foraminifer chalks. The color change at the upper con-
tact is slight, from yellowish brown to light brownish
gray at the base of Unit 2 to light gray, white, and olive
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Figure 3. Major lithologic units and percent CaCO, at Site 516, Rio Grande Rise. Quat. = Quaternary. Note vertical scale change be-
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gray at the top of Unit 3. The biogenic silica and chert
that characterize Unit 2 are absent. Percentages of fora-
minifers (less than 10%) and of nannofossils (60-70%)
decrease slightly in the top third of this unit, but in the
remaining two-thirds, both foraminifers (up to 20%)
and nannofossils (70-80%) increase. Small fluctuations
in the relative fossil percentages indicate that Unit 3 is
formed by alternations of argillaceous and slightly more
consolidated nannofossil chalks, with nannofossil-fora-
minifer chalks. The carbonate percentage is uniform
throughout the unit, ranging from 70 to 90%.

The minor components of this unit are a few bivalve
shells, quartz grains, volcanic glass, micronodules (man-
ganese), and unspecified carbonate and clay minerals.

In the upper part, the only sedimentary structures
visible are burrows. These are preferentially horizontal
to subhorizontal and characteristically occupy the entire
core width. In the lower two-thirds of Unit 3, besides
bioturbation, parallel laminations are very conspicuous
(Sections 516F-33-3 and 516F-36-2, and core catchers of
Sections 516F-38-1 and 516F-38-2). Probably the same
structures are present in the upper part, but could not be
detected because of drilling disturbance and the softness
of the sediments.

Unit 4: Nannofossil and Foraminiferal Limestones
(634-874 m)

Unit 4 (Cores 516F-50 to 516F-79) consists of middle
Eocene dark gray, olive gray, yellowish brown, light
gray, and reddish brown nannofossil and foraminiferal
limestones.

Greenish gray montmorillonitic ash layers are inter-
stratified with calcareous layers and turbidites rich in
both glauconite and biotite (Cores 53, 61 to 64, 68, 72,
78, 79 of Hole 516F). Unit 4 is lithologically heterogene-
ous, and its carbonate content is as variable as its
lithology. Carbonate content is high in the limestones
(60-70%) and very low in the clayey sequences (3-50%).
Limestones are similar to those of Unit 3, although
CaCOj generally decreases down-section towards marly
limestone. The relative abundance of nannofossils
reaches 80%, and foraminifers 10%. The limestones are
laminated, finely crystalline and intensely burrowed.
The porosity of these layers is probably derived from
the dissolution of foraminifers (moldic porosity). Some
volcanic ash is present, but much of what was originally
described as volcanic is in fact detrital clay (Bryan and
Duncan, this volume), Fining-upward sequences (turbi-
dites), rich in limestone fragments, glauconite, biotite,
and montmorillonitic layers, are dispersed throughout
the unit. The turbidite layers vary from 3 to 5 c¢cm in
thickness (Figs. 4 and 5). Several of these sequences are
repeated, forming intervals tens of centimeters thick.
Black to dark gray clayey layers usually underlie these
fining-upward sequences. These layers in turn are un-
derlain by 5-10 cm thick, nonbioturbated limestone.
Usually only the ““A’’ interval of the classic Bouma tur-
bidite sequence is present; in Core 61, however, one
nearly complete Bouma sequence was recovered asso-
ciated with several thinner fining-upward sequences
(Fig. 6). The graded components of the fining-upward
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Figure 4. Calcareous sandstones and limestone breccia in 516F-68-3,
55-80 cm.

161



SITE 516

25

30

Depth in section (cm)

35

40

Figure 5. Turbidites in 516F-62-3, 25-40 cm.

sequences are montmorillonitic aggregates, biotite, py-
rite, and fossil fragments. These components are grit
size or coarse sand size at the base and grade upward to
very fine clay.

The largest allochthonous contribution to Unit 4 is a
15-m thick deposit occupying much of Cores 78 and 79
(Fig. 7). Specifically, this interval contains two slump
blocks of dark brown to dark red-brown limestone of
Late Cretaceous age separated by a 30-cm thick layer of
graded beds and small cobble-size clasts of volcanic
rock and volcanogenic sediment. The Cretaceous lime-
stone is undeformed in places, but its borders show con-
siderable soft sediment deformation, which suggests
that it was emplaced as a semiconsolidated ooze or
chalk by downslope slumping.

In addition to the sedimentary structures described
above, mottling (mainly due to bioturbation) and possi-
ble parallel and cross laminations are present in Unit 4.
Mottling is conspicuous in the calcareous layers where
recrystallization was not extensive. A large vertical bur-
row (1.5 cm diameter; 100 cm long) occurs in Section
516F-50-1 (Fig. 8). This burrow is mostly filled by med-
ium gray calcarenite that is rich in large benthic fora-
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Figure 6. Bouma sequence in 516F-61-5, 40-60 cm.

minifers, as is the calcarenite layer that lies at the upper
extremity of the burrow. Limestone clasts within a fan-
glomeratic layer are imbricated (Core 516F-63, Fig. 9).
Parallel laminations and possible cross-bedding occur in
Unit 4, but most of these structures are partially dis-
turbed by compaction (Figs. 10 and 11).

The lower boundary of Unit 4 is placed at the base of
the Cretaceous block (Section 516F-79-4). At that level,
colors change from reddish brown and dark red at the
base of Unit 4 to gray, light gray, and white at the top of
Unit 5; the carbonate percentage increases rapidly from
a variable level (5-50%) at the base of Unit 4 to uni-
formly higher levels near 80% at the top of Unit 5. The
fining-upward, glauconite-rich turbidites and other vol-
canic-derived sediments common in Unit 4 are absent in
Unit 5.

Unit 5: Limestones and Marly Limestones
(874-1000 m)

Unit 5 (Cores 80 to 93 of Hole 516F) consists of 2
subunits: light gray limestones at the top (Subunit 5a)
grading to reddish brown limestones and marly lime-
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stones below 930 m sub-bottom (Subunit 5b). The sub-
unit boundary is gradational and somewhat arbitrary.

Subunit 5a (874-930 m, Cores 80 to 86) contains mid-
dle Eocene to middle Paleocene, gray to light gray and
light green limestones, with small intervals of dark
greenish gray sediment slightly rich in organic matter.
The limestones of Cores 81, 86, and 87 are partially do-
lomitized and harder than those in surrounding inter-
vals.

Pressure solution has altered the internal organiza-
tion of the carbonate components of Subunit 5a, pro-
ducing a series of false sedimentary structures similar to
convolute bedding, lenticular bedding, and parallel
laminations. The only sedimentary structures still pres-
ent in these rocks are burrows, some partially destroyed
by dissolution and recrystallization. In some cases, flat-
tened burrows and clay balls interpenetrate. Porosity in-
creases slightly downcore in the Subunit 5a limestones.

SITE 516
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Figure 8. Large vertical burrow in 516F-50-1, 51-75 cm,

The 3 to 5 cm thick, dark greenish gray layers that are
slightly rich in organic matter are marly limestone and
are present in almost all cores of Unit 5.

Carbonate percentages are high, ranging from 75 to
90%, and the microfossil content is as follows: fora-
minifers 5-10%; nannofossils variable from 10 to 80%.
The fossils are best preserved in the darker layers where
recrystallization was less extensive, although initially the
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Figure 9. Imbricated limestone clasts in 516F-63-6, 110-125 cm.

carbonate content of those intervals was relatively low.
Minor components are calcite and dolomite rhombs, de-
trital clays, volcanic glass, and quartz (2-3%). The
lower boundary of this subunit is a gradational color
change from white in Core 85 to light brownish gray in
Core 86.

Subunit 5b (930-1000 m sub-bottom, Cores 86 to 93)
consists of Paleocene and Maestrichtian interbedded
reddish limestones and reddish brown marly limestones.
The sediments of Subunit 5b are intensively burrowed,
except in light-colored zones where recrystallization
reaches a high degree. Kaolinite and illite are present in
this subunit, but not above. The Cretaceous/Tertiary
boundary occurs in Section 516F-89-5 (see frontispiece
and Fig. 12). Its lithology is described in detail by Mi-
chel et al. (this volume).

Unit 6: Marly Limestones and Claystones
(1000-1240 m)

Unit 6 (Cores 93 to 124 in Hole 516F) contains Maes-
trichtian to Coniacian-Santonian light gray to white,
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Figure 10. Parallel laminations in 516F-48-2, 7-18 cm.

and gray to dark gray marly limestone and claystone. It
consists of two subunits as follows.

Subunit 6a (1000-1130 m sub-bottom, Cores 93 to
111) contains marly limestones interbedded with micrit-
ic nannofossil limestones. Variegated colors range from
light greenish gray to dark brownish red. The limestone
is intensively burrowed throughout.

Subunit 6a is lithologically distinct from the unit
above in that the pressure solution effects abundant in
Unit 5 are absent. In addition, marly intervals are more
common in Unit 6.

Some greenish gray, gray, and light gray marly lime-
stones and claystones are present in the middle part of
this subunit (Cores 98 to 103), and these have the lowest
carbonate content of all sediments within Subunit 6a.
Carbonate contents range from 70 to 30%. The ter-
rigenous components—clay, detrital quartz (up to 10%),
feldspar (up to 5%), biotite, zeolite (up to 5%), and
volcanic glass—increase in relative abundance toward
the base of Subunit 6a. Nannofossils (10-80%), fora-
minifers (up to 10%), and recrystallized calcite (up to
50%) account for the carbonate fraction. Remains of
Inoceramus first appear at Core 101 (1050 m sub-bot-
tom). A gradual color change from weak red, reddish
brown, and light reddish brown to grays marks the base
of Subunit 6a.

Subunit 6b (1130-1240 m sub-bottom, Cores 111 to
124) consists of Campanian and Santonian-Coniacian
microcrystalline, light gray to white limestone and gray
to dark gray marly limestone and claystone.

Bioturbation is intense in Cores 112 to 117, produc-
ing a mottled pattern apparent in the polished sections
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Figure 11. Cross-bedding in 516F-64-4, 30-60 cm.
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of these rocks. This section is cemented by dolomite,
and is much harder than the otherwise similar rocks in
Cores 108 to 110.

Carbonate content is variable, ranging from 25 to
91%. A few thin dark gray to black layers of claystone
or mudstone are present in the intervals of low carbon-
ate content. Some of them are richer in wood fragments
and in organic matter than all other sediments recovered
at this site. The thickest of these intervals is a 78 ¢cm se-
quence of interbedded claystones and shales in Core 122
containing 95% organic carbon (Fig. 13 and de Quadros
et al., this volume). From top to bottom, this sequence
consists of 5 cm of laminated, but slightly burrowed
shale; 15 cm of massive claystone; 30 cm of laminated
shale; 23 cm of black massive claystone; and finally
3 cm of parallel-laminated shale at the base. The con-
tacts of these dark gray to black claystones and shales
with the limestone and marly limestone are usually very
sharp.

Inoceramus fragments and shells are very abundant
from Core 114 to the base of the unit, and occur as high
as Section 516F-110-6 in scattered abundance. Fora-
minifers and nannofossils are present in low percentages
at the top of the unit but are rare near the base; most of
the carbonate is recrystallized. The terrigenous compo-
nents are dark gray clays, quartz (2-3%), feldspars
(trace), and mica.

Parallel laminations, faint cross laminations, and
burrows are the most important structures and features
of Subunit 6b, but some microfaults occur.

Unit 7: Ferruginous Chert, Limestones, Glauconite-
rich Sands, Turbidites, and Shallow-Water
Microfossils (1240-1252 m)

The calcareous, volcanogenic sediments of Unit 7
(Cores 124 and 125 of Hole 516F) consist of red, Inocer-
amus-tich baked calcareous mud; dusky red sandy mud-
stone with dispersed glauconite grains; dark altered vol-
canic glass, montmorillonite, and breccia; and some fin-
ing-upward sequences of coarse-grained to fine-grained
sandstones rich in feldspar, glauconite, and biotite
(green sandstones). On the top of this sedimentary sec-
tion there is 10 cm of dark reddish gray ferruginous
chert. The list below shows the composition of the fer-
ruginous chert from Sample 516F-124-1, 1-10 cm (anal-
ysis courtesy of M. E. Cosgrove, Department of Geol-
ogy, University of Southampton, Southampton, SO9
5NH, United Kingdom).

Si0p 82.16 T
TiOy 0.204
Al O3 0.481
FepOs 11.99
MgO 0.282
Ca0O 0.530
NapO 0.018
K20 0.064
P05 0.000
Loss of ignition 4.67
X-ray total 100.40 %
COy 0

H70 0
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Figure 13. Interbedded claystone and shale, containing 0.95% organic
carbon in Core 122.



Unit 8: Veined and Partly Altered Vesicular Basalt
(1252-1271 m)

In Unit 8 (Cores 125 to 128 of Hole 516F), two flow
units are distinguished on the basis of primary mineral-
ogy and the degree of alteration. Both units were origi-
nally dark, fine-grained, variably vesicular plagioclase-
pyroxene-phyric tholeiites. Plagioclase phenocrysts are
commonly euhedral or lath shaped, often zoned. Pyrox-
ene phenocrysts, usually only 1% by volume, are euhe-
dral to subhedral and display zoning (sometimes oscil-
latory) and simple twinning. The groundmass consists
of microlites of plagioclase, granular pyroxene, opaque
minerals, and glass. Much of the glass is replaced by
calcite or clay minerals and, in the more weathered
samples, both plagioclase and pyroxene phenocrysts are
partially replaced by calcite.

The upper flow unit (down to Sample 516F-127-4,
48 cm) is the more extensively veined and altered of the
two, and it has more glass, less pyroxene in the ground-
mass, and smaller grains of iron oxide. The differences
between the two units, however, are minor compared
with their similarities, and they may represent a single
flow. The scarcity of quench textures and lack of glassy
selvages suggests emplacement as a thick flow, and
lea_.vgs open the question of a submarine or subaerial
origin.

Compared to normal (N-type) mid-ocean ridge ba-
salts (MORB), the basalts of Hole 516F have high con-
tents of the incompatible minor and trace elements (Ti,
P, Zr, Nb, Y, La, Ce) and correspondingly low contents
of Ni, Cr, and the more mobile, compatible trace ele-
ments (see Thompson et al., this volume, and Weaver et
al., this volume). The degree of alteration casts doubt
on the primary nature of the Mg, K, Rb, and Ba concen-
trations, but the high Sr content is probably unaffected.

Incompatible trace element ratios suggest an ‘‘en-
riched”’ parental magma compared with N-type MORB,
and the high total iron, along with low levels of Ni, Cr,
and possibly Mg, suggest high level fractionation of a
magma with transitional (T-type) MORB characteristics
(Wood et al., 1979). The argument for high level frac-
tionation is strengthened by the petrographic evidence
(oscillatory zoning of phenocrysts and the presence of
augite). The chemistry of the Hole 516F basalts is simi-
lar to that of Reykjanes Ridge and Icelandic basalts, to
tholeiites from the Azores, and to samples from the far
eastern Walvis Ridge.

The basalt of Core 126 encloses a large vein filled
primarily with quartz and calcite and with inclusions of
clays and iron oxides. The calcite occurs as large crys-
tals, sparite, and micrite enclosing Inoceramus, algal,
and bryozoan fragments. A thin section of vein filling
from Core 126 contains calcareous algae, bryozoans,
oolites, and benthic foraminifers, indicating a shallow-
water provenance. There is no evidence of downslope
reworking or mixing with faunas from a deeper or pe-
lagic environment (see Milliman, this volume).
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SEDIMENTARY GEOCHEMISTRY

Carbonate Analyses

A total of 586 bomb carbonate analyses were made
on Site 516 sediment samples, including 241 from Hole
516, 101 from 516A, and 244 from 516F. The values are
listed in the core description forms accompanying this
chapter. Estimated accuracy is approximately 3% for
the values shown in Figure 3. This accuracy is less than
normal, apparently because of a volume error with one
measuring flask.

X-Ray Diffraction Analysis

X-ray diffractograms for 255 samples from Site 516
were collected as part of a shipboard study (Coulbourn,
this volume), and additional samples were also analyzed
as part of a shore-based study (Zimmerman, this vol-
ume). Calcite occurs throughout the section; quartz is
present in most samples, with the exception of cores
from Unit 4. Feldspar occurs as phenocrysts of the glo-
merophyric basalt of Cores 516F-126 and 516F-127.

The clay minerals montmorillonite, kaolinite, and il-
lite are common in samples from below 625 m sub-bot-
tom at Site 516. These minerals were recovered in sam-
ples from Unit 4, an interval of turbidites, ash, and
allochthonous slump blocks of Cretaceous limestone.
Montmorillonite may be the product of the alteration of
volcanic glass. Illite is the clay that makes up marly in-
tervals within the allochthonous red-brown Cretaceous
limestone and marly limestone of Cores 516F-78 and
516F-79, and typifies the autochthonous Cretaceous
rocks of Unit 6. In diffractograms produced from sam-
ples from the base of Subunit 6a, kaolinite and illite
peaks are dominant. Kaolinite peaks intensify as illite
peaks diminish downsection towards Subunit 6b. The
clays of Subunit 6b are kaolinitic. Chert and dolomite
generally do not co-occur; chert occurs above the Creta-
ceous/Tertiary boundary, and dolomite below.

The frequency of occurrence of chert and dolomite
also corresponds to increases in velocity. Between 600
and 880 m sub-bottom, the frequency of occurrence of
chert increases within Cores 516F-75 to 516F-82, the
lower portion of Unit 4, and in Subunit 5a. A velocity
inversion near 880 m sub-bottom probably corresponds
to a diagenetic front, the lower boundary of silica ce-
mentation. Beneath 880 m sub-bottom, velocities again
increase gradually, as does the frequency of occurrence
of dolomite. Again, the increase in V, probably corre-
sponds to the extent of diagenesis within the sediment,
the diagenetic effect arising this time from dolomitiza-
tion rather than chertification.

Interstitial Water

Results of the shipboard analyses of interstitial water
indicate fairly constant values for pH, salinity, chlorin-
ity, alkalinity, and calcium ion concentration through-
out the section cored at Site 516 (Table 2 and Fig. 14).
The magnesium ion concentration decreases with depth,
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Table 2. Interstitial water geochemistry, Holes 516A and 516F.

Sub-bottom
Core-section depth Salinity  Chlorinity  Alkalinity Calcium  Magnesium
(interval in cm) {m) pH Ya s mieg /1 mmal/1 mmol/1
Hole 516A
1-2, 144-150 2.94-3.00 7.324 352 19.14 2.687 10.94 58.36
12-2, 140-150 50.40-50.50  7.217 352 19.34 2.925 12.02 55.35
Hole 516F
26, 140-150 187.50-187.60 7.142 352 19.48 3.838 14.71 44.16
7-2, 140-150 229.00-229.10 7.074 352 19.51 3.813 15.23 41.84
13-2, 140-150  286.00-286.10 7.071 7.7 19,51 4,289 16.04 38.29
19-3, 140-150  363.50-363.60 7.289 352 19.64 2.702 15.75 36.54
25-3, 140-150  401.50-401.60 7.356 5.2 19.88 1.317 15.35 3334
30-5, 140-150  452.00-452.10 7.688 5.2 20.15 0.578 15.87 30.27
35-3, 140-150  496.90-496.60 7.422 352 20.01 1.685 16,04 32.21
51-3, 140-150  648.50-648.60 7.356 35.2 20.15 - 17.08 25.58
Salinity Chlorinity | Alkalinity . -
PH (%s) (%) | (mealkg) #Ca™" (mmol/l) aMg** (mmol/1)
7 8 34 36 18 20 0 16 10 15 20 25 35 40 45 50 55
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Figure 14. Interstitial water geochemistry, Site 516.

in inverse relation with the amount of dolomite detected
in the X-ray diffraction analyses.

BIOSTRATIGRAPHY

Stratigraphic continuity and high rate of core recov-
ery are the most significant aspects of the drilling results
from Site 516. The continuous stratigraphic sequence
from the Recent to the Late Cretaceous, approximately
80 Ma (Santonian/Coniacian), includes relatively unal-
tered basaltic basement. All calcareous microfossil
groups are sufficiently abundant and well preserved to
yield reliable age determinations. At Hole 516, 44 cores

168

were recovered. The oldest level corresponds to the early
Miocene. Hole 516A reached only the upper Miocene.
The last hole, 516F, began at the base of the lower Mio-
cene and extended to the Late Cretaceous limestones
and basalt.

Two relatively minor stratigraphic gaps at Site 516
may correspond to hiatuses at nearby Site 357. Seismic
reflection profiles suggest, however, that these are of lo-
cal rather than regional significance. The intervals are as
follows:

1) The uppermost Pliocene (Zone PL6 of Berggren,
1977a) is relatively condensed, indicating a possible un-
conformity of short duration.



2) The upper Miocene is partially missing. Forami-
niferal Zone N15 (and perhaps N16) and nannofossil
Zone NNI10 are missing, and portions of Zones NN9
and NN11 may also be missing. Altogether, there is per-
haps a gap of 2 Ma in the upper Miocene.

In spite of these minor gaps, Site 516 successfully
recovered a continuous depositional record across the
Santonian/Campanian boundary, Campanian/Maes-
trichtian boundary, the Cretaceous/Tertiary boundary,
the Paleocene/Eocene boundary, and the Eocene/Oli-
gocene boundary. The lowermost planktonic foraminif-
eral zone of the Danian (Globigerina eugubina Zone) is
well represented, as well as the uppermost planktonic
foraminiferal zone of the Maestrichtian below (A4ba-
thomphalus mayaroensis). Apparently, the Paleocene
sequence is complete, which is uncommon in previous
DSDP sites.

Microfossil Abundance and Preservation

All calcareous microfossil groups are common and
very well preserved from the Recent to the middle Mio-
cene. From that point to the middle Eocene, preserva-
tion gradually deteriorates, though all groups remain
common in abundance. In the middle and lower Eocene
samples, all calcareous components are relatively rare
with moderate to poor preservation, with extensive frag-
mentation of nannofossils, and with common over-
growths of calcite on the planktonic foraminifers. In the
Paleocene, the nannofossil assemblages become abun-
dant and diverse, and remain so into the Maestrichtian.
Planktonic foraminifers are moderately to poorly pre-
served in the Paleocene and Upper Cretaceous of Site
516, with the Globotruncana spp. largely unrecognizable
because of clay adhering to the shell surfaces. Benthic
foraminifers are well preserved in the lower Paleocene
and upper Maestrichtian, but are poorly preserved at
the base of the Maestrichtian and barely recognizable
(though present) in the lower Campanian/Santonian. In
a similar way, the preservation of the nannofossil as-
semblage begins to deteriorate in the lower Maestrichti-
an with significant calcite overgrowths and dissolution;
this effect increases downward in the Campanian/San-
tonian section.

Reworking

As we expected for this location, reworking effects at
Site 516 were minimal. Nannofossils and planktonic for-
aminifers show no evidence of contamination of any of
the assemblages by stratigraphically older taxa. Benthic
foraminiferal assemblages suggest the presence of mi-
nor, penecontemporaneous downslope reworking with-
in portions of three stratigraphic intervals:

1) Shallow-water benthic foraminiferal taxa occur at
the top of the middle Miocene, just below the probable
unconformity.

2) Pelecypods and shallow-water benthic foraminifers
are present intermittently within Cores 516F-5 through
516F-31, extending from the lower Miocene (Zone N4)
to the upper Oligocene (Zone P20). The fact that plank-
tonic assemblages in this interval show no evidence of

SITE 516

reworking suggests penecontemporaneous downslope re-
working and not the erosion of sediment from strati-
graphically older sections exposed as outcrops nearby.

3) Reefal debris, containing calcareous algae, bryo-
zoans, and larger foraminifers, is present in the middle
Eocene (Cores 516F-50 and 516F-63). These Eocene
(Zone NN14) limestones surround a lower Maestrichtian
slump block.

Absence of downslope reworking throughout the Pa-
leocene and Upper Cretaceous intervals contrasts with
the presence of considerable reworking of Cretaceous
sediments at Site 357 (Supko et al., 1977). This differ-
ence suggests that the downslope reworking during the
Cretaceous was of local extent.

Within Core 516F-126, allochthonous fragments occur
in hydrothermal veins cutting the basalt. The fragments
include calcareous algae, Inoceramus prisms, and possi-
bly bryozoans, suggesting that the basaltic vulcanism
represented in the lowermost cores of Site 516 took place
near sea level (see Milliman, this volume). In contrast,
the overlying Santonian foraminiferal assemblages (e.g.,
the Globotruncana spp. in Core 516F-119) suggest accu-
mulation in upper bathyal depths. Significant erosion
and/or subsidence must have occurred during the 5 to
10 Ma immediately after the cessation of volcanism, be-
cause the bulk of the depositional sequence at Site 516
corresponds to a pelagic facies accumulating in bathyal
(probably upper bathyal) depths.

Nannoplankton

The calcareous nannofossil-based age determinations
and zonal boundaries for the Tertiary are based upon
the zonation of Martini (1971). For the stratigraphic age
determination of the Cretaceous sediments and for cor-
relation with the biostratigraphy of Site 357 (Leg 39),
the zonation of Perch-Nielsen (1977) was used.

Eight biostratigraphic intervals were identified:

1) Quaternary (Cores 516-1 to 516-3, 0-8.7 m, and
516A-1 to 516A-2, 0-7.9 m)

2) Pliocene (Cores 516-3 to 516-12, 10.2 to about
40 m, and Cores 516A-3 to 516A-10, 7.9-43.1 m)

3) Miocene (Cores 516-12 to 516-44, about 40 to
183.3 m; Cores 516A-11 to 516A-15, 43.1-65.1 m; and
Cores 516F-1 to 5S16F-8, 169.1-245.1 m)

4) upper Oligocene to lower Miocene (Sample 516F-
9,CC, 254.6 m)

5) Oligocene (Cores 516F-10 to 516F-38, 283.1-
530.1 m)

6) Eocene (Cores 516F-39 to 516F-82, 539.6-900.6 m)

7) Paleocene (Cores 516F-83 to 516F-89, 910.1-
961.4 m)

8) Cretaceous (Cores 516F-89 to 516F-124, 964.0-
1240.4 m)

Quaternary

Well-preserved and abundant Quaternary nanno-
plankton assemblages occur in the intervals from 516-
1-1, 0-2 cm to 516-3-2, 30-32 cm (0-8.7 m), and from
516A-1,CC to 516A-2,CC (0-7.9 m). The assemblages
in the interval 516-1-1, 0-2 cm to 516-1-1, 5-6 cm belong
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to the Emiliania huxleyi/Gephyrocapsa oceanica Zone
(NN21/NN20). The last occurrence of Pseudoemilia-
nia lacunosa marks the base of the interval (NN21 to
NN20). The principal floral components include G. oce-
anica, Ceratolithus cristatus, Rhabdosphaera clavigera,
Cyclococcolithus leptoporus, and Helicopontosphaera
kamptneri.

The assemblages from Samples 516-1-1, 42 cm to
516-3-2, 32 cm (1.9-8.7 m) contain P. lacunosa but lack
discoasters, indicating the P. lacunosa Zone s.1. (NN19).
No hiatus between the Pliocene and Quaternary exists in
Holes 516 and 516A.

Pliocene

Pliocene floras were recovered in Samples 516-3-2,
41-42 cm to 516-11,CC (10.2 to about 40 m). The cocco-
liths and discoasters of the Pliocene are abundant, with
moderate to good preservation in the upper Pliocene
and moderate preservation in the lower Pliocene.

The presence of Discoaster brouweri without any
other discoasters suggests that the sediments of Samples
516-3-3, 30-32 cm and 516A-3,CC are in Zone NN18.
Zone NN17 occurs in Sample 516-3,CC. The nannofos-
sil assemblages in Core 516-4 to Sample 516-5-2, 100 cm
with D. surculus but without Reticulofenestra pseudo-
umbilica indicate Zone NN16.

The interval between Samples 516-5-2, 100 cm and
516-5-3, 100 cm with R. pseudoumbilica but without
Amaurolithus tricorniculatus belong to R. pseudoum-
bilica Zone (NN15). Because of uncertainties regarding
the first occurrence of D. asymmetricus in this section,
it is impossible to distinguish the interval of the Cerato-
lithus rugosus Zone (NN13) from the D. asymmetricus
Zone (NN14) in Cores 516-6 to 516-10. The top of this
interval is determined by the last occurrence of A. tri-
corniculatus, and the base by the first occurrence of C.
rugosus. The base of the Pliocene at Site 516 is placed
within the C. tricorniculatus Zone (NN12) in Core
516-10, based on the first occurrence of C. acutus.

Miocene

Miocene sediments were recovered in Samples 516-
14,CC to 516-44,CC (59.7-183.3 m) and in Samples
516F-1,CC to 516F-8,CC (169.1-245.1 m). The Miocene
calcareous nannofossils are abundant with generally
moderate preservation.

The top of the Miocene is within the C. tricornicula-
tus Zone (NN12). The D. quinqueramus Zone (NN11) is
present in Sections 516-11-2 through 516-14-1, and it is
determined by the range of that species. D. calcaris
(NN10) is missing, and the lower part of the D. quinque-
ramus Zone (NN11) and upper part of the D. hamatus
Zone (NN9) are probably also missing, indicating a hia-
tus at the base of the upper Miocene. Calcareous nanno-
fossil assemblages containing D. hamatus in Sections
516-14-1 and 516-14-2 and matching intervals at Hole
516A indicate that this part of the section is in Zone
NNBO. In Sample 516A-16,CC, the assemblage is a mix-
ture of Pliocene-Miocene nannofossils. In Cores 516-15
to 516-17, D. challengeri and Cyclococcolithus neogam-
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mation are present, whereas D. pentaradiatus, D. exilis,
and D. kugleri are absent. The Pliocene/Miocene con-
tact is probably somewhere within the D. exilis Zone
(NN6) and the D. kugleri Zone (NN7). In the interval
from 516-17-2, 110 cm to 516-20-3, Sphenolithus hetero-
morphus occurs without Helicopontosphaera amplia-
perta and H. parallela, suggesting an age corresponding
to Zone NNS5. In Sections 516-20-3 to 516-25-2, the oc-
currence of H. ampliaperta without S. belemnos suggests
Zone NN4. The interval from 516-25-2 to 516-32-3 be-
longs to Zone NN3. The top of this interval is defined
by the last occurrence of S. belemnos and the bottom by
the last occurrence of Triquetrorhabdulus carinatus.
The D. druggi Zone (NN2) is very thick. The first occur-
rence of S. belemnos marks the top of this interval in
Section 516-32-3, and the last occurrence of T. carinatus
marks the bottom of Section 516F-3,CC. Assemblages
lacking D. druggi, S. ciperoensis, and H. recta charac-
terize the oldest Miocene sediments of Zone NNI1. These
and older sediments are seen only in cores from Hole
516F.

The nannoplankton assemblage Sample 516F-9,CC
consists of H. cf. recta without S. ciperoensis. The ques-
tionable determination of H. species is not sufficiently
certain to indicate an Oligocene age.

Oligocene

Oligocene assemblages were found in Section 516F-
10,CC and in Cores 516F-12 through 516F-38 (283.1-
530.1 m sub-bottom). The Oligocene section contains all
calcareous nannoplankton zones according to Martini’s
(1971) zonation. The nannofossils are generally abun-
dant but with poor to moderate preservation.

The occurrence of S. ciperoensis in Sample 516F-
10,CC without S. distentus distinguishes Zone NP25.
Sample 516F-11,CC lacks index sphenoliths, but the
presence of H. recta gives this sample an age between
Zones NP24 and NP25. In Cores 12 to 18, D. lidzii
is present; its range restricts this assemblage to Zone
NP24. The overlap of S. distentus and S. predistentus
without D. /idzii in Cores 19 to 25 assigns this interval to
Zones NP23 to NP24. Chiasmolithus oamaruensis oc-
curs in Sample 516F-26,CC; its last known occurrence is
in Zone NP23, which indicates that this sample and
those from Cores 27 to 31 belong to Zone NP23. The
co-occurrence of S. distentus and R. pseudoumbilica
characterize the interval from Cores 27 to 35. This over-
lap, which is not quoted by Martini (1971), assigns this
interval to Zones NP22 to NP23. An assemblage with R.
pseudoumbilica but without S. distentus occurs in Sam-
ple 516F-36,CC, assigned to Zone NP22. An assemblage
containing Cyclococcolithina formosa, but lacking D.
saipanensis, represents the base of the Oligocene, Zone
NP21 in Sample 516F-38,CC. C. formosa has its last
known occurrence in the base of Oligocene—Zone NP21.

No distinct hiatus between the Oligocene and Eocene
was noted. Zones NP19 and NP20 represent the top of
the Eocene, but determination of the youngest zone
(NP20) was not possible due to the absence of S. pseu-
doradians, a species ranging from NP20 to NP23. De-



spite the absence of this key species, the evidence for the
three oldest zones of the Oligocene (NP21 to NP23) is
good.

Eocene

More than 350 m of Eocene sediment were recovered
in Cores 516F-93 to 516F-82 (539.6-900.6 m). The cal-
careous nannofossils are few to abundant with poor to
moderate preservation.

The upper part of the Eocene (Sample 516F-39,CC)
belongs to Zones NP19 to NP20, because the index spe-
cies for the last zone is missing. The top of interval is
marked by the last occurrence of D. saipanensis and the
bottom (Core 43) by the first occurrence of Isthmolithus
recurvus. Cores 44, 45, and 46 belong to Zone NP18,.
The first occurrence of Chiasmolithus oamaruensis de-
fines the base of this zone. The assemblages in Cores 47
to 51 (and probably to 53) identify Zone NP17, based on
the presence of D. saipanensis and H. compacta, but
without C. solitus. The last occurrence of C. solitus and
H. seminulum in Core 516F-54 defines the top of Zone
NP16, easily recognizable down to Sample 516F-58,CC.
The assemblage in this interval lacks Chiphragmalithus
alatus and Rhabdosphaera gladius. Sample 516F-59,CC
contains R. cf. gladius, which last occurs at the top of
the Chiphragmalithus alatus Zone (NP15), meaning
that this zone should be present beneath this sample.
The identification of this species is uncertain, however,
and the interval down to Sample 516F-66,CC is assigned
to Zones NP15 to NP16. D. nonaradiatus and D. sublo-
doensis are present in Sample 516F-67,CC; both have
their last occurrence in Zone NP15. Their presence and
the absence of D. lodoensis assign Cores 516F-67 to
516F-76 to Zone NP15. The presence of D. lodoensis in
Sample 516F-77,CC and in the upper part of Core
516F-78 limits the age of this interval to Zones NP13 to
NP14. Section 516F-78-3 is part of a lower Maestrich-
tian slump block (Arkhangelskiella cymbiformis Zone).
The Eocene sediments below this slump in Sample
516F-79,CC belong to the same stratigraphic interval as
above the slump. The exact determination of the first
three Eocene cores (80 to 82) is difficult. Index fossils
are missing, or fossils are not typical of the assemblages.
Tentatively, Core 516F-80 belongs to Zone NP12, and
Cores 516F-81 and 516F-82 to Zones NP10 to NP12.

Paleocene

No distinct hiatus between the Eocene and Paleocene
was noted. The top of the Paleocene is represented with
the youngest Paleocene zone (NP9).

The Paleocene sequence at Hole 516F is about 50 m
thick (Cores 516F-83 to Sample 516F-89-3, 33.5 cm;
910.1-961.4 m). That is relatively thin compared to the
Eocene and Cretaceous sections; nevertheless, it con-
tains all nine Paleocene zones without any hiatus. Coc-
coliths and discoasters are few to abundant and fairly
well preserved. Only at the base of the Paleocene are the
nannofossils rare with poor preservation. Core 516F-83
to Sample 516F-84-3, 3-4 cm contains D. multiradiatus,
an index species of Zone NP9. The presence of Heliolith-
us riedeli identifies the interval 516F-84-4, 13-14 cm
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to 516F-85-1, 46-47 cm as the zone of the same name
(NP8). The co-occurrence of D. mohleri and H. klein-
pellii assigns Sample 516F-85-2, 40-70 cm to the D.
mohleri Zone (= D. gemmeus Zone) (NP7). In Samples
516F-85-1, 16-17 cm to 516F-86-5, 54-55 cm, H. klein-
pellii is present and D. mohleri is missing, criteria neces-
sary for identification of the H. kleinpellii Zone (NP6).
The presence of Fasciculithus tympaniformis without
H. kleinpellii determines the interval from Cores 516F-
86-6, 50-51 cm to 516F-87-3, 55-56 cm as the F. tympa-
niformis Zone (NP5). Core 516F-87-4, 44-45 cm to
516F-87-5, 46-47 cm include the first occurrence of El-
lipsolithus macellus to the first occurrence of F. tympa-
niformis, indicating the E. macellus Zone (NP4). Sam-
ples 516F-87-6, 17-18 c¢cm to 516F-89-3, 86-87 cm con-
tain Chiasmolithus danicus but E. macellus is missing,
indicating the C. danicus Zone (NP3). The occurrence
of Cruciplacolithus tenuis without Chiasmolithus dani-
cus places Samples 516F-89-3, 142-143 cm to 516F-89-4,
38-39 cm in the Cruciplacolithus tenuis Zone (NP2).
The Markalius inversus Zone (NP1) is the base of the
Paleocene in Samples 516F-89-4, 138-139 cm to 516F-
89-5, 33.5 cm.

Cretaceous

The Cretaceous/Tertiary boundary was recovered in
Core 516F-89. Calcareous nannoplankton stratigraphy
of that core indicates no hiatus between the Cretaceous
and Paleocene. The oldest zone of the Paleocene (M. in-
versus Zone NP1) occurs in Sample 516F-89-5, 33.5 cm.
The youngest zone of the Cretaceous (Micula mura
Zone) is assigned to Sample 516F-89-5, 34.3 cm.

Cores 89 to 124 comprise the 284.5 m of Cretaceous
sediments recovered from Hole 516F. Calcareous nanno-
plankton are abundant and fairly well preserved in the
upper Maestrichtian. Lower Maestrichtian coccoliths
vary downward from abundant to rare and the preserva-
tion ranges from good to poor. Dissolution and frag-
mentation increase downward. The ten zones present in
the Cretaceous section span the Coniacian/Santonian to
Maestrichtian. The M. mura Zone (Cores 89 to 91), with
M. mura and Nephrolithus frequens, represents the top
of the Cretaceous. In Cores 91 to 93, the assemblage
lacks M. mura but N. frequens is still present, suggest-
ing the N. frequens Zone. The top of the middle Maes-
trichtian (Lithraphidites quadratus Zone) is present in
Samples 516F-93,CC through 516F-94-2, 25-26 cm, and
the lower to middle Maestrichtian is indicated in Cores
94 to 96 by the Arkhangelskiella cymbiformis Zone. The
first occurrence of L. quadratus defines the top of this
interval, and the last occurrence of Tetralithus trifidus
marks the base. The Campanian/Maestrichtian bound-
ary is within the 7. frifidus Zone (Cores 96 to 107). The
T. gothicus Zone was recovered in Cores 107 and 108.
The assemblage of this zone contains 7. gothicus, but T.
trifidus is missing. Similarly, the T. aculeus Zone (Cores
108 and 109) contains the index species but lacks 7.
gothicus. The interval from the last occurrence of Mar-
thasterites furcatus and/or Lithastrinus grillii to the
first occurrence of 7. aculeus defines the Broinsonia
parca Zone in Cores 110 to 113. The assemblage with B.

171



SITE 516

parca and M. furcatus assigns Cores 113 to 116 to the
Eiffellithus eximius Zone of the late Santonian. The
oldest Cretaceous samples recovered at Site 516 are Co-
niacian to Santonian and belong to the M. furcatus
Zone (Cores 116 to 124). The assemblages contain M.
Jurcatus and L, grillii but are lacking B. parca.

Planktonic Foraminifers

Usually one sample per section was examined for for-
aminifers, but in a few cases more samples were analyzed
especially for the Quaternary and Cretaceous/Tertiary
boundary intervals. The zonation of Berggren (1973,
1977a, b) is utilized for the Pliocene. Blow’s (1969) zo-
nation is retained for the other Neogene sequences, and
that of Stainforth and others (1975) for the Paleogene
sequence. Weiss (this volume) analyzed the Cretaceous
sequence.

The assemblages are relatively well preserved and are
summarized in the following categories:

1) Quaternary (between the top of Core 516-1 to Sec-
tion 516-3-2; from the top of Core 516A-1 to Sample
516A-2,CC).

2) Pliocene (Sections 516-3-3 to 516-11-3; Sections
516A-3-4 to 516A-12-2)

3) Miocene (Sections 516-12-3 and 516A-12-3 to the
base of each HPC hole—Samples 516-44, CC and 516A-
16, CC; Core 516F-1 to Section 516F-5-6)

3942) Oligocene (Sample 516F-5,CC to Section 516F-

-2)

5) Eocene (Cores 516F-39 to 516F-80)

6) Paleocene (Sections 516F-81-3 to 516F-89-5)

7) Cretaceous/Tertiary boundary (at Sample 516F-
85-5, 21-26 cm)

8) Cretaceous (Section 516F-85-5 through Core 516F-
122) (Weiss, this volume)

Quaternary

Well-preserved and abundant Quaternary forami-
niferal assemblages occur in the intervals from 516-1-1,
0-2 cm to 516-3-2, 30-32 cm and from 516A-1-1, 0-2 cm
to 516A-2,CC. In these two holes, right-coiling Globo-
rotalia hirsuta determines Zone N23 (mudline to Sam-
ples 516-1-1, 30-32 cm and 516A-2-3, 50-52 cm). Below
this level, the association of G. fruncatulinoides with a
subtropical to transitional assemblage indicates that the
sequence is Pleistocene (Zone N22).

Pliocene

Pliocene microfauna were recovered in Section 516-
3-3 to Sample 516-12,CC and in Sections 516A-3-1 to
516A-12-2. This microfauna is abundant with good
preservation and may allow a differentiation of the
zones proposed previously by Berggren (1977a, b) based
on the first (FAD) or last appearance datum (LAD) of a
few species, such as: G. miocenica (LAD), Sphaeroidi-
nella dehiscens (FAD), Globoquadrina altispira (LAD),
Globorotalia multicamerata (LAD), Sphaeroidineliop-
sis sp. (LAD), Globigerina nepenthes (LAD), Globoro-
talia margaritae (FAD), and Globoquadrina dehiscens
(LAD).

The Miocene/Pliocene boundary is located at the last
occurrence of G. dehiscens, and occurs in Sample
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516-12,CC and Section 516A-12-2. It is difficult to
determine if a hiatus exists between the upper Pliocene
Zone PL6 and the Pleistocene, because of some rework-
ing or contamination. Any gap in that interval must be
less than that at Hole 357 (Berggren, 1977a).

Miocene

An extensive Miocene sequence was retrieved from
Hole 516 and from the upper part of Hole 516A; the
base of the Miocene occurs in the cored portion of Hole
516F. A high latitude indicator group, including Globo-
rotalia miozea conoidea (upper Miocene to lower Plio-
cene), G. zealandica, and Globigerina woodi (lower
Miocene) is abundant and shows dissolution effects,
particularly in those from the middle to upper Miocene.
An unconformity represented by a mixture of Quater-
nary, Pliocene, and Miocene fauna may span the upper-
most middle to the lowermost upper Miocene in Core
516A-16. Contamination and reworking also occur in
the uppermost lower Miocene of Hole 516.

The upper Miocene is characterized by the occurrence
of Globoquadrina dehiscens, Globorotalia miozea co-
noidea group, and Sphaeroidinellopsis seminulina. This
association is typical for the G. conomiozea and G.
mediterranea zones of Berggren (1977b), and considered
by that author as approximately correlative to Zone N17
(Blow, 1969). In Hole 516, however, the absence of typi-
cal G. acostaensis and the disappearance of the G. sia-
kensis in Core 516-15 are negative criteria in zonal deter-
minations, suggesting the absence of both Zones N15
and N16.

Orbulina first appears in Core 516-17. The fauna of
the sequence between this event and the last occurrence
of G. siakensis is not diversified. The G. fohsi group
disappears with the first bed. It is, therefore, difficult to
differentiate the zones of the middle Miocene or to con-
firm that they exist in this sedimentary sequence.

The lower Miocene is a long and complete sequence
with a fairly monotonous fauna. The association in-
cludes: Globigerinoides altiaperturus, Globorotalia zea-
landica, Globoquadrina div. sp., Catapsydrax dissimi-
lis, and, in the earliest part, Globigerinoides primordius
and Globorotalia kugleri. An abundance of Globigeri-
noides primordius in Section 516F-5-6 signals the base
of the Miocene.

Oligocene

The upper Oligocene Globigerina angulisuturalis Zone
P22 is indicated between Cores 516F-5 and 516F-14 by
the presence of the nominate taxon and by the absence
of Globorotalia opima opima. In Hole 516F, the Globi-
gerina angulisuturalis-G. opima opima Zone P21 and
the Globigerina ampliapertura Zone P20 are recognized
in Cores 15 to 24 and in Cores 25 to 31, respectively.
G. angulisuturalis resembles the compact high-latitude
forms more than the more open and flaring lower-lati-
tude ones. The boundary between the upper and lower
Oligocene is based at the last occurrence of Pseudohasti-
gerina barbadoensis.

Older zones are difficult to differentiate because of
the poor representation of tropical taxons. The sedi-
mentary sequence between Cores 516F-32 to Section



516F-39-2 is, therefore, assigned to the Cassigerinella
chipolensis-P. micra Zones (Stainforth et al., 1975) as
the equivalent of the lower Oligocene. The foraminifers
are often corroded, and the faunas are not diverse. The
dominant species are Globigerina galavasi, G. euaper-
tura, Globigerinita unicava, and, in the upper Oligo-
cene, Globigerina praebulloides s.l.

Eocene

An extensive Eocene sequence, about 340 m thick,
with common, high-latitude indicator species makes up
the interval from Sample 516F-39,CC to Core 516F-78.
An upper Eocene sequence begins with the occurrence
of Globorotalia cerroazulensis and the disappearance of
the keeled-margin and spinose G. in Section 516F-49-1.
Below, the lower/middle Eocene contact is set at the
first appearance of the genus Hantkening in Core
516F-71. G. bullbrooki also appears at the base of the
middle Eocene (Zone P10), but in Core 516F-77 the spe-
cies occurs with Globigerina frontosa. Cores 78 and 79
of Hole 516F contain some Globotruncana sp. that are
either contaminants or representatives of an lower Maes-
strichtian slump block. Foraminifers in samples of Core
516F-80 are barren or badly dissolved.

Paleocene

The Paleocene sequence at Hole 516F occurs in Cores
81 to 89. Cores 81 and 82 contain Globorotalia velasco-
ensis and a few G. subbotinae and are assigned to Zone
P6a. The G. pseudomenardii Zone is well represented
with the nominate taxon in Section 516F-83-5 to Sample
516F-85,CC. Below, G. angulata and G. pusilla repre-
sent the upper part of Zone P3 in Core 516F-86 to Sec-
tion 516F-88-2. Section 516F-88-3 contains the first G.
uncinata, indicating Zone P2.

The interval between Sections 516F-89-1 and 516F-89-
4 contains G. praecursoria and G. compressa. This as-
semblage belongs to the upper part of Zone P1 (P1d).
The base of the Paleocene is represented by Zones P1b-c
in Samples 516F-89-4, 96 cm to 516F-89-5, 0-21 cm.

The Cretaceous/Tertiary boundary was recovered in
Section 516F-89-5. The oldest sediments without typical
Cretaceous foraminifers are in Sample 516F-89-5, 21-26
cm. They contain only a few small foraminifers (Eoglo-
bigerina div. sp.), preservation is moderate, and the
coarse fraction (greater than 160 ) is barren.

Cretaceous

Upper Cretaceous planktonic foraminifers were recov-
ered in Cores 516F-89 to 516F-122. Frequency and pres-
ervation are moderate in the upper Maestrichtian and
deteriorate from there to the base. Except for the upper
Maestrichtian, therefore, the interval cannot be clearly
delimited with the generally accepted foraminiferal zo-
nation. Some of the important zonal markers, moreover,
were missing, possibly for paleobiogeographic reasons.

The top of the Uppermost Cretaceous Abathompha-
lus mayaroensis Zone is assigned to Sample 516F-89-5,
29.3-31.2 cm. The base of the oldest zone of possible
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Santonian-Coniacian age (‘‘Globotruncana concavata”’
Zone) occurs in Section 516F-119-2. The first plankton-
ic foraminifers occur in Section 516F-122-1; they are
double keeled and of G. renzi type. In all, five plankton-
ic zones and two unzoned intervals are distinguished.

The A. mayaroensis Zone is the best identified and
ranges from Sections 516F-89-5 through 516F-95-2. At
Section 516F-95-2, A. mayaroensis first occurs with
other globotruncanids, such as Globotruncana lamel-
losa, G. stuarti, G. conica, G. cf. gansseri, and G. con-
tusa, and with heterohelicids, such as Racemiguembeli-
na fructicosa, Pseudoguembelina excolata, P. palpebra,
and Planoglobulina acervulinoides. Other tropical Te-
thyan species (such as Globotruncana patelliformis, G.
galeoides, and Planoglobulina multicamerata) indicate
the higher part of the A. mayaroensis Zone. The total
range of the A. mayaroensis Zone is the upper Maes-
trichtian, according to the general planktonic foraminif-
eral zonation scheme.

The G. falsostuarti Zone spans the interval from the
first appearance of G. falsostuarti to the first appear-
ance of A. mayaroensis, That sequence occurs in Sec-
tions 516F-95-3 through 516F-104-4 and identifies these
as possible lower to middle Maestrichtian rocks. The
early to middle Maestrichtian zonal marker G. gansseri
is absent within this interval. The long-range species (G.
fornicata, G. arca, G. linneiana, and Rugoglobigerina
rugosa) are dominant; single-keeled globotruncanids are
rare. New species are G. aegyptiaca, G. gagnebini, and
some multiserial heterohelicids, such as Guembelina ro-
busta, G. cuvillieri, P. riograndensis, and P. manuelen-
sis.
The Campanian/Maestrichtian boundary is placed
between Sections 516F-101-3 and 516F-101-44. Globo-
truncana calcarata was not found; therefore, the first
appearance of G. falsostuarti possibly indicates proxim-
ity to the Campanian-Maestrichtian transition.

Campanian

The interval from Sections 516F-101-4 through 516F-
104-4 yielded no useful planktonic foraminifers and was
not zoned. At the base, G. scutilla and some primitive
multiserial planoglobulinids are evident. Globotrunca-
nella havanensis appears in higher parts at Core 516F-
103-3 and could indicate the Globotruncana calcarata
Zone.

The G. ventricosa Zone includes Sections 516F-104-5
through 516F-112-2, and the index species refers the up-
per part of this section to the early and the lower part to
the late Campanian. Together with this characteristic
form, G. rosetta, G. stuartiformis, G. stephensoni, and
G. linneiana have their first appearance. In the upper
part, rare specimens of G. subspinosa, G. obliqua, R.
rugosa, and Pseudoguembelina costulata were found.

The first appearance of G. arca to the first appearance
of G. ventricosa defines the G. arca Zone and makes up
the lower Campanian Sections 516F-112-3 to 516F-
114-2. The faunal change within this zone is remarkable;
specimens belonging to G. renzi, G. coronata, and G.
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paraconcavata give way to a dominantly G. arca assem-
blage. Specimens of G. cf. asymmetrica are rare and
poorly preserved.

The Campanian/Santonian boundary is based on the
first appearance of G. arca at Section 516F-114-4, be-
cause neither typical G. elevata nor true G. asymmetrica
could be identified.

Santonian

The sequence below the possible Campanian/Santo-
nian boundary contains poorly preserved foraminifers
of the G. renzi, G. coronata, G. paraconcavata type,
and some large specimens of G. fornicata; forms that
could only indicate a Santonian to Santonian-Coniacian
age. The occurrence of G. cf. concavata between Core
516F-117 and Section 516F-119-2 allows a subdivision
into the ““G. concavata’’ Zone and an overlying unzoned
interval between the last occurrence of G. cf. concavata
and the first appearance of G. arca.

Benthic Foraminifers

In general benthic foraminifers occur frequently at
Site 516 and are well preserved down to the upper mid-
dle Eocene. Below this level all foraminifers become di-
luted in the clastic sediments, and their preservation de-
teriorates with increased lithification.

The core-top assemblage (Sample 516-1-1, 1-2 cm) is
dominated by Hoeglundina elegans, Epistominella exig-
ua, and Globocassidulina subglobosa. The Pliocene as-
semblages exhibit a lower species dominance and lack
H. elegans altogether. These rich assemblages include
Stilostomella cf. lepidula, G. subglobosa, Planulina
wuellerstorfi, Cibicidoides kullenbergi, Nuttalides um-
bonifera, E. exigua, Oridorsalis umbonatus, Pullenia
bulloides, P. quinqueloba, Bolivina globulosa, Uvigeri-
na auberiana, Eggerella bradyi, Siphotextularia rolshau-
seni, Karreriella bradyi, Textularia flintii, Rectuvigerina
multicostata, Bulimina subacuminata, Ehrenbergina ca-
rinata, Osangularia culter, Planulina karsteni, Laticari-
nina pauperata, and Sphaeroidina bulloides. Upper and
middle Miocene assemblages resemble those of the Plio-
cene. Dominant genera are Stilostomella, Planulina, Ci-
bicidoides, Globocassidulina, and Bolivina, with Uvi-
gerina and Bulimina abundant at certain levels.

Lower Miocene assemblages are distinctly different,
partly because of changes in generic dominance, specifi-
cally increased frequencies of Cibicidoides, Lenticulina,
and Sphaeroidina, and, at greater sub-bottom depths,
Osangularia and Siphonina. Planulina renzi replaces P.
wuellerstorfi, and both Nuttalides umbonifera and Epi-
stominella exigua disappear. New faunal elements in-
clude Siphonina tenuicarinata, Osangularia mexicana,
Bulimina tuxpamensis, B. impendens, Astrononion pu-
sillum, Anomalinoides cf. alazanensis, and A. spissifor-
mis.

The generic dominance in the upper Oligocene is
much like that of the lower Miocene sediments, except
for the increased abundance of Cibicidoides and the dis-
appearance of Sphaeroidina. New species include Uvi-
gerina mexicana, Bolivina tectiformis, Cibicidoides sp.,
C. dickersoni, and C. ungerianus. The Neogene species
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S. bulloides, Textularia milletti, Rectuvigerina vesca, C.
kullenbergi, C. cicatricosus, and O. culter do not occur
below the upper Oligocene. At many levels, the assem-
blages are dominated by Bulimina impendens, B. tuxpa-
mensis, P. renzi, and C. kullenbergi (or C. ungerianus).

The dominant genera in the lower Oligocene and up-
per Eocene are Cibicidoides, Lenticulina and Bulimina.
The assemblages of each interval share many character-
istic species, such as Gavelinella micra, C. sp., Hanza-
waia cushman, U. havanensis, Bolivina byramensis,
Anomalina corrugata, Discorbis subvilardeboanus, Si-
phonina tenuicarinata, and P. renzi.

Benthic foraminifers are sparse in the expanded mid-
dle Eocene section. This heterogeneous, displaced series
of pelagic limestones is interbedded with volcanic ash
layers, turbidites, breccias, and strata with reefal debris,
and contains low-diversity benthic assemblages even in
the pelagic limestones. The assemblages are dominated
by Cibicidoides, buliminids, Lenticulina and aggluti-
nants, whereas Globocassidulina, Siphonina, and Pla-
nulina are no longer present., The most frequently oc-
curring species are C. ungerianus and Oridorsalis umbo-
natus. H. cushmani, Plectina elongata, and Bulimina
impendens; several unidentified species of Pyramidina,
Reussella, and Trifarina are more irregular in their dis-
tribution. Nuttallides truempyi and Buliminella grata
are abundant only at the base of the section.

A displaced block of upper Maestrichtian limestone
separates the lower from the middle Eocene. The ben-
thic assemblage of Sample 516F-79-2, 85-87 cm is domi-
nated by Gavelinella beccariiformis and Praebulimina
reussi, with lower frequencies of nodosariids, Gyroid-
inoides spp., N. truempyi, and representatives of Gavel-
inella, Lenticulina, Pullenia, and Bolivinoides.

The poorly preserved early Eocene assemblages
(Zone P6b) exhibit low species diversity. The most com-
monly occurring species include O. umbonatus, N.
truempyi, and L. spp. Also present are Vulvulina mexi-
cana, V. spinosa, Abyssamina poagi, Clinapertina infla-
ta, Alabamina dissonata, Aragonia semireticulata, Buli-
minella grata, B. tuxpamensis, Nonion havanense, and
Anomalina capitata.

The Paleocene fauna differs radically from the over-
lying lower Eocene assemblages in its increased species
diversity and by the predominance of Gavelinella. Nu-
merous rapidly occurring extinctions initiated the faunal
turnover in the latest Paleocene (Zone P6a). The transi-
tion occurs between Samples 516F-83-3, 115-172 cm
and 516F-83-4, 12-20 cm. The dominant taxa of the
Paleocene are G. beccariiformis and N. truempyi in
association with Anomalinoides welleri, Bulimina velas-
coensis, G. hyphalus, G. velascoensis, Gyroidinoides
globosus, L. macrodisca, O. umbonatus, P. coryelli,
and Tritaxia trilatera. Additional species of limited
stratigraphic range are B. frinitatensis (early Paleocene)
and Cibicidoides pseudoperlucidus (late Paleocene).

Rapid change in the benthic fauna occurs across the
Cretaceous/Tertiary boundary. Species diversity shows
a moderate increase because about one-third of the
latest Maestrichtian species do not survive the end of the
Cretaceous.



The relatively richer benthic fauna recovered from
Campanian and Maestrichtian sediments is characterized
by Gavelinella stephensoni, Gyroidinoides goudkoffi,
G. nitidus, Nuttallinella florealis, and Praebulimina re-
ussi, together with the species listed above (except B.
velascoensis and A. welleri), occurring throughout the
Paleocene.

In Hole 516F, below Core 109, recrystallization ham-
pers species identification, and much of this section is
too highly indurated to be disaggregated. Faunal com-
position of Santonian assemblages (Cores 116 to 119)
are poorly diversified, and probably only those species
resistant to diagenetic processes are present. Taxa pres-
ent include Globorotalites multiseptus, Gyroidinoides
praeglobosus, Lenticulina muensteri, as well as various
gavelinellids.

Paleobathymetry

Only two major assemblages of benthic foraminifers
existed below 1 km water depth during the Paleocene,
Eocene, and Oligocene, and the boundary between them
did not remain isobathyal. Further differentiation of the
early Cenozoic faunas offers a somewhat better resolu-
tion for the late Eocene and Oligocene.

Starting with the Oligocene, the assemblage in Hole
516F with its relative high abundance and diversity of
uvigerinids is limited to bathyal depth, as are Sphaeroid-
inella bulloides, Cibicidoides laurisae, Bulimina maci-
lenta, and B. antegressa. The presence (often in abun-
dance) of Siphonina, B. tuxpamensis, B. anastomosa,
C. mexicana, and Planulina renzi suggests a shallower,
middle bathyal depth range. For the late Eocene, the oc-
currences of Uvigerina basichordata, Siphonina, Dis-
corbis sp., Tritaxia californica, Reussella mexicana, and
Bulimina tuxpamensis indicate a similar middle bathyal
depth range.

The dominance of Gavelinella, Nuttalides, and Cibi-
cidoides in Paleocene benthic assemblages and a gener-
ally high frequency of planktonic foraminifers suggest
deeper bathyal depths before the onset of the Eocene.

Downward, progressive shallowing occurs in the Cre-
taceous section. Campanian and Maestrichtian sedi-
ments contain a fauna that, although not significantly
different at the generic level from that of the Paleocene,
includes increased abundances of nodosariids, bulimi-
nids, and gyroidinoids, suggesting middle bathyal to
shallow lower bathyal depths. Benthic foraminiferal as-
semblages dominated by Gavelinella, Globotalites, Gy-
roidinoides, and Lenticulina and reduced abundance
of the planktonic foraminifers indicate upper bathyal
depths during the Santonian. The overall picture of the
Coniacian-Santonian interval below 1200 m based on
thin-section study is one of progressive shallowing down-
core, from outer neritic-upper bathyal conditions in the
younger part of this sequence to depths probably less
than 20 m at the base of the sedimentary section.

Shallow Water Indications

Coarse levels containing concentrations of pelecy-
pods, large benthics, or larger foraminifers occur at dis-
crete intervals at Site 516. In HPC Hole 516, coarse lev-
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els occur characteristically in the upper 10 cm of every
core and in some core catchers. In the first case, they are
associated with pipe scale and probably are the result of
washing out the hole after each piston core is taken,

In Hole 516, the core catchers of Cores 14 (upper Mio-
cene) and 37 (lower Miocene) and Sections 1 and 2 of
Core 16 contain small pelecypods, gastropods, otoliths,
bryozoans, and large benthics in association with minor
amounts of pipe scale. In Core 14, large agglutinated
benthic foraminifers, such as Karreriella bradyi, K.
novangliae, Vulvulina pennatula, and Gaudryina spp.
form a conspicuous part of the assemblage. The calcare-
ous part of the coarse fraction consists of large nodosa-
riids, Vaginulinopsis, lenticulinids, Planulina wueller-
storfi, Sphaeroidinella bulloides, and Gyroidinoides.
Core 37 contains smaller agglutinants (Vulvulina, Kar-
reriella bradyi) but more large calcareous species, such
as the pustulate Lenticulina papillosa, Nodosaria, Sphae-
roidinella bulloides, Globocassidulina subglobosa, Pla-
nulina wuellerstorfi, Cibicidoides kullenbergi, and Pyr-
go sp. Large agglutinants are abundant and concen-
trated at discrete levels in Core 516A-2. Thus, most con-
taminants (planktonics and benthics) throughout Holes
516 and 516A are Quaternary and the result of downhole
caving and the HPC coring process.

In Hole 516F, pelecypods are concentrated at a few
levels, mainly Core 5 (basal Miocene, Zone P4) and
Cores 30 and 31 (upper Oligocene, base of Zone P20).
Scattered pelecypods occur throughout the section. The
accompanying association of large benthic foraminifers
varies for each level, but includes calcareous genera such
as Lenticulina, Saracenaria, Vaginulinopsis, Nodosaria,
Dentalina, and agglutinated species such as Dorothia,
Martinottiella, and Vulvulina. In particular, the associ-
ation of calcareous benthic genera indicates a shallower
water, approximately an outer shelf-upper slope envi-
ronment.

Another episode of shallow water influx is found in
the middle Eocene of Hole 516F. Reefal debris consist-
ing of calcareous algae and bryozoans in association
with larger foraminifers occur at two levels. In Core 50,
a thin limestone bed contains Discocyclina, Linderina(?),
and Nummulites. In Core 63, specimens of Discocycli-
na, Asterocyclina, and Nummulites were isolated from
a soft nodule of reefal debris. These two levels occur in
an interval of turbidites and of displaced Maestrichtian
limestone. In the (smaller) benthic assemblage, this sedi-
mentary regime is reflected by the unusually high fre-
quencies of large agglutinant species, of which several
have their optimal abundance on the upper slope.

Radiolarians

Radiolarian slides were prepared from core catcher
samples of all cores at Holes 516, 516A, and 516F. In
stratigraphic intervals containing radiolarians, addition-
al samples were prepared from more closely spaced in-
tervals.

Radiolarians are absent from Hole 516, Cores 1 to 34
(0-148 m sub-bottom; Quaternary to lower Miocene,
Zone N6). In Cores 35 and 36, siliceous fragments ap-
pear for the first time and are increasingly abundant and
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more well preserved downward. Core 35 contains only
spines of siliceous organisms; Core 36 contains scattered
fragments of Cyrtocapsella cornuta, C. tetrapera, and
Dorcadospyris ateuchus, which are consistent with an
early Miocene age. Cores 37 through 41 contain rare,
moderately preserved radiolarians of the early Miocene,
probably belonging to the C. fetrapera Zone. Some
samples within this interval are moderately well pre-
served, whereas others are poorly preserved and yield on-
ly spines or unidentifiable fragments. Cores 42 through
44 contain only spines, and no age can be assigned on
the basis of the siliceous microfossils. On the basis of
calcareous microfossils, these cores can be assigned to
the earliest Miocene (Zone N4).

Radiolarians are totally absent from all samples ex-
amined from Hole 516A, Cores 1 to 16 (0-69.5 m sub-
bottom; Quaternary to middle Miocene, Zone N9).

At Hole 516F, radiolarian samples were prepared
from each of the cores. In Cores 1 to 16 (169-321 m sub-
bottom), radiolarian spines and test fragments are pres-
ent, but they are not sufficiently preserved to allow
identification of the taxa. In Cores 18 through 125, no
radiolarians were identified in any of the prepared sam-
ples. The coarse fraction (carbonate free) consisted al-
most entirely of clay aggregates and rare detrital mineral
grains. A few samples in the interval between Cores 66
and 70 contain aggregates whose morphology bears a
faint resemblance to a siliceous skeletal meshwork, sug-
gesting that radiolarians may have been deposited dur-
ing this interval, and the silica was subsequently remobi-
lized. At Hole 516F, consequently, the radiolarian frag-
ments remaining are insufficient to provide any form of
stratigraphic control.

Diatoms

Diatoms were identified in a total of 61 samples pre-
pared and examined from Hole 516F, Cores 1 through
18. Only rare and sporadic diatoms were observed in
Cores 1 through 5. Two diatom zones of Gombos and
Ciesielski (in press) occur in Cores 6 through 15. The
Rocella gelida Zone, which straddles the Oligocene/Mio-
cene boundary in the reference section (Site 513A,
Leg 71), is present in Cores 6 through 10. The late Oli-
gocene Triceratium groningensis Zone is present in
Cores 11 through 15. In Cores 16 through 18, diatoms
are not sufficiently well preserved to allow specific zonal
designations.

PALEOMAGNETICS

Sedimentary Sequence

Introduction

A study of the downhole variation in sediment mag-
netism and the development of the magnetostratigraphy
constitutes an important objective for the continuously
cored sediment sequence recovered from Site 516.

As a historical background to this summary of results
of remanence measurements, two earlier paleomagnetic
investigations in the area are relevant. One of the first
reliable polarity determinations to be made for sediment
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cored by Glomar Challenger was reported by Henry and
Opdyke (1970) from Site 22. They determined that the
upper Oligocene Braarudosphaera chalk unit had a reli-
able direction of magnetization, indicating deposition
during an interval of normal geomagnetic polarity. Berg-
gren (1977) described a preliminary magnetic investiga-
tion of samples from a number of piston cores collected
in the vicinity of Site 357. The investigation was in-
tended to provide a paleomagnetically calibrated chro-
nology for the microfloral and microfaunal biozonations
established from the Quaternary-upper Neogene sedi-
ments of the Rio Grande Rise. Unfortunately, this goal
was not directly achieved because the magnetic signature
in these shallow piston cores is somewhat confused and
considered unreliable as a recorder of any polarity stra-
tigraphy.

Following these studies, we have an excellent oppor-
tunity to appraise the magnetic characteristics of the
more complete sequence of Cenozoic through upper
Mesozoic sediment recovered at Site 516. The absence
of major hiatuses makes this site particularly promising
for the resolution of a continuous magnetostratigraphy.
The uppermost sub-bottom section at the site cored with
the HPC, Holes 516 and 516A, revealed a well-preserved
carbonate sequence spanning a time interval from early
Miocene to the present. Deeper targets were penetrated
by conventional rotary coring, Hole 516F, to a terminal
depth of 1270.6 m.

Remanence Measuremenis—HPC Holes 16 and 516A

Shipboard natural remanent magnetization (NRM)
investigations included a study of 175 samples taken
from the cores obtained from Holes 516 and 516A. Be-
cause Hole 516A duplicates the upper 60 m or so of
Hole 516, it provides an ideal opportunity for a compar-
ative spatial study of magnetic properties. Kukla and
Zijderveld (1977) maintain that such duplication on a
parallel section is a critical test for validating any pro-
posed magnetic polarity stratigraphy.

Some constraint on the remanence investigations is
imposed by the physical nature of the nannofossil-fora-
minifer ooze, the major lithologic unit recovered at the
site by hydraulic piston coring. Dewatering on recovery
and the generally dilatant character of these sediments
made sampling difficult. Despite this problem, every ef-
fort was made to achieve a reasonable sampling cover-
age of the cored intervals; the initial goal was one sam-
ple every 0.5 m depth downhole. Low levels of magneti-
zation caused a further difficulty for shipboard rema-
nence measurement. Many samples have intensities close
to or only just above instrument noise levels of approxi-
mately 0.3 mA/m. Because of this, relatively few sam-
ples were subjected to alternating field (AF) demagneti-
zation as part of the shipboard procedure. Subsequent-
ly, we remeasured the majority of samples on shore and
then subjected them to magnetic cleaning either using a
peak AF of 20 mT or thermal demagnetization to 280°C.
Although these nannofossil oozes and chalks exhibit
some differences in their stability behavior, it is possible
to determine the polarity from the cleaned remanence
inclination value with a tolerable degree of certainty.



Inclination variations with sub-bottom depth corre-
late reasonably well between the two HPC holes through
the overlap depth interval down to 60 m, confirming the
inferred polarity reversal stratigraphy in the upper part
of the sequence.

The mean (NRM) inclination values of 35.1 £ 19.0°
(Hole 516, n = 144) and 35.4 + 17.7° (Hole 516A, n =
31) are closely comparable. Corresponding values after
demagnetization are 45.3 + 15.3° (Hole 516, n = 72)
and 39.2 + 20.0° (Hole 516A, n = 32). The large scatter
in these inclination values may reflect the character of
the remanence carriers in these dominantly biogenous
sediments. As observed in earlier paleomagnetic investi-
gations, inclinations shallower than the computed axial
geocentric dipole field inclination, 49.4° for Hole 516,
are not uncommon and could be caused by an inclina-
tion error or compactive effects (Blow and Hamilton,
1975, 1978; Ellwood and Ledbetter, 1977).

The quality of the downhole inclination data for
these HPC holes enables tentative conclusions to be
drawn about the magnetostratigraphy (Fig. 15). Provi-
sional assignments can be suggested according to the re-
vised Cenozoic geomagnetic polarity time scales of Hail-
wood and others (1979), Ness and others (1980), and
Lowrie and Alvarez (1981). The first reversal boundary
identified at a sub-bottom depth of 4 m is correlated to
the base of the Jaramillo Event, about 0.97 Ma. If the
base of the Olduvai Event is correctly identified at 9 m
sub-bottom depth (within Core 516-3), then the under-
lying Gauss Epoch spans the depth range from 11.5 m to
18.5 m. These assignments imply an average sediment
accumulation rate of about 5 m/Ma through the late
Pliocene and the Pleistocene. Much increased sedimen-
tation rates characterize the lower Pliocene in Hole 516.
Between 18.5 m and 52.5 m depth (Cores 516-5 through
516-13), an interval of dominantly reversed polarity,
split by possibly five thin normal zones, is assigned to
the Gilbert Epoch. The paleomagnetic evidence, although
not conclusive, indicates that part of Epoch 5 (late Mio-
cene) may be present just above a hiatus (inferred from
biostratigraphic evidence) at approximately 55 m depth.

Core 516-14 and part of Core 516-15 are normally
magnetized. An unambiguous assignment here is diffi-
cult; biostratigraphic studies (see Berggren et al., this
volume) suggest the presence of a condensed sequence.
Therefore, only tentative correlation to Magnetic Anom-
aly 5A (Epoch 11) is made. )

A considerable degree of coring disturbance renders
the interval from 63 to 85 m unsuitable for paleomag-
netic study. Resolution of the polarity stratigraphy is
better from 90 to 180 m, almost at the terminal depth of
HPC recovery at Hole 516. The sequence spans the
upper Miocene so that an interval from Anomaly 5C
(Epoch 16, ~90-105 m depth) to the normal polarity
event above Anomaly 6B (Epoch 21) is encountered.

Remanence Measurements—Hole 516F

About 370 of the 400 samples obtained from the cores
recovered from the deep penetration hole, 516F, were
used for initial NRM measurements on the ship. The
full results of NRM intensity and remanence directions
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Figure 15. Magnetic polarity of the hydraulic piston corer holes at
Site 516.

for all samples are deposited in the DSDP data bank. A
number of pilot demagnetizations were undertaken for
representative lithologic types from Hole 516F. These
samples come mainly from the deeper parts of the se-
quence. For the most part, the thermal and AF demag-
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netization studies indicate that the pelagic sediments at
Hole 516F have a fair degree of stability.

As in the upper part of the sequence, the modal value
of the NRM inclinations is shallower than the axial
geocentric dipole value. Some two-thirds of sample
population have negative NRM inclinations, however,
which suggests a component of normal polarity over-
printing. After magnetic cleaning, approximately equal
numbers of the samples had positive and negative in-
clinations, confirming the effectiveness of the cleaning
procedures in removing this normal overprint.

Figure 16 shows the observed downhole NRM inclina-
tion values for the entire hole, together with the inferred
magnetic polarity. The polarity reversal stratigraphy is
well preserved by the pelagic sediments of this hole.
Clearly this is better resolved for the lower (Paleogene
and late Mesozoic) part of the hole, which has a high
sampling frequency. Assignment of the inferred Paleo-
gene magnetostratigraphy is discussed by Hamilton and
others (this volume).

Finally, we note an important reversal boundary de-
tected in Section 516F-89-5 (965 m sub-bottom depth).
This reversal occurs very close to the Cretaceous/Ter-
tiary boundary. The underlying Maestrichtian through
Santonian sediments are lithologically very similar to
those studied paleomagnetically from the classic Late
Cretaceous/Paleogene section of the Umbrian Appen-
ines at Gubbio in Italy (Alvarez et al., 1977). The de-
tailed magnetostratigraphy established for Gubbio can
be used in the assessment of the Late Cretaceous polar-
ity stratigraphy deduced for Site 516 (Hamilton and Su-
zyumov, this volume). The 289-m thick pelagic lime-
stone sequence of the Rio Grande Rise preserves a well-
defined magnetostratigraphy that can be correlated to
the Gubbio Magnetozones A~ through H*t, marine
Magnetic Anomalies 34 to 29.

The oldest sediments (recrystallized limestone), recov-
ered in Core 516F-125, are normally magnetized and ap-
pear to belong to the upper part of the Late Cretaceous
long normal interval, Anomaly 34.

Igneous Basement

Penetration and recovery of igneous basaltic base-
ment from 1252 to 1271 m depth is achieved in Cores
516F-126 through 516F-128. Twelve samples from these
basalts were selected for paleomagnetic study. The re-
sults of remanence and bulk susceptibility measurements
made on these standard core samples are listed in Table 3.

All NRM inclinations are negative (normal polarity),
and this is maintained after AF demagnetization up to
80 mT or after thermal demagnetization. The mean NRM
inclination of —68.5 + 5.3°is considerably steeper than
the axial geocentric dipole field inclination of —55° for
the paleolatitude of the Rio Grande Rise in the Late
Cretaceous. This mean inclination is not significantly
changed from magnetic cleaning (mean inclination =
—65.5 + 11.4°). It is difficult to account for the relative
steepness of this inclination, except for the possibility
that the drill hole was nonvertical at these depths or that
there was postextrusion tectonic tilting. Another feature
of interest is the apparently small scatter of the NRM in-
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Table 3. Summary of magnetic data for Hole 516F basalts.

Median
Sub-bottom  NRM Volume g destructive

Core-section depth intensity susccplibié)ily M field
(interval in ¢m) (m) (A/m)  (x10” o o len (mT)
126-1, 99-101 1253.60 0.014 48 029 -626 -624 26
126-2, 32-34 1254.43 0.686 105 653 -67.1 -71.3 26
126-2, 145-147 1255.56 1.305 176 347 -662 -T16 26
126-3, 59-61 1256.20 22717 680 335 -66.6 -66.0* -
126-3, 127-12% 1256.88 0.485 157 3.9 -649 -583 5
127-1, 64-66 1258.25 0.663 773 0.8 -749 -76.0° -
127-2, 54-56 1259.65 0.992 1007 0% -79.1 -72.8 23
127-3, 55-57 1261.16 0.073 98 075 -69.5 -744 20
1274, 15-17 1262.26 0.175 79 22 -694 -683 4]
1274, 138-140 1263.49 2.705 891 3.4 721 -332 18.3
128-1, 35-37 1266.96 1.420 m 520 -708 -67.0 49
128-3, 26-28 1269.87 2.299 850 271 —593 654 4

Note: Q' is a modified Konigsherger ratio (i.¢., in a field strength of unity); * indicates cleaned incli-
nation values after thermal demagnetization; dashes indicate no information available. I(p) and
1{s0) are inclinations before and after alternating-field demagnetization in a peak field of 60 mT.

clination values. Lack of scatter may indicate either a
phase of rapid extrusion, which is short compared with
the periods of secular variation (about 103 yr.), or alter-
natively point to a single episode of remagnetization
during a later phase of reheating.

NRM intensities, susceptibilities, and modified Ko-
nigsberger ratios (Q’) given in Table 3 are towards the
lower end of the range of values normally found for the
drilled oceanic crust.

SEDIMENTATION RATES

Site 516 provides one of the most complete successions
of Tertiary and Late Cretaceous marine sediments in the
world. With the exception of a hiatus in the middle to
late Miocene, there is no evidence of missing sections in
this continuously cored sequence. Important stratigraph-
ic boundaries are intact, including the Cretaceous/Ter-
tiary boundary (Core 516F-89), the Eocene/Oligocene
boundary (Core 516F-82 or 516F-83), and the preglacial
to glacial transition of the Pliocene (Holes 516 and 516A,
Cores 5 to 6).

Computed sedimentation rates are shown in Figure 17.
Stratigraphic control comes from calcareous nannofos-
sils, planktonic foraminifers, and magnetic reversals. In
the Tertiary, the revised time scales of Berggren, Kent,
and Van Couvering (in press) have been used for the Neo-
gene, and Berggren, Kent, and Flynn (in press) have
been used for the Paleogene. The only significant dis-
crepancy among age assignments in the Tertiary is with-
in the middle Eocene, and estimates of Tertiary sed-
imentation rates should be fairly good,

For the Cretaceous, biostratigraphic control is less
precise. The stratigraphic scheme of van Hinte (1976) is
accepted in a general way, but absolute ages are recali-
brated using the measured magnetic reversal stratigra-
phy and the reversal time scale of Berggren, Kent, and
Flynn (in press). Thus, the apparent consistency of nan-
nofossil, foraminiferal, and magnetic reversal ages with-
in the Cretaceous in Figure 17 is partly artificial.

Measured sedimentation rates in Figure 17 are not
corrected for compaction. For comparison with modern
sedimentation rates, the measured rates may be correct-
ed to a common 60% (seabed) porosity, using the wet-
bulk density measurements in Figure 18B, and a (calcite)
grain density of 2.71 g/cm3. ““Seabed’’ rates are obtained

SITE 516

by multiplying the measured rate in Figure 17 by 1.48pp
— 1.521, where gp is the wet-bulk density.

Sedimentation at Site 516 is predominantly pelagic,
and sedimentation rates are typical for sediments beneath
relatively productive surface waters. Rates are reduced
abruptly at the Cretaceous/Tertiary boundary (see Ham-
ilton et al., this volume), and Paleocene rates are ex-
tremely low. Pelagic sedimentation during the middle
Eocene is augmented by partly volcanogenic turbidites
derived probably by subaerial erosion from a tilted and
uplifted block upslope (see Bryan and Duncan, this vol-
ume; Barker et al., this volume). High rates continued
into the early Miocene, however, which suggest a real
increase in productivity, possibly of local extent, follow-
ing the middle Eocene uplift. An “0Ar/3Ar age (Mussett
and Barker, this volume) for the basal lavas in Hole 516F
is consistent with the age of the basal sediments, but the
K-Ar age of 47.4 + 0.7 Ma on biotites from an ash bed
within Unit 4 (Bryan and Duncan, this volume), is com-
patible with only the nannoplankton age, in a region
where ages are not mutually consistent.

PHYSICAL PROPERTIES

A large number of physical properties measurements
were made at Site 516 in both the HPC holes (516 and
516A) and in the rotary hole (516F). Properties measured
include shear strength, acoustic velocity, density, water
content, porosity, and thermal conductivity. The princi-
pal purpose of this section is to describe the variation of
physical properties down the hole and their relation to
lithology. The mechanical properties of sediments in the
upper part of the section are discussed by Walton and
others (this volume). Tables of physical properties for
Hole 516F are included in three chapters in this volume
(Carlson et al., Schaftenaar et al., and Gebhard and
Carlson).

Hole 516 was cored using the HPC to a depth of
about 180 m. The physical properties of the sediments
recovered appear to reflect the degree of disturbance
caused by coring in carbonate oozes, as opposed to in
situ properties. The first section of each core was often
visibly disturbed. Furthermore, after the core was split,
significant disturbance could be produced by tapping
lightly on the core liner. Measured velocities also sug-
gest disturbance because they fail to increase with depth.
The average of 69 measurements made through the core
liner is 1.58 km/s, with a standard deviation of only
0.02 km/s. By contrast, the near-surface velocity gra-
dient in calcareous sediments of the equatorial Pacific is
1.83 s—! and Hamilton (1979) has suggested that the
gradient should be 1.5 to 1.8 s—! in the upper 200 m of
undisturbed carbonate sections.

Perhaps the most striking evidence of disturbance in
the HPC cores is in the variation of shear strength
(Fig. 19). The apparent shear strength shows a systemat-
ic decrease from about 160 g/cm? in the uppermost few
meters of the section to about 0.85 g/cm? at a depth of
75 m. Below 80 m, the shear strength does increase, but
so does the variability, Of the 31 cores in which two or
more measurements were made, 17 show a net decrease
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in shear strength down the core, In several cases, the
magnitude of the decrease is quite large. The variation
in shear strength within cores is often more than 100 g/
cm?, and frequently reaches magnitudes of 300 to 400 g/
cm? in cores recovered from depths greater than 80 m.
Results of a shore laboratory study of the mechanical
properties of unconsolidated sediments sampled with
the HPC (Walton et al., this volume) strongly support
the conclusion that these sediments are significantly dis-
turbed in the coring process, and that the measured prop-
erties are not representative of in situ values. Conse-
quently, acoustic velocities, bulk densities, and porosi-
ties are not included in this report.

Continuous rotary coring in Hole 516F through more
than one km of calcareous sediments, ranging in age
from 20 Ma to about 84 Ma, provided an excellent op-
portunity to study the variation of physical properties
downsection, and a large number of measurements was
made. Figure 18 illustrates variations of compressional-
wave velocity, density, and acoustic impedance with
depth. Physical properties, including water content and
porosity and the acoustic properties of indurated cal-
careous sediments from this site, are described in Schaf-
tenaar and others and Carlson and others (both this vol-
ume). The elastic properties of the basalts are described
by Gebhard and Carlson and Schaftenaar and others
(both this volume).

Wet-bulk densities were measured by immersion or
by the 2-minute GRAPE method, but only the immer-
sion values are shown in Figure 18. Compressional-wave
velocities were measured parallel (V,,) and perpendicular
to bedding (V,). The average sound velocity, V,, = (V, +
2V,)/3 is shown in the figure. Acoustic impedance is the
product of density and velocity, here given in Mega rayls
(1 rayl = 1 kgem ~2e5-1),

The variation of physical properties corresponds well
with variations in lithologic characteristics and with the
reflection profile (see next section). Because of coring
disturbance, few measurements were made in Unit 2, a
nannofossil ooze with chert nodules that has velocities
in the range 1.6 to 1.7 km/s and bulk densities ranging
from near 1.7 g/cm? to near 1.9 g/cm3. Both velocity
and density increase slightly at the top of Unit 3, a chalk
and limestone sequence in which densities increase from
about 1.95 to 2.05 g/cm? at a depth of 634 m. Velocities
increase from 1.8 to about 1.95 km/s at a depth of
600 m, then increase rapidly to 2.1 km/s at the base of
the unit. The abrupt change in velocity gradient does
not correspond to an identifiable lithologic change, and
the boundary between Units 3 and 4 is not marked by a
significant change in the gradient. Bulk density increases
slightly, however, across the contact. Unit 4, which ex-
tends from 634 to 874 m depth, consists of interbedded
pelagic limestones, altered volcanic ash, and turbidites.
Densities and velocities are highly variable, Average den-
sities increase from 2.1 to 2.35 g/cm?; velocities increase
from 2.1 to 2.85 km/s. At a depth of about 740 m, the
average velocity is near 2.8 km/s, and at this point the
velocity gradient decreases abruptly. The boundary be-
tween Units 4 and 5 is the site of a marked inversion in
physical properties; densities decrease abruptly from
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2.35to 2.15 g/cm3, and velocities decrease from 2.85 to
about 2.4 km/s. Unit 5 is a nannofossil limestone se-
quence in which both velocity and density exhibit slight
depth gradients. Unit 6a is a sequence of interbedded
limestones and marly limestones. Both velocity and den-
sity increase slightly at the top of the unit, which is char-
acterized by a relatively low degree of scatter and low
gradients; velocities in Subunit 6a are near 2.7 km/s and
densities average 2.33 g/cm3, The boundary between
Subunits 6a and 6b is marked by an increase in density
to about 2.4 g/cm3. The acoustic velocity increases to
2.9 km/s. Subunit 6b is a recrystallized, dolomitic lime-
stone in which the vertical velocity gradient is 12 to 14 s~!;
the velocity at the bottom of the unit is near 4.4 km/s.
The corresponding increase in density is not so dramatic,
and the drastic increase in velocity is probably related to
cementation and dolomitization. The underlying basalts
are highly altered and range in velocity from 4.3 km/s to
more than 5.7 km/s (Gebhard and Carlson, this volume).
Thus, the velocity contrast between the basal limestones
and underlying basalts is small.

Abnormally high velocities are associated with Unit 4.
If data in the interval between 600 and 884 m sub-bot-
tom is neglected, the vertical velocity gradient in the up-
per 1000 m at Site 516 is 0.75 to 1.25 s~ !, Thus, the high-
er velocities in the middle of this section may be regard-
ed as anomalous. Unit 4 includes a significant proportion
of volcaniclastic debris and correlates with the ‘‘midsec-
tion domes’’ seen on regional reflection profiles. Veloci-
ties in this interval increase with decreasing carbonate
content. These conditions suggest that the anomalous
properties of rocks in this interval are related to diage-
netic processes occurring in a sequence of calcareous
and siliceous sediments, The fact that the anomalous ve-
locity gradient at the top of Unit 4 extends into the low-
er part of Unit 3 appears to support this view,

CORRELATION OF REFLECTION PROFILER
DATA WITH DRILLING RESULTS

The distribution of reflection profiles in the immedi-
ate vicinity of Site 516 is shown in Figure 20. Original
site selection was based on the Lamont-Doherty Vema
26-06 profile (Fig. 21), in which basement appears to lie
about 0.8 s sub-bottom. The potential Site 516 was then
surveyed further during the UTMSI multichannel sur-
vey of most of the South Atlantic sites in July 1979.
When the processed data became available in December
1979, it was clear that the 0.8 s reflector lay some dis-
tance above the base of the sediment pile. Figure 22, an
extract of line WSA13 of that survey, shows acoustic
basement at between 1.1 and 1.25 s; the earlier assumed
basement is a strong composite midsection reflector in
the form of domes rising to varying heights above a flat-
ter base. Glomar Challenger was required to undertake
further survey to ensure that the drill site avoided these
domes, which were considered potential hydrocarbon
reservoirs.

The Glomar Challenger profile approaching the site
(Fig. 23) consists of one long section steamed north-
ward, followed by a turn to the south for the final ap-
proach. Arrows on both of these crossings indicate the
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Figure 20. Track line plot of profiles around Site 516. Track segment AA’ is shown in Figure 21, dashed
line is Glomar Challenger track (Figs. 23 and 24), and thick line is Fred H. Moore track (UTMSI pro-

file, Fig. 22).

site location. The final position was chosen over a base-
ment high (only 1.04 s sub-bottom) and on the edge of
the ‘““domes”” province, so that the uppermost part of
the dome reflector lies at 0.69 to 0.74 s. The site is about
3 n. miles away from the UTMSI line at its closest ap-
proach (arrow in Fig. 22), and was linked to this line by
surveying after drilling,.

Sonic velocity measurements on the samples cored at
Site 516 are described in the Physical Properties section.
Figure 24 shows a velocity model fitted to the data. Fol-
lowing experience at Site 515, and taking into account
the measurements at elevated pressure (reported by Carl-
son, this volume; open circles in Fig. 24), the model is
drawn as a slightly high-biased fit to the horizontal (par-
allel to bedding) shipboard measurements (solid dots in
Fig. 24). It is consistently faster than almost all of the
shipboard vertical velocity values. The data coverage is
excellent, although only horizontal velocity measurements
could be made in the less consolidated sediments above
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185 m. Scatter of the measurements increases consider-
ably below about 720 m, and uncertainty about an ap-
propriate velocity model also increases.

The velocity structure down the hole results from pro-
gressive compaction and diagenesis of a uniform car-
bonate sequence, from ooze to chalk to limestone, inter-
rupted in midsection (between about 600 and 880 m) by
a much more cemented and recrystallized interval, As
the carbonate content diagram clearly shows (Fig. 3),
velocity and the proportion of noncalcareous sediment
(possible volcanic ash layers, turbidites) are highly cor-
related. The highest velocities occur within limestones,
whereas the turbidites are unconsolidated and possess
low velocities. Some migration of fluids (probably main-
ly of silica) has likely taken place from the noncarbon-
ate components and contributed to the cementation and
diagenesis of the carbonates.

In general, wet-bulk density changes and velocity
changes coincide so that the discontinuities in the ve-
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Figure 22. UTMSI processed multichannel line WSA13. Arrow indicates closest approach to Site 516 (3 n. mile).

locity structure, as picked out by the velocity model,
should produce reflectors in the seismic record at ap-
proximately the times noted in Figure 24,

The most prominent features of the Glomar Chal-
lenger profile approaching the site (Fig. 23) are (1) the
‘‘basement”’ high at about 1.04 s, (2) the ““midsection
domes”’ horizon, the top of which lies with the range
0.69 to 0.74 s at the site, and (3) a suite of reflectors

beneath 0.40 s that have the draped appearance of pe-
lagic sediments. It seems clear, despite the slight discrep-
ancy (less than 3%) between the velocity model’s predic-
tions and actual time to the reflectors, that these repre-
sent, respectively, (1) the velocity change at 1125 m; (2)
the steep velocity gradient beneath 600 m; and (3) the
step in the velocity model at 330 m. If this is accepted, it
is possible to correlate the entire lithologic section with
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the profile. Figure 25 is an enlargement of part of Figure
23, showing the identifications made.

Acoustic basement at 1.04 s is not the basaltic base-
ment of Cores 516F-126 to 516F-128, but is the top of
the white microcrystalline limestone and gray marly lime-
stone and claystone of the top of Subunit 6b. Velocities
within these sediments range up to 4.4 km/s, and it is
not surprising that the basalt beneath them does not give
rise to a distinct reflection at the site. A single-channel,
Glomar Challenger seismic profile (Figs. 23 and 25) shows
that Site 516 stands on a local basement high, which may
be diagenetically controlled. The strong, widespread re-
flector of the multichannel profiles, which is probably
basalt, lies slightly deeper at the intersection of the mul-
tichannel and the Glomar Challenger profiles. On the
multichannel profiles, other reflectors occur beneath this
basalt. Barker and others (this volume) interpret these re-
flectors as interbedded subaerial lavas and sediments pro-
duced by subaerial seafloor spreading, as in Iceland at
present.

The other high-velocity, strongly recrystallized part
of the drilled section lies between 600 and 800 m sub-
bottom, the ““midsection dome’’ sequence of the reflec-
tion profiles. The dome sequence is clearly thick and ir-
regular in Figures 23 and 25, and, because of its depth
range, is confidently identified with the middle to upper
Eocene Unit 4 at the site. Its character away from the
site is seen better in Figure 22, however, because of the
reduced vertical exaggeration. The sequence has an ir-
regular upper surface, a complicated internal structure
and a relatively flat base. It does not appear to be in-
fluenced by the underlying ‘‘basement’’ topography,
but the overlying reflectors are influenced by it, ap-
parently undergoing differential compaction and fault-
ing, It seems very likely that, away from the site also,
the dome sequence is diagenetic; its distribution is con-
trolled mainly by the availability of silica and reflects
the distribution of volcanogenic sediment deposited as
slumps, turbidite flows, or ash falls. Depth of sub-
sequent burial would be an additional, probably sec-
ondary, influence.
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At Site 357, 36 km downslope from Site 516 and
more distant from the topographic highs, the middle
Eocene noncarbonate component is more restricted,
and the excursions in the physical properties were less
pronounced (Supko et al., 1977), in accordance with
this interpretation. Also, if the dome reflectors are asso-
ciated with turbidites and slumps in the way suggested
then they should become more extensive upslope, nearer
to the source, and should die out downslope, which they
appear to do (Fig. 21).

The reflectors above the domes follow the shape of
the domes themselves. Sediments younger than middle
Eocene (Units 2 to 3) are essentially pelagic and could
merely have been draped over hummocky slump topog-
raphy. Signs of high-angle faulting (Fig. 22), however,
suggest that some differential compaction may be tak-
ing place, effectively propagating upward and preserv-
ing the dome topography. One such fault reaches the
surface very near to Site 516 (Fig. 26).

The 3.5-kHz echo sounder proved most useful in pro-
viding penetration of the uppermost 50-100 m. This
depth range lies within the wave train of the seabed re-
flection in normal air gun profiles, but is of great inter-
est in the context of HPC sampling. Figure 26 shows the
3.5-kHz profile on the approach to Site 516, with an en-
larged on-site record inset. Two prominent reflectors
are visible in both records at sub-bottom depths of
about 56 and 66 m. The higher, weaker of these lies
within Core 14 of Holes 516 and 516A; the lower,
stronger reflector lies within Core 16. Recovery in Cores
15 and 16 was severely disrupted in both holes, perhaps
by a coarse foraminiferal sand with manganese nodules,
which marks a hiatus of several million years’ duration
during the late and middle Miocene. The 3.5-kHz pro-
file clearly shows that the relationship of these two

reflectors is uncomformable and that the hiatus is prob-
ably more extensive upslope.

The seismic reflection character of Rio Grande Rise
sediments and basement is considered in greater detail
by Barker and others (this volume).

SUMMARY AND CONCLUSIONS

Site 516, located in 1313 m of water on the northeast
flank of the Rio Grande Rise, occupied 19 days of Leg
72. Of the seven holes drilled, four were abandoned
with little or no recovery either because of bad weather
or because of equipment malfunction. Of the remain-
der, Hole 516 is an HPC hole continuously cored to
183.3 m with 81% recovery; 516A repeated the upper-
most 69.5 m of the section, with 88% recovery, in antic-
ipation of heavy sample demand; and Hole 516F was
washed to 169.1 m and then rotary drilled with continu-
ous coring to 1270.6 m. An attempt to log Hole 516F
failed because of caving at 184 m.

One of the most significant results of drilling at Site
516 is that the recovered carbonate sequence appears to
be continuous from the Santonian-Coniacian to the Re-
cent, with the exception of a minor unconformity in the
upper Miocene. Several important boundaries were re-
covered intact, including the Cretaceous/Tertiary bound-
ary, the Eocene/Oligocene boundary, and the lower
Pliocene glacial to interglacial boundary. Absolute ages
according to the time scale of Hardenbol and Berggren
(1978) are well defined for the Tertiary, and age
assignments based on assemblages of foraminifers and
nannofossils are in agreement. For the Cretaceous, the
nannofossil succession is not entirely consistent with
that suggested by van Hinte (1976), but does agree with
results from nearby Site 357. Sedimentation rates exceed
10 m/Ma (uncorrected for compaction), except within
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Figure 26. Seismic record (3.5 kHz) approaching Site 516 (see Figs. 2 and 23). C/C = course change.

the Paleocene and parts of the Neogene, and the sedi-
ments appear stably (though weakly) magnetized.

Because of its stratigraphic continuity, average sedi-
mentation rate, generally moderate to well preserved
microfossil assemblages, and stable magnetization, this
dominantly carbonate sequence will probably become a
biostratigraphic and magnetostratigraphic type section.

Eight lithologic units were distinguished on the basis
of degree of lithification and diagenesis of an essentially
continuous pelagic carbonate succession, and its con-
tamination by mainly volcanogenic sediment. These units
are tabulated in Table 4.

The eighteen meters of basalt cored below 1252.6 m
sub-bottom is transitional (T-type) MORB, similar to
that found on the eastern Walvis Ridge. Its “°Ar/3Ar
radiometric age of 86.0 + 4 Ma is essentially coincident
with the estimate of 84.5 + 0.5 Ma for the age of the
mid-ocean ridge crest at the site, based on regional mag-
netic anomaly data. Two flow units are distinguished on
the basis of their primary mineralogy and degree of al-
teration. The upper 5-10 m of basalt has a calcitized
groundmass, but fresh rock lies beneath. The presence
of large vesicles and an abundance of coralline algae,
echinoid, bryozoan, and mollusk fragments in cracks in

Table 4. Summary of lithologic units distinguished at Site 516.

Depth
Unit (m) Lithology Age
1 0-193  Foraminiferal and nannofossil coze Recent to early
Miocene
2 193-332 Foraminiferal-nannofossil semiconsolidated  early Miocene o
ooze and chalk late Oligocene
3 332-634  Nannofossil and foraminiferal-nannofossil late Oligocene to

chalk late Eocene
4 634-874  Nannofossil and foraminiferal chalks and middle Eocene
limestones with turbidites and ash layers

5 B74-1000 Microcrystalline limestones middle Eocene to

early Paleocene
early Paleocene to

6 1000-1240  Limestones, marly limestones, and clay-

stones Santonian/

Coniacian

7 1240-1252 Calcareous and volcanogenic breccia over Coniacian(?)
asalt

8 1252-1270 Basalt
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the basalt and in the overlying breccia suggest eruption
in or near the photic zone.

A sharp transition above Unit 7 to the (upper?)
bathyal Coniacian-Santonian limestones at the base of
Unit 6 may encompass the magnetic polarity change of
Amomaly 34. The normal magnetization of the basalt
confirms other evidence that it is not a sill and suggests a
period of rapid subsidence shortly after eruption. Sedi-
ments directly overlying basement also indicate rapid
subsidence from a very shallow initial depth. Table 5
lists these lithologic indicators of paleodepth (after
Daley, this volume; Milliman, this volume).

Deposition on the Rio Grande Rise during the middle
Eocene (Unit 4) was dominantly calcareous but included
volcanogenic turbidites and ash beds and a 15-m thick

Table §. Lithologic indicators of paleodepth, Hole 516F.

Core(s) Age Lithology Paleodepth
125 Coniacian Miliolids, ophthalmidiids, ostra- <20 m; high-energy en-
codes in well-sorted skeletal vironment
grainstone

Inoceramus shell fragments, cal- 20-150 m; open marine
cispheres, coralline algae, ver- shelf conditions
peuilinids, miliolids, hetero-
helicid and globotruncanid
planktonics; iron-stained mud
matrix

Alternating layers of claystone

and fine-grained skeletal de-

bris in a claystone matrix;
common [noceramus prisms,
ostracodes, and heterohelicid
and hedbergellid planktonic
foraminifers

A d

124 Coniacian

200-500 m; deeper ne-
ritic or shallow
bathyal depths

123 Coniacian

p-water benthi 500-1000 m; upper to

(including Gavelinella beccari- middle bathyal

iformis); no shallow indica- depths

tors; high planktonic/benthic

ratio (about 10:1); modest

density, evidence of selective

dissolution
Diverse and well-preserved ben-
thic assemblages; High plank-
tonic/benthic ratio; diverse
gyroidinids-and agatut
benthics

116-119 i Ab:

1000-1500 m; middle
bathyal to shallow
lower bathyal depths

£9-113 Campanian/
Maestrichtian

1500-2000 m; lower
bathyal depths

i by a deep
water association; wide fluc-
tuations in abundance in
earliest Paleocene; pelagic
character

83-89  Pal B




slide of Maestrichtian limestone. A K-Ar age of 47.4 +
0.7 Ma based on fresh euhedral biotite from an ash bed
confirms that early middle Eocene age of volcanism.
The limestones within this sequence, particularly near
the base, exhibit higher compressional-wave velocities
than occur above, or for some depth beneath, Unit 4.
This unit corresponds to the strong, irregular composite
reflector that forms the ‘‘midsection domes” of the
UTMSI multichannel seismic profiles and that was
thought at one time to be crystalline basement. The
cause of the high velocities is perhaps silicification of
the calcareous material by silica-enriched fluids derived
from the volcanogenic sediment (which itself yields ab-
normally low velocities). Thus the ‘‘domes’’ may be dia-
genetic ““fronts’’ associated with and confined to the
immediate vicinity of turbidites and slumps. Reflection
profiles around Site 516 (Barker et al., this volume)
show that a guyot located just upslope, which contains
an uplifted and tilted oceanic section truncated by sub-
aerial erosion, is the likely source of the slide and turbi-
dites. The steep slope of the guyot is one wall of a gra-
ben that strikes west-northeast/east-southeast across the
crest of the Rio Grande Rise, between other guyots with
a similar summit depth. A short volcanotectonic event,
interpreted as a midplate hot spot and probably unique
in the history of the Rise, probably affected the entire
crestal area.

A model for the tectonic evolution of the Rise has
been constructed (Barker, this volume), in which the
present Tristan da Cunha mantle inhomogeneity (hot
spot) first helped initiate South Atlantic opening; then,
with the slight westward drift of the mid-ocean ridge
crest, it effected a series of captures of the ridge crest,
causing the crest to jump eastward and to return to the
hot-spot center. The mechanism proposed is reversal of
the balance of ridge-push forces on the young litho-
sphere by the greater elevations of the hot-spot swell.
The massive eastern Walvis and Rio Grande bodies
therefore represent off-axis volcanism that succeeded in
capturing a ridge crest, and the younger seamount prov-
ince represents off-axis volcanism that failed.

A detailed subsidence history for the Rio Grande Rise
in the vicinity of Site 516 is constructed based on the age
and origin of the basal volcanics at Site 516 and the age
and nature of the middle Eocene off-axis volcanic activ-
ity. The model uses an oceanic, thermal subsidence
(age”), but takes account of the hot-spot environment
of the original subaerial spreading center and considers
the effects of subaerial isostatic subsidence. It incor-
porates the middle Eocene event as partly a thermal re-
juvenation (thinning) of the lithosphere, which is rever-
sible, and partly a compositional change, which is not.
The resulting subsidence curve for Site 516 starts at
180 m above sea level 84.5 Ma, passes through sea level
0.5 Ma later, and falls to 1260 m in the Paleocene, be-
fore rising rapidly to 600 m in the early middle Eocene
and then falling more gently to its present depth of
1313 m. Assuming that, after the middle Eocene, the
guyot upslope from Site 516 followed a similar thermal
subsidence curve, its submergence below sea level 35 Ma

SITE 516

is compatible with early Oligocene shallow water fauna
found downslope near Site 357.

A similar subsidence history is applied to Site 357 so
that the independent data set of paleoecological depth
estimates from both sites may be compared with the tec-
tonic subsidence model. The paleoecologic estimates are
generally deeper (see Table 5), and it is difficult to see
how the tectonic model may be modified to remove the
discrepancy, The difficulty may lie in delays in the
precise correction of comparison sites elsewhere in the
world for the effects of thermal subsidence and sedi-
ment compaction. For this effort, Site 516 itself should
provide a new and useful datum, even though some
modification of this tectonic model is expected.
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LITHOLOGIC DESCRIFTION

FORAM-NANND ODZE
White [10YR B/2] structureless. Homogeneous with ey

few dark spots [burrows?)

SMEAR SLIDE SUMMARY:
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Texture:

Composition:
Woleanic glas
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CORE [HPC]

LITHOLOGIC DESCRIPTION

L ODZE

One thin leyer of sandy foraminiferal core at Sectlon 2,

FORAM-NANND!
B81-88 cm. White (10%¥R B/2) throughout, with mottling

of 10¥R B, Forsm oore wnit hes yellow flecks on surface
which are large forams under microscope. Watary layer of

coarser sadimant.
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SITE 516
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LITHOLDGIC DESCRIFTION

FORAM-NANND DOZE

White [10YR 8/2) throughout.

SMEAR SLIDE BUIIMMW-
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CORED INTERVAL 72.9-77.3m

SITE 516
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nn RR8 BRE

NANNO-FORAM OOZE

20 =91

20 =87
70 =91
120 = B8
70 = §5

LITHOLOGIC DESCRIPTION

SMEAR SLIDE SUMMARY':
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Nonnolosih

Volcanic glass

CARBONATE BOMB:

NOTE: Core 18, 77.3-81.7 m: No recovery,
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FORAM-NANNO DOZE
Rust and pipe debris throughaur core, especially Section 1.
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SITE 516

LITHOLOGIC DESCAIFTION

2102

s “9R8 8"

FORAM-NANND DOZE
Color; 10¥R B2-T0YR B/1 with pale yellow leminations,

SMEAR SLIDE SUMMARY:
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LITHOLOGIC DESCRIPTION

81.7-86.1m
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FORAM-NANND OOZE
HPC disturbed. Pipe debris and benthic toraminifera
cancantrated as a lag deposit from the hale walli.
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SITE 516

FORAM-NANND DOZE

LITHOLOGIC DESCRIPTION

108.1-11256m

10YR 772

SMEAR SLIDE SUMMARY:

1-70
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10YR BN
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Texture:
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Silt

Cay
Compasition:
Mica
Glsuconite
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FORAM-NANND OOZE
Challengerite lng. Color: white (10YR 8/2] with mattles

of 10¥YR 7/1. Core-Catcher: disturbed to the madimum.

LITHOLODGIC DESCRIPTION
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CORED INTERVAL 116.9-121.3m

8

LITHOLDGIC DESCRIFTION

270

10¥R 771 gradually whitening down

FORAM-NANND DOZE

White (10YR 871), nonno-rich layers switled into derker

matrix, Ssction J:
section], Derk spots, organic debris? (N3) in Sections 2

and 3. Faimt green and black laminations in Section 3.

SMEAR SLIDE SUMMARY:
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LITHOLOGIC DESCRIFTION
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FORAMNANNG OOZE

Caolar: TOYR 7/1 and 10¥R 8/1 with faint green laminae

&t base of Section 1,
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SITE 516
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LITHOLOGIC DESCRIPTION

1-100 270
o

NANNDOFOSSIL OOZE
Light gray [5Y 7/2) with intervals of lighter gray (N8).

Mederstn burmow mottling throughout. Large mottle of

black mnd-tized grains [Section 1, 87-100 em), cubic
shape in some small grains At high power supgests pyrite.

Soma scattered dark gray (N4} motties throughout.
SMEAR SLIDE SUMMARY:
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LITHOLOGIC DESCRIPTION
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FORAM-NANNO OOZE
Section 1: white [10YR 8/1) with few dark spots (Durrows)

throughout, Ssctions 2 and 3: dominant color light gray
(BY 7/1) with white mottles snd black rounded ipots.
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80¢

91§ LIS

c) 40 169.7-1733 m
SITE 516 HOLE CORE (HPC) 39 CORED INTERVAL 165.3-168.7 m SITE 616 HOLE CORE (HPC) CORED INTERVAL
2 = FOSSIL
H cHARACTER T w |E CHARACTER
§ 3 g2 gl & g 5"" HELE gl g GRAPHIC RIPTION
L3 E§ ¥ § g 2l & L ApAPIC LITHOLOGIC DESCRIPTION H1EHHEE £| E | UioLosy LITHOLOGIC DESC|
.3 |2%]2] 8| % g OLoSY Bk R HHE IR FEH
w3 |2 5 3lg gl H £71E [5)5]2 “ 5
g g glE ] SR HHEE £ 5
RHEEE 3 HHEE S
P T [ ] B e Bt Bl NANNOFOSSIL 00ZE
P s S | NANNOFOSSIL DOZE 4 -'-_l_-l-J_-l- Section 1: light gray (5Y 7/1) nanna coze, mottied. Frag-
— Light gray (5Y 7/1), mtiff nanno coze mantled (Hight olive) B A Tt .1.:] mants of shells up to 1.5 cm in size, Section 1, 60 em s
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SITE 516

LITHOLOGIC DESCRIPTION
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Agglutinated forams.
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SITE 516

LITHOLOGIC DESCRIPTION
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SITE 516

LITHOLOGIC DESCRIPTION

FORAM-NANNO CHALK

Cator: white (10¥R B/1).
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FORAM-NANNO OOZE
Inclined beds (base of Section 1 and 2) show as wiry
dight color contrasts. Scaphopod appears in Section 3 at
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SITE 516

LITHOLOGIC DESCRIPTION

FORAM-NANND OOZE
Whits (10YR 8/2) with slight mortiing of white [10YR

8/1). One semicircular burrow mottle (5 cm diameter) ot
twp of Ssction 1 Indicstes no disturbance from coring.
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FORAM-NANNO DOZE

Homogenecus white (10YR 8/2} with slight manling of
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osf, L, L, - Damirant color: light gray (TOYR 7/1) nanna ooz, 051 Mannofowsil chak with minor chert, Color between white
] -I-J_‘-LJ_—J-_ O wory divurtied, with alternations of chalk ang witf 4 [10YR 8/1) and light olive gray (5Y /1) with mottles,
1 g T N e oze, Section 4, 10-88 cm is very burrowed. Saction 1 . Flecks, and burrows of medium to dark gray (N4-NE).
:I_ I.I_I o B: hurrowed and morted (10YR 8A1=10YR 7/1). RP = Vary badly deformed core, with intervals of soup, probably
P L F o W el B By # 1.0 ware initially ooze, Harder lmyers may be partly cemented
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_.|_"‘.|.‘l"_:_' I! Zealite TR - Clay 2 &
--J_J"‘_L_J-J_‘ o Other clay minersls 20 30 3 Compoiition
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SITE 516 HOLE F CORE B CORED INTERVAL  207.5-216.6 m SITE 516 HOLE F CORE 6 CORED INTERVAL 216.6-226.1m
2 FOSSIL ; FOSSIL
w g CHARACTER x |E CHARACTER
R EARE HE: B =, E] s z| @ -
e |28 = ! =] GRAPHIC e (2 £ ol = GRAPHIC
i3 ;§ H E ElE LITHOLOGY LITHOLOGIC DESCRIPTION V2 ,&§ g = 5 LITHOLOGY H LITHOLOGIC DESCRIPTION
w5 (3 3 gl % g w3 |& HEIHINE £ = E
s |= E |- -3 w 5
g HE 9 S AHHEHE Tk
H § HEE B 2 z a = 5
i i
T - i - I
i R — lBN":ru ce:“nd o 1
. 1 = . Color: light gray {5Y 7/1). Contort inations(?) or
05 Color: light gray (5 7/1) with N4 f 057 sy o burrawfill in Section 1 with Section 2 having deformed
1 SMEAR SLIDE SUMMARY: e | 2 - 1 i S —— . Inminations,
! voID 470 r———
1 o 10 o iy o H] SMEAR SLIDE SUMMARY :
Sand 10 g g === o
Sl 80 s i Teacture:
! VoI Clay 30 b [ — Sand 10
o — ition: ' ~ = sitt 15
oy 1_4_§ G“"'I‘:‘" 5 z . 2 Ayt Clay ™
] Ouart P m—— .
4 wvoip Other clay minersls 20 N e :""““"h" i
7 Faraminifars 5 e ica
2 G o — | E Nannofossils 80 oM [P m: i Foraminifars Al
e e . Radiolarisns 2 ﬂ_lll' sg
= Chart fragments 3 Radiolarians
B Volcanie glass TR Spongs spicules 8
Sponge ipiculel 5
i ” PHYSICAL PROPERTIES:
. PHYSICAL PROPERTIES: s
b shell 8107 Yy =
1 vy 174 Vi 173
£ Vi 182 Density 181
s 3 - Density 181 Watar content mg
W .9
= 3 et L I CARBONATE BOMB:
AP 3 | CARBONATE BOMB: 1%=79
270 =78
470=78 SITE 516 HOLE F  cORE 7 COREDINTERVAL  226.1-2356m
b g FOSSIL
3 | = g CHARACTER
- g l=.lel= z|l e
— ou | =
E i EEEE g B E | heey LITHOLOGIC DESCRIPTION
= 4| 4 i . w3|2N|z] 235 glg ]
3 N HFE ! e E
E Shalls N g g 5 -
= 3 |&]|=z a8 3
— = = voID
win i . kit FORAM-NANNO CHALK
05— : Rk e Section 2 is the beginning of alternation of light (10YR
H B8/1) matrix with dark [10YR 771) burrow fill and dark
RP 1 ! PIOYR 7/1] matrix with light (10¥R 6/1) burrow fill.
5 SMEAR SLIDE SUMMARY;
— + | 137 240
= + D D
-
z : I Texturs:
g n Sand w10
po = ] sit 018
E . Clay B0 T
E +—t = i . Composition
2 AP 2 +—t + - TR
= 1 H Other clay minarals 16 10
A —ﬁlﬁ Foraminifers P ]
6 E | Mannatassiis @ 56
21 ' Distorms x TR
= Radiolarians - 2
Micronodules g 2
t=—Dark spots Spange specules - 0
= WVolcanks glas - TR
AP
PHYSICAL PROPERTIES:
7 3 33
\l'u, 178
A \l'" 172
PM Jrp Density 180
emlam lne co Witer content 28.0
CARBONATE BOME:
270=78
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SITE 616 HOLE F CORE B  COREDINTERVAL 2356-246.1m SITE 516 HOLE F CORE 8  CORED INTERVAL 245.1-2546m
§ CHARAETSR R L
z CHARACTER
E |Z.[ETeT z| 2 5|2
SR 2 g E crarHic | 4 EMAHE El g
Iz CHH g E B LITHOLDGY |, LITHOLOGIC DESCRIPTION ‘T’?'I sy il 2 o | Lﬁ.':'fl."ggv K LITHOLOGIC DESCRIPTION
MAHHEHEEE £ TF S HHEHBEE +EF
" HHHE = EF N H £
s |& E N s |& HH £
i o ———1— voio iy 2 e e
7 : FORAM-NANND CHALK S —— NANND CHALK
0.5 - i B Color: 10YR 7/2 and N3, 0.5 i Extanive drilling deformation. Coloe: 10YR 7/1 with
z E . = ~——Groen hues mottles of 10 7/2 and dark gray [10YR 4/1),
Fa 1 = | |1 1 [ s w e .
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z e g S ———— Volcanic glass 1t .-
e PHYSICAL PROPERTIES: g e, 10YR 771 with Sponge 2w
iy T 76 E 4 = mottles of
P H o v, bl 5 = i 10YA 72 PHYSICAL PROPERTIES:
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— e
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E B =i 17080 3 ] e
_§ ——+ \ i 370-83 I i 06 CARBONATE BOMB:
I - v 575=82 E | s S The 270=74
H R o = Blsck staining e 470-78
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SITE 516 HOLE F

CORE 10 CORED INTERVAL  254.6-264.1m SITE 516 HOLE F  CcORE 11 CORED INTERVAL 264.1-2738m
g FOSSIL 2 FOSSIL
& ; CHARACTER § 3 CHARACTER
<
8 |zul2l2 Zl e > e l2]=Te z| w
HAEH LR i 2| & GRAPHIC o H k-] GRAPHIC
HEEE z £l g LITHOLDGY 5 LITHOLOGIC DESCAIPTION TE ,;g ¥ g H 5| E | uTvoogy < LITHOLOGIC DESCRIPTION
u &N g g E gy 3 g’ - § 5 5 &g 2 -]
2 AL il
EEIEIERE E ERHEHEE #
MANND CHALK ' ¢': | FORAN-NANND CHALK
05 Bisculted, softer sdiment betwsen blscults fs very de- 05] L. ' Color: 10YR B/1 mottled with 10YR 7/1. Black (N3)
formed, Color = 1OYR 7/1 with motties of 10YR /1 and - o ] o [ Bivabve shall staining In Sectian 3,
- 1 10¥R 4/1. 1 o {
10vR 771 = U ! SMEAR SLIDE SUMMARY:
1 SMEAR SLIDE SUMMARY: 1.0-] 4 170
170 . r ] o
o ] Textura;
Toxrure: Sand 5
- Sand 10 - | Silt =
z Silt an z & Clay w0
5 Clay 50 ) = = | Compasition:
g |l= Companition: ! = Quartz 1
g 3 Quertz ™ g | | Hemvy mineeals ™
| - Felcspar TR n Otther cloy minerals 10
2 e 10YR 8/1 Other clay miowrals. 10 RP u Carborate unspecified 5
H Faraminifers B = | Faraminifers n
§ = Mannolossils 7z & ¥ Nannofossils 68
= Racialarians 1 = T Padialarisn ™
8 Volcanic glas 2 5 . | Volcanic glass a
10YR 7/1 martied Miorocodles 1 H 1= n Micronadules H
with 10YR 712 Sponge spicules 5 e =+ | Black (43] staining
frs ] + PHYSICAL PROPERTIES:
PHYSICAL PROPEATIES: B T | 10 380
3 ot g 3 . vy — 1
AP v, 1.69 ca m L Vi, 172 178
Vi 131 + | Density — 182
Dianity 1.78 Water content — 7
Water content 04 -1 3
]| CARBONATE B0Ma:
4 CARBONATE BOME: i T — 270=77
M AM RP lee 3 270=73 = ' PRI
™l g n . |
Tt —t
M| am|RP ——— i voiD
SITE 516 HOLE F  CORE 12 CORED INTERVAL  273.6-2831m
g FOSSIL
= g CHARACTER
E MR E z| w
E £-] =
HHHHHARHHESS umoLoaic pescaPTIoN
=] <
£E"(3]2|2(8] 7| ®
-]
HHE E g
= 3
H =
g 'W HANNO-CHALK
= [ [ w—— Bescuited, light gray (10YR 7/1).
IS TSRS WREN WP 1
é‘ 1 [ W
T N —
s Ry SMEAR SLIDE SUMMARY:
=} I o e 10
o A A n
§ Ve wras vaa o
= e k] Taxturs:
Emnnancu [lE' et ey e Sand 0
Silt 18
Clay 75
Compaosition:
Quarez 2
Glauconite TR
Other clay minerals 10
Foraminifers -l
HNannofossils 70
Ratioleion 1
Volcanic glass )
Sponge specules. ?
PHYSICAL PROPERTIES:
112
v 172
v; 173
Density 1.80
Water cortent 286
CARBONATE BOME:
1-70=77
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SITE 516 HOLE F CORE 13 CORED INTERVAL  283.1-202.6m SITE 516 HOLE F  coORe 15 CORED INTERVAL 302.1-3118m
-] FOSSIL ]
5 E CHARACTER . |3 CHARAETER
FMAEE HIE b g |z q Z| 2
£ 2% HE 8l g GRAPHIC = ETELE | & u
15 £g E : £| B | umoloey L 3 LITHOLOGIC DESCRIPTION € EHE 2 g ElE Roirs g E. LITHOLOGIC DESCRIPTION
g1 25| 308 |#) 2 FeEg g R I F
al BHHHE HEH S AHEHHE FEH
8 |& 2|a E2 & |2 HE Eg
B s o Voo E) e m—— o
] - t - L - + n MHANNDO CHALK - L __.:7 VOIDS
o Bisculted and extramely deformed between  hiscuits, G =0 |-
1 - i n '} - ' D--' i 1 L 9 NANND SOUP AND CHALK
e o .04 B SMEAR SLIDE SUMMARY: E > . Color: light gray (5Y /1), Burrow fill 5Y 7/2 in Section 8.
= lew 1 T LET) RP 1 i o] Black staining appeans in Section 7,
z K e s e b v
2 L e S s 1 Toxturs: L2 o £ v e e o SMEAR SLIDE BUMMARY:
2 e s 10YR 771 Sand 5 =0 162 660
e — St ® e e b o
| A T E Clay 60 R Tuxture:
bl = et e e Compasition: 4— 1D Sand %10
R e ' Ouartz 1 B T — —Ho Silt 10 0
" 5 e =SB Othar ciay mineests 10 = b B e v Clay 85 80
S o v e Foraminiters 5 — :.—-4?-'#7":‘_‘——-— voIDS Compasition:
r AP 2 - 1 1 Nannatossils 7 o 2 -y 1 o Ouartz - 1
2 (5 B e B Radiolarians TR 2 AP R e Other clay minerais 16 0
2 g Tt Volganic glass 1 e e 1 Foraminifers 2 8
B S ——— l 10YR AN Sponge spicules 5 = n fo] Nannofossils 8 76
%E S e Ty e b - e g o Valcanic glass i -
— W CARBONATE BOME: o Spanga spicules 1z 7
Tl 17078 [l Opaque minerala a -
T 370-83 = Misranodules 1 =
:_I_._l'_l_.r_.l. ===t 0
g E B e o CARBONATE BOME:
i e Sa9=m
3 w| [3| IO B0=85
o ' i s L2
! e e [0}
3] i =
s o}
CMiMG = —— 1
o
SITE 516 HOLE F  CORE 4 COREDINTERVAL 2926-3021m pe
] Crossit 4 o]
HARACTER k-,
§IEEETET T 13l 2 | comomee HE i o
== | = 5 = 1 =
|§ ?E % - 'G E LITHOLOGY .g LITHOLOGIC DESCRIPTION - E 0
w3 1e™8 g @l 2 g - 3
15 |33z * E 5z o g o
F =
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e i ' I e [N = —
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T i fe] q} voIDs
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E BE o r——— e}
5 |z8 P e :. o
g éz
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SITE_ 518 HoLE F  cORE 16 COREDINTERVAL  311.6-321.1m site 516 pore F core '8 comepnTERvAL  330.6-340.1m
2 FOSSIL 2 FOSSIL
§ E QH!II..M:YER . |E CHARACTER
M B z| w ] z w z| w»
Y EH A B g5l = GRAPHIC MEE g|@ >
._'.% Eﬁ E g i g - E LITHOLOGY LITHOLOGIC DESCRIPTION ‘f'i‘ Eé % § g z E E Lm;_'ggy L -E LITHOLOGIC DESCRIPTION
S ENHEH LU Tt HHBE g
B |3|3)5]% ER A g E
K g E
g |2]|= g B § =
Sy 2 g g ‘?E
1| Fesiosl & | B
= voip FORAM-NANNO CHALK % { o[ sven
J e P ” g | ‘ - NANNO CHALK
i = Light gray (BY 7/1) with gray (5Y 8/1) marties, g H A | ko Wi g Y 10}, Belon, 2046 i gt e
=] " i 5Y 21 gray [5Y B/2) nanno chalk, guite burrowed snd with faint
|8 SUEARSLIBERIMNY: 5| | sminations, Section 1, 40-100 em: light gray (5Y 7/1)
z b § -4 - nanno chalk with few burrows but with severs! laminations.
g s & e I [ Chertlayer, BY 61 Section 1, 100110 cm: chart layer, grav (Y 8/1].
2 Sand 10 = FM] M | sY N
sitt 40 SMEAR SLIDE SUMMARY:
Clay 50 1.30
Composition: o
Other clay minerals 10 Texture:
Carbionate unipecified 5 Sand 5
Foraminiters 12 Silt 0
Nannofossils = Clny 55
Voleanic glass 3 Composition:
= Microncdules 2 Quartz T
£ Spange spicules 5 Havy minarals TR
& Zeclites T
PHYSICAL PROPERTIES: Other clay minerals 35
10 Foraminifars 5
v, 1.73 Nannafossils 58
Vi, 182 Silica fragments
Deniry 187 feherts)
Water content 6.6 Mierenadules TR
CARBONATE BOMB: PHYSICAL PROPEATIES:
120=78 cec
v, 177
v, 175
SITE 516 HoLe F  core 17 CORED INTERVAL  321.1-3306m Donsiry 191
2 FOSSIL Water content 5.0
% |% CHARACTER
§: EE HEIE B[ 2| crarmic I3 oy o
W3 |2R| 2 5 5| & | vmoLocy 2 < J LITHOLOGIC DESCRIPTION CCm15 =75
|§— E E g E i == s
EEE a E -
= voip i
-l :l Ty . o
q;':*_.—t— = o NANNC-CHALK AND CHERT
= et i Section 1: BY 6/2 with 6Y 8/1 mottles snd burrow fill
E B o ! | oven 5Y B/1 with 5Y 7/1 mottles. Section 2: martles of 5Y
& 1 _'_‘l +¢Iﬁii+ = I ! 741 and BY 1. Bisculted from 50 cm to and of core.
L g | SMEAR SLIDE SUMMARY:
2 = :I—rl—if—'.‘:ﬂ' s A 170
E = "_|4""—|— | ~— Black (N3) spats o
. i e o e I Texture:
=1 o o e e | Sand 2
H . ﬁl i s | sitt k]
g =i I Clay &0
—== —|—|—|: | Composition:
et 2 = +|+ ——] Orthar cloy minerals 20
E e oy i I I - svan Carbonste unspecified 10
g St == - sver Forsminifers 8
ey e M| - syan Nannatossits 53
—— = \
. :|_ _|_+_|__ 5Y 612 Wolcanis glass 2
e e o | i — sYaEn WMicranodules 1
5 i e ==5Y 711
= i o — Y R
cvlan = l-r:i__ i ) EY B/ PNYSIQL?RDPERTIE;'.
v, i,
v 17
Density P
Water cantent —
CARBONATE BOMS;
270=78
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SITE 616 HOLE F  cORE 19 CORED INTERVAL  340.1-3496m SITE 516 HOLE F CORE 20 CORED INTERVAL  349.6-369.1m
] H FOSSIL
- CHARACTER x5 CHARACTER
g wlBl 2 s Zl 2 8 e[ =% z| @
2 |2 = g GRAPHIC = [E2)6| 5 gl = GRAPHI -
¥ £3 i £ E oo | LITHOLOGIC DESCRIPTION 12 E§ i ; g E E PVire ! E LITHOLOGIC DESCRIFTION
L | =
Al HHER : SuHHHERE THp
Fole 2|z E F HEHEIE =
& 2|8 = 5 |8 B 3
S ——voin
=== — 1K
1 1
e ——— | EY 7 NANNO CHALK
0. n 1 1 ra i | Color; BY 7/1 with few burrows. Fﬂnw_ shell frag- ¥ Dominant color fight gray {SY 7/1) with falnt laminations
1 | i mants in the lowsr part of Section 1. Section 1, 33-41 H ) R b S L VI ot
1 :_W_- cm: heavily burrowed layer, :fllnn 4 and Core-Catcher: 1 : 62-78 eml of light clive gray color that are harder and
1 — "
5 P | burrcwed nanno chalk with faint laminations. e P heavily burrowed. Sectian 2 he biscuits of undeformed
- s o e \ F ———i—I ! sediments becoming very deformed. Sections 3 and 4 are
& 2 i T SMEAR SLIDE SUMMARY: - e —— t wery deformed. Section § and Core-Catchar have sliernating
é 1= n - | 270 I ::E‘ L n 1= 1 layars of light gray and light olive gray and are burrowed
== e
= 4 voi . o g —VoiD throughout.
- ature; I
i Sardl 5 e e e Y
e 1 | Sitt » T | SMEAR SLIDE SUMMARY:
e o T pa o — 192 448
1 T -
2 '-'.'.‘li[' Composition: 2 e i
4 | Quartz TR T — Texture:
- o Sand 1 5
5 =====N} vl p====—" 1! s %
1 O e e Qpteyteyiy
= Zeolites 1 L 1 i Clay B85 50
E - = Other clay minerals 35 I T Compasition;
e e Foraminiters 5 i w——— I Quartz R
i o ——
e e gt i Nedieciotlls 58 4 Hoavy mineraly TR TR
L. = ||, Voot bt e "" Zwolites TR TR
£ L olown = + Other clay mineesls. 35 30
P Boorge =1 r T T
g R i ™ e W ! Foraminitars 5 5
4 e [ PHYSICAL PROPERTIES: | Nannotossls @ 7
- ¥ Diatoms - TH
iy I —— 2718 2117 e e — 1 i
I ||} v, 183 — P " H Sponge spicules TR TR
o —— vi 188 207 N — Volcani glass TR -
=l oiewry 202 188 T i Meonodies TR -
™ iy
B e ) e e e e e PHYSICAL PROPERTIES:
4 S o — #: T E 31
e CARBONATE BOMB: c o —— z i)
cajar B i e s MLl == e de E B ' = \l':. 189
o I e o st | Density 196
D T o Water content ns
i e ——
-ffm CARBONATE BOMB:
B e et e ] 116« 76
 ——— | ti B 450 =82
2 | BY 62
; = i
i
calam) 8 lcc
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TE 516 LE F CORE 22 CORED INTERVAL  3686-378.1m
SITE 616 HWOLE F  cOAE 21 CORED INTERVAL  350.1-368.6m s - Homssu_
] FOSSIL . g EHARACTER
] a c:hnmsﬂ w a 5"’ E 2 g g g GRAPHIC = LITHOLOGIC DESCRIPTION
> z ]
S, |Bule]2]E 3l g GRAPHIC H LITHOLOGIC DESCRIPTION TE|EE|E|E|E 51 E | umiocosy H
EEEE z | & | umowsy | W3 |28 £l3 g il g e
gSiENzEl gl sle] (8] ¥ el 8 A 5
R HHEE £ EH M CRHEHHE £
= 2|a
= - 1 x 1 1
—— | | ¢ T Y [ ! MNANNOFOSSIL CHALK
1 NANNOFOSSIL CHALK i | Extensivaly burrawed nannofossil chalk. Main colors:
- = | !t Gray, light gray, and white (5Y B/1-8/1) intermixed = e R N white (5Y 8/1), light gray [5Y 7/1), and light olive gray
05 P i throughaut, plus burrawing and mattling of gray (N3-NS) E B e v e [ [5Y 6/2). Lower part of Section 1 congists of mattling and
1 o N m— [ and ofive (5Y 5/3). Core disturbed in drilling, with bisouits 1 L eda L1 1 burrows of above colors plus grays (NB-—-N3). Section 2
T separated by highly disturbed sections (particularly Saction é i s s Core-Catcher: Sominant calon SY 711 and 5Y B/, Mot
=" | ! 2 = B o s ) Hing of gray (NS—NE) and biscuites,
2 == ; f
1 g | THEAR SUIDE SRS 3 | SHEAR SLIDE SUMMATY:
EI o | ! D 5 | { "
= Texure: 5 = Tanture:
z e
I Sand 5 % £ | Sared 5
1 Silt a5 & | [ s 65
- . Cay 0 | i Clay 30
2 -3 Camposition: i Composition;
§ i Zeolives 1 ' Quartz 1
; Othar clay minerals 20 | | Feldspar T
= = Carbonate urpecified 3 C |af ] Zecliter 1
o - ' Foraminifers 5 MTP" B Other clay minersli 20
g . | Nannatossils L Carbonate unspacified 2
53 Dolamitel?) TR Foraminifers E
= Volcanic glass TR Nannafossils 70
é - i Chert fragmentsi?) 3 Chert 3
§ . PHYSICAL PROPERTIES: PHYSICAL PROPERTIES:
1 16 7
W, - " =
= ! v o i — 204
Dersity 1.65 Denity 195 196
i Water contant 239 Wator content 24 —
i ! CARBONATE BOMB: CARBONATE BOMB:
4 ! 125« 82 270=84
285 = BE
al 3 =l |
wl || L=
e[ P | 8 |cC | !
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SITE 518 woLe F  come 23 CORED INTERVAL  37B.1-3878m SITE 616 WOLE  F  cORE 26 CORED INTERVAL  397.1-406.6m
g FOSSIL 2 FOSSIL
- = CHARACTER » g CHARACTER
<
- EABE -3 8 |zule[= z|l e L
u Ed &l = fw i -
£ Eﬁ HEIE £] @ | [Seanwc LITHOLDGIC DESCRIPTION HA B g 2§ | onamc = LITHOLOGIC DESCRIPTION
ZlaR|z H 5 oLoaY o 1215815 E g THOLOGY
g7 2% 5] 8(2(8) |®) 2 TFE e ER R £ EFE
- g |E
- aHEHHE FEH & BHHHE £
PN W — — )
B e e o I 1 o NANNOFOSSIL CHALK
W w 5Y B/1 FOSS Light gray (5 7/1) with two zones of darker medium gray
l NANNO I SIALE Y 4/1-5/1 | ineervals of ol Iy darker |
e Bands of gray [5Y B/1) in whita (5Y 8/1). Darker layers 'fl pob :fﬂ’- w"""lll' bt Iﬁ'?':';m -;r:r:
E e | U I . ol o, contedy b ool STl i biccultc i Tt e 56 Tasaevaing Sostoy e
= i gt :' ki ";':_m jid “’I ains [dolomita?, manty. Dolomita(?) rhombs in darker units. One silicified
& 10— v | o o it - i o e rraw (2 x 10 mm) in Saction 4 along liner,
B —— throughout,
z M| .
B e SMEAR SLIDE SUMMARY: WEMSLIDHUW?"; w2
I I 1 s 2710 -
o e | Rt o s 11 P
il 1 : F — —— Texture:
o oo Fi s o oo e | - 13
e — . Sand 3 3 z e e Si | 50
E —— | | L. Silt @ 0 5 e v m— u: 0 a7
8 2 e ——— Clay n s g 2 :.'.'.'.ri' A
= g —— s R »
2 ] R 2.,.,"“" TR - i i T | Quartz TR
= carwen o p:
§ = Zealites 1 1 {— i ::::::Iunh - ‘I‘L
- o6 Other cloy minerals 20 20 — | ives =
Carhonate unspecified r = ] R c 35 20
= 1 1 Other clay minaral
[ F B T i {dolomite?) 2 1o ra— i Carbonate unspecified
= | Y711 Foraminiters 5 3 S e {dolomita] =. ¥
g B e s e | svan Nannafossils e 5 T { N oy -
B | Yocune ok 16: R £ = oy e ey | Nannotouils B &
| | Chert? TR & ——— Micronodules w1
3 i) | } Micronodules - TR 3 r—— "
-1 ) NIRRT .1'-I-I11 Amgrphous silica - 2
ettt | PHYSICAL PROPERTIES: g Volcanic glass ™ TR
A cc e | b p PHYSICAL PROPERTIES:
om| PM (B | — e — i :‘_ :,:g & - !_ ] 115 344
Doty 195 g Yy i Rl
. 4 >
Water content 4.0 Doty 201 198
CARECNATE BOMB: ‘Water contant 24—
Tl 4 CARBONATE BOMB.
SITE 516 HOLE F  CORE 24 CORED INTERVAL  387.6-397.1m ::;g::
g FOSSIL
A g CHARACTER
2 l=ulel2 z| w
-3
sE 2z|s g E & Lﬁiﬁﬂﬁv H LITHOLOGIC DESCRIPTION CMjAM | B8 CCl |—|— voio
w3 |[EN H < ol g B2lz3 o
= = -] w 7
Folz |2 3 E
g |z 2 E 3
s 8|23 EZ
B o e e _il NANNOFOSSIL CHALK
= | ! Light gray (5¥ 7/1) In color and extensively burrowed,
= s e | Section 1 130=135 em is light olive gray (BY B/2) and
L ] i e S N— i hardur than the lighter chalk. Section 1, 135—Section 2,
é s e v ] . 52 cm: light gray {5 7/1), extenaively burrowsd and with
E 10t faint laminations. Section 2, 52 em-Core-Catcher: light
e e — | wiive gray (BY &72),
£ n
= | SMEAR SLIDE SUMMARY:
E 190 270
g | 0 o
= 2 Texture:
£ Sana a0
L& Silt 57 54
&
ol ar (B icc Clay a0 45
- Campasition
Ouariz ™o
Heavy minarals TR 1
Voleanic glass - TH
Zeolites ™ -
Other cluy mirerals 18 35
Faraminitars 3 1
Nannotossis 78 &
Dolamit TR ™
Micronodules. TR TR
Amarghous ilica TH 1
PHYSICAL PROPERTIES:
197 148
v, — 18
vy 188 194
Dermity — 158
Watar eontant — o
CARBONATE BOMB:
170 =81
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SITE 518 HOLE F CORE 26 CORED INTERVAL SITE 56 HOLE F come 77 CORED INTERVAL _ 416.1-4256m
o FOSSIL [ FOSSIL
i ; CHARACTER g § CHARACTER
R EMAE sl e - FMNE z| @
oW g 8 =1 3 ol = =
= |gz| g £l u‘fr?":r&g* i LITHOLOGIC DESCRIPTION TE|EE|E S g El g me}ggv H LITHOLOGIC DESCRIPTION
5 au z ] g 3 E a wo |EN] = ol w 5 F]
el N HHH L 555 R HHE U .
- = E E - § 3 ;
BHEHE F -EHEHHE 1
o —— S I
pE"_"I'_"fIi oo
i NANNOFOSSIL CHALK . e T s . ALK
_m . JF= - HANNOFOSSIL CHAL
o <o 1 ! Light gray (5Y 7/1) and sxtersivaly burrowed throughout. st The whale cors was disturbed. Mot of it had to be refifled
I._I.JI r Burraws show flattening. At Section 1. B0 cm large forams M —— irto tha liner. Section 1: dominant color ks fight gresnish
L B s s R in burraw fill | T gray (5GY B/1). Nanno chalk [ntensively burrowed. Bue-
e e S sy Tows show some flattening. Betwean 24—27 em of Section
1 e ey SMEAR SLIDE SUMMARY: L e m— 1 there Is a dark layer that starts with dark greenish gray
e i : -%x | o e = (SGY 4/1) and turns to greenish (SGY 2/1) at the bottom.
i I o o Lottt Dolomite rhombs are prasent In this layer. Section 2—Core-
e m— | ' z::"": 4 e Catcher: fight greenith gray [SGY 8/1) nanna chalk in-
i —— o a - voIn tensivaly burrowed.,
i
m [ Clay b SMEAR SLIDE SUMMARY:
= | Composition: = 125 270
I r— L - i ' Curez TR o M ]
2 r—— | Heavy minerals TR 2 - Texture:
N e o Zealites ™ o ﬁ _— ; 3y
Z S ——— { Othar clay minerals 15 it B4 64
8 Z | Foraminifers 3 Clay W M
= R e } Nannatosity 82 ] Camgaitian
e | Valeanic glass ™ 1 Quarz 1 TR
Tt Dolomite TR L i Hasvy minersls TR TR
g b | || Moonodds TR z ! e ™o
g 5 ey e am g Other cley minerals 35 10
& === | PHYSICAL PROPERTIES: : { Foraminifers 1
o ] e | t 7 51 3 . Nannotosils B3
g i S | v, = s.: ; Amarphous silica -
5 | Yo o o i Micronodules ™
ot |, il y sseiniad o
-3 l ;‘1 ‘Watar content — w08 o - Spongs spicules - TR
T o e m——
é e g i PHYSICAL PROPERTIES:
T E 15 434
T'.‘.‘:r T ] v, 197 182
B v | ! = Vi 179 189
e e g ; Density 196 185
4 | | 4 Water content M8 230
| ' 1 I CARBONATE BOMB:
3 370=81
| R |
—
J—
ey | A
T =
|| =l | s| 1
= '
Al HEEn | ] i
cMem| B 53 ro——— || ! T
¢ |
: l
et 2 o e e
jcc
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SITE 516 HOLE F CORE 28 CORED INTERVAL  426.6435.1m SITE 516 HOLE F CORE 29 CORED INTERVAL  435.1-4446m
2 FOSSIL FOSSIL
§ g CHARACTER " CHARACTER
A EFE] z| » 2 F1E] z| - .
oW ® (=] = = - @
‘f% ,-_§ H g ElE Lf,ﬁgmgv H LITHOLOGIC DESCRIPTION =e § H E 2| & lm‘:ﬂgv H LITHOLOGIC DESCRIPTION
iz H g B 8 E R 2
ElE HHBE ] S HHEUBE 4
F HE = ; E HHELE =
H HE =2 g H 3
i 1 L | HL
1 NANNOFOSSIL CHALK
e MANNOFOSSIL CHALK
| Mottied and cyclicsl eolor varlations of about 30 em
05— 'r-% Saction 1: light gray (5Y 7/1) with mottes of gray (57 mr';': svsr':‘:»asva.rummm
i — ___% 6/1). Section 2ia white (5Y 8/1) complately motthed with ¥ "
o I T—— ——%
b = r_[_,_..— Voios BY.fY ae coms dark a6 A1) L SMEAR SLIDE SUMMARY:
- 170
& lhaﬁﬁ T | B SMEAR SLIDE SUMMARY: 3
g I —— | 170 Texture:
- | o Sand 1
e e 1 Tartm: siit 0
T | Sand 3 — Grean laminas Clay 78
= e Sitt ] Compasition:
° i T o | 14 Clay &7 Ouartz 2
3 | Y Composition: Other clay minarals 10
2 . ; Mics 1 2 Carbonate unspecified 10
T S —r | BY &N Other clay minevals 20 Faraminitars 3
T Carbonate unspecifisd & Rannofossils ™
= T ||| sy Foraminilrs 5 Micronodules '
& - | Nannafasslls n
= H Volcanic glass 2 PHYSICAL PROPERTIES:
| Mieronodules ™ 141 580
3 Ve — 184
3 1 PHYSICAL PROPERTIES: Vi 191 188
o i 233 Darsit —
L — = v
emler | 8 CC) T | | VoIDS v, 172 E 3 Water contant — 136
Vi, 178
Drensiny 187 5 CARBOMATE BOME:
‘Water contant 28.0 2.70=78
47083
CARBONATE BOMB: ORGANIC CARBON: o
270 =81 3,0-5-042 i
5la
4
5
3
cGlam| B cC|
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SITE 516 HOLE F CORE 30 CORED INTERVAL 444.6-4541m SITE 516 HOLE F  CORE 31 CORED INTERVAL _ 454.1-4366m
2 FO5SIL o
g § | o o |E | cHhnacren
MAEE 2zl g g |2 z| =
MR S| £ | ocrarmc Eul2| gl g
| 2 ;§ £ HE E|E | utHoiogy sg LITHOLOMIC BRICHIFTIGN A EEIE 2l jeasmic F LITHOLOGIC DESCRIPTION
£ 1573 5|3 E) |¥| 2 T N HHHHBEE olE
£ H 1 9 =+
S BHHHE =i A BHHHE s
FEHEEEB B3l CH HEHHE +
_E_ g S s ;
- Do e
| sy NANNOFOSSIL CHALK e S e | Gk HANNDEOSSIL CHALK
Bioturhated throughout. Generally light gray (8Y /10 et s -
with Wil o 5Y 7/2 and 6Y B/1, Seetion 3. 20-30 o, 1 L E Light gray (SGY /1) with horizomal to wn-«c!-mnul
. e Binck saaining A ""“""'D. g e S| 5 burrews of greanish geay (BGY 6/1) and light greenish gray
o8 0. dmdml s m|mp ¢ jon 3, 1 T (i {5GY 8/1). Slight biscuiting throughout. Section 3, 0-26
f =76 et dighily durker & mtacval with: fight ] -1 em: braceisted. Color alternstians (BGY B/1 with 5GY B/1)
colored burrow fil. Section 4, 35-55 cm: slightly darker joeatr] | e et L B Bl
{BY 6/1) Intarval with light colared burrow fill, Sectian 6, o e ioaa o | i ’ i
i 130 cm: greenah gray (5G 6/1) with BY 7/2 mottles. B xrm —r SMEAR SLIDE SUMMARY:
e — ' 170
y SMEAR SLIDE SUMMARY: e L SGY 81 3
I 170 | | If{| [ seven T
| [+] - -—'h. Lt \ Sand (]
I i Texture: et 5GY 81 Silt n
Sand 0 p —rr 1 Clay 80
I H =— Shall fragment Siit 15 2 s m j Coumiposition
— striscture? Clay i £ = i Faldsoar 1
1 j=—Flow sl Compasitian: @ e e T | = Shall fragment Mico 1
Mica ™ i B e s i! e, Other clay minerals 10
F } Glauconite TR ) [~ Casbonate ungecified 5
Other clay minersls 10 s L1 | : BGY 61 Foraminifers 7
1 Foraminiters 10 P I e |1 Nannafossils 72
L} Nannofossils 70 g E L i Valzanic glas 2
= Volcanie glass 1 = ‘m: i Micronadules 2
H It Opsqua minarals 3 S == || #
o 3 Micronodules 4 §, 3 o s G | PHYSICAL PROPERTIES:
= | i 5 e e R B 3 a7
E PHYSICAL PROPERTIES: = S (4 vy 180 187
= } = Breccinted 24z 6% E e | 1 Vi 181 1.9
5 i vy 188 185 e o Density 196 202
g Vi 101 183 e Water cartant 23 03
2 \ Density 208 198 B e o |
El Water content n: 028 FE—— CARBONATE BOME:
= { L 170 = 76
g i CARBONATE BOME: t K a85=71
4 270-79 B il
470=78 al 7 |
670 =60 h
i g : :
& ) I
E = -] | J_ = Hard, black fragment
= -
: 3 3
i = Ehell Iragments
5 ] s| 3
; w
(] ]
Al
N lewlmgla N_—
{
¢ i
|
i 5G B/1 with 5Y 7/2 motties
7 H
emjam| B i
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SITE 5!_?' HOLE F CORE 32 CORED INTERVAL 463.6-473.1m SITE B16 HOLE F CORE 33 COREDINTERVAL 473.1-4826m
o FOSSIL -4 FOSSIL
3 ; CHARACTER o = CHARACTER
e
- EMOE Zl e > E O E z| e
oy gl = o I =
= E 3 E| E | ohmocy |43 LITHOLOGIC DESCRIPTION %g gg HF § £[E | Gesahe. |83 LITHOLOGIC DESCRIPTION
N|Z o o]
S HEEHEBEE R HEHEHHREE =k
o I + 5 - HHEE + §
FRHEHE H g |8 a E
=T o
== .J-l H I S— I -‘ullg{
S NANNOFOSSIL CHALK FORAMNANNO CHALK
05— r— Atrornating light—dark bands: light greenish gray (5GY 8/1) 1 Generally fight gray (5Y 7/1) and burrowed throughout,
e | I'how wxcapt where marked dark gresnish gray (8GY 6111, Color aitarnations dark (5 6/1) otharwis 5¥ 7/1,
1| = n 1 .
- e SMEAR SLIDE SUMMARY: i
¥ e N ] 170 SMEAR SLIDE SUMMARY:
- e I o 170
e — Tasture: i o
o — | Sand 5 Texrurn:
e Site 0 § Sang 0
i Eobe Clay 65 Sl 0
= : fa— | T b Green [aminations Composition; < L
Other clay minarals 10 il Comporitian:
2 Carbosnte umpecified & B Dark Glauconite 1
Foraminifers 7 2 Crthar clay minerals 1
Nannofosils n i Carbonate unspecified 1
Volcanic glass 5 Foraminifers 20
Micronadules Nannotousits 0
= Fadiatarians ™
= w Iy 1 4
o PHYSICAL PROPERTIES: = B ot g i z
7 118 640 = | wWor
8 Yy — 186 R i PHYSICAL PROPERTIES:
z Vi 186 203 E | ok 157 843
Density — 18 3 v, 182 188
a Water content — 8 3 = ;:ml :g ::
= iy E
= CARBONATE BOME: | R Water content 23 218
2.60=70 |
; 46071 E | CARBONATE BOMB:
sen 5 o |} 22084
i T [
e —
2lE o e e i ORGANIC CARBON:
8 { T =1 4,8-15=0.71
. 3 ===
= I o ——
z ——t
L [ — |
A A L n
i —— T =
- E5
g
z
1
o i -
H Dark
I 5 s -
g !
i
o= - o
] i i 1
L 1 I [
o ——— = Dk
T
o
e
gy
? ey Y . I < A )
- i . I A '}
e |
cMjam |8 cC| J5—= L 1 1+ voio

4
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516 HOLE F CngE 34  CORED INTERVAL 482.6—492.1m SITE 516 HOLE F CORE 35 CORED INTERVAL 492.1-501.6m
2 FOSSIL o FOSSIL
) 1 CHARACTER = 5 CHARACTER
8 wl] 3 gl e N E z| =
-4 =
HA 4 E ; HER R R LITHOLOGIC DESCRIPTION = 2215 5 é Bl 5 | Gnarwic | Hs LITHOLOGIC DESCRIFTION
N 2w zZ|= ]
§3 ; 3|8 (]2 2 2 MR ég gl E 5 i
@ AHHHE Tl @ AHHEHE Tl
= = g |2
—— 111 Yoo Feerto T
] o
B e s e I milE NANNOFOSSIL CHALK : e — - N“"'I'S%FYW;"';CHMK ——
AP s mm v p', | Light—dark siternatinns: light greenish gray (5GY 8/1) to o5 et Of ‘mmw l_mwmvmrwmm tharw
e e L dark groyish gray (5GY 6711, ==l | foked ik gratidh
e = == n
= e |$ L B | SMEAR SLIDE SUMMARY:
z W [ P SIEAR SLIDE SUMMARY: 1o | iy
o ! 1 b | L o
Y e e e | i D T | e i Taxture:
g e - Textwrs: 3 :@I; - Durk Sand N
x Prara— Sand U o . | S st 10
= | ] sitt 5 4 — 1l | o Clay i
e Clay Be £ = | Composition;
= s e oy | l ™ Composition; = Cuartz 3
o e B Quartz 1 o Other clay minerals 16
g I e e 0o Other clry minerals 22 2| 1= I " Carbonate unspacitiad 10
Bl e | Carbonate unspecified 8 I | Fotmk\iln: s:
& O e eura v = Dark Foraminifers 8 Mannatoss
B B o e e e M | B Hannaotosils ] - i
= r——— | Dtk Opague minerals 2 PHYSICAL PROPERTIES:
i o - Volcanic glew ! E: | koo 112y asr
—'.'.'.'IEF Sponge spicules ™ 5 ! Y :: :;
= = N - (] 4
35 3 | | Derk PHYSICAL PROPERTIES: Bl [ Daek Deriry 206 169
= 126 345 2= o Water contant 185 216
. L v, — 20 2 - iR
= v 1486 2.4 "~ . Da CARBONATE BOMB:
ow | am| B icc N ==t Voo g:urw- S A g 270 =87
Watar content - 182 = JE ok 470=79
CARBONATE BOME: B
1:70=81 1
- Dark
—.~Green halo concretion?
" Dark
; | Dark
Dark
cm|am| B 1 - v




3 X4

5% Hole F  core 3  coRep INTERVAL 501.8-5111m SITE 6516 HOLE F CORE_ 37 CORED INTERVAL 511.1-520.6 m
2 FOSSIL = FOSSIL
CHARACTER H CHARACTER
% |3 g
- EMAE gl 2 g & El z
og 5 R Sul2 2
sE £3(E E g g | ramg LITHOLOGIC DESCRIPTION A HE g § g | Gpamc | O LITHOLOGIC DESCRIPTION
w3 (3 ] 5 1 HEH 2|e K
N MHEE s N HHHIREE :
=} - E = =]
g |8 : E ERHEHE TEH
1 " =
B - I VaiD
3 vOIDS N e )
. RO GMLE T — } Grean laminations NANNOFDSSIL CHALK
= Color: 5GY 8/1 except where otherwiss notsd dark 'J__‘_‘ "l z X Cotor: 5GY 8/1 motthed with BY 7/2.
" squals 5GY 8/1. e e o [ Biact: aminations
1 | = SMEAR SLIDE SUMMARY;
i n I 170
SMEAR SLIDE sumn‘n:; 1 e o
H :. - - - Texture:
o n : L : n : r Sand 10
Torture: r— i sily 10
:::.d ; VoID Clay 80
Companition:
Clay 66 Other clay miterals 16
5 Composition: . Carbonate unspecified 5
= % | Other clay minerals 10 3 Foraminifers 10
& Carbonate unspecified 6§ 5 2 Mannotosils 0
x Faraminifers 8 ¥ =
o Nannofossils 78 5 (=[S ok greme PHYSICAL PROPERTIES:
E unlunleu: T::I E T 128 3114
Migronadu a v, 175 181
k. - N Vi, 179 205
5 PHYSICAL PROPERTIES: -] . Doty 192 207
E v ;ﬁ 254 i =5 7/2 cosrser Watar content 241 185
- A R — grained lanse.
E Vi 191 20 CARBONATE BOMB
?; 3 Water content 2;._:‘ = 3 170 =90
- - 375=90
E | Dark —Green laminations
£ CARBONATE BOMB:
270=82 = Dark band with
470« 84 -
~ Dok ]
- =11 ry i t
om[am| B s T m——
4 et reer |- b SITE 516  HOLE F CORE 38  CORED INTERVAL 520.6-530.1m
'l i 1 L
L
= Durk w CHARACTER
g wlB]2 2
E 4 =
“‘l”“ L] ] HEHE § é g | e LITHOLOGIC DESCRIPTION
z|ES|s 5| £ | utHoioay
wS z < al g 2 2
IE (#]4]3 ® E
ERHHHE E 5
= ]
2 * FORAM-NANNO CHALK
& Lots of benthic foraminifers, white {5 8/1), Section 1:
- 0515 " parallel and EGY 8/1 | with
1 light greenish gray [SGY 8/1) manmo chalk. Section 2:
7 freen laminations with pyrite inclusions, Contorted green
. 1.0 lemirmtions in Core-Catchar.
&K
3 =] SMEAR SLIDE SUMMARY;
; g 170
= Z ]
L5 icc Texture:
M| am| B i "
Sin k-3
Clay &
Coamposition:
Cuart 1
Heavy minerals TR
Othor clay minerals 10
Forsminifers 10
Mannotossits 9
Micronodules TR
PHYSICAL PROPERTIES:
165
v, 170
Vi, 178
Dansity 1.84
Winter content 221
CARBONATE BOMB:
170 = 87
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SITE 616 HOoLE F CORE 39 CORED INTERVAL 530.1-539.6m SITE 616 oL F CORE 41 CORED INTERVAL 549.1-558.6 m
Q FOSSIL = OB,
é g CHARACTER " 5 CHARACTER
rME z| =w 2 |=.le]= ; z|l ez b
Ew gl g > [} = g GRAPHIC
A § £l = Lgﬂ.‘:ﬂ’&‘ 3 LITHOLOGIC DESCRIPTION SE|EE|E E AR LITHOLOGY WITHOLOGIC DESCATPTION
I HHHAREE : HNHHEHHREE +5E
= = = = = =1 =
R A HEHE E N HEHE =ih
FAHEHE 3 B |2f2IE]3 2
L I n _t = 1 I 1
" F—— - ai T 5GY 81 NANNOFOSSIL CHALK
1 ;E NANNOFDSSIL CHALK g s Greenish gray (5GY /1] with greenih gray (5GY 6/1)
051 e M Calor: 8 8/1 with greenish gray (5GY 8/1) intervals, e 05 T LI == lamiratians,
s e e o .
= - 2 =+
z ! T At P I L4 SMEAR SLIDE SUMMARY: § iy 1 1 {
9 - — — = Prol e 1 : SN} SMEAR SLIDE SUMMARY:
1 {1 o — ‘nﬂ 'E‘ w—df%—_- | 170 215
; o T e Texture: § = e T Ti ? 4
] t T —1 Exture:
4 =" Sandd 7 & e S 13
 m——"
g e | S = £ e EmE=t===== NN KR b w s
i - o + . % |crjam B cc] o — H i Cay 50 47
§ I — | meu hon: " Companition:
L n | & -
el % Other clay minerals 15 mmmm 1 -
= L Carbonate umpecified & Zeolites TR TR
T b f anmng_u 7 Other clay minersls 15 20
a B — I Mennofousils 7 Carbenate unspecified 10 1o
I r— Faraminifers 2 3
= 1 | E5 PHYSICAL PROPERTIES: Narnofossily 6
% v 178 TH
- e | | v 193 Voleanie glass ™
am{ AM| B rom— | :F v " Micronadules TR -
Vi .08 Dotomi 1
Density 207 ire -
Water content 1687 FHYSICAL PROPERTIES:
CARBONATE BOMB: 2 a8
270 =78 i
Vi 207
516 F 40 539.6-549.1m Density 189
SITE B HOLE CORE CORED INTERVAL Water contant e
= FOSSIL
& g CHARACTER CARBOMATE BOMA:
£ Eg HEE 18 | onmme F LITHOLOGIC DESCRIPTION ==
o2 |58|2 ? H 5§ | vmotoey | 528 SITE 516 HOLE F  CORE 42 CORED INTERVAL 558.6-568.1m
ETIE 13122 g 4= 5 ] [ FOSSIL
= |8 |5|Z|3]% = i CHARACTER
= 1213|323 ks | § 2. [eTaTs =
B e masce e =» e |2¥lE| 2] % ol = GRAFHIC -
== !H NANNOFOSSIL CHALK HEHE G| E | umowey L3y, LITHOLOGIC DESCRIFTION
T = 7| | £ vaio Groenish gray [5G B/1) laminations intercaluted with light £7[E(5)8 1k #)= : ]
o5 | greanish geay (5GY B/1) lamina, Fo|g |2|2|5|% £ 3
i 5 |E]2 E 3 H
= 1 === | ;t - L
z ——1 1 E SMEAR SLIDE SUMMARY: Tt =
g e e ;F 170 S e NANNOFOSSIL CHALK
g i o o ) o ] 1 o5 = Light greenish gray (SGY 8/1) with few greenish gray
g 3 = ;::;uu, . E 54 0| |. {BGY 6711 laminations,
o i & el |, 7]
e — s k] w | 2 [cMce 8 == —— i R . SMEAR SLIDE SUMMARY:
E i T 1 n L n I} Clay a0 i &6
§ T i Carmposition: g M
) e TR P S Other cloy minarali 10 Texture:
5|3 S o o i
= 2 e T = Foraminifers ] i
B PRSI A L o "
T ~|‘L. T Nannofossils T4 Clay 50
wll A = Valcanic gless 5 w Composition:
;._ g [T e — = Zoclites 1
z e [ PHYSICAL PROPERTIES: § Other clay minerals 20
= 15 12 E Faraminifers 1
ol amle cc o e | = Yy 185 = Mannatossils ™
Vi ) 168 ._', WVoleanle glass TR
Dersity 1.686 n.. Micronodules H
‘Water content prdl-] —-— Dolamite 3
CARBOMATE BOMB: PHYSICAL PROPERTIES:
120 = 86 113
\l", 197
Vi 193
Dangity 20
Watar content 1m7
CARBOMATE BOMS:
12087

91¢ HLIS



SET

SITE Z%E HOLE F CORE 43 CORED INTERVAL 668.1-577.6m SITE 516 HOLE F CORE 45  CORED INTERVAL 687.1-6966m
g FOSSIL [
v ; CHARACTER 7 ; I:Hmzn
8 lenl2l=le zl e g |z z
== (22|15 5] 2 g GRAPHIC = Sy 2 gl & =
: HHEE E| & | uivowsey |33 LITHOLOGIC DESCRIPTION ‘f% CHHE g HE R LITHOLOGIC DESCRIPTION
go1EN31 8|3 [8] |52 dEE A HEHHEEHE BoEH
R HE T i g |5 (8 EEE
= _|& 8 5 E & g 2|3 E2 g
e — —T—r—
E = e
= B s e e MANNOFOSSIL CHALK z e NANNOFOSSIL CHALK
:', 05—ttt L Section 1: light gray (5 7/1), mome homogeneaus than the = TR —— Light gray to light gresnish gray [5Y 7/1-EGY 8/1) with
g 1 e T previous core, with faint laminations and burraw through- z 1 ] = ] - t!\ln [1=2 em) darker zones of clay and very fine to coane
E 1 =] VoID out. Aest of the layering could be flattered blmows. 5 7] 1 | sildized opsgue minerals (pyritef).
]“- T " Section 2: light gray nanno chalk with laminations of & 4 1 I .
w o r——— . olive gray (BY 4/1} and dark greenish gray (5GY 4/1) 1.0 s SMEAR SLIDE SUMMARY:
g o — cokr. E cmlam | B 1 168 1@
s o e o z LA
T o e T SMEAR 5LIDE SUMMARY = Texture;
_ 2 i —— 1103 4 Sand 3 -
= ol |as T R ] = Silt 50 30
E FMMa| B e Taxture: = Clay a7
Sand 2 o b Composition:
=S sike @ I Pyrite - &
o Clay 50 % Zuolites -
- Compoaltion: Other cloy minerals 10 —
& stz TR Carbonate unsepeified 5 -
- Heavy minsrals ] Fotaminifers 3 -
Zuolites ™ Nannafosils 0 40
Other clay mineralt 20 Walcanic glass TR TR
Forarminifers 3 Dolomite 2 TR
Nannatossily m
Dalomite TR PHYSICAL PROPERTIES:
Wicranoduls TR 18
v -
PHYSICAL PROPERTIES: i 192 —
8 Density 186 188
v, 167 Water contant — 722
Vi 187
Density 200 CARBONATE BOMB:
Water content 210 1-70 = BT
AT SITE 518 HoLe F come 4 CORED INTERVAL 596.6-806.1m
o 1
SITE 516 HoLe F cORE 44 CORED INTERVAL 577.6-587.1m $ | CHamacTER
& FOSSIL E Eul2l3 2 >
G g CHARACTER ,% EE HE § E o | oRase 2 LITHOLDGIC DESCRIPTION
8, [Bo[ETATET T 13| 8 | cmmomc A HEFH IR +FH
- E§ HEIE E| & | umoloey LITHOLOGIC DESCRIFTION F |8 |z 3 R EEEE 2
g |& ; 8 Il il % z |2 |5 EEE
F | HHEIE 1 : = =l
= [2]2ldls 1 - &1
eaalionl & T = . ) NANNOFOSSIL CHALK
~voID g 05— =H Light greenish gray (5GY B/1) 1o white (5Y B/1). Twe thin
_ MNANNOFOSSIL CHALK b Intarvals of olive gray (BY B/2), similar to dark layers in
g = 1 05 Calor: white [5Y B/11 with dark gray {5 4/1) lsminations, § previous core but without black basal of central layer.
@
E- 3 SMEAR SLIDE SUMMARY: E SMEAR SLIDE SUMMARY:
5 cm)am| B 18 & 13
D 5 o
3 Texture: § = Tancturn:
Sand 1 2| & Sard 1
E ] = Sin &0
T Clay kol = Clay &)
oy Camposition: I Compositicn
H Quartz 2 S Zaolites TR
prd Haavy minesals TR L Other clay minerals 10
B Zeolites ™" Carborats unipecified 1
I Carbanate unspecified 5% Foraminiters 2
H Foraminifers 2 Nannotossil 8
L Nannofasls 69 Dolomite TR
Volcanic glass ™ Volcwnic plass T
Dotomite rhombs 2 Spange spicuies ™
* Replacemant of tiliceous sponge spicules by CaC04. CARBOMATE BOMS:
150=81
PHYSICAL PROPERTIES:
v, 19
Vi 186
Damity 197
Wator content 218
CARBONATE BOMB:  ORGANICCARBON:
15 =02 1,77-81 = 0.08
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SITE 516 HOLE F  coRE #7 CORED INTERVAL 606.1-615.6m SITE 516 MOLE F  CORE %9  CORED INTERVAL 625.1-634.8m
g FOSSIL o FOSSIL
= CHARACTER I
x | = CHARACTER
< o
g | glil2 Zl 2 > 8 i “ z| @
2k |28 £ gl & GRAPHIC w E Zl g
E .‘;E HEE 5| & | umolocy s K LITHOLOGIC DESCRIPTION = gg 2|3 £l T LITHOLDGIC DESCRIPTION
£ E"15) 5128 |% % FEE wSIENIgIEl3(8] |£] 2 g
F |8 £ Blg H g F 8 HEIE
s |2l=ld|a £ 5 3 HHE i
B o v * | seven
S i NANNOFOSSIL CHALK 3 NANNOFOSSIL LIMESTONE
= 05 e e Light greanish gray (5GY B/1) daminant color, with [ayer z - Light groanish gray (56 B/1) matrbe with mimerous lamina.
s LN e . of greanish gray formed by fine laminations. Dolomite i = 0.5+ tioms {not specifiod). Laminge typically less than | mm
= S N i TR present in the derker layee. Luminated [ntervali are greenish o n thick, siralght or wavy, both cut through or surrounded
- = Ty T ary [5Y 611 ® g B by burrows. Color of laminae changes mear base of Section
b Ly L 1 I NOTE: This core is the last referrad 1o & “chalk™. The 100 1 traem grsenish gray (SGY 6/1) to gray (N3-HS),
E tellowing e termed “limevione"". The diviion Is somewhat
f arbitrary and should not ba constrised &t a contrmt be- W SMEAR SLIDE SUMMARY
3 twwen Care 47 and 48, 3{' 's 274
3 D
E T = s
SMEAR SLIDE SUMMARY: £lE ;:’:"‘- 3
T 12 168 % "
5 M o - 2 silt 50
= Toxnure: i Clay o
= N - Compaivion:
g = W ¢ s Feldspar B
£ o s e m| e cc Zeolites 2
3 o 5 Other chuy minerals 47
Campasition:
aokiv Pe— Foraméniters 2
Other clay minersls 20 10 Nannafoadls ;‘;
Carbanate umpecified § - Voleanic glass e
Foraminifers 2 I Sponge spiculis
Narratessits ] .
Volcsnic glass ™ - PHYSICAL PROPEATIES:
Dolomite 2 TR v ;-:“
. .
Y, 2.23
CARBONATE BOMB: h
1-70=90 Dansity 202
Water contant 188
SITE 516 HOLE F CORE 48 CORED INTERVAL B615.8-625.1m CARBONATE BOME:
g crosiL 270 = 87
ACTER
% |2
g, GulE|2)2 Sl 2 | ernemic SITE 516 HOLE F  CORE 50 CORED INTERVAL 634.6-644.1m
I ES i g E E E LITHOLOGY LITHOLOGIC DESCRIPTION 7] FOSSIL
EzE §=§§ a2 g - E CHARACTER
E H = z| a
§ HEHE 3 §»_— HEE 2| & GRAPHIC g LITHOLOGIC DESCRIFTION
(] E : 2 3 g 3 L LITHOLOGY
R HEEHRE EEEd
[ NANNOFOSSIL LIMESTONE = E § ; g 2 = £ i
= lea 0.5 | Light greenish gray [5G 8/1) limestone with greenish gray s ] 3
a <] r {5G B/1) laminations. Burrowed throughout. The greenish i [ET— ] 0
= 1 = . laminations are stylolites of pressure sohution planes. They ] errrzecn =, t SYR 81
ID: o e wavy, cut wach other and have mare dolomite than the z . | | -: NANNOFDSSIL LIMESTONE
2 o PR f dominant lithology. = 05— s A Section 1, B0 cm: layer rich in lasger forminiters (Dis:
¥ - £ il %_1‘: | & [ G bt Cocyclinidss of lepidocyclinidas). Section 1, 100-150
w | & e | ‘r SMEAR SLIDE SUMMARY: . . om; largs burrow continuous, over 1 mim long burmow fill
2| o g 171 270 1.0 I+ Y11 s dark gray (N4,
33 i e el sy [ S veiD M D B
E|Z R . l Texture: 7 | . SMEAR SLIDE SUMMARY:
z T sy T Sand - TR s i R i 170 1130
& 2 | ” i - o a = - | SYR 61 oo
5 e Clay - 50 & |F - Taxture:
A () [ Compasitian: 1T 2|5 B ] Sard % =
Mics - TR E |z =] =1 silt 1
Pyrite - T 3 2| .. |1[7] sl Clay 70
Heavy mineraty TR TR 4 - b | ——::r;:;lld- laver Compasitian:
Othor clay minersls 45 40 2 = Quartz |
Carbonste unipecified 32 o 5 R | I Feldspar 1 =
Foraminifers TR 1 (2] cc =TT % Glauconite L
Nannatassils 5 4 oM P |8 = v Y Other clay minersls 7 —
Distorms ™ - Fueaminiters % 8
Voleanke glan = TR Hannofossils B5 ar
Amarahous silics 5 - Opuque minerals - 15
Micranadules - 30
PHYSICAL PROPERTIES: Sponge spicules T -
1133 113
v, 1 — PHYSICAL PROPERTIES:
Vi 205 212 1100 ;:
Daniity 202 205 vy — 8
Water content 198 — Vi 21 23
Daminy 208 203
CARBONATE BOMB: Water conta — 18
70 =87
CARBONATE BOMB:
170 =84

270=83
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616 HoLe F cORE 51 COREDINTERVAL  644.1-8536m SITE 616 HOLE F CcORE 52 CORED INTERVAL 663.6-663.1m
] FOSSIL 2 FOSSIL
E CHARACTER 3 ; CHARACTER
ul2)e 5 Zl =2 B = 0 z| »
o3 2 2 GRAPHIC EulE) 3 g| 2
Eé 5 iz E| E | uThology LITHOLOGIC DESCRIFTION b £8|% 2|2 HE e, LITHOLDGIC DESCRIPTION
nlzl g
E|5|813|E| [#]% £ (27|35 5|2 |8 |4)¢% e
o9 15 g =
M HEHEHE MHHHE ]
1 BYR B/
: NANNOFOSSIL LIMESTONE RSB GE
-1 Poorly pressrved microfossili. Section 1, 26-150 em: . ik .
a5 laminated (ntarvals SYR 6/1 and massive, burrawed inter el Color: BYR 6/1 except where othenwise noted. Laming-
1 5YR B/1 + valy light geoenish gesy (5GY 8/1). Section 2: 5YR &1, tians gresn 1 90 em {Section 1) than olive grey (BY 4/1).
=2 5GY 81 5GY 6/1, and greenish grey (5G 8/1) laminse. Section 3, Large atoen halo lapproodmansly 3 om in diemetar) o 120
10 50140 cm: 5YR B/1 In laminated portions and SGY &/1 ol I el
2 in non-laminated portions. Sections 4-6: BYR &1 in
= voIDs \aminated intarvals, otharwise EGY B/1. SMEAR SLIDE SUMMARY:
7l .70
= SMEAR SLIDE SUMMARY: o
4 170 Taserurn:
] D Sanid 10
= EYR 61, Texture: = Silt 10
2 — SGY 81, + Sand - E Clay B0
5G 81 Silt 30 g L“‘;, o Composition:
= Clay 70 = Quartr 1
-1 VolD Composition: Faidspar 1
= = Other clay mingrals 10 Carbonate unspecified 30
; - Carbonate unspecified 30 o Foraminifers 1
Z Foraminifers ] § Nannofousils ]
BYR &N Nannofossils 54 i Clast and Volcanic glass 1
Micronodules 1 w [ areen Laminas
- BGY 81 g PHYSICAL PROPEATIES:
§ PHYSICAL PROPERTIES: H EEE— 128 35 314 520
il 3 SYR 61, 1100 32 B 2 v, 190 — — i
I ] SGY BN v, 203 — 21 g groen Laminan v 103 207 — 230
3 Vi, 211 — 23 s Deraity 202 — 208 215
E 3 p- Demsity 201 206 208 ¥ Water content 1B5  — 183 161
[ Watar content 198 182 170 = 5Y 41
4 = CARBONATE BOMB:
& -1 CARBONATE BOMS: i 70 =87
0 SYREN,
= 1 5GY B 270 =81 47088
3 5] 47076
x = DRGANIC CARBON: o
] o - Sharp cotor
4 7 BYR 4N L contrast 5 &/1
- prading upward 1o
= 5GY 81
. vich in
largar foraminitars
EYR 61,
5GY 81
|CM| B T1i
5
|— Bracciated
= voID
bl B
| B

LET
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SITE 516 WOLE F come 53 coRED INTERVAL  B63.1-6726m SITE 516 HOLE F CORE 54 COREDINTERVAL  672.6-682.1m
2 FOSSIL g FOSSIL
i E CHARACTER i ¥ CHARACTER
8 |zulz[z2]% zl2 > 3 O] z| @
Y ERHIFE gl E GRAPHIE = w22 Z| g
2 ';E il é § g 5| £ | uHoroey . E5 LITHOLOGIC DESCRIPTION §.'§ i g § ElE Frsln g 5 LITHOLOGIC DESCRIPTION
R B ulE 8 wI [ZN[EIS] < w| € 2 @
2 |& |3 g g » HSlEY ¢ L 1e" (5|12 (8] [#]| % CEEH 2
E |z |2 = = E g I =
FHEHHE FEH N EHEE £ &
| NANNCFOSSIL LIMESTONE i volp
| EG B/ Light gresnith gray [5G 6/1) with green (5G 6/1) lamina : bt
with tions (inclined), Section 1, BO-00 cm: pure gresn layer of 05 BF 5Y 81 NMANNOFOSSIL LIMESTONE
= 5G 61 velcanle mh and clay. Sectian 2, 20 cm: slickensidod B grading 10 No obvious grainsize changas. amccintad with color aften
- 1 surface = drilling deformation, Sharp baml contects ot 1 - :::‘ Ll nathona. Section 1 light olive gray [SY 6/1) gimliog 1o
& Sectlan 4, 50 cm and Section 5, 50 cm. Section 4, 60-70 = 5GY 81 light beownish gray (5YR 6/1] and greenish gray {(BGY
z 10 [— cm: coarse layer recrystallized larger foraminifera, sharp 1.0 6/1). Bassl cantaes at BO em (Section 2) and mixed down
2 bhasal contact, Section §, 130140 cm: coarse layert of weatd by burrowing.
E benthic foreminitern.
- ] SMEAR SLIDE SUMMARY:
EYR AN SMEAR SLIDE SUMMARY: sYEN Lijes
1o 170 184 o
SYR 6/1 DM ] Taxtire:
- Textura: g Sand 5
2 Sand 1T - ] Loy Silt 3
Sin 2 - 21 ] Clay 60
Clay 79 - . Campasition:
5YR 6/1 Composition: - BV 81 Orher clay mineraly 10
Feldspar - 1 -1 Carbonate unspecifiod 20
Mica - 5 1 Faraminifers 3
» Zeolites - Naanofossils 62
E = Other clay minwrals 5 34 ] L Valcanic gless 3
- Carbonate unspecilied 50 0 ] Mg-calcite rhombs 2
e E Foraminiers 5 - 3 E EY 81
s |= Mannofomil 33 5 o . ll L I lJ L I PHYSICAL PROPERTIES:
z 3 Valesnic gless Pt g 3| 7 5681 75 3m 436 809
= ] 238 — 23 —-
PHYSICAL PROPERTIES: - By 248 —— 255 ——
118 342 3108 575 5 5 216 220 218 210
¥ 214 - — 242 3 SG &N 146 141 146 163
¥h 218 248 — 253 = o P
Density 206 — 216 218 3 L CARBONATE BOMB:
= Water content B0 -= 158 143 E 270=78
i BY 61 470=83
2 CARBONATE BOMB: 87047
3 HI0 74 sGan
4 470 =76 4
" ORGANIC CARBON: -
= 4,102-112 =0,18 1 BY &1
65,5154 = 0.32 3
5YR 8/ s = sGan
Pha na
N2 BY B/1
5 i
- £ 6G 8
cc = 5 = Green lamination
e [ — voio 3
1
z BY 8/
% 5681
N4
5Y 61
5G B/
B &
5Y B
SG AN
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SITE 516 HOLE F  CORE 55 CORED INTERVAL  BB82.1-691.6 m SITE 516 HOLE F  CORE 56 CORED INTERVAL  891.6-701.1m
g FOSSIL g FOSSIL
A E CHARACTER " g CHARACTER
B |z leln z| @ g |z 3|8 2
2, |Bu|E|2|% 8| g GRAPHIC 8. |Eu|E| 3 gl g GRAPHIC H
e ;é E 8 H £| & LITHOLDGY LITHOLOGIC DESCRIFTION o :g B E E|E LITHOLDGY = LITHOLOGIC DESCRIPTION
R EHH IR EE e HE H R 23lE 3 2
= 1= |3|g|e|E]| |® 27 |E 1328 o Hsly
A HHEE R HEHEHE R
® |2)= a = |2|12]|2]a 3
N3
& EYR 61 MANNOFOSSIL LIMESTONE NANNOFOSSIL LIMESTONE
i Cyclical color alternations cormespanding to thoss described Color grading, but not & sharp as in Cores B4 and BB,
) ?‘JM L for Core 54, Basal contacts mixed downward bry burrowing. { Basal contacts mixed downward by burrowing. Gresn halo
= 1 1 P — #t Section 1, 110 cm and Section 4, 40 cm. Section 3,
SMEAR SLIDE SUMMARY: N3 45, 55, and 65 cm: pyrite In burrows, Section 3, 106~
H e 120 em; dark (5Y B/1) band with gradationsl contacts
£ o 5GY 81 ubove and below. Section 4, 10-30 em: vertical burraw
2| Texturs: YR 81 filled with gisconite and pyrite, green {SEG 3721
= | H Sand 10
3 i Silt ‘Tg { SMEAR SLIDE SUMMARY:
E|3 ) Tt I:WE 170
3 I Camposition: 5 et - Green o
] T oamarsias ] -
i Quartz ! ~ A structures Teoxturs:
< Feldspar 1 s 8
] = e} Sand 1
Carborats umipacifid 18 z 2 ] van Sil 5
Foraminifers 12 © 7 save o P
Narmatassis ] & AN,
Mg-calcite rhomis 2 ? 6G &1 Camriz . T
PHYSICAL PROPERTIES: i
v ;'g: 243 Foraminiters TR
i 245 254 fannofosli &
Deraity 18 — o v
Watar content B0 § i i PHYSICAL PROPE TIE:: o sas nem
fri v 227 — 224 -
CARBONATE BOMB: - U v:. 232 _ 242 _
ik 3 Danity 205 218 218 215
E Water content 181 166 164 147
CARBONATE BOMB:
f{ 27075
470=71
d 3 570 =76
) 4
E
& : = : .
E — Note: Core 57, 701.1-710.6 m: No Racovary
>
% ﬁi— s
. S——. g s87/1
_: T eeo_1 EYR 6/1
5| Je sl ¢ SYR 6/
ki N3 mixed
with
5G 8N
- 5G &1
[
.ﬂi 56 61
7 (?
cf voID
amiena | B cc
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SITE 616 woLE  F  come 58 CORED INTERVAL  T19.6-7166m SITE 516 HOLE F  coRre 59 CORED INTERVAL  7166-720.1m
g2 FOSSIL ] FOSSIL
g § CHARACTER i 5 CHARACTER
8 |5ul2]2]E Zl e : M EMEE HE
Ee |C¥]|E gl GRAPHIC i3 £ |88 = S| E GRAPHI
it :E H a H E E LITHOLOGY . H LITHOLOGIC DESCRIPTION TE =§ g g g HE Lernl.ogY LITHOLOGIC DESCRIPTION
g7 E" 15| 3| E| (%% S EE M HE R g
al BHEHE Tk al BHHHE !
& 2 5 1 ) g |& 3 3|
] T 1 g
= e | ,l' NANNDFOSSIL LIMESTONE 2 { - NANNOFOSSIL LIMESTONE
I!i—""‘ Ti-cea == | [ Light blulsh gray (S8 7/1) marly limestone, motthed with oy l Light greenish gray (SGY 8/1] marly(7) limessone with
Jom—mll | medium gray (NG Burrows throughout light gray [10YR 1 larminations and burrows of blue gresn (EBG 8/2-7/2) and
1 T 6/1). Section 2—Caore-Catcher: same as sbove except there - 1 J light olive gray (5Y 6/1). Burrow, 34 em long, in Section 1.
= ] —1 |l are zanes in the care whers the color is light gray, thess H ] 4 Saction 2: sama a4 sbave but with zones of horizontal
E 0 I z Intarvals ssem 1o be highly bioturbatad. burrows or lsminetions of olive gray (B 4/1),
- = w
& . ; { SMEAR SLIDE SUMMARY: =2 z SMEAR SLIDE SUMMARY:
g ] S 247 270 3 " 181 215 270
g 3 ; { o oD Ele . M M D
g | Textura: = * Tawtura:
fri} . Sand 2 TR T 1 2 1
= sit B 40 < 2 St 50 50 24
2 . clay 83 80 o + . Clay @ 4 7
E Compenition: M| B Composition:
Quartz 2 TR Quartz - TR TR
Fuldspar TR - Haavy minerals - - TR
o= Heavy minsraly TR TH Znolites - ™ =
. Zeolites 1 - Other clay minerals 38 40 40
2 Other clay minecals B0 55 Carbonate umpecified 2§ 40
z Carbonate unspecified — 30 Faraminifers TR 3 TR
Foraminifers - TR Nannotossit 60 50 20
Nannofossits 2 18 Valcanic glass TR TR -
t—T 11 Valcanic glass TR TR Dolamite 2 1 -
amice| m ces Dalomits 0 TR Micronadulss - - TR
Micronodules TR TR
Fecal paitets(?] B - PHYSICAL PROPERTIES:
14
PHYSICAL PROPERTIES: v, 248
118 178 2118 355 Vi 2.48
vy 239 — 255 2852 Density 226
Viy 243 268 257 283 Wiater contant 121
Density 218 222 223 ixn
Water content 138 — 128 132 CARBONATE BOMBE:
170 =70
CARBONATE BOMB:
270=73
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SITE 516 WOLE F CORE 60 COREDINTERVAL  720.1-720.1m SITE 516 HOLE F  CORE 61 CORED INTERVAL  728.1-7381m
u FOSSIL o FOSSIL
o 5 CHARACTER § ; CHARACTER
2 |5ulg]2 g|e MAF z| e
Euw = -4 oW @
TE|EE|E| 8 E o @ | Soaene | o LITHOLOGIC DESCRIPTION R g 2l g GRAPHIC LITHOLOGIC DESCAIPTION
HEHEE 8| & o6Y | 12158 B LITHOLOGY s
w 1 o=
N HHEHIE ¢ R HHHARHE :
F 18 |53 g £ iz F 18 |k HEE E
R HEIEH ¥ 5 |2]2|3 |5 3
=TT
j P BGY 7/1
S ress A MARLY NANNOFOSSIL LIMESTONE BGY 811 SILICEOUS MARLY LIMESTONE
osT T 1T TT1 Light grewnish gray (5G 8/1) marly mannofosil {imestone 5GY 2/1 Burrawing confined 1o light colored layers. Section 3, 100
— with rones of darker colors batwesn light gray [5Y 6/1) em: ath layer 5G 41 and pods of coarse sediment within
—_-— — and olive gray {5 . Burrows are more sbundart in i SGY 11 i
1 {5Y 572). Bar . 1 thy 1 taminations.
darkar arsm. Vary fine green lsminations. Section 2-Core-
1.0 —rmrrmrem— Catcher; sme as abova, but with some very fissile layers. 1
=n | These highly fisile layers are righar in clay minarals, allve SMEAR SLIDE SUMMARY:
T gray (5Y 4/1). Nannofossis am better prosrved within _ T2 TA0: A T8 A5
L 1he fisslle Layers. z 5Y 573 g Al
11 = — 4 .
SMEAR SLIDE SUMMARY | z Y 472 exture: o P
270 104 2108 z cBg sY 7/ Sk B SE me g
- o M L] z L sy ciny ® = e _
R . Diark greenish S A 5Y 412 Compatition:
2 1 larmiratians Sand TR 1 2 Y5 Silica cemant - - - 26
z sit w B 6
Z s : Guartz ™1 o3 1
B ool Clay e 70 B84 = BY 412 Feldspar =" 2 1
- B=n=—= Campasition: ! 8Y 711 Mica 2 5 =
E 5 ™ v Wt v Quartz TR TR I: St i A = E
h Feldipar - - : .
z
m [P gue— T - 2 Heavy minerels NN 1 TR
I Zealites ) - 2 2 Zeolite N - - 2 ;0
B Othar clay minerals 45 B0 73 Other clay miperals  ~ -
= Carbonate unspecified 35 15 L) g Carbon.n.- unipecified 10 14 5 20
o i TR TR o - i I Foraminifers 5 TR TR -
bl il = . L Nannotossits w 12 7 1
k] 3 = Mannofossils 0 M 7 g 3 £ oy s | V;Tm 0
o = Valeanic glass - 1 3 E ] #anV 1z atenss palaganite % 8 72 -
B 3 - Sponge spicules o R 7 & o e Dalarmite - - | T
E B m— § Rp— = Stylall e/ Choma - i
LA E 1 Saiottet PHYSICAL PROPERTIES: 5 Apstite iite 3
T T 17 e,
- v :W 4'_ ® Ci PHYSICAL PROPERTIES:
\,: 280 286 311 n v 14 :j
Dansity 223 223 228 _ b e v
Water content 113 135 101 (g = —  Foraminiferrich ;:‘nul\r :: g:
= = 4 SYR B/1 mixed freovetiie, i
= CARBONATE BOMB: & with 5GY 611
= 270 =18 = b
B . CARBONATE BOMB:
5 470=69 ~— EYREN 270 =62
70 =72 470 =59
ORGANIC CARBON:
l— sovan
3, 141-142 =027
5
|— Clay batls
" ay bl
FC!
P e {
voin
AM
L voio
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SITE 618 HOLE F  CcORE 62 CORED INTERVAL  738.1-747.1m SITE 516 HOLE F  CORE 63 COAED INTERVAL  747.1-756.1m
g FOSSIL g FOSSIL
% ; CHARACTER 2 ; CHARACTER
3 |zule|2 zl g 8 lz.lzls zl e >
=t g§ HE 3 2l & GRAPHIC LITHOLOGIC DESCRIPTION o 55 w E § Al GRAPHIC = LITHOLOGIE DESCRIPTION
HE 5 ol | LnoLocy 1 Z BBl g G| 5 | umowosy |3
M H s # PEREI IR 2y 2
3 |& 2 2 E # = 5 i|lz|2 g w2 5 &
R EHEHE § R EHE Sieel
s |2]2[2]3 g |=s|z|=z|ad E =l
B Tl :J‘} cwE i e
E GAADED LIMESTONE
GRADED MAALY LIMESTONE S ) ‘
— 1244 - Disturbed interval 20-50 em (Secthon 1. Abundant
05 ™ Glaueonite throughout. Section 2, ES_-HE em: dark 050 “ s & m“tm e e A o
4 » greenish gray [5G 4/1) volcanic clay. Section 3, 10-32 em: B Ne al rater ndics : tos, and bryo-
. F = . z zosns, Section 1, 120-150 em: brecciated by drilling.
W7 sandisize qrains, heavy minersli and wthigenic crystals. 1 1; g s auadh, Sue ¥, Y 18 v Sty gelink
1.0- N7 1.0 “‘ em: flow structures, drawn cut lenses of coarser sediment.
SMEAR SLIDE SUMMARY 3 laad Section 3, 5060 cm! large burrows. Section 3, 110-120
170 s 4/ em: bioturbated ash layer. Section 4, 25—35 cm: ash |ayer,
] 8 Voins o 5G 4/1-N4. Coorse layer, N4, at Section 4, 135 em to
- Textura: H M Seeticn 8, Jem
ot i 0 . [ [~~smwmcomace SMEAR SLIDE SUMMARY:
F . 85 - 4—1 BGY B/1 30 2m:
H E EE“I:ID"['OH' — { b o
= 2 N 5 i 2 . Tewture:
N1 ] Other clay minerals 20 J y
g i ESTEA LY. Catbonate urspecified 40 e 3540 oriclg ;_-Iul-a : g
= g e R ] Fosaminitars 8 A SGY 8/11n P 20 60
] Nannofossil 21 A ook fe 44, c:.- -
T Volcanle glass 5 e mposition: ,
L VoID w Quariz : 5
] 7 iy PHYSICAL PROPERTIES: . 5G 471 Faldiper =
+r-3 564N 170 248 356 &) T ::; & 8
] v 2713 — 28 — " &
= Ill" 1 : 1IT| l m ;z, _ e » N3 Heavy minarals - 2
T 3| Jaos virentens dignd o ST : = 3 N4 e
[ - J — 145 123 3
E = el B pasl 1 Crude grading Water content mnr § 2 3
———— w - 3
- 1 L ) CARBONATE BOMB: el & Voleanie glass and =
z R Grean famination 970 » 76 3| i palagonite ]
45 - = 2| %
s w E i PHYSICAL PROPERTIES:
{ kit 172 270 388 S56 67
v, 254 — 17
4 = Vi, 272 — 28 — 28
" l Dansity 225 231 228 228 228
| B a { Water content 127 11 108 112 0T
CARBONATE BOMB:
270 = 67
47065
670=72
1=
'?m
= L
e
5 [
BT \,I.-|-.-.:
T T N3
[ o S - 10¥ 472
with cimsts
Z 5YR &1
L] tﬁh_&
|~ VvoIDs
-']_/ SGY 61
~
A0 | ctay bats
!
. z'.{
Ple
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siTE 516 HoLE F  coRe 64 CORED INTERVAL  756.1-765.1m SITE 516 WoLE  F  come 5 CoRED INTERVAL  766.1-774.1m
o FOSSIL g FOSSIL
. E CHARACTER - ; CHARACTER
8 |zule|z]e zl e = g |z als 2
- |22 & S =8 - GRAPHIC 3 - ] HE 5 = GRAPHIC "
4 ;§ 3 z 5 E LITHOLOGY s E=. LITHELORIC DEECAIEYION £ ;E E g : 5| E | umoloay Z2 LITHOLROIC S IETION
£7 (2715 5[3|E] 3] * EEEE 8 e A HE M H it
Folg HH = 3 E |z g 5|k =
M HEIHE 4 A HEIELE 3
g 11
Lightar 56G 6/
{ RECHYSTALLIZED LIMESTONE { SYR &1 LIMESTONE {MICRITE}
# NE-5G 41 Light afive gray [Y Bf1) except where ctharwiss noted. . 05 ‘ Section 1. 60, 110, 126 em and Section 2, 60 em: green
Section 2: 5Y &/1 burrow fill. Burrows recrystallized — z \i . lsminetions,
' r biotches shown es biack hers. Section 3. 80-85 cm: o 1 !
M wregular besal contact simslar 1o gradations noted in Core ] s { SMEAR SLIDE SUMMARY:
6. Only this is the recrystallized version. Section 4: strung- g 1.0 \ 170
a out burrows — anghet are not a resuls of drilling deforma- @ ( b
5 f o | ok tiom, 2 - -("-'—F_ voID ;:nmue: :
= SGY B/1 SMEAR SLIDE SUMMARY: E P i I I G | 5“:" 20
% 140 2 e { 568N Clay n
: — S Composition:
Fodre: = 2| RN [T Dther iy minerals. 20
= 2 [T iy s = T SYR &/ Carborsty umpecifisd 70
z o = TTTTIT Foraminifars 5
= i L % LI 50 . Nannafossils 5
1 Composition: & ;I:-—'ﬁ
= [=— Green halo: Cuartz 5 oM| 8 . T 66 611 PROPERTIES:
£ Fecrvraifived Wik 3 N TR I I PHYSICAL PROPERT! E|.|'m -
Gtauconits 2 v 271 —
Other cisy minerals 20 v 280 —
Carbonate unspacitied 70 D:ﬂl'“" 224 228
cont 123 110
sYRaA PHYSICAL PROPERTIES: i
3 1106 236 377 3108 460 5130 :
Y e v, 261 — 272 — — 88 CANBCOIATE MR
BYR 4M1: blotches ¥ 291 — 265 337 264 303
Density 229 277 23 — 2289 1M
g L= Water cortert 108 124 106 — 126 83 SITE 516 HOLE F  CORE B8 CORED INTERVAL  774.1=-783.1m
3 . o FOSSIL
8 | CARBONATE BOMB; S SHARAETER
& 2:70 = B8 § = - g -
= 470=53 Swl] 2 2 >
=2 S EH R ol & GRAPHIC
E ORGANIC CARBON: | & :§ £ 8 E 5l E LiTHoLoGY | gle s ERERQLORC DR THON
y 1,1-3%020 g° 833 = E H
SYR 4N 6,26-30 = 0.28 £ H £ =
] HEE =
= [2]|=]2]5
& SYR 81 ¢
= N7 NANNOFOSSIL LIMESTONE [MICRITE]
; GYR 61 Section 2, 70130 cm: heavily burrovwd layer,
[ 1 o SMEAR SLIDE SUMMARY;
s 170
- o
Texture:
5 Wavy, Strung-out Sand B
burrow traces S 55
SYR A/, L L —voip o o
[T Composition:
Other clay minarals 30
5G BN Carbonate urspecitied 42
! ¥ z Foraminitars B
ile 2 N7 Nannofosils 15
- & 8 EYR 4N Voleanic glass 4
'Rp & & |8 ( Micronadules 1
5
2|2 5YR 61
E y PHYSICAL PROPERTIES:
it 1118 1122 2103 3100 466
" — — AN — 2m
10YR B/4 v
{ Vi — 286 288 —- 288
Density 224 -- 228 227 226
T { Water content 127 — 112 N7 120
£ 3 ! CARBONATE BOMB:
: 2 b 170 =70
ﬁ v 470 =60
é 10YA 64
. vx
e it
wie
o T Tl A R s
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518 HOLE F  CcORE 67 CORED INTERVAL 783.1-786.1m SITE 516 woLe F  cope 68 coORED INTERVAL  788.1-7821m
£ FOSSIL e FOSSIL
i § CHARACTER ” ; CHARACTER
-MEMBEEE E| 2 > - EMABEE Zla
s g &
i 2zt % 2 2 m""“ H LITHOLOGIC DESCRIFTION EE|EE|E E 2 WRAPHSE 4 LITHOLOGIC DESCRIPTION
HHE H o u LOGY =5 . lg o E 5 LITHOLOGY
A HEFHE HEE PR HEEH B3 g
= E
N ERHEHEE b R HEHE E+H
= § a =3 a |8 = |3 k& 5|
- - = J
B 5 NANND LIMESTONE (MICHITE) T CALCAREQUS SANDSTONES AND LIMESTONE
z 0.5+ 2 Light gray |SY 6/1} w;“; ory. finy 9'-': Haaiond nd 05 BRECCIA interbeddsd with MARLY LIMESTONE
i . Jow daricer aeaay whars burrcwing fs mors intsnes. 1 158 cm of marty limestane overfies 180 cm of sand units,
& L - ( L) - soma gradad, some crosy-bedded, and all inferred 1o ba tur.
.D-: SMEAR SLIDE SUMMARY: o Iigites. Coerss froction of snds corsists of carbonats,
10+ 1 270 10 J. feldspar, and msinor quartz plus other components. Mott
- D -1 feidspas highly altered, Underlying sandstones are 2 lime-
7 Texture: = : stone breceiss, 15 and 30 em thick, interbadded with marly
i Sand 1 Z limestone Kike unit ot top of core. Clasts in breccsss up to
- 7 Sit %0 £ 2 cm diamater, angular, similss to limestone underlying,
E . Ciny 56 = %
=] Camposition: N SMEAR SLIDE SUMMARY:
e 2 280 288 342 348
oMl B 2 . Flcipar 2 Al o b D D
" Heavy mingralt 1 2 BE T =
= Zeolites 1 re ks A Gand w0 6 &5 3
s Other cloy minerals 56 g = St 0 10 15 &0
3 Carbonnis unipecified 20 E|" %J Cla 40 2/ 80 5
= Nannafassils 10 s l:m:pnlllinn
3 x:”‘w 1: . = Voleanie glass — TR —-—= —
Pt Th et Ouartz joo 2 }TR }s
5 " Feldspar (shtored) 15
PHYSICAL PROPERTIES: ; g M,,,,_mﬂm:.l::w =3 e R A
" ;;ﬂ 3 ¥ "'E-. Other elay minerals 40 25 80 57
V' ZITG . Carbonate unspecified
i 24 i hilica) — 5 W m®
Deansity 2.2 % { Forsmintten T e RE 2
Water contant 128 o IT\ - L : I I Nannetossily e e 5
2
CARBONATE BOMB: a - S I:: 5 ﬁomumsd.:. tragments 50 B0 — 10
270-56 4 = Silica {smoephaus
AMRP | B i 8 { canent) = W o= e
PHYSICAL PROPERTIES:
1136 2125 48
v, 338 203 —
Yy 342 22 32
Density 243 203 239
Water contant 78 226 W05
CARBONATE BOMB:
270=24
450 = 61
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516 HoLe F RE 71 COREDINTERVAL  801.1-810.1m
% FOSSIL &
CHARACTER
x |3 x g
8 |=ulels z| @ 8 |= O] z| @
] = o 212
SE|RE|E é g £ LITHOLOGIC DESCRIPTION sE EHE 5 g & e = LITHOLOGIC DESCRIPTION
A HHEHEEE g N HHHHEUE T 1E
= E |= =]
al BHHHE : A HHE eyl
= o - =] |l | = a
]
$ J NANNOFOSSIL LIMESTONE (MICRITE)
Light bbuish gray IN7-58 7/1), mottled. Section 1, 8085
! NANNOFOSSIL LIMESTONE IMIGRITE) ( em: large yellow clast, Waem tubs fillsd with expanding
Light gray (N7), same i the lower portion of Core 68, Bur- elay, N7, Streak of glsuconite 5G 372, Flatened worm
terd Tincushout. et burrsies ey dwlormd. Thers afy J wubes. Section 2, 38 cm: gresn lamina, otherwise all [sminse
£ |, JoM faw green 1pots end faint shaded arecs. Colitic grain(?), i are 5YR 4/1 1o 5YR 6/1 in N7 groundmass. Cranulated
o e e ( laminae? or fattaned burrows? (loaks more like flattened
& z burrows). Section 2, 110 cm downward: burrows  are
o= { SMEAR SLIDE sumn‘ii;: 220 lstohes af 5YR 4/1-5YR 61 in N7 groundmass.
g ° ’ SMEAR SLIDE SUMMARY:
i Tenture: 170
i: Sand i TR b
Silt 47 40 _
E|E e Clay 50 B0 ;;“‘“""- ~
E { Composition: z ik 50
K ﬁm;u il, ‘I-'n E Clay 50
a Composition:
Pyrine 5 - (
3 Pyrite ™
) Zeolites 2 - } o ineral 2
Other clay minerals 50 55 o oD Shry .
5 Carbonate urepecitied &0
Carbonate unipecified 6§ 36 Foraminers 7
.i Faraminifers - TR 2 ( Mannafossils a0
Nonrotossily 36 0 § 2
Volesnic glass TR TR & ( Volcanio e
::I‘m e ™ 2|z P PHYSICAL PROFERTIES:
a/Calcite = 2| a 1-113 270 386 485 588
ElE ( v, 251 285 269 — 2184
PHYSICAL PROPERTIES: = \i; 272 2898 296 — 3N
147 2130 Fezpvinzy |/ Dentity 228 23 23 2m 238
Ve 283 713 —| = e T 7 voID Water content 12 963 100 102 60
Vi — a7 Lo (_
Pecutry 249420 = { CARBONATE BOMB:
Water content ME 114 B - 470 =69
e
CARBONATE BOME: 7
270 = 65 —‘_
T 106Y 372
516 HOLE F -]
o FOSSIL Iy . 06
” 5 CHARACTER E l [
g |Eule]s z| = - S 2
= ES I 5 Bl a H LITHOLOGIC DESCRIPTION é 24 | e |
‘2 |=R|E L] I G o
£71E7 5 52| E] [#|® ++H T TTI
F |z £ = § B I =
FRHEEE 3 TTT &I
i t AT
] NANNOFOSSIL LIMESTONE IMICRITE] B > T1I
0.5 Greenish gray [5GY 6/1), very similar 12 the last core but --—.L-L.J.__La,__ |_— voip
= - Hitrla more burrowed. Burrawed throughout and with green
E ] and black shedes snd spots. Most of burrows SYR 6/1
x -
HE 1o SMEAR SLIDE SUMMARY:
3 3 270
2 = o
2 Tecture:
7 B Sand ™
= 1 Site 0
c } Clay 60
H Composition:
Other clay manerals 46
fFe/ Carbonats unspecifisd 40
i ol Foraminifers ™
MNannotostily L]
Valcanic gless T
PHYSICAL PROPEATIES:
122 181
v, — 281
\r" 296 277
Denity 20 21
Water content ns 17
CARBONATE BOMB:
250 = 48
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SITE 616 HOLE F  CORE 72 CORED INTERVAL  810.1-8146m SITE 518 HOLE F  CORE 73 coReD INTERVAL  B14.6-8236m
| FOSSIL £ FOSSIL
- ; CHARACTER s § CHARACTER
2 |z, 129 z| @ - g =, OF z| w =
== 22|15 & £ 8 GRAPHIC i € |82 FHE o1& GRAPHIC =
.g ;% £ g s £ E LITHOLOGY 3 2 & LITHOLOGIC DESCRIPTION I EE Et E E g LITHOLOGY A < " LITHOLOGIC DESCRIPTION
= w 2
7| |5|8 3 § 8| = = b £7|E S|z ; @ - -
FolE |2 8|5 HER % F |8 HE B i
EHEHE E2 & HEHE =2
s bPI0] ven i { Ash miixsd with
NANNOFOSSIL LIMESTONE (MICRITE] :‘LI'LTJ‘T‘H‘L .L feoitnng  NANNOFOSSIL LIMESTONE (MICAITE!
Blotches - recrystallizsd burrows 5YR 671, N7 = marrix A " Greanish gray (EGY 6/1) and NI groundmass. The iower
. calor, Volcanic ash grayish green (10GY 6/2) in Section 1, ( part af Sscrion l. carsists of ash and limestane becoming
1 ' 106Y 572 Soction 2, 3064 em: graded volcanic ash, Section 2, 1 + :mmnm-d. &a"z.‘:'nm;:r N-;Mﬁm-:;mn;nﬁ';
b 3 i 3 contacts, t ion 2, emi il
t 35—45 em approximately B cycles of 1 cm ot 5G 81 bor Gi o B::u;* etk n Pean L - i
1om of intpreal snd GG 471 tap of interval. Thin, green 56’“44"“ wi B ritic-type gr on 2, :
; 5GY 7/1) laminations a1 143144 cm of Section 2. / tlack, ash layer soens to have acied a3 8 decallamant for
{ Expending cheys and volcanic ash with a thin bed (G 4/1) d'wﬁ;ﬁﬁmx&ﬁzﬁfﬁxﬁ :n":lm::l
it 100 ion 3], Section 4, 20-40 em: expandii brow .
z ( ‘ﬂlﬂll:mlﬂl's.n i » speried (n limestong with green laminations In N7 ground-
@ 1 ( mass. Saction 3, 140 cm—Section 4, 15 cm: masive clay:
£ stone, N6, Good preservation of burrows and gresn laminss
= H SMEAR SLIDE SUMMARY: é in area of Section 4, 140 ¢m,
70 280
£ 2 . D D ?
( SMEAR SLIDE SUMMARY:
Texture: 180
= Sand 4 { n
= Silt w1 ] o
2 Clay 8 6B = { Tentune 2
El|l ne Compontion: — i .
= Ouarz TR 2 1 { |:|1.,- -
i =i F 2 ~ Compoiition;
! Mies i - b g
- X Pyrite - a4 = uartz ;
3 Green laminations Gl X 5 8 3 = ! ::w 3
l Other clay mineeals 7 4 5 -z . e e :
56V 712 Foeaminifors 5 2 £ Carbonate umpecified 15
1 Namnotossils 70 60 : - Focaminiers il
{ Valianic gloss end 2 E Nannotossils o
e palsgonite w0 T Valeanic glass and
( PHYSICAL PROPERTIES: [—— Green laminse plsgonine L
4 N4 wmlé 24 255 361 443 5 PRIGAL FROPERTIEE:
SGY 7 v, 286 -— — 18 — — 3
¥ 117 3120 457 568
ce/lrc n ( serice v 206 304 231 302 — : { . S M e
Miewt | & H- VoI Density 23 — 277 2} 1% 4 Z vy, 340 320 297 299 208
Water contert op — o ar 8 N - i ( oy 356 Dae e a1
T T 7231 48 100 100 —
CARBONATE BOME: s T T Watar contant 84
2.66 =68 = = CARBOMATE BOME:
é f— !om 2.70 = 67
= presarvation i
= ? of burrows and ok b
- green laminae
— f=—— Grean laminas
s| 3
- BG 61
= — | N7
i 6 I
8 1
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SITE 516 HOLE F  coRe 74 coRED INTERVAL  B823.6-8326m SITE 516 HOLE F  CORE 76 CORED INTERVAL  B326-8416m
] FOSSIL s FOS5IL
- ; CHARACTER - g CHARACTER
2 _|Bulg]2]E gl & g |5s|2]2]¢ z| 2
2= |BEIE] 5 2 GRAPHIC = - ] z| 2 gl = GRAFHIC =
BHEEEE £ & | umorosy | 225 LITHOLOGIC DESCRIFTION i EEEEE El 8 | umhotoey |32 LITHOLOGIC DESCRIPTION
wS[INIEIE| ] ol w 4 = wS [Nl 2 < i ] @
£IE |5 8|3|5] |®]= E £ |8 1382 a2 EEEL 2
£ |5 HHE 2 =l 5|23 |5 EsEH 3
o § HEEB = s |2|=)=|&8 & o
Z+ Gt g wied vem s
i —| ICRI
] NANNOFOSSIL LIMESTONE (MICRITE} NANNOFOSSIL LIMESTONE [MICRITE)
1 i - R Complex imterbedding of muds, clays, ash, o crudely
D5 s yfpre 2ahon Al laminae green (10GY 3/2) unless otherwise Indicated 0 = y
A 1 e v ettt deks it i =111 graded beds. Biscuited st most contacts. Gresnish gray
I ) = 5Y 112 splhalbirplpaloRbais o N Esssnear B {6GY 8/1), 045 cm of Section 1, grading downward to
-’% o Fill stong, Section 4 s similar to Corr 68, Section :'['J' ]J'TL_»b' i grayish red parple (SHP 4721, Section 1, 8372 e mih,
o - s e | derk gray ot basa grading upward 10 graunish gray. Section
7 SMEAR SLIDE SUMMARY: B T T * 2, 20-60 em: light olive gray layers with sllty grain tize.
170 827 ] = BRF 42 Convolute faminations and contorted beds appear in the
1] [+] _L upper gart of Saction 3.
- Burrow Tuxture: {
Sand 2. 3 7 SMEAR SLIDE SUMMARY:
st B 45 ] { 1108 283 380
Casy 60 53 = E = n 0 D
Compasition: ) ot
2 2
Quartz - 1 - Sand TR Bl B
Pyrita E 1 - - . Sin 1] LT
Hoawy minerals = 1 m Clay 0 3|/ 70
Glatsconite ) - . Compasition:
3 Zeolitas = ' I T ] Madium dark gray 50, § W TR
o Othwr clay minerals 20 33 ne=s = voin Felditpar 5 4 TR
E Carbonate unspecitied 31 10 z Pyrite B - =
Foraminifers 5 - b { Heavy minerals 2 0w -
z Naninofossiis w0 40 ] Glaweanit - - TR
g WVolcanic glass 2 TR - I Othae clay minorads 41 36 37
w -
3 Dolomite/Calcitell] - 10 3 = \ I Bl Carbianate unipecifiad 1
ﬁ Apatite/Chamotite - k] —_— | ﬂ i cleymione Forsminifers ;0 —z 2‘3‘
= -r Nannofossls
E PHYSICAL PROPERTIES: B | { Silicotisgellates - - ™
1117 211 381 4140 540 66 Z | Valcanic glass 12 TR
v, 208 — 27 — I8 — ol 2 Mictonadules - - T
\l'h 3N 31 307 3N 392 282 1 i ( Shale fragments - - il
Dansity 238 233 230 234 I 227 g
Wamecontent B94 BAS 99 87 827 113 o PHYSICAL PROPERTIES:
§ E 188 2.108 4110 53 584 B143
= CARBONATE BOME: = v, 302 278 — 227 380 2.8
F * — Mast 270 64 E 4 { i I08 292 336 235 383 285
z claystana 4100 =52 Y Deansity 250 220 2147 206 278 226
@ 570=50 Weter content BE 107 758 219 536 122
{ e gr.uum:-nm ORGANIC CARBON: CARBONATE BOMB:
v 4,120-121 - 0.30 T
— . 2105 = 65
4110 =71
= T
L — s 5 |
= [ Limenons ; L, | BGY 81
| T
-+ 2
| | seven : | bz
’ [ el |
FC/ [ i,
] i | 8GY 8/1
Im & E s, s, s e P
| Irrxrrml
o L |
e e
n SRE 472
e
i # 1 e e s s
I N I
o S s e o
7 R ]
B |
FPlB
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. 850.6-859.6
SITE 516 HOLE F core 77  CORED INTERVAL
SITE 516 HOLE F_CORE 76  CORED INTERVAL 841.6-850.8 m - vy
2 FOSSIL z CHARACTER
. |E CHARACTER H 2 = ] [
8 |=.l22 z| & 2, |Eu|B|2 : 2% GRAPHIC o LITHOLOGIC DESCRIFTION
B |ow|E] 2 ! =] GRAPHIC LITHOLOGIC DESCRIPTION 13 |ES| & § E 5l E LITHOLOGY o
R HEE 5| B | urHotocy 35S o M ELE HELE] gl % g g
£ (575 5(21 8 |2 = SEEE S I HHEE EEE
£ H 3 = g g |8|3|5|2 FHEH
HHHHE i !
. | LIMESTONE (MICRITE)
CALCAREOUS MUDSTONE B A ;
" 3 ) " . Few nsnofonils in the imervels examined, Limestone:
= i I 4 (= Girsen [aminations Calor: 10YR 81, Saction 2 {upper mnl micracanglam: 05 i light Browmish geay BYR B1] sightly mndy calcansous
| srate containing graime up t 3 mm, including quartz, { midstone. Cheyitona: preesih. goay (605 B/1] Dirrowsd
® Basalt?, fimestans, and valesnic glass. Section 3 is greanish 1 1] G R ¢ = Sandstond: ieh
1 - 5Y 81 . W e - ( with gresnish gray iBGY B/1], stone: gresnish gray
il | mud or claysiane gray and light brownish gray marly n-u::‘r:m [5G 8/1) with black, white flecks (sand-size), There is
et ¢t W L thenpghots  Sheem) B0 1007 0. 4 X / » pelocypod valve {2 cm st Section 2, 32 cm. Section 3,
1 Intarinl.. 1 void 1268 cm is & mixture of limestons and claystone. Section
- g 1 1 ¥ 4: mud clatts in sand to sndy silt matrix.
4 SMEAR SLIDE SUMMARY:
iOnEE - TR A Ll A I SMEAR SLIDE SUMMARY:
| o B B D D 284 3148 624
: Texture: o o o
|22
=y Sard TR 1 o Teiitiras
iz M it 0 o 0 10 2 - § B § - W
2 I . Clay W o A o W sikt 277 s 8
vy | Compotition: Clay B0 @5 85
] &
e | Quartz } 3 }s = }5 = Composition:
1 Feldspar Quartz 5 L2 s
=~ Heavy minerals TR 4 - 5 - Faldepar H
= S l Other clay minerals 81 88— 40 100 Pyrite TR - -
Foraminifers . TR - = = Heevy minerals TR - F
= [ Voioe Nannfoassils 8§ ®» - TR - ¥ Zaolires = m  H
_ ﬁ Diatoms TR - = = = § Other cloy mineras B0 86 86
z — Radiotarians - TR - = = i} Carbonate uripecified = 1 1
- Bitive 1 o= = W = &g 3 —  Brceisted Foramintiers TR TR 1
Y 3 Micronadulet TR TR - - - 3| = Mannatomls 5 3 -
© Limonite = = e = Els Silicoflagellates - W -
5 Clny aggrogates - - = 4 = 211 Valcanic glas TA TR &
-] > -
- aa Eu’ PHYSICAL PROPERTIES: | E . R e
3 Voo 123 4118 116 283 473
v 234 212 v 215 298 297
E 5G 41 v: 246 220 v:, 227 226 304
[ VoIDS Dansity 214 1M Demity 188 184 23
g Water cartent 158 253 4 Witer contant — 2432 83
4
! CARBONATE BOMB: CARBONATE BOMB:
2 Convalute beds 170w 1 e 1:70 = 58
2120=4 E 270=1
390 =40 i 530+ 56
BGY B/ 1o g . (
5G 81 -1 { N7
J (
5 -
. € 10YR 8/1
vOoID 1 {
BYRA 6/1 =
6 i+
FP| B
B 6 5GY &1
cg
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SITE uﬁis HOLE F_CORE 78 CORED INTERVAL 850.6—-8B68.6m SITE 516  HOLE F CORE 79 CORED INTERVAL  868.6-877.6m
g FOSSIL 9 FOSSIL
% |& |_cHARactER « |§ |_cHaracten
= “ o
§U"“E;! i GRAPHI = 35wﬂ3 g2
I E i £l g | Colesy o UITHOLOGIC DESCRIPTION SE|EE|E 2 El @ Snanmic 5 LITHOLOGIE DESCRIPTION
w3 gﬁ H £ 2| & B - 'z e E 5l & LITHOLOGY ks
S AHHEHEE I A HHEEE £ EF
=1 = = z ==
g |B|5]|3|3 1 £ |8|z|3|3 3 5
Fed) 5 1
L NANNOFOSSL LIMESTONE [MICRITE] NANNOFOSSIL LIMESTOME
Faulted with graded beds. Limestane: light brownish gray 05 [l Reddish brown (SYR 5/4) i the general colar, Laminae
. (YR 6/1) calcasmous mudstane, slightly sandy. Ssnditone: . — — Sl offuets are only slightly darker than the groundmass. Section 2
1 5G B/1 with darker and almest white flecks. Section 1 has ] -1 . »t tha bottom ks darker {5YR 4/2) rones mare intensely
sl flecks? enusls busrows, T mottled. Section 3, B5-75 cm: naar vertical offsat traces.
1.0 Section 3, 75-95 om i o darker (YR 4/4) zone with
REDDISH LIMESTONE first sppaars 8t 75 em of Section N 1 micrafaudted burrows. Saction 4, B0-120 em is microlrac
2. Groanish-gray overlying limestone grades dowmward 1o - EYR 4/4 tured,
voID redelish brown (5YR 673} through a series of thin, de- ‘ﬂx
formed bads 01 epproximately 75 om, Section 2, 115145 =] SMEAR SLIDE SUMMARY:
©m is stained, near-vertical, offset traces. White laminatiors, =] 70
A offset 5G 81 bed in uppes part of Section 3. There i =— Microfaulting o
] color changs (5G /1) at B0 cm Section 3. At Section = Tenture:
1 L--LE'L_ 5GTM 4, 110=120 em a mnchucod red layer, gresn an contacts = Sand .
2 j::::;/) L? shave and balow. 2 Sih 50
E 7 e Clay 50
= =T 4 4 & —H Compositon;
= = - SM| -
= A EARLIDE mMM‘,‘:, = Other clay minerali 15
gt = i o Carbonats unspecified 35
1 ™ . . Foraminifers 5
5 E -1 . ;::"" . 3 Nannafomils 35
2| & J = = S . = - * Valcanic glass 10
2 BN i o g - . 1, Opaqua minarals ™
3 . Comgatition: s = =
3 T Cthar clay minarsls. 20 e | = ] 7 YR a4 PHYSICAL PROPERTIES:
5|5 - - 130 229 3100 483 2103 570
T Carbanate umpecifisd 50 B3
Foraminifers 5 E |2 — v, 270 271 302 303 — 285
T5YRE/2 Nannctossiis 0 & Vi 274 287 306 332 314 287
1 Volcanic gloss 5 5 3 Dty 228 23 234 238 22 200
. Water content 114 100 95 B8 - 179
1 Micronadules 1
7 T ILTTTT
4 T TTT PHYSICAL PROPERTIES e g CARBONATE BOME:
™y 2T 171 171 2433 41 4120 e 3100 = 70
£ B . o v, 282 33 — 354 — |— Large, straight faults  5.70 - 64
4| 4 = vy 313 342 279 360 4 2
- NT Density 232 287 29 I3 =]
= = = Red, limesione cobbie Wister cantont B8 &7 — B3 T I T 1 T 1 TI
. White : 5GY 81
3 = CARBONATE BOME; 2 bu 0 S 106Y 572
] T N7 clay with pumice  1.70 = 60 .é B e -
—— VoID 240 =4
5 N fri
36555 -;‘I?"?,JT ll bk
b 1 T S (il i |
:TL cag L]
5 I .
o 1 I N = = Olive gray
— T
o o o v L
3 voID
B |RP CC) S [ N8 limestane, na burrow:
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siTE 596  woLe F coRE B0 comep INTERVAL  B77.8-8886m SITE 618 qoLe  F  coRE 82 CORED INTERVAL  B95.6-800.6m
g FOSSIL FOESIL
- g CHARACTER - CHARACTER
g |5«|2]2 5|2 8 = z
Em 2% = g = GHRAPHIC = g w|2]2 ? E
‘§ E§ E z E E LITHOLOGY L . LITHOLOGIC DESCRIPTION |§ "E g 2 E T -
$71E75 ]3] (8% 3 i HaHHENNE o
B als = F zl3
= 5 N —— I
B e i NANNG-FORAM LIMESTONE (MICRITE)
T T Durk layar of light clive gray {5 8111, In Section 1 the DAILL BRECCIA
05l L T 1 groundmass is white (NG] and fractures fillad with darker ~ Compiataly hashed during deiling, Blocks and breccia
B o (NB] fimestone. Section 2, 120-150 em: N9 fracturs - of fimestane in Cors-Catcher.
1 e | = fitling in NE groundmass. All contacts broken in Section 3, t= 1
I:]‘mﬁ: 1 N7 coslesced laminations in N8 groundmass. Ash layers
1.0 i greanish gray [5G 8/1].
T T T T T | -
== SMEAR SLIDE SUMMARY: §
e ozl 210 H
= | ——-|_ voID o
= 1 Texture: g
3 Sand 20 2 |z
E L | Silt % -0
w | Z 2 L L1 . Clay a5 3 2
§ .:.. —# ' Compositian
HE P | | uurs !
i 4 i par ) 2 N0 limestone
= 7l g g | Other clay minerals 10 wrlen =
2 ' Carbonate unspecified 47
] | Foraminifers 16
E Hannatossi 20
- = | Caleits hombs &
3 l PHYSICAL PROPERTIES:
| 1113 2108 232
| v, 285 341 =
- voID Vi 317 a3
o i L Density 217 222 223
‘Water content 135 13 -
CARBONATE BOMB: ORGANIC CARBON:
270=83 3,87-99~0.24
siTE 518 poLe F core 81 CORED INTERVAL  BEG.6-BISEm
2 FOSSIL
- ; CHARACTER
2 |z, == z|lw .,
EEMEEE gl GRAPHIC = ol
= ;5 E E £ 5 E LTHoLaGY o <5 LITHOLOGIC DESCRIPTION
£2(E73) 2|2 )| (%)% ER &
= HES =
o |E|z = = Ea
o HEIEE o G il
ST b [f
: I ;L; 10vR 412 LIMESTONE (MICRITE)
! { Grourdimas eobor whita (N8). Firs: two sections biscuited,
05 |
" T ] SMEAR SLIDE SUMMARY:
1 rr il 8 30
3 D
z 101 T "ces ! Toxture:
z
= | Sand 1
B 3 .} Silt 49
§ = ! VoD Clay 50
2 . | f Composition:
i 11 Other clay mirerals 30
% ! 1 . I | f Carbanate unspecilied 56
= === | Foraminifers 8
o 2 T | { Nannotouily 5
'é 1 Volcanic glass 2
|
[ | PHYSICAL PROPERTIES:
| 1104 2.106
v, 218 235
o h \I"l 218 245
# || Dersity 211 208
rall gl B = [ Watar content 169 178
CARBONATE BOMB:
1:95=83

91¢ H1IS



o
=
m

516 HOLE F CORE 83 CORED INTERVAL  900.6-910.1m SITE 516  HOLE F

CORE B4 CORED INTERVAL  910.1-919.6m
2 FOSSIL 5]
= § CHARACTER g w:onis(;lfen
5 R.5Te z| e 2 i
I ] i = GRAPHIC & Ewld)2 gle =
HEEE HE G| & | umowsy | LITHOROGHC DEACRIFTION EHEEHHE H E| B | ooty LITHOLDGIC DESCRIPTION
g7 |EY5| 5|3 8| (5|2 2ig o R H I HRELRS EEE g
R HEEE HEH E B |§)2|5]8 ]
= alz|l=|B = ’i & § Zl81ls E &l
__f_ AM o I ‘I " I
-FORAM LIMESTO! ICRITE
H ! wxﬂ"&fh.; 1 D‘lv:: hivs tiove 4 ] / NANNOFOEEIL: LIMESTONE. IMICRETE)
8 ¢ o Mol ey o, Gt 3, B0 o e s ma o b gl imldgnis
black h lenticular inclusions of limex trix. 7] int, y
‘E 1 , ' o i Sl i ol 1 i L B » faminations snd burrows, gray (Y &/1) in Saction 2.
8 ‘& SMEAR SLIDE SLUMMARY: I-D: SMEAR SLIDE SUMMARY:
/ 1 3= ooy [ o
?‘ Texture bt ! Texture;
0 30 b ~ Sand 5
4 |
- 4 10YR 477 5 18 g b Silt 36
St g:vnpmll'm' . * o s | g::whm- W
2 . L Quartz 3 3 2 I poey Quartz 1
4 » Mica 4 3 1 Other clay minarals 15
T T LT Glaucanite - TR Caibronsts unwpecitiod 36
== ﬂ Other clay minerals 13 20 Foraminiters 8
. e ) = Carbonate unspecified 50 23 —EY 4/ Nannofasils £
z - - Faramirifar FrI Voleanic glass 5
2 jam L LI o Mannofossils 10 40 -4
= il Opsauns - 8 PHYSICAL PROPERTIES:
H p— 146 282 335 421 £135 620
PHYSICAL PROPERTIES: v, 23 238 241 248 257 —
180 280 472 B39 841 U'h 244 261 240 254 263 267
3 v, 268 238 233 — 23 = 3 Density 219 220 218 220 220 2322
' 280 255 245 233 239 g |z Water content 139 138 144 137 138 —
Ed = EY 4 Dernity 223 220 218 298 248 & |
5 12 T ( Water contant 127 135 144 148 149 1 Y 401 CARBONATE BOMB:
g | _ T I f E 1-70 = B0
= 3 H CARBONATE BOMB: 370=87
z a cmo 170 = 90 AM | — Wavy laminations 570=78
: e 370=78 coslesce to form beds
¢ el T 570=83 DRGANIC CARBON:
41T TT ; ORGANIC CARBON: B, 118=123=0.10
af LI 2,121-124=008 4
B 3,25-28=0.13 =
- z
. E
- =
— - (= Lanticular inclusions
- 1 —-
] : i
i 10VA 472
T 5 = s 10YR 4/2
Z —
= "
T § ul
T T 1T
S e s BY 641 busrow 1l
leas B 1 I F | Fi 6 Bumow, N8
L - P | P

1§T
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919.6-929.1m

SITE 516 WoLe F cORE__ 85 cORED INTERVAL SITE 616  HOLE F CORE B8  CORED INTERVAL 928.1-8386m
o FOSSIL o "
- 5 CHARACTER " g CHARACTER
8 |zul2]ale Z| FREMAE HE:
& |BEE H S| = GRAPHIC &= |oY 3% ol = GRAPHIC
12 :§ H E : B E LITHOLOGY LITHOLOGIC DESCRIPTION e 25 g i : £ E LITHOLOGY ” LITHOLOGIC DESCRIPTION
S HHIEEE St HHIRHE i
F HEEB L - 5 = 5
= § z 5 8 @ E : 2 8 3
= BYR AN / AG | ."
z NANND-FORAM LIMESTONE [MICRITE} , NANNOFOSSIL LIMESTONE (MICRITIC]
2 I‘:‘rﬁ Color: white [N8), massive and micritic. Light beownish gray (BYR 8/1). Burrows or burrow debris
2 5 ]‘ and fecal pellets in Section 1. Section 3, 30 om: semall verti-
& 1 : el burrows filled with light colored limestone. Section 3,
g MEARSLIE SUHW:T;' I 80 cm: impurities expelied from burrow by pressurs solu-
o ( SYR 4/ tion. Section 5, 30 cm: burrow fill ottt by pressure solu-
Taxture: Hom
Sand 8 4..
z Silt 52 PHYSICAL PROPERTIES:
Clay a0 T VEE 244 3128 87 77
- M Compasitian: v, 23 — 240 23 2
=f z Mo 2 Pyrits 2 Vi 254 258 206 241 227
3 Al Other clay minerals 15 (’ Denity 226 224 221 218 217
E CMmiMG Carbonate unspecified 37 Water content 120 — 135 3 147
Foeaminifers 12 ?
Nannofouils 0 CARBONATE BOMB:
Volcanic glass 4 " 1110 =76
== Bioturbation 355 = 40
PHYSICAL PROPERTIES: 5-145 =89
28 228 A
vy 23—
Vi 234 230
Dansity 212 293
Water content 162 —
CARBONATE BOMB: Z
176 = B8 E
=z
@
=
: (
z
2
e {;
AN z
AM J
2|
£
2
BYR 311
SYR BN
Al
FP |MG
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516 HOLE F CORE 87 CORED INTERVAL 9386-9481m SITE 516  HOLE F CORE 88  CORED INTERVAL 848.1-957.6m
. FOSSIL ¥ FOSSIL
§ : :AII;:YER .l § 3 - c:nnmen o
& - = = -4
TE|EE| 3 E Bl ey B H LITHOLOGIC DESCRIPTION f% gg H 2 § - . LITHOLOGIC DESCRIPTION
= NlE =1 w 2 N < ]
A HHHHREE 1 - HHHEHERRE 5 g
- BlE = = =
HEEHE T NHEHEE Fik
- st b
NANNOFOSSIL LIMESTONE (MICRITIC) 5 1L NANNOFOSSIL LIMESTONE (MICRITE]
05 Color: dark gray (BYR 4/1). Light brownish gray [5YR 0_5:....-’ | Limestone #s the previous section. Deminsnt color i
q * svRan 671} homogansauy Hmwestons sxcept for faw burrows 1 L i light reddish brown (SYR 6/3), Bioturbated throughout
1 througheurt, and aress of pressure solution whare insoluble 1 T flass than 30%). Vary detormed burrows. Sectlon 2, 50-70
S residises (clays, owides, non-carbonate minerals) should be ~ om: very light gray (N8} grades up and down to the domin
z 1.0 concentrated, The regions where pressure solution occur 1-0—_‘ ant color af 5YR 8/3, This light gray layer ssems to have
° . are darker brownish gray (BYR 4/1), The core is broken n been mone bioturbated than the rest of the cors. Section 3
= in large pieces with the cracks at the derker sress. Burrows 2 w5 abovn, with dark reddish gray Iones whem pressuie
- are very deformed, E £ L solution was richer (stylolites), This metion is bioturbated
i ] 3 2 3 [ throughaut {spproximately 50%). Burrows very deformed.
E SMEAR SLIDE SUMMARY: o 9 -4 f‘
H F4 -
5 e 87 170 470 g - ‘( SMEAR SLIDE SUMMARY:
< A = o - — 170
s i =
E g [cMima 2 ;mmm- o 2] 3 l o
El® =} Sit W 0 - 7 { bl 3
. Clay ™ 4 - | es E + i ]
3 Composition; 3 ( BYRAT Clsy 58
| voio Ouart ™ TR - . = Compasition:
e Feldionr = = S = ] Faldspar ™
1 Pyrite - ¥ 1 b 3 o Orthar clay minerals 10
! Other cley minarals 20 15 10 caf . Carbonate unspecified 37
Carbonate uripecified 20 = 3 A | W Foraminifers 3
B f Foraminifers - TR 1 Mannofosils 50
3 ] } Nannotossils e 85 85 Volanie glass ™
= Raticlarians - - ™
Je . Silicafiagellates - - TR PHYSICAL PROPERTIES:
— Voleanic glass TR TR TR 23 32
=3 Micronodub TR TR - v 237 258
v
| K I ks L v, 236 253
1 | { ne PHYSICAL mmm:s_ Doty 218 224
] r 158 2140 3131 4144 5112 70 144 124
1 1E sYR 41 v, 232 247 268 242 — 243 Watar cantant
oM = v 243 242 259 249 286 280
- h i
a LT T ( L Density 217 292 225 21 2N 2B fﬁ::?':;w i
i e Water contant 148 130 123 137 — 123 0= 48
{ SYR 4N CARBONATE BOME:
Z| T T 17084
= JITTTI { - 45087
a -
-3 B T B20=80
. SYR 62
e g, ! I D
S ) ':ml I
- L] -1
& |= 5 4 I| J_I_I_I. will}
z LT T 11
2 . | I =
a L voip
=1
e 5 e
5 01 9
=%
e i
H & J
2
=z
7
AG

13Y4
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967.1-978.6 m
SITE B16 HOLE F CORE 89 CORED INTERVAL 957.6-967.1m SITE :10 HOLE F CORE 90 CORED INTERVAL
£ CHARAGTER ; CHARACTER
g |2 E EMABRE z| 2
z = z| w e Guw|B sl & PHI
§: g2]a 412 21 & GRAPHIC = LITHOLOGIC DESCAIPTION i EHEHEE £l & hRao: LITHOLOGIC DESCRIPTION
1z|58|5| 8|2 S| 5 | wmowosy LgEg HEt HE z @
B HHHARHE 11k St HEH N
al AEEHHE TEH al AHEHHE
s |& |8 B ol == T 787
[ GYR4
{ INTERBEDDED MARLY LIMESTONE AND | 1EYR TS MARLY L AND
cal ! MANNOFOSSIL LIMESTONE IMICRITIC) o 1 B MANNOFOSSIL LIMESTONE (MICRITIC)
i z Crotaceous—Tertlary boundary. Sections | and 2 reddish H e N SYR 42 Daminant color pinkish gray (7.5YR B/3) with dark reddish
. Brown colors varying from YR 4/3-6YR 573, The darker ] - N gray (EYR 4/2] intocbeddad. Burrows snd mottles camman
1 ( regions. [4/3) ars moes bioturbated than the lighter calar 1o extensiva throughout, though very faint in light intarvals.
megians. The whols section f highly bicturbated, Burrows 1.0 | [~ EYR 42 Crami aminations (solution] extend into dominant
= f datormed, Section 3: limestone & in the previous sction, I Tithology from darker marly zones.
z { bloturbated and with pressure solution fractuees, Raddish _ﬁ__L‘_L'_Lr;_ i F.5YR /2
o Iovown i color, intercalated with dack (5YR 373) leyers. - ASLIDE SUMMARY:
z - Dark. redish broswn layens of calcareous mixtone., Section T b | v AR SL 180 370 &110
ra g SYRS/3 4: intercalutions of limestons and calcareous mudstone. 4 i : 1 Y 1 IJ_ YR 4/2 5 o1 =2
l = Section S i GYR 6/ with clay layers baing BYR 33 5 5 e e e —
sYR a3 Sectian © & limestane with layars of calcarsous mudetone. B o i - -
L T TITT o w a0
2 SYA S SMEAR SLIDE SUMMARY: 2 I Clay 5 @ 5
Iy ll = 170 380 860 G
T 5YR 4/3 5 o o Composition:
g N Tk O bre fm s
£ SYRE/ 0 Feldspar
Sand 82 - 3 Pyrita S0 e 1
1 Silt #2015 - E Zealites 1= 1
& cf — - Clay & = = Otharclyy minerals 7 12 48
= = BYREA Compeaition ITITTTI Catonste ursgecified 10 2% 30
F = g - syRam Quartz I E gL Foraminifars - W -
= & i A EL o :’mp-r_ I TR pu T O O N | . Nannclossily 80 B0 10
2 L p— ~ = i
i1 3 - ({ = Othar clay minerss 30 60 & £ 2 7 TITT ! | : 1 Hhﬂw'"hl ::?"‘ 2 3 2
o, - Carborate uspecifisd 3 20 — £ ___ ks m TR 1
Faraminilers 5 T T -
SEEas Nannafess W 10 % E Micronodules ™ TR
i {, Volous g H ) = - PHYSICAL PROPERTIES:
L = Slzcirictuls. T 2 TR = B 3173 420 63
) ! Iron-oxides - 5 - 8 23F — 321 244
_ EYRSA g v,
Bkl - HH PROPERTIES I ¥n b sl .
M — PHYSICAL 3 5 21 218 233 247
y SYR 33 388 4140 68 w“"‘"‘f“mm AL e g
A v, 266 263 — 320 4 z
! v, 287 278 316 3% ‘
| Domsity 230 2@ 13 2m 1 ::gr;:c::a‘rﬁ BOMB:
T !‘ L Water cantant w7 102 — 85 o ( ity
2 SYA &3 o 87
e {| L CARBONATE BOMB: .m
'I‘l L x 170=T78 o
Lieg S 3757 1EYR 63
4 5Y 71 570=70
i 1]
AG B
e 3 |= Limastone 5 10¥R 42
- 75YA &
l; "l rovraz
£ 1 -
£ lg _&. = _voio st
5 — 1L
= TLIT TI
¥ § e - .6 O
= |3y 6 T B s
< E:E . SYR 43 A
i< 6| I em - o = ||
3 - sYh
o = SYREN
™
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site 516 yoe F core 81  CORED INTERVAL 976.6-886.1m SITE 516 HOLE F  cORE 92 CORED INTERVAL 986.1-995.6m
2 FOSSIL 2 FOSSIL
. |E CHARACTER . |E CHARACTER
g |zulel2]z z| & 8 |=.le[2]z z| 2 >
er 22| 5 i =1 GRAPHIC = cr |S2|5]| 5] % = GRAPHIC
= EHE |2 £l & | Thotoey |, i LITHOLOGIE DESCRIFTION HEEHEE £l # | Lrotosy LITHOLOGIC DESCRIPTION
R ENHHEH R FEm e A H BiEr s
z |5 |13|2]&8(8] |” BEEY 2 |z |2 5 glEl |® BEEY 2
=] = =2 = E
ERHEIEE E2EE 3 ERHEHE FEH
{ BYR 42 !
4 LT IKTERBEDDED MANNOFOSSIL LIMESTONE AND BYR 64
- —-—— SARTS T IESTRNE G ITIES l INTERBEDDED NANNOFOSSIL LIMESTONE AND
05— Limestone it pinkish gray [6Y 6/2); marly zones are dark (s . En;;n;r I.IMIESI'\::ELMICRITICI o
1 recddish gray (BYR 4/2). Exterive burrowing; contacts 1 Saction 1; massive, anly wvm .
are burrowsd, snd have fine crenulate laminations of dark l 3, 62-92 em: light gray layer with greenish gray boundaries
1.0 extencing several centimeters into 1ight units. Afternations l ahove and balow,
of light (5YR B/2) and dark (5'YR 472) zones.
{ SMEAR SLIDE SUMMARY:
é. SMEAR SLIDE SUMMARY: | svRem ;m 200
p o 270 470 4114 SYR&/4 Texture:
D 2] D . 4
Texture: h” o 4
3 11 3 s 15 15
7] YR B4 w97
3 ’ zl:v ol 2 | Composition
= i 4 Quortz 1
= { Compositian: | SYR M Otherclay minaras 14 8
Quartz A
3 Feldsper 1= }T" }s k- Carbonate unspecified 20 30
- {( 7 _5 B Fosaminifers 5 8
Pyrite T OTR - 8 BYREM Nannofosls B0 65
am Haavy minerals - - T ﬁ QE K FAinambs 1
Zeolites - 1 - BYR B4 -
z""d:’ “'""ﬁd g : g * ( PHYSICAL PROPERTIES:
i ky rbanat wpec § — 5YRSM 1126 2145 384 421
£ E & Foraminifers 1 1 T z o ~ Bv&n v, 230 217 235 —
E 3 Nannefostls 5 ®15 MG 3 - Y71 v 245 225 241 288
£ bk Rhomis (dolomite or v L B 41 258
£ M-Calcital 1" 37 é = 5YRSM4 Dansity ‘i:;’ ‘if |§s :
Micronod _ - ' Water content . | —
= ’3‘ [ Volcanic glsts ™ TR - B YR/
<] |am PHYSICAL PROPERTIES: BRI CARAONATE BOVE:
S 23 33 BT 63 R I T "’°‘:
BYR 42 v, 230 240 — 234 1 1' ; ‘_‘ " { 5YRE/4 %70=
Vi 250 250 258 241
Density 223 218 277 1M AM I 1 _I ] é 5YA1A
4 . Water content 128 124 — N3 AM| a { ::: ;:':
CARBOMATE BOMS: { BYR /M
- 270 =77
7 (f | s
‘; B70=03
SYRI/
M[_“a lcc
SYRE?
3 CB9 {
& (
B {
TTITTT &'
i * {
=
Al
Ma Icc
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siTe 616 HoLe F cORE_ 93 CORED INTERVAL  995.6-1005.1m SITE 516  HOLE F  CORE 94  CORED INTERVAL 1006.1-10146m
; FOSSIL 2 FOSSIL
|5 CHARACTER " § CHARACTER
g, |5u(t gl & 8 |= z| w
F] 3 w[E| 5] 8 z| e
-1 g R Lf‘.':gl_"ggv LITHOLOGIC DESCRIPTION A EHE Blz = i gl LITHOLOGIC DESCRIPTION
'HIFAE ilg| (5 ¥ FEN = EE gl LoGY | W
SN HHHL =i Ll HE 33| |# 3
= E 5i5 E 1
G HEHEHE B3 M HEHE Ef
{ YR b2 3 [7 EYR AT
SYR 472 . F6vR 72
iy ST { 5YR 672 INTERBEDDED NANNOFOSSIL LIMESTONE < { YR 4/3 WANNOFOSSIL LIMESTONE (MICRITIC)
BYR 472 AND MARLY LIMESTONE (MICRITIC) ‘§ al J— F eaan AND MARLY LIMESTONE
(f«| svamz Varicolared., c | 3| ™ Y S Section 1, 45—80 cm; light greenish gray burrow il in
/ sYRAZ 2|+~ 1 YR 7,2 groundmass. Section 3, 015 emi: voids snd black
28Y 772 SMEAR SLIDE SUMMARY: £ s pivee]
SYR 82 B E
§ ( Texture: ? = SMEAR SLIDE SUMMARY:
wxure: s [ sva 170
{ Sand =
e SYRS2 Sikt @0 3 E SYRB/3 D
- { 5YR 672 Clay L E A/ L Faven Jinkary; i
f BYR 42 Camposition: % Het # EYRE3 St 5
SYR71 Other clay minerals 81 { b e
( 5YR 472 Carbonate unspecified 10 2 Composition
J 28v 772 Faraminitars 4 ! Comprcs \
BYR 42 Mannafossily 20
1
(l Volcanic glass 2 z BYA &1 :m-pu :
P Hiaeneier ¢ ’{ D::n clay minerels ]
=
5 / SYRS/3 Carbonate unspecifisd 33
E | SYRSR PHYSICAL PROPERTIES: L
3 f 14120 2120 3124 4126 5130 ca/| [ Bl me:n"llu a;
H { SYR772 vy 246 23 2% - 251 s Nannatossils
2z ) B ;';-mv o g:; iy h BT PHYSICAL PROPERTIES:
< i n Y SYR S 1119 336 401 B2
E ' Water contant Nz 133 12e 02 3 } . W LA aunda
3 ~ YR 7.
[ s CARBONATE BOMB: T Bk Vi w2 2m 2 2
270=38 : 4 { 5YR B Disnsity 234 236 2 .
470=3 - Wter camtent oo 88 BS  —
I~ BYRS/3 1 z 5YR 7/2
EYR7/2 { [~ sYRs3 CARBONATE BOME:
B 1-70 = 83
2
1 | B ¢ emen -
1 SYR S/ : . §70=64
BYR 772
i m—— =
BYR5/3 .—": B I. EYR 6/2
SYR 82 e 2
YR B3 ' e
BYR 72 ‘E "  — 2
” YR 34 5 a =
G sGY 81 k- E ( B
'{ EYR 4/2 § < P { SYR 42
{ 5GY 811 2
2
] ? 3 5 {
kel 5YR 472 2 z
£ | B
56Y 8/1 -
2 $ SYR 42 L 3 d’ .
i Am| f sraa < b ? [~ syren
gl - !& _} | |esvran
| |-snez
6 ( BYR 4
SYR 82
P . Brecciated
AP |ce = ( ;
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616 HOLE F CORE 98  CORED NTERVAL 1032.6-1041.6 m SITE 616 HoLe F CORE 99  CORED INTERVAL 1041.6-1044.1m
£ L = FOSSIL
E CHARACTER " ; CHARACTER
EMAEE H > g |zul=[3 zl e >
gulrl = = wl e
£Z|t 2 g| & | [Gname H LITHOLOGIC DESCRIPTION ar |2z H gl m | onaruc LITHOLOGIC DESCRIPTION
=11 5 LITHOLOGY 5 12 1585 E il A LITHOLOGY
E"158)3 g2 FEE g3 %3] 8 4l £ FE
A +TF £° (57383 :
MHHHE e 3 i BHEHHE +£H
& HEHB 5 & = x 5 &
B ¥
5 MARLY NANKOFOSSIL LIMESTONE (MICRITIC) & % 4 ﬁ d MARLY NANNOFDSSIL LIMESTONE (MICRITIC)
Dominant color grasnish gray (5G 8/1), Burrowed theough- E |85 = Dominant color grasnish geay [5G 8/1) burrowed through-
1’ out, No wislbls sedimentary structures besides burraws, E'E = 1|05 (-J out, Thara are slightly lighter cobor intervals at 3850 and
I’ Saction 1: light gresnish gray (SGY 6/2) to greenish gray. E =k | B | cp = B5—75 cm, These lighter Intervals seem 1o be srees of
1 Section 3: sarme 35 above but with few light layars greenish = |6 x < more intenss bicturbation,
.L gray (5O B/1) whare bioturbation is more intere. Lightar
layers B0-67 and 85107 em in Section & The color .
{ change s gradational. Lighter lavers at: Section 4, 83-91 SMEAR SLIDE wum;n:;.
;{ and 125135 cm and abso Section 5, 15-32 em. n
{ Taxture:
SMEAR SLIDE SUMMARY: Sand N
) 280 388 Silt £
B M Clay 70
_‘f Texture: Compositian:
Sand 2 TR Ouartz TR
; Sl A8 40 Valcanic glase T
/ Clay W80 Orher clay minershy 40
z 5GY 62 Campaosition: Carbonate unspecified 2
3 41 Faraminifers 58
% { Feldipar TR Micronodulss TR
r Other clay minerals 40 20
- = ( Carbonate unspecified 5 5 CARBONATE BOMB:
- Foraminifers TR TR 170 = 62
5 - Mannatossils &2 4
% 3 Micronodules TR TR SITE 516 HOLE F  CORE 100 CORED INTERVAL  1044.1-1050.6 m
a2 FOSSIL
= f PHYSICAL PROPERTIES: e ls
E rr 138 1100 44 562 § ; c;'“ i ”
v, —— 253 257 264 EwlEl 3 =
= { i 283 274 270 279 A EHHEE g é B | JOnaie, = LITHOLOGIC DESCRIPTION
® Fril [ MRS Density 230 231 229 230 w3382 HE gl e g e
f]_ Weter content — 107 108 102 & z é : § : = : ;
2 E &
-lL CARBONATE BOMS: B 512 4 i
2.70 = 62
5 4 7038 MARLY MANNOFOSSIL LIMESTONE (MICRITIC)
T — EGYEN Durk green gray [5G 8/1). Lithology probably less homa-
( I | ganecus than shown,
} [ seven SMEAR SLIDE SUMMARY:
1 ! 270
5GY 872 i o
- b | Texture:
{ Sand 3
5 Y 47
( ( Clay 50
( Compotitian:
H i Quartz 3
3 2 8 . ]
e | % Wolcanic gless 2
& ( Other cloy mineisls 50
E Carbonats unipecified 5
= z Foraminifers TR
g Nannafossils a0
= ( Micronodules T
§ { PHYSICAL PROPERTIES:
2 = 5GY 811 196 284 349 495
v, 251 255 — 257
S 3 (r iy 270 279 284 275
B Damsity 234 238 237 234
i J Wates cantent 01 88 — 100
g ( CARBONATE BOMB:
17054
5 475 = 4T
4 §
ca]
oMM

91§ J.LIS
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516 HOLE F CORE 95  CORED INTERVAL 1014.6-10236 m SITE 516 HOLE F CORE 96 CORED INTERVAL 1023.6-1029.6 m
2 FOsSiL e FOSSIL
« |E CHARACTER . |z CHARRBTER
8 |=.[=4T¢ z| e g |z = z
2 els GRAPHIC Eul2 g
=‘f§ =5 ¥ g z E|l B e iy LITHOLOGIC DESCRIPTION cE|gz) ; = L:]Tﬁugr!‘c:gv = LITHOLOGIC DESCRIPTION
e N HHEHHBEE 3 ] FEEHEE g ! 4
Z2 |5 |2 ElE g H H 3 5
2 |E § HIE : & BN HEEE
EHE B 3 El ERHEIHE
1‘ SYR4/3 5
INTERBE MANN IL LIM INTERBEDDED MARLY LIMESTONE
2 o I i Lug‘:mnwuﬁag#n‘ke bl ] BYH 34 AND NANNDFOSSIL LIMESTONE [MICRITIC)
E { EYR /3 Raducing wpats are represeried by circles. Groundmas § { . M t-ig’vth Bw?m and -_mu- brown. Light—dark wari
= 1 Hit 1 - in Section & is YR 6/3. ] 1 b} wtions. Bioturbation prominent st color contrasts. White
2 3111 J BYR1 B E Hecks of faraminifera at Section 2. Section 3: light grean
§§ 18 ppbp iy S SYR S/ SMEAR SLIDE SUMMARY: =< [5G 8/1] burrow fill
: o ) el | ! 390 58 -
3( s SYR /3 o D Swan SMEAR SLIDE suuun;a
z |‘ BYR 62 Tuturn: E
& Sand k] {
[ ’ Skt 0 18 5YR 512 Texture:
Sand 0
RGE Clay 50 65 [ o n
{ Compaosltion: é i e
2 Quartz [} s
Foldapae 4 5 £ % 2 te Camgasition:
Mica 2 3 € |s® BYR B/1 Quartz 19
SYR A3 Carbonate umpecifisd 25 24 5 |Ew Feidspar 7
Forsminifers w10 1 5YR 62 Carbonate urspecified 33
i 3 Foraminfers 5
£ c:‘h:?nlﬁl:u S: 2 = ‘; BYR /2 Nannatoils a0
Lanact 1 1] i = BYH 62 Valcanic giass o
:E muw d 2 8 E B ] ! 5YR 572 Opsqus minaraly 5
] e - 3| 7 p BYR 71
s L f = PHYSICAL PROPERTIES:
s PHYSICAL PROPERTIES. oM cp . ) e
H 3 163 312 46 517 = =t— VOID
2 b v, 248 247 -~ 253 v, -~ 288 : 67
§ Vi 262 284 260 284 Vi 275 280 281
= f Densiy 237 236 235 238 Density 23 :.;4 :i‘
J-E EYRE/A Water content R2 28 — 02 Water cantant - !
£ K CARBONATE BOMB: CARBONATE BOME:
2 270=85 105 « 6
E SYR 6/3 470=72 365 = 48
<
4 SITE 516 HOLE F CORE 97 CORED INTERVAL 1028.6-1032.6 m
SYR4/3 FOSSIL
i CHARACTER
M EMAERE z| e
& z ol & GRAPHIC
. EIEEE iz E| & | umoloey LITHOLOGIC DESCRIPTION
I wd |EN| 2 1 w| g s m ]
oy o, e i = =4 ! alg B < H
3 F |2 £
BHEHE i
5 MARLY NANNOFOSSIL LIMESTONE [MICRITIC)
10¥R 871 Burrowad throughout. Light gray (10¥R /1) with eslar
é 5 - change gradially downward 1o greenish gray (5GY B/1).
E
= 1
B 1} SMEAR SLIDE SUMMARY:
§ = 180 32
8 2 { 60
) 5 sev ot
£ & J Sand TR TR
§ Silt w %
= K Clay 0
§ = { Compasition:
LN Ouertz (R
. Volcanic glass 1 1
g 2 .F Other cloy minerals 45 26
f Casbanats unspecified - 2
¢ '} Forsminifers ™ -
Nennfoossily 52 70
Micranadules - TR
Hewey minerals - TR
cp a . Inamn-guides 1 E

PHYSICAL PROPERTIES:
136 138 277 316

v, 255 — 260 258
vy 268 273 298 277
Density 231 21 23 230
Water content 104 — W2 108

CARBONATE BOMB:
130 = 59
2.86 = 68
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SITE 516 HoLE F coRE 101 coRED INTERVAL 1050.6-1086.6 m SITE 516 HOLE F  cORE 103 CORED INTERVAL 1059.6-1068.6m
-4 FOSSIL = FOSSIL
‘ § CHARACTER e ; CHARACTER
2 |= alwlg z| w - 8 M ENE E "
cuwl=] =2 5| = wlel < « =
A EHE i z Sl & | uiotosy |53 LITHOLOGIC DESCAIPTION 3 HE 2 £ | Reane & LITHOLOGIC DESCRIPTION
o< H o
§°5”§g§§ & 2 EEB !§§~§2;§ gl ¢ —EE
= - -
CRERHEIEE EEE 2 E z 2
R HEIEE ik FHEIEE H
( = Inpcoramus 3 { ﬁ:‘;},
{ INTERBEDDED NANNOFOSSIL LIMESTONE e B tf INTERBEDDED MARLY LIMESTONE
0 56471 AND MARLY LIMESTONE [MICRITIC) 2 0.5 AND NANNOFOSSIL LIMESTONE IMICRITIC)
'( > Dotk green geay. Light groen lnyers grada into darker §_ — I Greenish gray to pinkish, Suble siwmation of colos:
1 layers Imarly) by grodusl treraition with considerate =3 1 - convention — 5GY 6/1 = closs spacing and N7 = wide
3 g A mixing by bioturbation. E 2 N7 spacing,
£ R Cvict. 5Y I e 1.0
£\~ ( SUEAR SLITIE SUMMARY: g - SMEAR SLIDE SUMMARY:
2 170 330 B | pebhl
T | == o o 4 " 5
[i Sand ) B - 5 Textuze:
B 1 =5 [l Sand 2
= 5 { Sit 0 - [} Sil 18
5 £ Cloy 8 - iy 80
=18 2 Sonwsiien: - H 2 [ 1 ] Composition:
by Feldspar 3 3 E e, TS { ::ﬂ' } 1
3 chipar
! Vilcanie glass - 8 E § Volcanic glass TH
HI Carbonate urupecified 20 8 S| E -‘J'_ = Green lamination Other clay minerals 16
Foraminifers w 5 . z
E Neswestionadt B g [ Carbonats umpecified 3
t e = — T 1T Foraminifars 1
5 3 {r * PHYSICAL PROPERTIES: o { Neshyoioads w
1123 295 ]
FM| PM PHYSICAL PROPERTIES:
1 b e 3 . 140 218 330
Yi 2% 20 FC/ . i Y 248 249 —
Density 234 229 M) P N v' ?.ﬁs 275 237
Water content 1.1 == L 2:32 :'3‘ ?;1)
CARBONATE BOMB: ‘Water content og 100 —
.70 = 58
270=3 CARBONATE BOMB:
1.60 = 47
355=73
SITE 516 HOLE F CORE 102 CORED INTERVAL 1055.6-1058.6 m
2 FOSSIL
» g CHARACTER
§ M NE] % z|w
S EE ol = GRAPHIC )
glg :é & 2 H & E LITHOLOGY -g “ LITHOLOGIC DESCRIPTION
AHHHHEEE g
S HEHE Rl
@& z|= =
INTERBEDOED MARLY LIMESTONE
H AND NANNOFOSSIL LIMESTONE (MICRITIC)
§ J Dark groenish gray (56 4/1).
1
E f SMEAR SLIDE SUMMARY:
o 170
sy 71 o
Tenture:
£ e sau Sand 8
H f Silt 77
J Clay [:3
Campesition:
g f Quartz 3
Mica 1
B 2 { Volcanie glass 5
8 Other clay minerals 16
Carbonate unspecified 25
EY 81 Foraminifers 1]
BY 71 Nannolouily k3
Micronadules 1
PHYSICAL PROPERTIES:
1 2an 382
3 vy 282 — 241
Vi 2687 270 266
Demity 234 233 233
Eci Water content 0 — 104
[FM | M
CARBONATE BOMB: ORGANIC CARBON:
150+ 27 1,82-97 = 0.07
2115 = 82

91§ HLIS



SITE 518 HOLE F CORE 104 CORED INTERVAL  1068.6-1077.6 m

91§ H1IS

SITE 616 HoLe F CORE 105 CORED INTERVAL 1077.6-1086.6m
H FOSSIL 2 FOSSIL
« |E CHARACTER ¥ £ CHARACTER
- <
-MEMARE HE - g |Z.ET= z| o
Ee |22 2 GRAPHIC 2. |BulB|2|% 8| & GrapHic | 8
HEE e £ E LITHOLOGY LITHOLOGIC DESCRIFTION EHEEEEE B8 | LAiotoay LITHOLOGIC DESCRIPTION
A HE HHEE +FH A HHEHBEE 3 5
R HHEE FEE S R HHEE T EE
o x L A g |& |38 k& af
]
j ?
INTERBEDDED MARLY LIMESTONE AND
NANNOFOSSIL LIMESTONE (MICRITIC) INTERBEDDED MARLY LIMESTOME
Calor varigtion from layers of greensh gray (56 5/1) AND NANNOFOSSIL LIMESTONE (MICRITICH
to layers of brownish gray [5YR B/1). The change in Section 1: marly limestona of pain red (1.5YR 5/2 with
color is gradation. Highly bioturbated throughout. Be with 2ones of dark gresnish gray. Color gredes to reddish
sides burrows, na sedimentary structunes are visible. Section brown (25YR 5/4), Intense burrowing throughout. Sec
1: close spocing = 5G 5/1 and wide specing = 5YR B/1. tion 2: marly limestons, dominant color reddish brown
Section 2, B0-100 cm & 5GY B/1 and 110-120 em s {25YR 5/4]. Burrowed throwghout. Inoceramus fragmant
' 5CGY &/1, otherwise color corwention as for Section 1. (1] lﬂ-lﬂ;:lhﬂl]:m dismeter). Im«wv.dm:m:;
Saction 3: close wpading = gresnish gray (5GY 6/1) and throughout. ion 3: dominant color weak !
e wide wpacing = light brownish gray (BYR &1}, Sections 472), marly limestone. Section 4: daminant eclar weak
4 and 5: dominant color pale red (10R 6/2) with fow |?d {25YR 4/2) of marfy limestone with bands of elay
I areas of greenhh gray., Bioturbated throughout, Section B rich layers,
dominant codor brownish gray (YR &/7), few zones of &
greenish gray. Burrowed throughout. Section 6, 76-77 2 SMEAR SLIDE SUMMARY:
cm 6 separate /noceramus fragments — Lergest is full core BES
é aigmeter (6 cm), and 8 mm thick. o o
5 Tenture:
= SMEAR SLIDE SUMMARY: Sand 2 7
145 1100 St | 40
& o Clay 80 53
Texiure: Compesition:
Send 2 Duartz i
# Silt 23 19 Pyrite = 1
d’ Clay ™ 80 é 3 WVolcanic glas TR TR
Compaudtion: 5 Other clay minersls 45 61
§ { Cuartz b2 2 2|3 ) Carbonate onpecified 40 10
: Faldsmar 2 Foeaminitors 0 2%
H WVoleani glass 1TH E Sponge spiculer - TR
§ Other clay minerals 31 52 Q Haavishivarsls ' 2
i Carbonats umipecifid 6 5 - Micronodules TR
Foraminif 1 1 g
§ Mannofossily -] a0 = PHYSICAL PROPERTIES:
) Micronodules TR TR 1907 3128 4104 50 &3
vy 266 254 238 — 284
PHYSICAL PROPERTIES: 4 Vi, 287 283 271 282 290
40 33 585 Density 237 237 234 230 23
Yy 242 — 287 Wster contant 105 82 102 — 99
Vi 285 288 278
h
= }? Denasity 234 234 238 3 CARBONATE BOMB:
g ‘ Wiater content wr — B8 g 270=53
. ] . 470 = 45
§ CARBONATE BOMB: i bl 870=21
L] L TTTT 1 270=29 C]
o e — 4.70=48
= 670 = 61
T r : !
HLd {
! §
. -
(= Inocaramus 6
RAP|CM {
B jcP b {g{




SiTe 516 HOLE F CORE 106 CORED INTERVAL 1086.6-1095.6m SITE 516 HOLE F_ CORE 107 CORED INTERVAL 1095.6-1104.6m

o
E | oRihen § [ o,
= » a
8 |=.l2]3 218 > 8 |= -} 2
S, |BulE| 2|8 g GRAPHIC w2 Bl g RAF
i} E§ H 8 H E| £ | umolosy |, E LITHOLOGIC DESCAIPTION celRz|y i E E| E Llﬂm%r:;g\f LITHOLOGIC DESCRIPTION
;’5-ga§ i) 2 = FE ;EEN; ily i P
= = -] 2
F |8 ; als = 5 E ; e =
I HEHE B HHHHE T
=
g INTERBEDDED MARLY LIMESTONE E é INTERBEDDED MARLY LIMESTONE AND
AND NANNOFOSSIL LIMESTONE (MICRITIC) §§ = NANNOFOSSIL LIMESTONE (MICRITIC)
l = Closaty spaced lines indicate marly and darker red intsrval :5 L Foi z Adprnating Hght s ek intorelt — assumption i .'h"
1 ‘ ar reddish brown [25YR 4/4) to dark reddish brown [SYH P 1 . lithclogy fallows colar. Dark = dark reddish brewn [SYR
304}, Widely spaced fines indicets mors ealoarsous and ‘i 8/8) clay-rich, Light = light reddish brawn (YR 6/4-8YR
f Highter ealored intervals or reddish brown (25YR §/3) to ! 844).
‘ ligiht recidish brown [5YR 8/4),
{ SMEAR SLIDE SUMMARY:
{ SMEAR SLIDE SUMMARY: / 170
] 170 5108 o
? ] 1] j Tesoure:
Texture: - Sand 1
fl Sand 10 silt E]
2 | sitt B ® Chay 60
;: Clay 60 & Fol 2 { Camposition:
Composition L Ouartz R
2 1 Faldsgar TR
Voleanie glass B ‘; 5 ::,T:::Gﬂl“ 1:
Zeolites - i
Other clay mineeske 16 10 Cithar clay mi.-._l; g
Carbonate umpecified 50 30 Carbonate umpecified
Foraminitars 2 15 —y $ Foeaminitars :é
Mannolomiis 25 B == Mannaiosily
Oparues 1 = Opaque minarals 2
g 3 & 3
H PHYSICAL PROPERTIES: PHYSICAL PROPERTIES:
§ e 126 228 326 431 556 7.3 B F;;-"’ 1138 317 4125 &7
'- v, 256 256 — 243 255 .M ¢ v, 258 250 — 252
g ? Vi 280 288 277 268 283 23 ] Vi, 285 278 270 2713
E Dersity 238 237 224 228 238 226 5 ( Density 235 234 231 234
3 | Witerconant 80 81— 113 84 120 % J Woter comtent 94 08— 88
g ! CARBONATE BOMB: ) ’ CARBONATE BOME:
/ 170 = 67 E m: 51
470 =40 ] 490+ 62
4 ]
ﬂ' 870=85 4 7 e ?
ey j E g
P } - sGen B =
p P
5| e
= sesn 514
o[ 10R42 f
B |cP i = (
v ) 10R 612 re | P [ [l
frude_Jesie]
\ B, TR T
f o| L il
“ I
4= I |=—Crass lamination
cl
B |PM 7
o [ B o e g ] '{
co| §le

19¢

91§ ALIS



1108111181 m

') SITE 516 HoLe F  coRe 108 coRED INTERVAL  1104.6-1109.1m SITE 516 HoLe F CORE 108 CORED INTERVAL
o 2 0ssIL - FOSSIL
(3] 2 1 CHARACTER = g CHARACTER
g wlg]s]z z| @ - g |= AF 2| a2 -
e EHH L E =] GRAPHIC & £ |22 H K =4 B GRAPHIC =
HEE 2 H p : E umoLogy |, g LITHOLOGIC DESCRIPTION i '€§ E H g 5 LTHoLoGY |, B . LITHOLOGIC DESCRIPTION
w B -
S 5|z 5 E 2 g3z 5|2 g -
E H E HE ;5 ! F |8 H g 1 B a‘
HEHE HEH 5 HEIE £ ofs b
{ ] |[] SR
f INTERBEDDED MARLY LIMESTONE BG AN INTERBEDDED MARLY LIMESTONE
AND NANNOFOSSIL LIMESTONE (MICRITE) . ( AND NANNOFOSSIL LIMESTONE (MICRITIC)
J Derk = olive brown [25Y 4/d} snd light = light olive 05 YN Section 1: faint black leminations, Rythmic color gradations,
5 = f brown [2.5Y 5/3), Reduction spat, color - N7 around o - ( . Whita—rose gray (EYR 8/2),
B H burrews. Section 3: transition to greenish gray and out- < L L1
E ? sunding color contrasm betwean burrowlng and ground- 1 s i T SMEAR SLIDE SUMMARY:
5 5 miss. Section 4: light = 5YR 8/1 and dark = BYR 871, N7 110
g { Faint, black lsminaticns. 7 T SYR N o
% L z I Taxture:
2 [ PHYSICAL PROPERTIES: B i 1
E ‘Z 1138 3114 478 sYRIZ Sit 40
v, 248 — 282 Clay 50
P Vi 283 281 278 Composition:
“ Denity 226 231 229 i | 56 81 Quartz a
2 Water content 120 106 2 B Valcanic glass 4
§ = ( Ovher clay minerali 15
[g Lok CARBONATE BOMB: = - rli[g Carbonate unspecified 32
=1 2.70 = 58 _t__ Foraminifers 15
g 1 | | voio 470 = 82 _[_ Nanoofossils an
ks [ 2sven §VeIn PHYSICAL PROPERTIES:
# Groen thin laminas & ¥ T J EYR 71 1137 2141 3107 4122 540
- K| _‘f_ ¥ 251 267 — — 282
o ( SR B2 5 EYR B/1 Vi 274 276 180 257 280
E P 3 J [ 5GY 4N § ! EYRT2 Dansity 232 228 2% — 230
E ~ sYR&72 § Water contant 101 14— — W07
g Z - —!’— f=—Green lamination
R :
q '{ ::Ragl i . = Block irregular inclusions. ?NEE;:“TE ROMR:
HE g : v K
213 ? — “Green laminetions
X — —] ;
i . % g o o o = Falnt black taminations
RP| P
) roan laminss i 4
e ¥
B NB-NT
NE
5| - !i
] _é- e
cP e ncated groen
')l::m

91§ H1LIS
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SITE 516 HOLE F  comg 110 cORED INTERVAL 11181-1127.0m SITE 516 HoLE F CORE 112 coRen INTERVAL  1136.1-1145.1m
F] FOSSIL P e
g I
-~ g CHARACTER - 5 CHARACTER
g lz.le]z zla g |z l=l== "
£, |Bu|8[2)% -1 GRAPHIC = ERIEE g| 2
HEHHE 5|5 | umhowoar | EEEH LITHOLOGIC DESGRIPTION T'_;'I EHE § E| E | Shoroey Lgss LITHOLOGIC DESCAIPTION
g3 |EY E|5(3 (8] |42 +FH N HHETHBEE EEH
F g |5 g HE E 5 % S B3 g
-0 £ =|8 K o) FERHEIRE EZ F
g n ~ - - =
£ | — INTERBEDDED MARLY LIMESTONE
H [ e i AND NANNOFOSSIL LIMESTONE (MICRITIC) MARLY LIMESTONE (MICRITIC)
— T Sections 1 and 2: dominam color presnish [5G 81). Alternating bands and burrows, Chlcarecus cliy I8 dark
! T : T I Bloturbation ntense throughout. Few parallel and cross- 1 greentth groy [SGY 4/1); limestons i greenish gray (5GY
o T ! laminations of green color, Thers are intervals af lighter { 671, Laménations are green,
e color greenish gray [5GY 81} at 60-80 and 130-150 cm
—— of Section 1. Laminations are green. Sections 3 and 4:
cA — ;
F' — T wame Hihology o the shove sections, There are variothons i SUMMM;::'
—— —fr in colors betwesn EGY B/1 and 5G B/1. Shades af light E o :u
B beownish gray (5YR 8/1) cocur at thy contacts batween § J ot
e ! the graen wones. All changss in color ane gradational. As in 3 - s:“"'" 2
 — 1- the previous sectioms bigturbation & intense throughout. . . Sllm !E 50
—— ' There are parallel and cross laminations of grean color, |:|l -
N . Sections §, 6, and Core-Catcher: dominant color between B e o
e i greanish gray (SGY /1) and light brownish gray (5YR Ty MP“' ;
== B/1), Imeene tusrowing throughout, Parallel and eross == ! E "5 }2
—T—— T e taminationi. == Pl
7 :u: 1 T T T .(_ Mics TR -
= - Valcanic glass 5 TR
————— sueansunesumm;ﬁ: o~ ( Ot cleymianis 8 30
—r——T i) D B = Carbonate unspecified 10 65
—— T n Tuxture: ] B SR, . z Foraminifers 1 1
ti Sand 1 TR i = Nannofossils w2
T - : e e ——"
§ = : | St 20 15 = e . — PHYSICAL PROPERTIES:
== Clay 70 8 3 166 210 416 58 612
— Composition: § T —— . X
8 : , Y : B v, 130 378 314 317 —
g === b o § === 2 vy 322 33 225 331 351
— Density 244 243 241 243 240
5 ; e %= zm:‘m";;':m E; ; 5 SE=——t Water content 74 72 19 T4 —
£ - X Foraminifers 2 TR e e
3 R I 1: Nemnofossilé % E JT==T CARBONATE BOMB:
g N Micronodules TR TR —— 270 =58
L { i — / 470=75
- 4 %i PHYSICAL PROPERTIES: e #0=0
- 2108 412 552 6127 4 — )
i v, 260 266 242 — 263 ==
= Vi 279 288 263 281 280 gt — — )
Donsity 230 234 236 — 238 ——
ﬂ Water content 06 04 96 - 02 g == 2
i =T
CARBONATE BOMB: o Sy 2
o 195 = 67 =t
IL 385472 [ J
b 595 =56 ====
5 5 ——
EE NOTE: Core 111, 1127.1-1136.1 m:No recovery. o 8
e (
= i ===cx |/
= ‘ it
— e w—
& == ! b imONCRFAAIIE B |Ap L Tl z
— [ fragment? e
= || == |/
= ;
AM ===
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SITE 616 HOLE F  CORE 113 coRED INTERVAL 1146111541 m SITE 518 HOLE F CORE 114 CORED INTERVAL  1154.1-1163.1m
2 FOSSIL 2 FOSSIL
Z CHARACTER CHARACTER
v |2 g
g8 leul2lale E| = é = [l z| w
EHHE gl | mamc 2. [2y|E| 2] 2 Sl & | craruic
|§ :8 ; E E ; :’ LITHOLOGY g - LITHOLOGIC DESCRIPTION '3 EE g B E h‘ LITHOLOGY ; LITHOLOGIC DESCRIPTION
g7 1E75]82 g |2 4 WS |% i gl gl ¥ B 8
= |8 F 2 s |a ! E & E
B E : g § % zlz|3 E
i MARLYLIMGEVGHE NANNOFOSSIL LIMESTONE (MICRITIC)
Dominant golor light gray (NI, with srsea o1 dark greenish Gray, bionirbated. Colors: rangs from N8 to Nd wide
gray (BGY 4/1) in sress of interso nur_mmuu. Inm_bwu J iy ity Hiahvbir sheding Tor- sinr. walor siter
yoslog ttighout '.mmkm' F“ﬂmwhm.um' . nationg, Mote: bloturbation has warked light and dark
Burrows: wre: browrish. pray (BYR 4/11, Sarws 2 proviovs 1’ colors throughout core in spots snd mottles too smell
care. The higher Impers are of mieritic limestone. Section 4; w0 ftemize, Section 3, 70-110 em: Inoceramus well pre
§ Mo s laninasians, } sarved between biscuirs a1 85 cm.
SMEAR SLIDE SUMMARY:
1125 2:33 g w:nsun@mum;n};; .
b o ;i
i tl- Tuxture: D oD
Sand ™ o2 Toxtury
Silt 70 " Sand o %
Clay o 78 2 5 :m:";‘“ st m %
Compasition: Clay T 40
Ousaraz I_ }5 3 = Pyrite dendiites Compasition;
Feldspar Cuartz } 1 }w
d Pyrite - TR ( Feldspar
Valcanic ghass - 2 J ;ol':ndlrwm | 2-0 1‘:
Other clay minerals 20 78 e __ it oy mingrals
3 Carbonats unspecified B 7 B S0 -] ! s et Carbonats unioacified 58 37
- Foraminifers TR 3 : Foraminifers 8 5
2 Nannofassils B A o -irigl‘: j Nannafassils w2
: 5 3 S Palsganits -
£ PHYSICAL PROPERTIES: § 2 = f Cpague mineraty = 1
FH 40 578 74 H =
v, a0 297 — 282 2 - f PHYSICAL PROPERTIES:
T ([ v 3286 314 396 307 e 1 T { |— Smalt attaet 126 2143 413 826
eyt vy Dinsity 242 23 23 1M 2 ] =1 v, — 2w 320 307
=== I? Water cortant 75 80 W02 98 ) W 3 1 % A
& ru-.- ‘a) - | Inocerames e ) Ity s o 5 X
e § fragmart CARBONATE BOME! l seciviied Water content — w1 7 7
e 70 = 53 |= Pyrite dundrites
= i 2 P dndey CAHBOMATE BOMB:
4 e —— {‘F 670 =61 4 610 =81
= {) 830=28
BEEs ORGANIC CARBON:
A ———u | 6, 1-8 =008
—= —— . 6,32-33= 017
 ——-
- T T (2 4 = Inocevamus
. L - < . s 1 velve
T==== )| |- V43 3 5
R ===—= o 5 =
? e ===== 5 s [
9 RP P & )
T
== ! § J
s 3 w [=— (nocemmus
— || !
==S== % " 4
st
o e S— fragmant
T T B8
- T
R S =====N
. == || l
w o ap| AP | (
B [PM Pl e
====
7 e
—_——
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SITE 616 HOLE F  cORE 115 CcORED INTERvAL  1163.1-11721m siTE 5% woLe F core 16 comeD INTERVAL  1T721-T181am
o FOSSIL o FOSSIL
§ § CHARACTER = g CHARACTER
M E z|» g |z = =
A ET I 2| £ GRAPHIC EMELE HE P H
5 ;é % g H 5| £ | umatoey A LITHOLOGIC DESCRIFTION S EE g g E HEE leﬁosv B LITHOLOGIC DESCRIPTION
g3 |EY 21513 (8] |®|2 S FE R HHHHREE +EE
s olB [Z|%|5)E E 5 N HHHE LS
R EHHHE 3 FRHEHEE 3
Y Y
z MICRITIC LIMESTONE g Flattaned
g Gray, bioturbated, Colar: range from N& 1o NE. Wide Burrows MICRITIC LIMESTONE
spacing = light colars, Section 1: Inclined laminatians o Gray, bioturbated. Recrystallized, color range from N4 to
TL (#lattaned burrows). Section 3: fnoceramus fragments: gun- € E y B, Wide spacing repressnts lighter shades of gray. Burrows
wrally concentested in darkor intervals, Section 3, B0-100 2| £ dark; imernal structure cbliterated. Section 4, S0-60,
( i Inaded with Inoceramus prisma. Irregular laminations = ‘2 ] 72-100, 135150 cm falnt rose tint in white.
daformed burrow traces if burraws, then noticibly more ;| u 1 1
H compraaed Sy Riher i teetion. E 3 &' Ry Pre—— SMEAR SLIDE SUMMARY:
SMEAR SLIDE SUMMARY: . :I}'N!
170 o 1 & * Texture:
i o E Sand 10
Texrure: % Sit 20
Sand 7 ] (=] 70
-E o = I y L Convalute bedding o
= Clay 73 2 Compositaon: .
u ; . Cuarts
Composithn: 5 Lo F fich Woleanic glass B
Pyrite 1 LT T ] } o Orthar clay minerals 10
i ] Carbonate u ifed 66
- Wolcanic glass L} - Fuombﬁl‘lrlm 8
2 Otfver clay minerals 12 o t b p 2
g Carbonata unspecified 73 E P.l‘nmm_ ' s
& Foraminifers ] agonite s
@ Nannofossily 2 . Opagus minerals
§ PHYSICAL PROPERTIES: o . B AiEiaas B
1112 238 372 488 RP v 3'2“ 161 366
v, 306 — -— 306 White specis? = Y ¥ 5 P
( v 336 341 335 324 } Yt mowchs Vo 355 33t 3H1 A
i 241 238 240 238 Dueiny 241 235 245 251
{ st 5 - Waner contant 75 —- 64 50
Water content 731 — 18 B85 .
'5' CARBONATE BOMB: ] ‘c:"‘:‘_“;;“ Bakha:
bl & . | 31078
| W § = 520 =66
a 4 7 ORGANIC CARBON:
= 1 2.5-18=0,00
% | B - 1 @
8 |RP l} |
1) =T
= | = . — Incearamus
8
5
— z e IMOCEFETIIE
= {MACETATIILE
L]
RP | RP lI
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SITE 6516 HoLe F CORE__ 117 cOREDINTERVAL  1181.1-1180.1m siTe 616 nowe F CORE 118 CORED INTERVAL _ 1190.1-11946m
g FOSSIL g FOSSIL
v g CHARACTER ” § CHARACTER
8 |=u[2]2 ] Zla - 8 |z.lel= Z z| w
£ (82)8 2l u GHARHIC H LITHOLOGIC DESCRIPTION S EH 218 GRAPHIC F
s & = L E LITHOLOGIC DESCRIPTION
12|58l S : 5 £ | uHoloey s z 215D z 5 E | umHouoay L3,
F|E |5|3|e H al=E E 8 H E |§ 2 ; wl F E e
F 18 |3 g FE E ! N HEHEE E §
8 |8 Z|a 3 E HEHH 3
MICRITIC LIMESTONE 3
Cators varying from light gray (5Y 7/1) to gray (BY &/1). b . MICHIﬂ:ﬂLIMES‘I’ONEM '
The darker arsas are more intensely bicturbated, There ] Zbu-uuuowwﬁ_ * stone {zones
! 6V 71 Al eolo Sor r rad. hie s s 3 g (5 81 o Y 51, wih ki o v
" INgeL are e are e £y & . - i
| lerge inoceromus fragments throughout the core. The 1.0 out (light brewnish gray [SYR 711}, Intenss b-un:l:o-
1 darkar layers are richer In terigenous material, frocerwnus | tion thicughout burrows mostly olive gray [5Y 4/1)
= o | scattered throughout core, Pink tints ot Secthon 1, 52-66, § H AP = Saveral Inoceramus fragments throughout the cone.
n - 72-80, andl 115125 em; Section 2, B0-T74, 104-107, snd % g . | 1L L oo
AP 120-122 em; snd Section 3, 45-62 and B6-94 cm, E = SMEAR SLIDE SUMMARY:
Section 2 having few green |aminations. o= — 1144 2100
= £ [ ]
SMEAR SLIDE SUMMARY: 2 = Tuture:
2 1147 4110 7 2 = Sand : E:
] . | sie 1
Texture: g ES ] . Clay 85 48
Sand 2 2 2 . Campanition:
silt 18 68 a 5 7] Quartz } 1 }Tg
Clay o @ ] 2 Feldspar
Composition: }7 Pyrite TR =
Quarz 3 :. N = Volcanic glass - TR
Febdspar Other clay minerals 83 40
Voleanic glass L) = by Carbanate unspeeilisd 14 B0
= Shall fragment Other clay minerals 77 25 a 3 - Nannofossits 1 "
c 3 = Carbonate unapecilied 12 73 ] Hawey minarals ™ -
= 3 2, = Foraminiters 5 TR 7]
2 Nannotossils 2 2 PHYSICAL PROPEATIES:
& g a Diatoms TR - 1141 2795 387
= s - Heavy minerals TR - v, 343 — 345
= | = - [noceramus fragmerts TH = Yy 371 380 387
= E Iron-oxides TR - Density 261 251 248
E F Wator content 60 — B4
H ] PHYSICAL PROPERTIES:
5 3 —— Btack staining 140 30 EHEEN CARBONATE BOMB:
£ ] ¥, 328 351 — 357 1-30 = B0
8 41 3 v, 357 370 367 369 1145 = 61
£ - Danshy 248 249 246 248
- - Water content 56 53 65 5.1
1]
i CARBONATE BOME:
1130 = 54
3120 =77
5-80 = 61
5
cae
P {
1]
] -
n I
[ 3 F
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SITE 616 HOLE F CORE 119 CORED INTERVAL 1184.6-1203.6 m SITE 518 HOLE F CORE 120 COAED INTERVAL 1203.6-1212.6m
g FOSSIL -y FOSSIL
i g CHARACTER . ; CHARACTER
2 lz.l2l2 z| e 8 = 23 z| w
£ |58 i H ] GRAPHIC = R ETTEL TR & [ H
e ‘i§ E F E|E | rhoroey 5 LITHOLOGIC DESCRIPTION T E :§ £1d|z g g CoRaHIE, LITHOLOGIC DESCRIPTION
£7 (71518 2(8 (%] 2 : R HHETIREE gl o
FolE |2|F]5|E E I ; HEE H
= 2l2|2|a Eg = HEE E
MICRITIC LIMESTONE AP { CALCARENITE
N8 to N4 with shades of pink [SYR B/1) In lighter color 5§ 0».'1—_‘ { Madium Fight gray [NB) with medium dark gray (N4)
intervals. Closer spacing of patmern indicaves darker tones. E / burrows, Variety of grainsiz and ssction texture. Glau-
1 . Inoceramus scattered throughout, 2 1 . ™~ conite pellety. Section 1, 08-102, and 109118 em foram-
e J 3|3 B . | I“‘: 7] =N oore now chertified, NB. Wids spacing = lighter 101,
1 . ® 10 1T 1 Saction 1, 120 cm: chartified tests of farsminitara. fno-
{ SMEAR SLIDE SUMMARY 3 g 2 s e o o e [ S A ot
2 r— = !
{ o f = e
3 [ ;:::""" o 3 o o SUEAR SLIDE SUMMARY:
7 .
+ st 20 H I l 1
Ire ( Clay 0 8 z o o
g Composition: Ar ki 30
2 - Pyrite 2 1
i = i Other clay minarals & i 20
x bl Carbonate urspecified 75 Clay 50
1 el Foraminifers 15 mw"“ thon: §
: Nennofossils 3 Glauconite 25
. PHYSICAL PROPERTIES: Dthae chiy mineraly © 24
£ + 1124 2927 362 4123 Faraminitars ]
H - v, 365 364 218 Mannofossils 7
£ = - cBY ™ 376 380 350 342 ot %
A 4 Deruity 250 248 230 248 Bleck minersts 2
=2 3 f Watar content 48 54 —— 81
3 PHYSICAL PROPERTIES:
E CARBONATE BOME: 148 233
i 195 =80 Yy ies 258
5 1100 =80 Vi 299 302
] Density 236 227
3 ‘Water cantant 21 Na
8
g CARBONATE BOMB:  DRGANIC CARBON:
t L1E5=91 1.113-120= 038
] 1126 = 33
| t {
¢ ] {
B e i
s{ 7
= voID
e 4 =3 [111
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SITE 616 HOLE F CORE 121 CORED INTERVAL 1212.6-1221.6m SITE 516 HOLE F  CORE 123 CORED INTERVAL 1230.6-12396 m
g FOSSIL g FOSSIL
> ; CHARACTER @ § CHARACTER
REMAE z| 2 M EAFARE z|l e
e (22|65 =] GRAPHI Er 22|65 ol s GRAPHIC
B .‘.{é £ E Bl E umou.:gv J LITHOLOGIC DESCRIPTION TE .,.§ tlg i £| & | ukoLoay b3 LITHOLOGIC DESCRIPTION
A HEHH +5E HHHH IR 3 +H
= E F = g = §
SHEHHE £ 2 § MHEHHE Ed
B B R B }
= CALCARENITE T
g 2 e Inocerasrmas seattered thorughout core. Gray (NGNS, 1913—-“:':'-3# = | LIMESTONE AND CALCAREOUS
£ 1|05 darker imervals = clowr spacing. 1 BLACK CLAYSTONE
2 FP - I Medlum light gray (NB] with laminations of light gray
= ] 2 | {N7), inceramus at 1o of corm,
T : SMEAR SLIDE SUMMARY: | = Tivin westion
E = 170 : acT0E CORtACt
I ? PHYSICAL PROPERTIES:
5 Texure: E
[ Sand 15 v, 428
E silg 15 Vi 4.30
o Clay m Density 245
Compeaition: Water content B4
Cuariz 3
Volcanic glass -]
Other cloy minerals 10
Cacbonate unspecified 80
Foraminifers 11/}
Mannotossils 2
Falagonite 5 SITE 616 HOLE F CORE 124 CORED INTERVAL 1239.6-1248.6m
Micronodules 5 2 FOSSIL
— CHARACTER
PHYSICAL PROPERTIES: 2 %
119 g, |BulBl2)¥ gl 2 GRAPHIC H
v, 217 i3 E§ a § 5| & | umiotogy < LITHOLOGIC DESCRIPTION
iy 331 g5 (@ 5|3 E alg £
Density 238 g |5 HE =
Water cantant 7.9 E 212|2 £
CARBONATE BOME:
135 =51
= -~ CALCARENITE AND BRECCIA
SITE 516 Howe F cORE_ 122  coRED INTERVAL 1221.6-1230.6m B o5 Section 1, 010 em: ferruginous chert. Sectiaon 1, 10-30
] FOSSIL - 1 = cm: pale redd (10R 6/8}, baked ealearsous mud with fno-
z CHARACTER g = cormmus. Section 1, 31-75 cm; durky red (10R 372),
§ E A z| » il i 1.0 sandly mudstone. Weakly graded and impragaated with
. 5 L = ish black (GY 2/1) 1o duiky blue 1586 372)
SE EE £ § E 2 E L:ﬁ.‘g{'o‘gv < LITHOLOGIC DESCRIFTION 2 E ::::nn'lliz grmint at Section v\. 7505 f: with
gg gw g £ g g § ¥ e & " EI p volcanic and altered glass. Section 1, 88-133 am: breccls
£ 1k 5 1 and claystane with layersd squence of dak blue green
g |52 E H E"‘,—; Kl PR {58G 32 snd lowsrmost graded sequenca baing 5G 6/1
. . matrin. Section 1, 134—148 em: veina or altered bands
n | { é 2 SAF 4/2 with green (BBG 3(2) veim, Important quantitisn
- CALCARENITE AND CALCAREOUS of volcanic glas location in Section 2 0 end of core.
] | HLACK CLAYSTONE Madium light gray (NG} sandstone sppears st 70 em of
Color: N8-N7, Cloter spacing Indicates darker shades, Soction 2.
5 1 [ Binck cimystone = dark gray (N3, fnocersmus scattersd
5 1 ( throughaut. SMEAR SLIDE SUMMARY:
1490
5 | !H SMEAR SLIDE SUMMARY: o
5 RE 1140 Texture;
3 e B g
¥ - | Textuse: Sile 0
c | % | Sand - Clay 0
i d Sile = Campanition:
= ] ! == Clay = Voleanic glass o0
§ 2 - I ( Camposition: Glawconity 0
. E Faldspar 2 Palaganite 20
£] | Other etay minerals 30
- Carbonats uripecified 63 PHYSICAL PROPERTIES:
. | Micronodules 5 10
| vy 446
PHYSICAL PROPERTIES: vy, s
177 1148 289 Denity -
v, -— 270 333 Water content _—
Vi 438 297 355
Denity 245 243 236 CARBONATE BOME:
Wator contant -— 83 83 114=73
ORGANIC CARBON: i
1, 140143 =031 CARBONATE BOME: 157=0
2,23-27~ 085 1.138 = 49 1780
224=1

249 = 68
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TIH16F-126

z £ £ £ E E
i § g . § 3 € E 5 g g § 3 Section 1 Depth: 12526-12841 m
@ = .g £ “ ; § w
E § 5 g § § EE £ E - E £ § T5 £ E g § VEINED PHYRIC BASALT
H E B E Z 2% & i z 2 B E z z £ H] 2 2 E ] Vesicules sre comman bireceiated intervaly: 4050, 85106, and 126150 cm.
] E 5 3 gg 5 E g FE E £ g % i '5 £ g § ; 5 \eing instersectad ertween O snd 105 em infilling: guartz, calcite, smectite, and iron oxides
£ & = s & & & & = GES5 B2 £06 G2 262 5 4 S
n ona
; M ] = A T — | —— M =] u 7 1261, 3042 cm tvein 111 sparitic and micriti calcite with fragmants of altered basalt = microgranular auarts —
|/ ] ™ ﬁ d chiorite - fnoceramug, brynzoan, and algal skeltal remairs,
g : 126-1, 17-20 em: ahtered, phyvic hasslr.
g L] 10| | il
” 3
¢ 4 ;
SO L s A
T [ A ‘i + -1 Sectian 2 Depth: 1264112556 m
28| 1
= T " PHYRIC BASALT
= - _ Stightly vesicular: 070 om. Vesicular: 85135 cm. Vained and bracciated: 70-85 em.
¥ ’ : g * | e Thin Section
d 1262, 6771 em: fine-grained variolitic plagiccis lath: with fretted margine — caicite ruplacement of mast of
L~ A —— — groundmass — large number of glomarparphyritic clots with first generation faldspar — alivine replaced by calcite —
5 L~} & opadus minerals comman in groundmass.
A 4 il
M tr &
1 ! Section 3 Depth: 1286612621 m
1 A ™ -
PHYRIC BASALT
| ™ - Barely vasicular: 0—116 cn, Modaraaly vesicular 115—135 cm. Breceiated and veined: 135-150 om.
L1
) - V] - Thin Sactian
5 H 4 /] 126-3, B1-88 cm: Fine-grained variolitic plagk ~ caleite of o bt fresh pyrosene
i 1 e presen — i with first taldspar.
) ]
) = ]
| i _ Saction & Degith: 1267.1-1267.6m
| A 1
-] * g PHYRIC BASALT
g % Veined: 027 om, Highly vesicular: 3740 cen,
A i B
1 ¢ H g
LA 4 n
™ A
1 + ]
1 / -
1 4
! Y el/) i
1
A ! 1
| A -
i
# t
L - || - L] = L L L = | L] =
1263 1264
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B g .g ] B 3 T2616F 127
% 5 § a 2 g & 3 -§ g % £ g‘ Sactian 1 Depth: 1267.6- 12501 m
3 E £ E H é 2! E. 5 £z 5 38 : g % PHYRIC BASALT
i %; E g E .g g :ELE E E % E _E § i E = iz z i E Wesicular: 0-20 cm, Veirsed and vesicular; 20115 em. Vieggy: 115147 em,
13833 s:3 kg a2 31354 s: #8853
] e ] B ] 7 ]
4 ; : A 4 |00 Sectian 2 Deptlh: 1269112608 m
L J - PHYRIC BASALT )
+ L~ * 2l + ’ LA Extensive j"i" mm-u:lo—m e (two generations of infilling ot laan ~ cslcita fills inner portions and ouarte Bne
2 marging — iron axides interspersed in caleitic portiond.
; + A Y| il Velned: 40150 em,
v } ' It
| 3 M
1 t ; ) |4 | ) — _- Saction 3 Depth: 1260812621 m
4 |1 L 4 {5 PHYRIC BASALT
> * | I } —— — Notatily bess ahtared than overlying rocks. Viined: 0-32 em.
B ” . Q 4
4 * [t -
g = 1 W= =
y ; ‘“. A A Y o) Section 4 Depth: 1262.1-1266.0 m
A 4+ ﬂ 41 L - PHYRIC BASALT
» ; ¥ { A _[:I’_ Isabatec! wugs and thin, eress-cutting veins. Flow Unit 1/Unit 2 boundary: 6060 om,
t L 31t o[+ ] 4 "
L] | ? 1 = 1 Ba = 72516F-128
= |
T A 1 2 % Section 1 Degth: 1266.6-1268.1 m
. 314 | ‘b y V] P I (s
1 ” D 9, n PHYRIC BASALT
4 : * :; .g‘ p 17 — Isalatnd visgs, thin vains, Coarse-grained: 52-52 em,
o —_—
il L i
A A t | ” 4
s L - » m— a Section 2 Dopth: 1268.1-126.96 m
H 4 ; [l 1 PHYRIC BASALT
‘ ! L1 — - liotated vugs. Fresh lcut surtece his o metallic lunter). lsolated vom throughout Coarse-grained: 75—150 em.
? L " | Sulphica minsralization with pyrite, quartz, and caleite: 118—122 em.
L1
11 S ' L1 ) ‘#1 4 4
11 4 L1 A ) ]
4 g 7l ) j g‘ ; o Sectian 3 Dapth: 1268.6-1270.6 m
+ : d 4 4 ) PHYRIC BASALT
s L-1 4 LA 5 ¥ - Ona ar two [solated vugs. Fresh {cut surface has matalfic fustar).
i+ + 0 it t -
1 60 -
4 t M B
i PR Y t 1
A 1272 1274 1281 1283
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SITE 516 HoLe F CORE 125 CORED INTERVAL 1248.6-12526m

1:3‘5"‘-:;:015‘ 'g LITHOLOGIC DESCRIFTION

ZONE
FORAMINIFERS

g
=

TIME — ROCK
umIT
BIOSTRATIGRAPHIC
NANNOFOSSILE
SECTION

RADIOLARIANS.
BlATOMS

SAMPLES

!

. ARY BRECCIA, S
AND CALCARENITE

Section 1, 0-78 em: mecro-sedimentary breccia fragmants

up to 0.6 em — shafls and rock in 8 micritic matrix. Colos:

dusky blue green (BBG 32 1o modarate blus green (5BG

. 4/8), Section 1, 7B-1156 em: wardstone lithic fragmants,

'i. calearpous fragments and glauconite (celsdanite). Section 2,
30 cm: calcgrenite, yellowish gray (BY B/1) includes ahall

fragments and stylolites. Section 2, 3035 om: besslt

SMEAR SLIDE SUMMARY:

-100
o
Texture:

Sin

Cly

Compasition:
Fuidspar
Glmuconite
(Other clay minarals
Carbonate unapecified —
Nannotossils

Clay and silics coment
Aggregates

gl w38
s8g ©

I!I
B2383'3F

CARBONATE BOME:
127 =8
163=2

1L
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SITE 516 (HOLE 516)

~—0 cm




SITE 516 (HOLE 516)

273



SITE 516 (HOLE 516)




SITE 516 (HOLE 516)

11,CC 12-1 13-1

12-2 12,CC

275



SITE 516 (HOLE 516)

e 13-2 13-3 1 14-2 143 14CC 151 15—2 15,CC  16-1 162




SITE 516 (HOLE 516)

17-4 17,CC 18-1 18-2 18,CC 20-1 20-2

277



SITE 516 (HOLE 516)

—150

278



SITE 516 (HOLE 516)

279



SITE 516 (HOLE 516)

280



SITE 516 (HOLE 516)

32.CC 331

281



SITE 516 (HOLE 516)

282



SITE 516 (HOLE 516)

—125




SITE 516 (HOLE 506)

42-2




SITE 516 (HOLE 516A)

285



SITE 516 (HOLE 516A)

—0 i

4-2




SITE 516 (HOLE 516A)

9-2 9-3

9,CcC

287



SITE 516 (HOLE 516A)




SITE 516 (HOLE 516A)

15

14-3

AHIA0D3H ON

289



SITE 516 (HOLE 516B)

—0 cm




SITE 516 (HOLE 516F)

2-7 2,CC

291



SITE 516 (HOLE 516F)

3,CC

292



SITE 516 (HOLE 516F)

5-6 5-7 5 CC

293



SITE 516 (HOLE 516F)

7, g 6-1 6-2

—150
294



SITE 516 (HOLE 516F)

295



SITE 516 (HOLE 516F)

13-3 14,CC

—0 crr 10-4 11-1 11-2 12-1 12,CC 13-1 13,CC




SITE 516 (HOLE 516F)

297



SITE 516 (HOLE 516F)

17-3

17,CC

18-1 18,CC 191

—0 cm

—125




SITE 516 (HOLE 516F)

205 20CC 2141 21-2 21-3 21-4 21,cC 221 221 22,CC 2341

299



SITE 516 (HOLE 516F)

300



SITE 516 (HOLE 516F)

27.CC

265  26,CC 276

301



SITE 516 (HOLE 516F)

—150

302



SITE 516 (HOLE 516F)

30-7 30,cC 3141 312 31-3 31-4 316 31-6

303



SITE 516 (HOLE 516F)

33-1

32,CC

32-7

32-6

3256

32-2 32-3 324

32-1

1

—25
50
75

—100

—125

50




SITE 516 (HOLE 516F)

35,CC

35-4

305



SITE 516 (HOLE 516F)

36- 36-2
0 eme 3! 363 364

36,CC

37-1




39,CC

40-1

40-2

40,CC

41-1

41-2

SITE 516 (HOLE 516F)

41,CC

42-1

307



SITE 516 (HOLE 516F)

308



SITE 516 (HOLE 516F)

524

309



SITE 516 (HOLE 516F)

FOom

53-1 : 535 53CC 541 542

52-5 52,CC




SITE 516 (HOLE 516F)

56-5 56-6 56-7 56,CC

311



SITE 516 (HOLE 516F)

312



SITE 516 (HOLE 516F)

313

—0 cm
—25
—50

-

—75




SITE 516 (HOLE 516F)

—150

314



SITE 516 (HOLE 516F)

315



SITE 516 (HOLE 516F)

0emaB83, 684

69-1

70-2

70,CC

71-1

71-2




SITE 516 (HOLE 516F)

73-1 73-2 73-3 73-4 735 73-6

317



SITE 516 (HOLE 516F)

318



SITE 516 (HOLE 516F)

319



SITE 516 (HOLE 516F)

77-5 77-6

79-2 79-3 79-4

- 78.1




SITE 516 (HOLE 516F)

321



SITE 516 (HOLE 516F)

83-5

—0 cm




SITE 516 (HOLE 516F)

323



SITE 516 (HOLE 516F)




SITE 516 (HOLE 516F)

905 S 9 915 916 91,CC 921

325



SITE 516 (HOLE 516F)

DG 92-2 92-3 92-4 92,CC 93-1 93-2 93-3 93-4 93-6 93-6




SITE 516 (HOLE 516F)

95-6

96-1

327



SITE 516 (HOLE 516F)

98-3

98-2

—150

328




SITE 516 (HOLE 516F)

329



SITE 516 (HOLE 516F)

104-1

104-2  104-3

—0 cm

104-6

105-1

105-2

105-3

1054

105-5

105-6




-—150

SITE 516 (HOLE 516F)

106-3 106-4  106-5 106-6 106-7 106,CC 1071 1072 107-3

331



SITE 516 (HOLE 516F)

107-4

107-5 107-6  108-1

—0 cm

108-2

108-3

108-4

109-1

v I L}

109-2

108-3

109-4

108-5




SITE 516 (HOLE 516F)

110cC 111 112-1 112-2  112-3 112-4

110-1 110-2 110-4 11056 110-6

NO RECOVERY




SITE 516 (HOLE 516F)

113-7 114-2

1135 1136

113-4

113-2

- 1125 1126

113-1

114-1




SITE 516 (HOLE 516F)

(1 YRR AIEY

LU\ A ;iv

1k -ga.__s_w,

AT Y 87T | Y




SITE 516 (HOLE 516F)

{0\ I SZAL AR
B N O T AT T
LR LD TNTE TP VA U el AT WA

£ O

.n

k.:. ol

117.CC

& W TGS

@

w0

-

—
E
o

o
L

336



SITE 516 (HOLE 516F)

_m w._.”. V! hpﬁ._-

{ 4
U5

4

N s

337



SITE 516 (HOLE 516F)

338



