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4. SITE 1050t

Shipboard Scientific Party?

HOLE 1050A

Position: 30°05.997'N, 76°14.101 W

Date occupied: 0130 hr, 17 January 1997

Spud hole: 0715 hr, 17 January 1997

Date departed: 0015 hr, 20 January 1997

Timeon hole: 70.75 hr (2 day, 22 hr, 45 min)

Seafloor (drill pipe measurement from rig floor, mbrf): 2311.0
Distance between rig floor and sea level (m): 11.2

Water depth (drill pipe measurement from sea level, m): 2299.8
Total depth (drill pipe measurement from rig floor, mbrf): 2630.9
Penetration (m): 319.9

Number of cores (including cores having no recovery): 36

Total corerecovered (m): 293.70

Corerecovery (%): 91.8

Oldest sediment cored:
Depth (mbsf): 319.9
Lithology: nannofossil chalk
Age: late Paleocene

HOLE 10508

Position: 30°05.9981N, 76°14.0958V

Date occupied: 0015 hr, 20 January 1997

Spud hole: 0200 hr, 20 January 1997

Date departed: 1730 hr, 21 January 1997

Timeon hole: 41.25 hr (1 day, 17 hr, 15 min)

Seafloor (drill pipe measurement from rig floor, mbrf): 2311.0
Distance between rig floor and sea level (m): 11.2

Water depth (drill pipe measurement from sea level, m): 2299.8
Total depth (drill pipe measurement from rig floor, mbrf): 2551.0
Penetration (m): 240.0

Number of cores (including cores having no recovery): 27

Total corerecovered (m): 219.44

Corerecovery (%): 91.4

Oldest sediment cored:
Depth (mbsf): 240.0
Lithology: nannofossil chalk
Age: early Eocene

INorris, R.D., Kroon, D., Klaus, A., et a., 1998. Proc. ODP, Init. Repts., 171B:

College Station, TX (Ocean Drilling Program).
2Shipboard Scientific Party is given in thelist preceding the Table of Contents.
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HOLE 1050C

Position: 30°5.9953\, 76°14.099W

Date occupied: 1930 hr, 8 February 1997

Spud hole: 0045 hr, 9 February 1997

Date departed: 0600 hr, 13 February 1997

Timeon hole: 106.5 hr (4 day, 10 hr, 30 min)

Seafloor (drill pipe measurement from rig floor, mbrf): 2308.0
Distance between rig floor and sea level (m): 11.5

Water depth (drill pipe measurement from sealevel, m): 2296.5
Total depth (drill pipe measurement from rig floor, mbrf): 2914.0
Penetration (m): 606.0

Number of cores (including cores having no recovery): 31

Total corerecovered (m): 200.19

Corerecovery (%): 69.4

Oldest sediment cored:
Depth (mbsf): 606.0
Lithology: nannofossil claystone
Age: late Albian

Comments: Drilled from 0.0 to 317.5 mbsf.

Principal results: Site 1050 was drilled in 2300 m of water on the Blake
Nose, 10 km upslope from Site 1049. Two advanced hydraulic piston cor-
er/extended core barrel (APC/XCB) holes were drilled (1050A and
1050B), which produced extremely high (up to 95%) recovery throughout
the section, except for two minor intervals. Hole 1050C was drilled with
the rotary core barrel (RCB) and is described in this summary after the re-
sults for Holes 1050A and 1050B. Although Site 1050 is a short distance
from Site 1049, the middle Eocene and upper Paleocene intervals are
much more expanded at Site 1050 than at Site 1049. The sediments that
contain well-preserved calcareous microfossils will be used to reconstruct
the deep-water mass characteristics in the Eocene through the correlation
of stable isotope data, lithostratigraphy, and benthic fauna between sites
at different water depths on the Blake Nose. The record of Eocene sedi-
ments recovered during Leg 171B will document how depth shifts of the
boundary between deep waters and intermediate waters occurred as the
climate switched from the early Eocene warm period to Antarctic glacia-
tion in the late middle to late Eocene. Site 1050 was also chosen to identify
the ages of several strong seismic reflectors that can be traced along nearly
the entire length of the Leg 171B depth transect.

The lithostratigraphy is remarkably uniform through most of the
Eocene and Paleocene and consists of green to pale yellow siliceous nan-
nofossil ooze and chalk, with minor amounts of chert and diatomaceous
nannofossil chalk. We divided the section into three lithologic units based
on color and microfossil content. Lithologic Unit | contains an upper layer
that comprises manganese nodules and probably represents the present
seafloor (lithologic Subunit IA) and a lower section (~38 m) of yellow
middle Eocene siliceous nannofossil ooze, with varying amounts of fora-
minifers and clay (lithologic Subunit IB). A distinctive 5-cm-thick vitric
ash bed occurs in the upper portion of lithologic Subunit IB. A sharp color
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change from yellow to green at ~40 mbsf was used to divide lithologic

Unit | from Unit 11, but it should be noted that there is no apparent change

in sediment composition across the contact. The color change from yellow

to green does not appear to represent a primary depositional feature and

may represent differences in redox conditions within the sediment cover

of the Blake Nose. Lithologic Unit I (~276 m thick; middle Eoceneto late
Paleocene in age) is composed of light grayish green nannofossil ooze to
siliceous nannofossil ooze that grades downhole to a light grayish green
siliceous nannofossil chalk and nannofossil chalk, with varying contents

of radiolarians, sponge spicules, and diatoms. The transition from ooze to

chalk occurs at a depth of ~90 mbsf. The contact between Subunits 1A

and |1B is placed at the top of amanganese hardground at ~154 mbsf that
occurswithin an interval with common, thin chert layers and corresponds

to a decrease in carbonate content. At least 10 vitric ash layers occur in

Unit I1. The ash layers, together with the color reflectance, magnetic sus-
ceptibility, and gammarray attenuation porosity evaluator (GRAPE) bulk
density data, make it possible to produce a detailed correlation between

the two holes at this site. The ash layers are composed largely of clear

glass shards. Several ash layers also contain euhedral biotite and feldspar

grains that may provide an absolute chronology for the section. Most ash
layersare about 1 cm thick, but many thinner laminae have probably been
destroyed by bioturbation or drilling disturbance, as we have found that

many of the gray wispsin the chalk contain volcanic glass shards. Peaks

in abundance of siliceous microfossils were observed at 140-155 mbsf
and 180—-220 mbsf in both holes. Sediments containing the latest Paleo-
cene benthic foraminifer extinction were recovered in Hole 1050B, but
not in Hole 1050A because this interval consists of hard chalk or chert that
jammed in the core barrel. However, the lowermost Eocene and upper
Paleocene sediments adjacent to this interval of extremely low recovery
are biostratigraphically and biomagnetostratigraphically complete; this
suggests that the interval of poor recovery does not contain a major hiatus.
Lithologic Unit 1ll (14.8 m thick; late early Paleocene to early late
Paleocene in age) is a diatomaceous nannofossil chalk to nannofossil di-
atomite. It is distinguishable from the overlying unit by a color shift to
grayish olive and an increase in diatom abundance.

A combination of biomagnetostratigraphy and biostratigraphy pro-
vides a preliminary chronostratigraphic framework for the sedimentary
sequences in Holes 1050A and 1050B. Shipboard magnetostratigraphy
within the middle Eocene interval was not well defined, but discrete sam-
ples produced a well-defined polarity scale from Chron C21n to C19r dur-
ing post-cruise research. The upper Paleocene to lower Eocene section
displays a complete, well-defined biomagnetostratigraphy from Chrons
C26r through lower C22n. The deepest part of Hole 1050A was dated
within the lowest Selandian (lower Chron C26r). Shore-based refinement
of the biomagnetostratigraphy will make Site 1050 a reference site for cal-
ibration of the Paleogene biostratigraphy to magnetic polarity chrons.

The preservation of the calcareous nannofossils and planktonic fora-
minifers is good in the middle Eocene section and moderate to good in the
lower Eocene and Paleocene. The exception is the interval straddling the
Paleocene/Eocene boundary, where all calcareous microfossils show poor
preservation because of extensive overgrowth and calcite cementation.
The radiolarian faunas are generally well preserved. The youngest Eocene
deposits correspond to calcareous nannofossil Zone CP14a and planktonic
foraminifer Zone P12, and the oldest sediments recovered belong to cal-
careous nannofossil Zone CP3 and the earliest part of planktonic foramin-
ifer Zone P3a. The apparent absence of calcareous nannofossil Zones

CP12a and CP10 suggests the presence of two hiatuses in the Eocene,

each between 1.5 and 2 m.y in duration.

Bulk density increases gradually in the upper 140 m of both holes and
shows an abrupt increase, followed by an equally sharp decrease at 150
mbsf, where the first chert stringers were encountered. Below this, bulk
density increases steadily to a high value near 200 mbsf, and bulk density
remains high through the upper Paleocene section. The transition from
nannofossil chalk to diatomaceous nannofossil chalk at 300 mbsf corre-
sponds to an abrupt drop in bulk density &dave velocity.P-wave
velocity increases significantly at about 90 mbsf, corresponding to the

transition from ooze to chalk and to the depth at which we were forced to
switch from APC to XCB coring. Pelagic carbonates in Neogene sequenc-
es typically show a transition from ooze to chalk at about260 mbsf.

Hence, the relatively shallow depth of this lithologic and physical proper-
ties transition at Site 1050 suggests that at least part of the sedimentary se-
quence has been eroded. Estimates of the amount of sediment removed,
based on measured shear strength and bulk density, suggest that as much
as 147 m of section may have been eroded from the top of the Blake Nose
at this site.

Interstitial-water chemistry shows significant changes with depth.
Strontium, lithium, potassium, magnesium, calcium, and alkalinity all dis-
play marked gradients, particularly between about 80 and 220 mbsf. Ma-
jor cation changes are consistent with seawater interactions with the
volcaniclastic sediments (such as the volcanic ashes found throughout the
Eocene section) and/or the underlying Jurassic—Cretaceous carbonate
platform. Strontium concentrations and strontium/calcium ratios are both
consistent with recrystallization of biogenic carbonates and pervasive cal-
cite overgrowth and cements in the lower Eocene and upper Paleocene se-
quence. Carbonate content is about 70%8% in the upper 150 m. Marked
decreases in carbonate content occur between 150 and 160 mbsf and again
at 300 mbsf, where carbonate drops first to 50% and then to 30%. Both
decreases in carbonate content are associated with increases in biogenic
silica.

Organic carbon content is extremely low throughout the section and
averages about 0.05 wt% in the upper 200 m. Other than a few spikes of
<0.3 wt%, total organic carbon (TOC) is essentially zero below 225 mbsf.
Methane decreases upsection, probably as a result of increases in methane
consumption by aerobic bacteria in the shallow sediments.

Hole 1050C was drilled at the deep end of the Blake Nose as an
addendum to Holes 1050A and 1050B in order to obtain an equivalent se-
quence of the Cretaceous section recovered at the shallow-water Site 1052
transect. We drilled through the top 317 m with the RCB system without
coring and started recovering lower Paleocene sediments at the depth
where we had stopped drilling in Hole 1050B. The dominant lithology in
the lower Paleocene is a clayey siliceous chalk with nannofossils. Color
varies from light greenish gray to greenish gray, with the darker lithology
more clay rich. The lithology changes to an interval dominated by clay-
stone and nannofossil chalk at 340 mbsf. This unit extends to 463 mbsf
(upper Paleocene to upper Maastrichtian). A complete polarity record
from Chron C30 through lower C26r is present.

The K/T boundary was found at 405.93 mbsf. In contrast to Site 1049,
no impact ejecta are preserved, although the K/T boundary is biostrati-
graphically complete: the topmost MaastrichtMitula prinsii Zone is
present as well as the early PaleoceaeZBne, represented by greenish
gray claystone with nannofossils and nannofossil claystone and fragments
of dark gray clay in a drilling breccia between drilling biscuits. The K/T
boundary is influenced only slightly by slumping, but in view of the ex-
tensive slumping above and below the K/T boundary, it is conceivable that
the ejecta layer has been slumped away from this site.

Moderately to heavily bioturbated nannofossil chalk to nannofossil
claystone was found in the interval from 463 to 491 mbsf (upper Maas-
trichtian to upper Campanian). There are subtle meter-scale alternations
between lighter and darker intervals. Wavy laminae, microfaults, soft-sed-
iment deformation, and chaotic bedding typify much of this unit, and
probably most of this interval has been slumped. A series of hardgrounds
of varying character spanning 15.5 m.y. that formed during the Late Cre-
taceous was recovered in the interval from 491 to 501 mbsf. The hard-
grounds differ in character from reddened, weakly bioturbated chalk to a
hard, heavily bored phosphate/iron crust more than 1 cm thick, and they
mark a distinct change in sediment deposition in the area from the late (but
not latest) Cenomanian to the late Campanian. The underlying sediment,
although chaotically bedded, still bears evidence of its original character
as rhythmic alternations of white, heavily bioturbated chalk and laminated
black shale. Laminated sediment virtually does not recur above the hard-
grounds. The oldest hardground represents the Cenomanian/Turonian
boundary.



The interval from 501 to 605 mbsf (upper Cenomanian to upper
Albian) includes hemipelagic sediment, with the amount of terrigenous
components increasing downhole. The color changes from light greenish
gray to almost black at the bottom of Hole 1050C. The top of thisinterval
is placed at the last downhole occurrence of the hardgrounds. This unit
comprises light to medium greenish gray nannofossil chalk or limestone
and dark to very dark claystone, including some black shale intervals.
Soft-sediment deformation with slumping and possible sediment-creep
folding are common throughout the top of this interval. In addition, the
sediment is cut by numerous normal faults that range in orientation from
subvertical to subhorizontal. Although most subvertical faults are slicken-
sided, many subhorizontal faults display millimeter-scale clay seams, and
it isdifficult to discern some of the latter from drilling-induced core frac-
tures that were sealed with slurry.

SITE 1050

spudded Hole 1050A with the XCB at 0715 hr on 17 January. We ro-
tated 15 min, coring from 0 to 10.1 mbsf, and recovered 6.9 m of nan-
nofossil ooze with some manganese nodules. APC coring com-
menced with Core 171B-1050A-2H (Table 1) and continued to 95.6
mbsf. Core 10H could not be extracted from the formation with
100,000 Ib of overpull, and we had to free it by slowly drilling over
the stuck barrel.

We then switched to XCB coring, which provided excellent core
recovery, albeit with slow and ever-decreasing rates of penetration
(ROPs). The high clay content of the sediments was apparently ad-
hering to the cutting structure of the bit, thereby reducing the pene-
trating ability and making it difficult to advance into the formation.
The weight on bit, pump pressure, and rotary speed were varied in an
attempt to increase the ROP, with negative results. The average ROP

Despite the black color of most of the Cenomanian—Albian sequenceon 19 January had decreased to 4.7 m/hr.

these rocks generally contain <1% TOC, which is rich in humic matter.

We considered the possibility of dropping a free-fall funnel so

The black shales recovered in Hole 1050C represent a deep-water equitrat we could trip the pipe to change the rotary core bit to one more
alent of the green laminated claystones recovered updip at Site 1058uited for this formation (e.g., ¥@in polycrystalline diamond com-
which were also dominated by humic debris. Laminated claystones at bothact [PDC] fixed-cutter bit). However, after reviewing the conditions
sites contain exquisitely preserved calcareous microfossils. Hole 10506f microfossil preservation, slow ROP, and time/risk to round trip for
was successfully logged from the bottom of the hole to 110 mbsf with th@ PDC XCB bit, we decided to terminate Hole 1050A at 319.9 mbsf.
usual string of tools such as the triple-combo, Formation MicroScannewWe decided to increase the penetration in Hole 1050B to ~240 mbsf

(FMS), and geological high-sensitivity magnetic tool (GHMT).

BACKGROUND AND OBJECTIVES

Site 1050 is located at a water depth of 2300 m below sea level
(mbdl), whichisabout 370 m shallower than Site 1049. The MCSline
suggests that the middle Eocene and upper Paleocene intervals are
much more expanded at Site 1050 than at Site 1049. Paleogene sedi-
ments at Site 1050 were deposited near their present water depth.
These sediments will be used to reconstruct the water-mass charac-
teristics of deep waters in the Eocene through the correlation of iso-
tope data, lithostratigraphy, and benthic fauna among sites at differ-
ent water depths on the Blake Nose. The excellent record of Eocene
sediments recovered during Leg 171B will document how the bound-
ary between deep waters and intermediate waters changed as the cli-
mate switched from the early Eocene warm period to the onset of
Antarctic glaciation in the late Eocene. Site 1050 was & so chosen to
identify the ages of severa strong seismic reflectors that can be
traced along nearly the entire length of the Leg 171B depth transect.
Information on the ages and depths of these reflectors was used to
predict the stratigraphic sequence of the remaining Blake Nose sites
to be drilled and to refine the coring program for the leg.

We also expected to recover athicker Cretaceous sequence than
is present at Site 1049. This would enable us to determine the litho-
logic and faunal characteristics of the down-dip equivalents of the
Cretaceous rocks at Site 1052. We particularly wished to obtain a
depth transect across the K/T boundary, the mid-Maastrichtian, and
the Albian—Cenomanian sections.

OPERATIONS
Site 1050

and to not drill a third hole at this site as originally planned. The time
saved would be used to achieve primary scientific objectives at an-
other site. We pulled the drill string up to 100 mbsf and displaced the
hole with 40 bbl of 10.5 Ib/gal mud. Hole 1050A ended at 0015 hr on
20 January when the drill string was pulled above the seafloor.

Hole 1050B

We offset the vessel 10 m to the east and spent 1 hr to accomplish
the routine task of cutting and slipping 115 ft of drilling line. After
the driller verified that the seafloor depth was the same as in Hole
1050A (2311.0 mbrf; based on an observed reduction in drill-string
weight), we spudded Hole 1050B with the XCB at 0200 hr on 20 Jan-
uary. XCB Core 171B-1050B-1X was cut from 0 to 7.0 mbsf. We
then took APC Cores 2H through 9H to 83.0 mbsf. We wanted to
switch to the XCB at this depth because this was just above the depth
where we had to drill over the stuck APC core barrel in Hole 1050A.
XCB coring continued to a total depth of 240.0 mbsf. After the last
core was retrieved (1325 hr, 21 January) we started pulling the drill
string out of the hole. As soon as the drill bit was a safe distance
above the seafloor, the beacon was recovered, and, while the drill
pipe was being retrieved, the vessel was slowly offset toward the next
site.

Hole 1050C

After the 16.5-nmi transit to return to Site 1050, we deployed a
beacon at 1930 hr on 8 February 1997. We wanted to reoccupy Site
1050 to core the deep objectives that were not attained earlier in the
leg when the XCB coring system could not penetrate to the desired
depth of at least 500 mbsf in Hole 1050A. We decided to use the RCB
coring system to core deeper than the penetration depth in Hole
1050A until the remaining operational time for the leg expired.

After a 1-hr transit from Site 1049, we deployed a beacon at Site Hole 1050C was spudded at 0045 hr on 9 February at a depth of
1050 at 0130 hr on 17 January 1997. After adding a new APC/XCR308.0 m. We used an RCB BHA with a mechanical bit release and
bit (RBI C-3) to the bottom-hole assembly (BHA), the drill string wasnew bit (RBI C-3). We drilled without coring to 317.5 mbsf and then
run in to 2263 m below rig floor (mbrf), the top drive was picked up,started RCB coring at 1545 hr on 9 February. Rotary coring advanced
and the bit was gently lowered to establish the mudline depth. Theithout incident to a depth of 606.0 mbsf, coring 288.5 m and recov-
driller observed a reduction in drill-string weight at 2311.0 mbrf,ering 200.19 m of core (69.4% recovery; see expanded version of
which was only 1.4 m shallower than the precision depth recordefable 1 on CD-ROM, back pocket, this volume). Operations were
(PDR) measured depth of 2312.4 mbrf. Because of the possibility aérminated at 2130 hr on 11 February after the operational time for
damaging hardware in attempting an APC mudline core through thihis leg expired. The average ROP for the cored segment of this hole
manganese nodules and sand cover (as occurred in Hole 1049A), was 11.2 m/hr.
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SITE 1050

Table 1. Site 1050 coring summary.

Date Length  Length Date Length  Length
(January Time Depth cored recovered Recovery (January Time Depth cored recovered Recovery
Core 1997)  (UTCQ) (mbsf) (m) (m) (%) Core 1997) (UTQ) (mbsf) (m) (m) (%)
171B-1050A- 16X 20 2200  138.6-148.2 9.6 658 685
1X 17 1315 0.0-10.1 10.1 6.88 681 17X 21 0005  148.2-154.7 6.5 7.98 1230
2H 17 1400 10.1-19.6 95 1011 1064 18X 21 0105  154.7-157.8 31 415 1340
3H 17 1515 19.6-29.1 95 10.04 1057 19X 21 0225  157.8-167.4 9.6 165 172
4H 17 1640 29.1-38.6 95 964 1010 20X 21 0330  167.4-177.0 9.6 9.77 1020
5H 17 1725 38.6-48.1 95 9.75 1020 21X 21 0440  177.0-186.6 9.6 989 1030
6H 17 1820 48.1-57.6 9.5 9.76  103.0 22X 21 0625  186.6-196.2 9.6 939 978
7H 17 1910 57.6-67.1 9.5 9.93 1040 23X 21 0800  196.2-205.8 9.6 9.83 1020
8H 17 2005 67.1-76.6 95 959 1010 24X 21 1015  205.8-2155 9.7 9.84 1010
9H 17 2055 76.6-86.1 95 974 1020 25X 21 1315  2155-225.1 9.6 9.90 1030
10H 17 2240 86.1-95.6 95 985 1030 26X 21 1610  225.1-230.4 5.3 0.31 32
ig( g gggg lgg.g-ﬁi.g g.g ?’% el)g.é 27X 21 1825  230.4-240.0 9.6 129 134
13X 18 0125  114.8-124.4 96 769 801 Coring totals: 2400 21944 914
14X 18 0215 124.4-134.0 9.6 8.34 86.9 171B-1050C-
15X 18 0305  134.0-1436 9.6 783 815 1R 09 1630  317.50-327.10 9.6 0.00 0.00
16X 18 0400  143.6-153.2 9.6 9.80 1020 2R 09 1800 327.10-336.70 9.6 9.89  103.00
17X 18 0545 1532-162.8 9.6 479 499 3R 09 1955  336.70-346.30 9.6 6.78  70.60
18X 18 0745  162.8-172.4 9.6 615 640 4R 09 2200  346.30-355.90 9.6 813 8470
19X 18 1000  172.4-182.0 9.6 9.79 1020 5R 10 0025  355.90-365.50 9.6 822 8560
20X 18 1200  182.0-189.6 7.6 9.84 1290 6R 10 0210 36550-37520 9.7 9.84 101.40
21X 18 1430 189.6-199.2 9.6 971 1010 7R 10 0350 375.20-384.90 97 5.18 53.40
22X 18 1740  199.2-208.8 9.6 9.80 1020 8R 10 0535  384.90-394.50 9.6 479  49.90
23X 18 1935  208.8-2184 9.6 9.92 1030 9R 10 0655  394.50-404.10 9.6 690 7190
24X 18 2125 218.4-2280 9.6 9.84 1020 10R 10 0810  404.10-408.70 46 233 50.70
25X 19 0000  228.0-237.7 9.7 0.30 31 1R 10 0935  408.70-413.70 5.0 428 8560
26X 19 0145 237.7-2417 4.0 433 1080 12R 10 1105 4137042330 9.6 0.20 2.10
27X 19 0340  241.7-247.3 5.6 745 1330 13R 10 1230  423.30-433.00 9.7 9.92 102.30
28X 19 0615 247.3-256.9 9.6 811 845 14R 10 1355  433.00-442.60 96 0.00 0.00
20X 19 0900  256.9-266.5 9.6 9.94 1030 15R 10 1520  442.60-452.20 9.6 9.94 10350
30X 19 1200 266.5-276.1 9.6 9.64 1000 16R 10 1650  452.20-461.80 9.6 412 4290
31X 19 1600  276.1-285.7 9.6 9.88 1030 17R 10 1800  461.80-471.40 9.6 893  93.00
32X 19 1800  285.7-288.9 32 6.06  189.0 18R 10 1905 471.40-481.00 9.6 750 7810
33X 19 2000  288.9-295.3 6.4 923 1440 19R 10 2005  481.00-490.60 9.6 358  37.30
34X 19 2300  295.3-304.9 9.6 481 501 20R 10 2125  490.60-500.20 9.6 6.38  66.50
35X 20 0150  304.9-3145 9.6 9.74 1010 21R 10 2300 500.20-509.80 9.6 9.95 103.60
36X 20 0330  314.5-319.9 54 524 970 22R 1 0035  509.80-519.40 9.6 0.77 8.00
; ' 23R 1 0335 519.40-529.10 9.7 9.88 101.90
Coring totals: 3199 20870 918 24R 1 0530 529.10-53870 9.6 307 3200
171B-1050B- 25R 1 0755  538.70-548.40 9.7 539  55.60
X 20 0810 0.0-7.0 7.0 7.65 109.0 26R 11 0930 548.40-558.00 9.6 722 7520
2H 20 0920 7.0-165 95 946 996 27R 1 1210  558.00-567.60 9.6 9.67 100.70
3H 20 1030 16.5-26.0 95 9.84 1030 28R 1 1435  567.60-577.20 9.6 9.78  101.90
4H 20 1115 26.0-35.5 95 9.78 1030 29R 1 1710  577.20-586.80 9.6 951  99.10
5H 20 1205 35.5-45.0 95 981 1030 30R 11 1915  586.80-596.40 9.6 9.03 9410
6H %8 1203 45'0_3'3 3.5 18.21 185.8 31R 1 2130  596.40-606.00 9.6 9.01 9390
g: 20 %425 65238-7335 912 9:8(15 io:ltﬁo Cored totals: 288. 20019 69.39
oH 20 1530 735830 95 989 104.0 Drilled: 317.50
10X 20 1700  83.0-90.6 76 911 1200 Total: 606.00
11X 20 1745 90.6-100.2 9.6 922 9.0
12X 20 1830  100.2-109.8 9.6 967 1010 . o )
13X 20 1925 109.8-119.4 96 8.65 90.1 Note: An expanded version of this coring summary table that includes lengths and
14X 20 2000 119.4-129.0 9.6 8.02 835 depths of sections and comments on sampling is included on CD-ROM (back
15X 20 2100 129.0-138.6 9.6 8.28 86.2 pocket, this volume).

After a 20-bbl, high-viscosity mud flush was circulated, a wiper
trip (105-606 mbsf) was conducted to prepare the hole for logging.
The region from 586 to 606 mbsf had to be washed and reamed. The
bit was then released with the wireline at the bottom of the hole, and
the hole was displaced with 155 bbl of sepiolite mud. The end of the
drill string was pulled up to the logging depth of 105 mbsf.

At 0245 hr on 12 February, the Schlumberger equipment was
rigged up and the triple-combo was run in the hole. All data collected
are of high quality. No problems were experienced during the run.
The hole appeared to be in good condition, with an average diameter
of 10 in. By 0900 hr on 21 February, the triple-combo was retrieved
and rigged down.

At 0910 hr, the second logging string (FM S-sonic digital logging

logging run could be seen in the image of the second run. Conse-
quently, the second pass was shortened.

At 1500 hr, the second logging tool string was rigged down, and
the third and final logging suite was made up. At 1515 hr, the third
log for magnetic susceptibility (GHMT-NGT) was run in the hole.
All data collected are of high quality. All three logging tools reached
the bottom of the hole. Only the upper 40 m of the hole (105-145
mbsf) suffered significant washout. The hole was successfully logged
between 103 and 606 mbsf. Sea conditions were mild, with swells
<1.5m.

After the logging equipment was rigged down, the hole was dis-
placed with 35 bbl of 10.5 Ib/gal mud. The pipe was pulled out of the
hole, and the BHA was disassembled into individual drill collars and

tool [SDT] array—natural-gamma spectrometry tool [NGT]) was runlaid down. The main and backup beacons were retrieved, and the
in the hole. All data collected are of high quality. No problems weralrilling equipment was secured by 0600 hr on 13 February.
experienced during the run, except for some noise on the analog sonic

curves. The digital data appear to be good, however. The FMS cali-
pers indicate that the hole was slightly oval and that it was washed out LITHOSTRATIGRAPHY
to 14 in just below the bottom of the drill pipe. The maximum hole Description of Lithologic Units

deviation was 1.5°. Although two full passes were planned, the sec-

ond logging pass was canceled. When the tool reached the oval sec-Holes 1050A and 1050B were drilled in 2299.8 m of water, and

tions while approaching the drill pipe, it became apparent that thelole 1050C was drilled in 2296.5 m water depth on the Blake Nose,
“track” left in the borehole by the caliper of the tool used on the firstl0 km upslope from Site 1049 (see “Operations” section, this chap-
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Table 2. Summary of lithologic units from Holes 1050A and 1050B.

Lithologic
unit/subunit Hole 1050A Hole 1050B Age Lithologies
1A Interval 1X-1, 0-3 cm, Interval 1X-1, 0-5cm, Pleistocene to Holocene Mn nodules and phosphatic sand
thickness unknown thickness unknown
1B Interval 1X-1, 4 cm, to 4H-CC, 36 cm 1X-1, 5cm, to 5H-2, 79 cm middle Eocene Yellow siliceous nannofossil ooze
0.03-38.71 mbsf 0.05-37.79 mbsf
38.7m 37.8m
IC Interval 4H-5, 0 cm, to 16X-7, 42 cm 5H-2, 79 cm, to 17X-6, 23 cm middle Eocene to early Eocene Green siliceous nannofossil ooze
38.7-153.05 mbsf 37.8-155.4 mbsf and nannofossil chalk with
114.35m 117.6m siliceous microfossils
ID Interval 16X-7, 43 cm, to 34X-CC, 49 cm  Interval 17X-6, 24 cm, to 27X-CC, 47 cm  early Eocene to late Paleocene Green siliceous nannofossil chalk
153.06-300.1 mbsf 155.24-240.0
147.04 m 84.76+ m base not recovered
1 Interval 35X-1, 0 cm, to 36X-CC, 15cm  Not recovered late Paleocene Diatomaceous nannofossil chalk
304.9-319.7 mbsf and diatomite with nannofossils
14.8 m

ter). Although Site 1050 is ashort distance from Site 1049, the lower 1050 almost certainly correlates directly with the similar Subunit IA
to middle Paleogene section is much thicker than at the previous site, at Site 1049. However, correspondence between other lithologic
as predicted by seismic data. Wedivided the sectioninto six litholog- boundaries is difficult to assess. The top and bottom of lithologic
ic units based on color and microfossil content (Table 2; Fig. 1). The Subunits IC and ID at Site 1050 are defined by color changes that
upper two units were recovered in Holes 1050A and 1050B; the were not observed at Site 1049. At Site 1049, Unit Il is defined as a
lower three units were recovered in Hole 1050C. The uppermost unit chert-rich interval (53-73 mbsf), whereas at Site 1050 chert is re-
consists of four subunits, which include an upper layer containing stricted to three thin layers at the contact between lithologic Subunits
manganese nodules that probably represents the present seafloor IC and ID (138-154 mbsf) and to a few horizons in lithologic Unit
(lithologic Subunit 1A). Lithologic Subunit IB is an ~38-m-thick in- Ill. Lithologic Unit Il at Site 1049 and lithologic Subunit ID consist
terval of yellow middle Eocene siliceous nannofossil ooze, with of light grayish green, silica-rich nannofossil chalk of early to middle
varying amounts of foraminifers and clay (lithologic Subunit IB). A Eocene age. No equivalent to Site 1050’s lithologic Unit Il was found
digtinctive 5-cm-thick vitric ash bed occurs in the upper portion of at Site 1049, perhaps because of low recovery of equivalent-aged
lithologic Subunit IB. A sharp color change from yellow to green at sediment at the latter site. Furthermore, the K/T boundary is more
~38 mbsf was used to divide lithologic Subunit IB from Subunit IC. lithified at Site 1050 than at Site 1049.

Thereisno apparent change in sediment composition across the con- The Cretaceous section is thicker at Site 1050 than at Site 1049,
tact. Lithologic Subunit ID (~276 m thick; middle Eocene to late and it differs in character. The absence of much of the Upper Creta-
Paleocene in age) is composed of light grayish green nannofossil ceous section at Site 1049 is reflected in the series of hardgrounds re-

chalk with varying amounts of radiolarians, sponge spicules, and covered as lithologic Unit V at Site 1050. The Lower Cretaceous sec-
diatoms (see Section 5 on CD-ROM, back pocket, this volume). The tion at Site 1050 shows considerable deformation and is younger than
transition from ooze to chalk at a depth of ~90 mbsf corresponds to any Albian strata encountered at Site 1049.
an increase in bulk density (see “Physical Properties” section, this
chapter). The contact between Subunits IC and ID is placed at the tomit |
of a hardground at ~154 mbsf that occurs within an interval with
common, thin chert layers and corresponds to a decrease in carbonateDescription: Mn oxide nodules and nannofossil ooze to siliceous nan-
content (see “Organic Geochemistry” section, this chapter). At least ~ nofossil ooze
11 vitric ash layers occur in Unit | and correlate well between Holes '”tefl‘;(a'f (1)7clrﬁ‘t1(?52’(7’?('g<c‘1&$§r':v 10 34X-CC, 49 cm; 171B-10508-
1050A and 1050B (Fig. 2). Peaks in abundance of siliceous microfos- T ' It .
sils were observed at 14055 and 186220 mbsf in both holes, as Deprt]g‘t ?e_;%%r]g;bj’ Hole 1050A; 0-240.0 mbsf, Hole 10508 (base
well. Lithologic Unit Il (>14.8 m thick; late early Paleocene to early  1picuness: 300.1 m, Hole 1050A: 240.0 m, Hole 10508
late Paleocene in age) is a diatomaceous nannofossil chalk to nanno-age: pieistocene to late Paleocene
fossil diatomite. It is distinguished from the overlying unit based on
a color shift to grayish olive and an increase in diatom abundance.  Lithologic Unit | is divided into four subunits. The upper Subunit

The section in Hole 1050C (Fig. 3; Table 3) begins with lithologic|A is a 3- to 5-cm-thick layer, with manganese nodules similar to
Unit [ll, a rhythmically alternating clay-rich, clay-poor siliceous those described as lithologic Subunit IA at Site 1049. Below this,
chalk with a few cherty horizons. Lithologic Unit IV lacks a signifi- Subunit IB is ~38 m thick and is composed of yellowish middle
cant siliceous microfossil component and comprises alternations ®&ocene siliceous nannofossil ooze, with varying amounts of foramin-
calcareous-rich chalks and clay-rich claystones. Much of the sedifers and clay (on CD-ROM, back pocket, this volume). At ~38 mbsf,
ment in this unit bears contorted bedding. In a relatively undeformethere is a sharp, even color change from pale yellow to grayish green.
interval, we recovered a biostratigraphically complete, but drilling-This color boundary is used to divide the yellow lithologic Subunit
disturbed, K/T boundary. Lithologic Unit V comprises a remarkableB from the green Subunit IC. There is no detectable compositional
series of hardgrounds that took over 17 m.y. to form during the midehange across this boundary, and we believe it represents some sort
to Late Cretaceous. Lithologic Unit VI is a Lower Cretaceousof diachronous diagenetic front through Eocene sediment across the
sequence of alternating chalk and terrigenous component-rich cl@lake Nose (see discussions in “Lithostratigraphy” section, “Site
and siltstone, all deformed by syn- and postdepositional deformation051” and “Site 1053” chapters, this volume). Lithologic Subunit ID
forming visually stunning patterns of black-and-white folded sedidis similar to Subunit IC in composition: a siliceous nannofossil coze
ment. A few intervals contain strong lamination, and we interpreto chalk. These two subunits are separated at a hardground with bio-
these as black shales. genic chert above and below the hardground.

The Site 1050 Paleocerteocene composite section is 399.3 m )
thick, compared with the 87-m-thick section for equivalent-aged straubunit IA
ta at Site 1049 (Fig. 4). Manganese-nodule-rich Subunit IA at Site Description: Mn oxide nodules
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Figure 1. Summary of lithology, core recovery, and age 300 134X
for sediment recovered from Holes 1050A and 1050B. o |
Symbols are the same as those used in Figure 1, “Site 810 I
1049” chapter (this volume). 4,
Intervals: 171B-1050A-1X-1, 0-3 cm; 171B-1050B-1X-1, 0-5cm a so designated lithologic Subunit I1A. A Mn/phosphate crust or layer
Depth: 0-0.03 mbsf, Hole 1050A; 0-0.05 mbsf, Hole 10508 of nodules was also recovered at Sites 1051, 1052, and 1053.
Thickness: 0.03 m, Hole 1050A; 0.05 m, Hole 1050B
Age: ?Pleistocene Subunit IB
. Description: Nannofossil ooze to siliceous nannofossil ooze
Mn flecks were recovered in the upper 3 cm of Core 171B- Intervals: 171B-1050A-1X-1, 3 cm, through 4H-CC; 171B-1050B-
1050A-1X, and a single Mn nodule was recovered at the top of Core 1X-1, 5 cm, to 5H-2, 79 cm
171B-1050B-1X. This Mn-rich interval most likely corresponds to Depth: 0.03-38.7 mbsf, Hole 1050A; 0.05-37.79 mbsf, Hole 1050B
the Mn oxide layer recovered at the top of Site 1049, where it was Thickness: 38.7 m, Hole 1050A; 37.8 m, Hole 10508
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300—]

Lithologic Subunit IA
Tithology: manganese nodules
and phosphatic sand

Color: black to gray
Thickness: unknown

Age: Pleistocene

Lithologic Subunit IB

Lithology: siliceous nannofossil ooze
Color: yellowish

Thickness: 38 m

Age: middle Eocene

Lithologic Subunit IC

Lithology: siliceous nannofossil ooze
and nannofossil chalk with siliceous
microfossils

Color: greenish

Thickness: 114 m

Age: early to middle Eocene

Lithologic Subunit ID

Lithology: siliceous nannofossil chalk

Color: greenish
Thickness: 154 m
Age: late Paleocene to early Eocene

Lithologic Unit Il

Lithology: diatomaceous nannofossil
chalk and diatomite with nannofossils
Color: olive green

Thickness: 14.8 m

Age: late Paleocene

SITE 1050

Figure 2. Composite section from Holes 1050A and
1050B with correlation of the ash layers between the
holes. Symbols are the same as those used in Figure

1, “Site 1049” chapter (this volume).

Age: middle Eocene

Lithologic Subunit IB is middle Eocene ooze dominated by cal-
careous nannofossils with varying amounts of siliceous microfossils.
The base of lithologic Subunit 1B is defined by a sharp changein col-
or from pale yellow (5Y 8/2) to light grayish green (10G 7/1-8/1).
Bedding is poorly defined, and the sediment is homogeneous. This
fabric appears thoroughly bioturbated in intervals, although scat-
tered, burrow-mottled interval s can be recognized (Fig. 5). Rare mol-
lusk fragments may represent the remains of some of the burrowing
organisms. Pyrite flecks are disseminated throughout the unit. An ash
layer is present in both holes at Sections 171B-1050A-1X-5, 11-16
cm (6.11-6.16 mbsf), and 171B-1050B-1X-5, 97-99 cm (6.97-6.99
mbsf; Fig. 6). The sediments of lithologic Subunit 1B were dlightly
disturbed by drilling in both holes.

Subunit IC

Description: Siliceous nannofossil ooze to nannofossil chalk with sil-
iceous microfossils

Intervals: 171B-1050A-4H-5, 0 cm, to 16X-7, 42 cm; 171B-1050B-
5H-2, 79 cm, to 17X-6, 23 cm

Depth: 38.7-153.1 mbsf, Hole 1050A; 37.8—-155.4 mbsf, Hole 1050B

Thickness: 114.4 m, Hole 1050A; 117.6 m, Hole 1050B

Age: late early Eocene to middle Eocene

Thetop of lithologic Subunit IC is placed at the color change from
pale yellow (5Y 8/2) in the overlying Subunit IB to light grayish
green (10GY 8/1). Withinlithologic Subunit I C, the color variesfrom
light grayish green (10GY 8/1) to grayish green (5G 6/1). The domi-
nant lithology in Subunit IC is a siliceous nannofossil ooze that
grades into a siliceous nannofossil chalk in Cores 171B-1050A-10H
and 171B-1050B-8H. Drilling-induced biscuiting of the cores occurs
throughout the interval drilled by X CB (from Sections 171B-1050A-
11X and 171B-1050B-10X) and increases in intensity downhole. Sil-
iceous microfossils identified in this interval include radiolarians,
sponge spicules, and diatoms (on CD-ROM, back pocket, this vol-
ume). Distinct bioturbation includes Zoophycos spreiten (Fig. 7). A
chert layer was recovered in intervals 171B-1050A-15X-4, 127-150
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Figure 3. Summary of lithology, core recovery, and age for sediment recov-

Thickness: 147.0 m, Hole 1050A; 84.8 m, Hole 1050B
Age: late early Eocene to late Paleocene

A hardground found in Sections 171B-1050A-16X-7, 42 cm
(153.0 mbsf), and 171B-1050B-17X-6, 23 cm (155.4 mbsf), sepa-
rates lithologic Subunits IC and ID (Fig. 8). The surface of the hard-
ground is characterized by borings and other bioerosion features. The
resulting cavities are filled with the lighter colored overlying sedi-
ment. Below the hardground is a thin (<0.3 cm) greenish layer (iron
oxide rich) with high abundances of volcanic glass that gradesinto a
brownish gray (5YR 7/2) layer (6 cm). Above and below the hard-
ground are two intervals of bioturbated chert (Fig. 9). Within litho-
logic Subunit ID, the color varies from light grayish green (10GY 8/
1) to grayish green (5G 6/1). The dominant lithology in Subunit ID is
a siliceous nannofossil chalk, or nannofossil chalk, with siliceous
nannofossils similar to that of the overlying subunit.

Unit 1

Description: Diatomaceous nannofossil chalk and nannofossil diato-
mite

Interval: 171B-1050A-35X-1, 0 cm, to 36X-CC, 15 cm

Depth: 304.9-319.9 mbsf

Thickness: 14.8 m

Age: early late Paleocene to late early Paleocene

Lithologic Unit Il is a diatomaceous nannofossil chalk to nanno-
fossil diatomite. It is distinguished from lithologic Unit | by a higher
proportion of diatoms (as much as 55%), burrow replacement by py-
rite, and abundant dark pyrite specks, aswell asashift fromlight gray-
ish green (10GY 8/1) to olive green color. Bioturbation and drilling-
induced biscuiting occur throughout this unit. The lower contact was
not recovered.

Unit I11

Description: Clayey siliceous chalk with nannofossils and chert
Interval: 171B-1050C-2R-1, 0 cm, to 3R-CC, 2 cm

Depth: 327.1-343.5 mbsf, Hole 1050C

Thickness: 16.4 m, Hole 1050C

Age: early Paleocene

The contact between Units Il and Il was not recovered. Unit 111
was recovered only in Hole 1050C. The dominant lithology in Unit
Il is a clayey siliceous chalk with nannofossils. Color varies from
light greenish gray (5GY 6/1) to greenish gray (2.5GY 5/1), with the
darker lithology the more clay rich. Light—dark color banding is
apparent throughout the unit, on a scale of ~1 m in Core 171B-
1050C-2R, and thin glauconitic laminae occur intermittently
throughout the unit. Minor drilling-induced biscuiting and moderate
fracturing of the cores occur throughout Unit Ill. Core disturbance is
particularly pervasive in Sections 171B-1050C-3R-3 through 3R-5
and corresponds to the presence of chert, which is restricted to this in-
terval in this unit. Bioturbation is moderate to intense in Unit l1, with
Zoophycos, Chondrites, and numerous unidentified burrows. The
base of Unit lll is placed at the last downhole occurrence of siliceous

ered from Hole 1050C. Symbols are the same as those used in Figure 1, “Sitécrofossil-rich sediments.

1049” chapter (this volume).

cm (139.8-140.0 mbsf), and 171B-1050B-16X-1, 80-100 cm
(144.4-144.6 mbsf).

Subunit ID

Description: Siliceous nannofossil chalk to nannofossil chalk with sil-
iceous microfossils

Intervals: 171B-1050A-16X-7, 42 cm, to 34X-CC, 49 cm; 171B-
1050B-17X-6, 23 cm, to 27X-CC, 47 cm

Depth: 153.1-300.1 mbsf, Hole 1050A; 155.2-240.0 mbsf, Hole
1050B

100

Unit IV

Description: Calcareous claystone with nannofossils, claystone with
nannofossils, limestone with nannofossils, nannofossil claystone,
nannofossil chalk with clay, calcareous nannofossil claystone,
nannofossil chalk with clay, and nannofossil foraminifer chalk at
the K/T boundary interval

Interval: 171B-1050C-4R-1, 0 cm, to 20R-1, 79 cm

Depth: 343.5-491.4 mbsf, Hole 1050C

Thickness: 147.9 m, Hole 1050C

Age: early Paleocene to late Campanian
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Table 3. Summary of lithologic unitsfrom Hole 1050C.

Lithologic
unit/subunit Hole 1050C Age Lithologies

1A Drilled without coring Pleistocene to Holocene Not recovered

1B Drilled without coring middle Eocene Not recovered

IC Drilled without coring middle Eocene to early Eocene Not recovered

1D Drilled without coring early Eocene to late Paleocene Not recovered

1] Drilled without coring late Paleocene Not recovered

11 Interval 2R-1, 0 cm, to 3R-CC, 2 cm early Paleocene Clayey siliceous chalk with nannofossils, chert
327.10-343.48 mbsf
16.38 m

v Interval 4R-1, 0 cm, to 9R-1, 43cm early Paleocene Claystone with variable amounts of nannofossil, nannofossil chalk with variable
343.48-394.93 mbsf amounts of clay
5145m

\Y Interval 9R-1, 43 cm, to 17R-2, 42 cm late Maastrichtian Nannofossil claystone, calcareous claystone, nannofossil foraminifer chalk
394.93-462.72 mbsf
67.79m

v Interval 17R-2, 42 cm, to 20R-1, 79 cm late Maastrichtian to late Campanian  Nannofossil claystone, nannofossil chalk, clayey nannofossil chalk, nannofossil
462.72-491.39 mbsf chalk with foraminifers
28.67m

\% Interval 20R-1, 79 cm, to 21R-2, 0 cm late Campanian to Turonian Hardgrounds of varying character and sediments on which they formed
491.39-501.70 mbsf
10.31m

VI Interval 21R-2, 0 cm, to 26R-4, 104 cm early Cenomanian Nannofossil chalk or limestone with variable amounts of clay, claystone with
501.70-553.94 mbsf variable amounts of nannofossils
52.24m

VI Interval 26R-4, 104 cm, to 31R-CC, 27 cm  early Cenomanian to late Albian Nannofossil claystone, claystone with nannofossils, cal careous claystone with
gﬁig‘l’G%Al mbsf nannofossils and foraminifers, nannofossil claystone with organic debris and

A7Tm

feldspar

Thetop of Unit 1V is defined by the last downhole occurrence of
siliceous microfossil-rich sediments. This unit is divided into three
subunits based primarily on color and variationsin clay content. The
boundary between Subunits VB and IV C is based on the top of an
interval of prevalent slumping. RCB drilling introduced slight distur-
bance with limited fragmentation and biscuiting.

Subunit IVA
Description: Claystone with variable amounts of nannofossils and
nannofossil chalk with variable amounts of clay
Interval: 171B-1050C-4R-1, 0 cm, to 171B-1050C-9R-1, 43 cm
Depth: 343.5-394.9 mbsf, Hole 1050C
Thickness: 51.4 m, Hole 1050C
Age: early Paleocene

Subunit IVA consists of various shades of greenish gray (10GY
5/1) to light greenish gray (10GY 8/1) clayey nannofossil lithologies,
except for Core 171B-1050C-7R, which contains some light brown-
ishgray (2.5 6/1) intervals. M ost contacts between shades of greenish
gray are gradual, except for afew sharp color contacts, with color al-
ternations varying from centimeters to meters. Darker intervals are
usually more clay rich, and lighter intervals are more carbonate rich.
Bioturbation is moderate to heavy, with burrow mottling throughout
the unit; Chondrites, Planolites, and Zoophycos are abundant. Bur-
rows are usualy outlined or completely infilled with black framboi-
dal pyrite. The upper contact of this subunit is defined as the last
downhole occurrence of sedimentsrich in siliceous microfossils, and
the lower contact is placed at the color change from grayish green
(10GY 5/1) nannofossil claystone to light greenish gray (10Y 7/1)
cal careous nannofossil claystone at the top of Subunit 1VB.

Subunit VB

Description: Nannofossil claystone, calcareous nannofossil claystone,
and nannofossil foraminifer chalk

Interval: 171B-1050C-9R-1, 43 cm, to 171B-1050C-17R-2, 42 cm

Depth: 394.9-462.7 mbsf, Hole 1050C

Thickness: 67.8 m, Hole 1050C

Age: early Paleocene to late Maastrichtian

Thetop of Subunit 1VB is placed at the color change from grayish
green (10GY 5/1) nannofossil claystone in Subunit IVA to light

greenish gray (10Y 7/1) calcareous nannofossil claystone at the top
of Subunit IVB. Bioturbation is moderate throughout Subunit IVB.
Burrows are particularly visible in Cores 171B-1050C-15R and 16R
in the darker intervals. Core 171B-1050C-15R displays a few spec-
tacular, complete Zoophycos burrows in Sections 171B-1050C-15R-
2 and 15R-4 (Fig. 10). Slumping probably has affected most of Sub-
unit 1VB, with the exception of the interval from 171B-1050C-15R-
1,45cm, to 17R-2, 40 cm.

The K/T boundary occurs at 171B-1050C-10R-2, 36 cm (405.93
mbsf; Fig. 11). In contrast to Site 1049, no impact ejecta are pre-
served, although the K/T boundary is biostratigraphically complete:
the topmost Maastrichtian Micula prinsii Zone is present, as well as
the basal Paleocene Po Zone (see “Biostratigraphy” section, this
chapter), represented by fragments of dark gray clay in a drilling
breccia between drilling biscuits. The K/T boundary is influenced
only slightly by slumping, but in view of the extensive slumping
above and below the K/T boundary, it is conceivable that the ejecta
were slumped away from this site.

Subunit IVC

Description: Nannofossil claystone, nannofossil chalk, clayey nanno-
fossil chalk, and nannofossil chalk with foraminifers

Interval: 171B-1050C-17R-2, 42 cm, to 20R-1, 79 cm

Depth: 462.7-491.4 mbsf, Hole 1050C

Thickness: 28.7 m, Hole 1050C

Age: late Maastrichtian to late Campanian

Subunit IVC is characterized by various shades of greenish gray,
(primarily 5GY 8/1 to 6/1) moderately to heavily bioturbated nanno-
fossil chalk to nannofossil claystone. There are subtle meter-scale al-
ternations between lighter and darker intervals. Wavy laminae, micro-
faults, soft-sediment deformation, and chaotic bedding typify much of
Subunit IVC and probably constitute a slumped interval. Subunit IVC
is more clay rich than the overlying Subunit IVB. The upper boundary
of Subunit IVC marks the top of an interval of prevalent slumping; a
similar slumped interval was recovered at Site 1052. The lower
boundary is placed at a phosphate/iron hardground at Section 171B-
1050C-20R-1, 79 cm. Overlying this hardground (i.e., the lowermost
part of Subunit IVC) is ~80 cm of light brownish gray (2Y 6/2) to pale
brown (10YR 6/3) nannofossil chalk with foraminifers.
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mentation style in the area from the late (but not latest) Cenomanian
to the late Campanian. The underlying sediment, lithologic Unit VI,

although chaotically bedded, still bears evidence of its original char-
acter as rhythmic alternations of white, heavily bioturbated chalk and

Unit vV

Description: A series of hardgrounds of varying character and the sed-
iment on which they formed

Interval: 171B-1050C-20R-1, 79 cm, t0 21R-1, 77 cm laminated black shale. Laminated sediment does not recur above the

Depth: 491.4-501.7 mbsf, Hole 1050C hardgrounds.

;ggﬁ;?ﬁ%ﬁ&;?ﬁ:gﬁamm Because hardgrounds occur on top of sediment, we discuss this
' unit from the bottom upward. The oldest hardground represents the

Lithologic Unit V includes a series of hardgrounds and the sedi- Cenomanian/Turonian boundary (see “Biostratigraphy” section, this
ment they formed on over an ~17.5-m.y. period during the Late Cre- chapter). It occurs over interval 171B-1050C-21R-1:-86/ cm
taceous (Figs. 12, 13; also see “Biostratigraphy” section, this chajg~501 mbsf), and is the reddened, upper part of Cenomanian foramin-
ter). The various hardgrounds differ in character from reddenedfer nannofossil chalk (Fig. 14). The chalk reddens upward over a 15-
weakly bioturbated chalk to a hard, heavily bored phosphate/ironm-thick interval and is heavily bioturbated. Overlying this hard-
crust more than 1 cm thick, and they mark a distinct change in sediround are a few centimeters of white nannofossil chalk that bears a
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cm
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120 —

in lithologic Subunit IB.

a debris flow. Above this deposit, 1 cm of reddish brown chalk is
overlain by a 3-cm-thick massive reddish brown claystone. The slick
feel of the claystone is reminiscent of bentonite. An additional 2 cm
of upper Turonian reddish brown chalk is subsequently overlain by
sediment that continues into the overlying section at Section 171B-
1050C-20R-3, 122 cm (Fig. 12). The Turonian sediment is 2.8 m
thick and is a foraminifer nannofossil chalk. This sediment is purplish
red, a color unique to this interval. The Turonian strata are generally
heavily bioturbated and burrow mottled throughout. Interval 171B-
1050C-20R-4, 102150 cm, is an exception and consists of three
beds of chalk, each ~15 cm thick, which are massive and burrow mot-
tled at the base and laminated at the top (Fig. 12). Within the laminat-
ed beds, the color changes from deep purplish red at the base to a
lighter shade of red upward, and culminates with a few centimeters
of dusky yellowish green submillimeter-thick laminae. The laminat-

d sequence suggests the development of anoxic water conditions
ver each interval. Oxygenated water probably contributed to the
deep red color of the sediment and helped to support the bioturbating
fauna. As anoxic conditions developed, the red tone became less de-
black claystone clast, 2 cm across. The chalk is capped by an 8-cm- veloped, or it was postdepositionally altered. The green color and
thick clay-clast conglomerate. The clasts in this interval form a lamination of the top of these beds probably results from anoxic con-
squeezed jumble of varying colors, ranging from a vivid pink to ditions that reduced (or at least did not allow the oxidation of) iron in
green, to black, to varying shades of tan. One of the larger clasts, 3 the sediment and also eliminated benthic infauna. These were the
cm long, is deep black—similar to black sediment in underlyingyoungest laminated sediments deposited at Site 1050.

lithologic Unit VI—and contains green clasts within it, indicating  The Turonian section is capped by another hardground at Section
that it has experienced at least two generations of erosion and r&71B-1050C-20R-3, 122 cm (Figs. 12, 15). The sediment character
deposition (Fig. 14). The clay clasts have been compacted, presuabove and below this interval is quite different, and the interval is
ably by deposition of the overlying sediment, and appear to flow intelearly burrowed and perhaps bored. A thin layer of the overlying
one another. The high concentration of clasts, their varying sizes, amhite Coniacian nannofossil chalk (see “Biostratigraphy” section,
their lack of grading or bedding indicates that they were deposited Ithis chapter) has been worked downward into the red Turonian chalk

125—

Figure 5. Interval 171B-1050B-3H-1, 110-125 cm (17.6-17.75 mbsf). Mod-
erately bioturbated light—dark alterations in siliceous nannofossil ooze of
lithologic Subunit IB. 0
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Figure 8. Interval 171B-1050B-17X-6, 20-37 cm (155.40-155.57 mbsf).
Vitric ash layer with iron oxide—rich hardground (23-24 cm) representing the
contact between the siliceous nannofossil chalks of lithologic Subunits IC
and ID (23 cm).

and has caused a faint reduction halo into the older chak (Fig. 15).
Although the Coniacian sediment overlying the hardground is highly
variable, it is dominantly a foraminifer nannofossil chalk with clay
rip-up clasts. At its base just above the hardground, large clasts of
Figure 7. Interval 171B-1050A-9H-6, 67-87 cm (84.37-84.57 mbsffoo- black claystone, similar to sediment observed in the underlying litho-
phycos burrow in lithologic Subunit IC. logic Unit VI, and reddish clasts, similar to the underlying Turonian
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20—

Figure 9. Interval 171B-1050B-17X-6, 4-20 cm (155.24-155.40 mbsf). Bio-

turbated chert witiZoophycos burrow in lithologic Subunit ID.

sediment, occur floating in the chalk matrix (Fig. 15). Angular to sub-
rounded smaller clasts, mostly submillimeter to a few millimeter in
diameter, are common throughout what is an evidently heavily bio-
turbated interval (Fig. 15). Two larger reddish clasts have green rims
of apparent alteration hal os (Fig. 15; 106—108 cm). The hal os suggest
that the clasts were ripped up from red sediment, transported to are-
ducing environment, and subseguently ripped up again to be deposit-
ed with this sediment, which is mottled white and faint brown.

SITE 1050

Overlying the interval with large clay rip-up clasts, in intervals
171B-1050C-20R-3, 76—-88 cm, and 93-100 cm, are two heavily bio-
turbated levelswith high concentrations of clay clasts, most of which
are as much as 5 mm in diameter, but with afew asmuch as2 cmin
diameter (Fig. 12). These are apparently clay-clast conglomerates or
diamictons, which were subsequently spread about the chalk matrix
by burrowing organisms. Abovethisinterval through the next 75 cm,
the sediment is Coniacian chak that is rich in clay rip-up clasts,
heavily bioturbated, and alternates from a pale tan to a deep brown
color (Fig. 12). Beneath the heavy overprint of bioturbation, the sed-
iment appears to have originaly been alternations of lighter, more
nannofossil-rich sediment and browner, more foraminifer-rich sedi-
ment, with frequent input of granule-sized clay clasts either as trac-
tion load or debris flows.

In interval 171B-1050C-20R-2, 136146 cm, is a layer of lami-
nated nannofossil siltstone with iron oxide. Foraminifers, lined or
filled with pyrite, rare quartz grains, and unpyritized foraminifers
give this sediment a salt-and-pepper appearance (Fig. 16). Black clay
and tan chalk clasts occur throughout. A surprising component is
rare, sightly altered volcanic glass. The upper 2 cm appears to be
cross-laminated. Above this ashy layer is another 30 cm of foramin-
ifer chalk with clay rip-up clasts capped by a sharp, uneven contact
with the overlying sediment. This sediment is also Coniacian in age
(see “Biostratigraphy” section, this chapter) but differs from the un-
derlying meter of sediment by having only rare clay clasts. It is com-
posed of heavily bioturbated, pale tan foraminifer nannofossil chalk
(Fig. 12). Three beds overlying interval 171B-1050C-20R-2.188
cm, have a higher concentration of granule- to sand-sized clay clasts,
some of which are concentrated in burrows (Fig. 17). These intervals
are heavily bioturbated and appear to be a mix of background sedi-
ment and a layer of clay clasts deposited near 38, 82, and 93 cm in
Section 171B-1050C-20R-2 (Fig. 12).

Above this interval is rather normal-looking Coniacian chalk,
with Zoophycos burrows over the lower 20 cm of Section 171B-
1050C-20R-1 (Fig. 12). The chalk continues upward with increasing
amounts of clay clasts and heavy bioturbation for another 25 cm, al-
ternating darker and lighter brown, to interval 171B-1050C-20R-1,
107-110 cm. This 3-cm-thick interval is a nearly pure white, Santo-
nian nannofossil chalk, occurring only as burrow fill (Fig. 18). These
chalk-filled burrows represent the only Santonian-aged sediment re-
covered to date on the Blake Nose (see “Biostratigraphy” section, this
chapter).

Above the Santonian white burrows is a dark red layer with a sub-
millimeter-thick coating of a black mineral (Fig. 18; 100 cm). The
mineral coating and bioturbation of the overlying light brown sedi-
ment into the dark red layer indicates another hardground. This sedi-
ment is a nannofossil chalk with foraminifers and contains large
clasts of black, hard, bored sediment (Fig. 18;199 cm). These
clasts are identical in appearance to a bored hardground that occurs a
few centimeters above them at interval 171B-1050C-20R-48(0/9
cm (Fig. 19). These are assumed to be pieces of a hardground that
was ripped up and distributed through the sediment by bioturbating
organisms or currents. The hard black material gives no reaction to
hydroxylamine HCI, which indicates that it is not composed of Mn
oxide. In the hydroxylamine HCI solution, the material began to fall
apart into brown and black clay-sized material. The brown color is
similar to that of the phosphate/Mn nodules we recovered at every
Leg 171B site as lithologic Unit IA (see “Lithostratigraphy” section,
“Site 1049” chapter, this volume). The pieces of hardground pro-
duced a strong signal in the cryomagnetometer, suggesting a high
iron content (see “Magnetostratigraphy” section, this chapter). Be-
tween the pieces of ripped-up hardground and the in situ hardground
is highly bioturbated tan and white chalk (Fig. 19:88cm). Above
the final hardground in this unit is late Campanian sediment (see
“Biostratigraphy” section, this chapter) of lithologic Unit IV. The
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Figure 10. Interval 171B-1050C-15R-2, 68-105 cm. A complete Zoophycos
burrow penetrates nannofossil claystone of lithologic Subunit IVB (68—10
cm).

Figure 11. Interval 171B-1050C-10R-2, 20-50 cm. The K/T boundary
(405.96 mbsf) is represented by fragments of dark gray clay in a drilling
breccia
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Figure 12. Summary of the hardgrounds and sediments of lithologic Unit V in Core 171B-1050C-20R. * = location of samples taken to establish bio-
stratigraphic ages.
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SITE 1050

SITE1050 HOLE C CORE 20R CORED 490.6-500.2 mbsf

AGE

PHYSICAL STRUCTURES
COLOR

METERS

CORE AND SECTION
LITHOLOGY
ACCESSORIES
ICHNOFOSSILS
FOSSILS

CORE DISTURBANCE
SAMPLES

REMARKS

~———NANNOFOSSIL CHALK WITH FORAMINIFERS,
NANNOFOSSIL CHALK WITH FORAMINIFERS AND
CLAY RIP-UP CLASTS, NANNOFOSSIL CHALK
—Sss WITH CARBONATE, PHOSPHATE/IRON

g palBR HARDGROUNDS
Itbr GY

Section 1, 0-79 cm: Light brownish gray (2Y 6/2) to
pale brown (10YR 6/3) NANNOFOSSIL CHALK WITH
FORAMINIFERS, with color changes gradual (due to
heavy bioturbation) and occurring over 10-15 cm
—Pho —\_intervals. At 45-63 cm, burrow fill is reddish brown.

—SS

BK
T —SS RD Section 1, 79-80 cm: PHOSPHATE/IRON

™~-Sss HARDGROUND, insitu.

dk BR
Section 1, 80-87 cm: Red (10R 4/6)
g —Pho NANNOFOSSIL CHALK WITH FORAMINIFERS.
pal BR

1

Section 1, 87-100 cm: 1x1 to 1x4 cm-size clasts of
black PHOSPHATE/IRON HARDGROUND floating in
red NANNOFOSSIL CHALK WITH FORAMINIFERS
matrix, possibly transported, more likely

bioturbated more or less in situ. Some pieces of
hardground have 4 mm wide borings filled with
matrix-type sediment.

Section 1, 100 cm: mineralized HARDGROUND, with
—Pho sub-mm black coating.

Section 1, 104-150 cm to Section 2, 38 cm:
NANNOFOSSIL CHALK WITH FORAMINIFERS AND
CLAY RIP-UP CLASTS, similar to sediment from top
of Section 1 (0-79 cm), but with common rip-up

clasts that are black, green, and various shades of

: brown .

Itbr GY

P

N

Section 2, 38-104 cm: NANNOFOSSIL CHALK WITH
FORAMINIFERS AND CLAY RIP-UP CLASTS, with
g g black, sand-to-granule size clasts apparently

—Pho worked downward by bioturbation from surfaces
N —ss —\_ near 38 cm, 82 cm, and 93 cm.
Section 2, 137-150 cm: Laminated,
salt-and-pepper, NANNOFOSSIL SILTSTONE WITH
IRON OXIDE, with up to 10% altered volcanic glass
_\and with black clay rip-ups clasts, sand size. Top 2

cm appears cross-laminated.

Section 3, 0-76 cm: NANNOFOSSIL CHALK WITH
FORAMINIFERS AND CLAY RIP-UP CLASTS,
alternating among darker to lighter shades of brown,
heavily bioturbated, with color alternations gradual.

—SS
~_SS

LB

——Section 3, 88-76 and 99-122 cm: High concentration

v Pho of clay clasts, up to 2 cm across, heavily
_\bioturbated.

SS

Section 3, 119-122 cm: White NANNOFOSSIL
CHALK, as thin bed and piped into underlying
hardground.

Section 3, 122 cm: HARDGROUND

Section 3, 122 cm to Section 4, 102 cm: Heavily
bioturbated NANNOFOSSIL CHALK WITH
CARBONATE, alternately reddish brown to faint
green, mottled, with clay rip-up clasts.

Figure 13. Barrel sheets of Core 171B-1050C-20R and Section 171B-1050C-21R-1 illustrating the distribution of hard- and firmgrounds that form lithologic
Unit V.
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SITE 1050

SITE1050 HOLE C CORE 20R CORED 490.6-500.2 mbsf

METERS

AGE

PHYSICAL STRUCTURES
COLOR

CORE AND SECTION
LITHOLOGY
ACCESSORIES
ICHNOFOSSILS
FOSSILS

CORE DISTURBANCE
SAMPLES

REMARKS

(<2}

L

—SS

n s

Section 4, 102 cm: hardground

—_ ggg —SS —Section 4, 116 cm: 8 mm thick lamina of
CLAYSTONE, slick feel, as if a bentonite.

Section 4, 102-150 cm: Purplish red to yellowish
greenNANNOFOSSIL CHALKWITH CARBONATE.
~ Beds from 106-115, 115-133, and 133-150 cm are
massive and a dark purplish red, intensely
bioturbated, which change upward to lighter purplish
l —SS red, and culminate in yellowish green, sub-mm

o
oty
Pty

>

—>

o
parivy

'\-Iaminae.

—PAL Section 5: Massive, heavily bioturbated, mottled,
purplish red to pale green NANNOFOSSIL CHALK
WITHCARBONATE.

Section 4, 37 cm: 3 mm thick black, clay-rich
lamina, slick.

METERS

CORE AND SECTION
LITHOLOGY
PHYSICAL

STRUCTURES

ACCESSORIES

ICHNOFOSSILS

FOSSILS

SAMPLES

COLOR

CORE DISTURBANCE
AGE

REMARKS

> FORAMINIFER NANNOFOSSIL CHALK

-\-Section 1, 0-65 cm: Mottled reddish brown and pale
—Pho green FORAMINIFER NANNOFOSSIL CHALK,
L ss highly bioturbated, to pale green with a few red

splotches. Clay rip-up clasts concentrated around
41 and 53-55 cm. Interval 58-61 cm is faintly
laminated LIMONITIC CLAYSTONE WITH
NANNOFOSSILS.

P ——

Section 1, 65-73 cm: DEBRIS FLOW of clay and
chalk rip-ups clasts, silly putty pink, green,
brownish red, black and white. The clasts were soft
before deposition and are now compressed around
each other. Large (to 2.5 cm), angular black clasts
have green rip-up clasts within them.

Section 1, 73-77 cm: White NANNOFOSSIL CHALK
with faint green burrows.

Section 1, 77-150 cm: Intensely bioturbated pinkish
gray chalk that reddens upward to dusky rose with
dark green subhorizontal streaks (burrows?).

Figure 13 (continued).
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Figure 14. Interval 171B-1050C-21R-1, 55-80 cm. Cenomanian/Turonian
boundary and the base of lithologic Unit V. From 76 to 80 cm is the red-
dened, burrowed top of Cenomanian chalk, and from 73 to 76 cm is white
Turonian nannofossil chalk with a large black clay clast. A clay-clast con-
glomerate deposited from a debris flow occurs from 63 to 73 cm. Clasts are
pink, green, and black. The large black clay clast from 66 to 68 cm includes
green clasts within it. The dark red claystone from 58 to 61 cm is slick to the
touch and may be bentonite.
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Figure 15. Interval 171B-1050C-20R-3, 102-125 cm. The burrowed hard-
ground at 122 cm is the Turonian/Coniacian boundary. This marks the
change in depositional style at Site 1050 from dominantly interbedded mas-
sive chalk and laminated claystones (lithologic Unit V1) to dominantly chalk
(lithologic Unit IV and younger). The hiatus associated with this disconfor-
mity is ~1 m.y. Above the hardground, the Coniacian chak is enriched by
black claystone clasts and, to alesser extent, by red and brown chalk clasts.
Extensive bioturbation has probably distributed these clasts throughout the
chalk matrix.
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Figure 16. Interval 171B-1050C-20R-2, 130-146 cm. Laminated nannofossil
siltstone with iron oxide of lithologic Unit V has rare, somewhat altered vol-
canic glass fragments. The salt-and-pepper appearance arises from black
pyrite lining and/or filling foraminifers. Granule-sized clay clasts are distrib-
uted throughout. The remains of cross-lamination appear at 136-137 cm.
The upper part of this bed isintensively bioturbated.
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Figure 17. Interval 171B-1050C-20R-2, 35-60 cm. The enrichment of clay
clasts in the Coniacian foraminifer nannofossil chalk of lithologic Unit V
over relatively narrow intervals suggests that near this level, high-energy
processes deposited sand and pebble-sized grains, which subsequently bio-
turbated into the underlying sediment.
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Figure 18. Interval 171B-1050C-20R-1, 95-115 cm. White burrows overly-
ing Coniacian chalk from 107 to 110 cm contain nannofossils that indicate a
Santonian age, al of lithologic Unit V. These burrows represent the entire
recovery of Santonian sediment during Leg 171B. At 100 cmisabored hard-
ground with a submillimeter-thick mineral coating. Large clasts of phos-
phate/iron hardground float in upper Campanian sediment from 96 to 100
cm.
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sediment above and below the phosphate/Fe hardground differs in
age by 5 m.y. (see “Biostratigraphy” section, this chapter).

Unit VI

Description: Nannofossil chalk or limestone with variable amounts of
clay and claystone with variable amounts of nannofossils

Interval: 1050C-21R-1, 77 cm, to 31R-CC, 27 cm

Depth: 501.0-606.0 mbsf, Hole 1050C

Thickness: 104.4 m, Hole 1050C

Age: late Cenomanian to late Albian

Lithologic Unit VI includes hemipelagic sediment with the
amount of terrigenous components increasing downhole. The color
changes from light greenish gray tones to almost black at the bottom
of Hole 1050C. The top of Unit VI is placed at the last downhole
occurrence of hardgrounds. The bottom of the unit was not reached,
as the hole was terminated for time constraints. This unit comprises
light to medium greenish gray nannofossil chalk or limestone with
variable amounts of clay in lithologic Subunit VIA, and dark to very
dark claystone with variable amounts of nannofossils, including
some black shale intervals, in Subunit VIB. Soft-sediment deforma-
tion with convolute bedding and, possibly, sediment-creep folding is
common throughout Subunit VIA (Fig. 20). In addition, the sediment
is cut by numerous faults that range in orientation from subvertical
(Fig. 21) to subhorizontal (Fig. 22). Most subvertical faults are slick-
ensided, whereas many subhorizontal faults display millimeter-scale
clay seams, and it is difficult to tell some of the latter from drilling-
induced core fractures that were sealed with slurry. Slickensided, un-
sealed faults are much more common in Subunit VIA than they are in
Subunit VIB, which may explain the variable, sometimes poor, re-
covery in Subunit VIB.

Subunit VIA
Description: Nannofossil chalk or limestone with variable amounts of
clay and claystone with variable amounts of nannofossils
Interval: 171B-1050C-21R-2, 0 cm, to 26R-4, 104 cm
Depth: 501.0-553.9 mbsf, Hole 1050C
Thickness: 53.0 m, Hole 1050C
Age: late to early Cenomanian

The dominant lithology in Subunit VIA is variably indurated cal-
careous nannofossil-rich chalk and limestone with fluctuating, but
generally downhole-increasing, amounts of clay and silt. The upper
boundary of Subunit VIA is defined at the top of a 15-cm interval of
reddened foraminifer nannofossil chalk in Section 171B-1050C-
21R-1, 7#85 cm (~501 mbsf), that is capped by a hardground. Sed-
iment below that boundary is characterized by colors less vivid than
the varicolored sediments in Unit V and by its mixed clayey and
pelagic grain composition. The base of Subunit VIA is placed in Sec-
tion 171B-1050C-26R-4, 104 cm (553.94 mbsf), with the first down-
hole occurrence of gray to black nannofossil claystone (without the
greenish tinge) that is characteristic of most sediment in Subunit VIA
(Fig. 23). The color varies gradually from light to medium greenish
gray, and there is a tendency toward darker colors downhole. A re-
markable exception to these pale colors occurs toward the base of
Subunit VIA in Sections 171B-1050C-26R-2 through 26R-4, where
brownish, reddish, and yellowish colors occur. The red, pink, and
white sediments of this interval are completely burrow mottled (Fig.
24), whereas lamination is preserved in the intervening greenish lay-
ers. Sediment composition in this interval is not significantly differ-
ent from the overlying nannofossil claystone and clayey nannofossil
chalk, except for the presence of common iron oxide grains in the red
intervals. Bioturbation is mostly intense but sporadically interrupted
in Subunit VIA, and lamination is preserved. A longer interval with
reduced bioturbation and faint, wispy laminae occurs in Core 171B-
1050C-24R.
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Figure 19. Interval 171B-1050C-20R-1, 75-95 cm. A thin bed of chalk with
white burrows separates an interval of pieces of hardground probably from
an in situ hardground at 79-80 cm, the top of lithologic Unit V. The borings
are filled with red chalk similar in color and composition to the matrix from
87-95 cm.
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Figure 20. Interval 171B-1050C-23R-2, 30-45 cm. Slump fold with parasitic
folds and microfaults along the bent laminae of alternating clayey nanno-
fossil chalk and nannofossil chalk with clay of lithologic Subunit VIA.

Subunit VIB

Description: Claystone with variable amounts of nannofossils and for-
aminifers and silty claystone with organic debris and feldspar

Interval: 171B-1050C-26R-4, 104 cm, to 31R-CC, 27 cm

Depth: 553.9 to 606.0 mbsf, Hole 1050C

Thickness: 51.5 m, Hole 1050C

Age: late Albian to early Cenomanian
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i Figure 22. Interval 171B-1050C-23R-4, 114-126 cm. Set of subparallel
faults with clay seams on their surfaces from lithologic Subunit VIA. These
faults may have formed when the sediment was already stiff as aresult of the
shear exerted by an overlying slump deposit, such as the one that occurs in
15— Section 23R-3 of this core.

Figure 21. Interval 171B-1050C-23R-2, 1-15 cm. Set of conjugate faults in
limestone with clay of lithologic Subunit VIA. Faults of this type were usu- with calcispheres occur as a minor lithology in Core 171B-1050C-

ally observed with open, slickensided surfaces. 29R (Fig. 25). The color varies from light olive gray in lightly lamin-
ated, nannofossil-rich intervals to dark olive gray in the black shales.
Subunit VIB is a 51-m-thick upper Albian to lowermost Ceno- Drilling disturbance is slight to moderate, and recovery was high. The

manian sequence of olive-gray claystone aternating with laminated upper boundary of lithologic Subunit VIB is defined by the first
dark claystones (referred to as “black shale”; see “Lithostratigraphydownhole occurrence of gray to black nannofossil claystone in a
section, “Site 1052" chapter, this volume). The claystones contaiseverely slumped interval in Section 171B-1050C-26R-4, 104 cm
variable amounts of pelagic calcareous microfossils, neritic shell d¢553.94 mbsf; Fig. 23). The lower boundary was not recovered.
bris, and siliciclastic components (mainly quartz, feldspar, and micaQuartz, feldspar, mica, and heavy minerals, such as tourmaline and
Laminated black shales are rich in pyrite and contain clay with varyapatite, occur throughout. Bioturbation is slight to strong throughout
ing amounts of calcareous nannofossils, silt-sized quartz and fel&ubunit VIB (e.g.Chondrites andPlanalites). There is no bioturba-
spar, fish remains, and organic debris. Light gray calcareous chalkisn in the laminated intervals, except for r@ondrites. Well-pre-
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Figure 23. Interval 171B-1050C-26R-4, 105-135 cm. Examples of soft-sedi-
ment deformation and mass movement from the top of lithologic Subunit
VIB. Below 121 cm, the sediment is sheared but not completely disrupted
and possibly forms part of a lump deposit. The interval from 107 to 121 cm
contains deformed mud clasts engulfed in a matrix. This interval probably
formed as part of a debris-flow deposit.
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SITE 1050

Figure 24. Interval 171B-1050C-26R-3, 90-127 cm. Alternation of reddish
and light greenish gray burrow-mottled clayey nannofossil chalk with fora-

minifers and Fe oxide in lithologic Subunit VIB.
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served ammonites and bivalves (pyritized or aragonitic) are present cm
in Cores 171B-1050C-29R through 31R. - =

Slumping structures (Fig. 23), convolute bedding (Fig. 20), mud- ‘
pebblelayers, current-induced lamination, and cross-lamination (Fig.
26) are common throughout lithologic Subunit VIB (Fig. 27). How-
ever, lamination that is probably related not only to current activity
was observed in Section 171B-1050C-26R-4, 104 cm, through Core
31R and isincreasingly well defined downhole (Cores 171B-1050C-
29R through 31R). Section 171B-1050C-29R-1 reveals the finest
laminated black shaleinterval, consisting of quartz- and feldspar-rich
silty claystone (Fig. 27; 30-40 cm).

Discussion

In comparison with Lower Cretaceous sediment recovered from
lithologic Subunit VB in Hole 1052E, sediment from lithologic Sub-
unit V1B in Hole 1050C lacks coarse-grained intervals of siliciclastic
and carbonate material. Here, very fine-grained, faintly to distinctly
laminated intervals dominate the sediment. This difference could be
explained either by the greater distance between Site 1050 and the
platform or by some heterogeneity in source regions. Another strik-
ing phenomenon of the upper Albian sediments recovered in Hole -
1050C is the predominance of structures indicative of mass move-
ment (slump folds and microfaulting). Significant relief during the
late Albian is implied, which is consistent with the position of Site _
1050 at the lower part of the Blake Nose. The more distal position of
Site 1050 is also supported by the occurrence of thin layers of light-
colored calcareous chalk with calcispheres.

Dark laminated sediment (black shale) in Subunit VIB contains
common detrital material including terrestrial organic debris. Sedi-
mentation probably took place within adysoxic zone of the water col-
umn, asindicated by thelack of macrobenthic fossils such asbivalves e
or most trace fossils, except for the occurrence of Chondrites within
the black shales (compare to “Lithostratigraphy” section, “Site 105Z
chapter, this volume). The rare occurrenc€ladndrites can be in-
terpreted as short oxygenation events within anoxic periods.

Lithologic Subunit VIA was deposited in a hemipelagic environ:
ment with a fine-grained terrigenous input comprising quartz ar
feldspar silt, clay, mica flakes, and heavy minerals. The abundance
slump structures and evidence for multiple reworking of sedimei
testifies to an unstable depositional site upslope of Site 1050, suct
possibly at Site 1052, where more proximal equivalents of the Su —
unit VIA sedimentary facies occur.

Some 17.5 m.y. passed between the deposition of upper Cel
manian chalk at the base of lithologic Unit V and upper Campanic 4
chalk at the top of this 10.3-m-thick interval. The reddened har
ground at the top of the Cenomanian sediment (Fig. 14) indicat Figure 25. Interval 171B-1050C-29R-2, 57-70 cm. Two layers of light gray
that, beginning with a period of oxidizing seafloor conditions durin calcareous chalk with calcispheres are intercalated with darker claystone
or after the late Cenomanian, the seafloor at Site 1050 experien¢ with carbonate in lithologic Subunit VIB. The chalk containsfew terrigenous
debris flows of chalk and clay-rich sediment, deposition of volcani components.
ash layers, and probably significant currents that eroded black Albi
to Cenomanian sediment and worked it into layers and laminu.
amidst a background of sparse nannofossil and foraminifer deposi-
tion. The foraminifer enrichment of the sediment over this interval isn.y. period, they provide the only evidence for that time period, as
evidence for winnowing by currents. Oxic bottom conditions allowedequivalent-aged sediment was not recovered elsewhere during Leg
an active benthic community to work the clay rip-up clasts into thel71B.
accumulating calcareous matrix. The last vestiges of anoxic condi- Lower Maastrichtian sections similar to those in Unit IV at Site
tions at Site 1050 are recorded by thin, millimeter-scale, green lamit050 were recovered at Sites 1049, 1050, and 1052, with slumped in-
nae of late Turonian age. Oxic conditions with currents affecting wintervals at the tops of those sections (see “Site 1049,” “Site 1050,” and
nowing persisted from the late Turonian to the late Campanian, cuBite 1052” chapters, this volume). Sediments below the slumped in-
minating with strong winnowing by bottom currents during thetervals are light colored and carbonate rich. Upper Maastrichtian sed-
SantonianrCampanian that allowed the formation of a phosphateiments are clay rich and heavily bioturbated above the slumped inter-
iron-rich hardground (Fig. 12). Although these Upper Cretaceousals, yet the sediment color differs significantly at the three sites.
sediments give only a hint of conditions on the Blake Nose for a 17.5Fhis color variation may reflect a circulation change from a uniform

65 —
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Figure 26. Interval 171B-1050C-27R-2, 30—-42 cm. Laminae in this interval
of lithologic Subunit VIB are partly truncated or pinch out against one
another. This suggests that current activity, rather than in situ changesin oxy- N
genation, is responsible for the lamination. A pyrite nodule at Section 171B-
1050C-27R-2, 39 cm, has displaced the sediment around it. Subsequent com-
paction led to bending of the laminae around the nodule. B

early Maastrichtian deep-water mass to a late Maastrichtian depth -
stratification (see “Lithostratigraphy” section, “Site 1052” chapter
this volume, for discussion of the alternative possibilities).

The K/T boundary at Site 1050 appears to be biostratigraphica e
complete (see “Biostratigraphy” section, this chapter). Unfortunat:
ly, recovery was poor, and the dark gray boundary clay is partly br
ken up and mixed with drilling-induced slurry. Above and below thi 40
clay are nannofossil carbonate claystone and clayey nannofos Figure 27. Interval 171B-1050C-29R-1, 20-40 cm. Top of black shale inter-

chalk., respegtlvely. Fossil preservation in this sediment is good a val of lithologic Subunit VIB. Crosslamination andior folding ocours
promises fruitful future study.
between 24 and 29 cm.
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Siliceous biogenic input began during the early Paleocene and
persisted during deposition of lithologic Units | through Il at Site
1050, but siliceous microfossils (radiolarians, diatoms, and sponge
spicules) are particularly abundant throughout lithologic Unit 11, in
lithologic Subunit ID from 172 to 228 mbsf, and in Subunit IC from
38 to 72 mbsf. Intervals with abundant biogenic opal may reflect
periods of increased productivity in the surface waters or enhanced
preservation of biogenic silicain the sediment column.

Ash layers occurring in the Eocene section provided excellent tie
points between Holes 1050A and 1050B (Fig. 2). In addition, they
may aso alow us to augment and constrain biostratigraphic and
paleomagnetic datums with radiometric model ages, determined
from analyses of micas and/or feldspars. The origin and geologic sig-
nificance of the ash layers, though, is less apparent. Von Rad and
Kreuzer (1987) described amiddle to lower middle Eocene vitric ash
layer of rhyolitic composition at Sites 605 and 613 (Deep Sea Drill-
ing Project [DSDP] Legs 93 and 95) from the continental rise off
New Jersey. They proposed that the ash represented amagjor subaeria
eruption of the Bermuda volcano. The ash layer off New Jersey is
comparable in scale and composition to those we ohserved and may
have had the same source. The presence of 11 ash layersat Site 1050,
as opposed to asingle layer at Sites 605 and 613, is not particularly
problematic because Site 1050 isboth closer to Bermudaand in alog-
ical downwind direction (southeast) for the Northern Hemisphere
trade winds belt. We have not attempted to use the number and thick-
nesses of ash layers as a proxy for the episodicity and/or intensity of
volcanism in the source region because (1) local, contemporary
weather patternswould have had a strong influence on the delivery of
ash to the site; (2) variation in thickness among the ashesis not great;
(3) the ashes were smeared by bioturbation; (4) many thin ash layers
may have been obscured by bioturbation because rare glass and
biotite occurred in many smear slides removed from unrecognized
ashes; and (5) the ash layers were usually disturbed by drilling.

Nondeposition or erosion of any sediment has persisted from the
late middle Eocene to the present. A Mn oxide sand and nodule layer
<1 m thick formed between the |ate middle Eocene and/or the Pleis-
tocene.

BIOSTRATIGRAPHY
Calcareous Nannofossils

Hole 1050A was sampled and examined for calcareous nanno-
fossil content to establish the biostratigraphic framework. Sample
spacing was approximately one sample per section (every 1.5 m) and
included the core catchers. Critical boundarieswere sampled at closer
intervals. A list of chronostratigraphically significant biohorizons is
presented in Table 4. Mainly core-catcher material was examined
from Hole 1050B. Nannofossil biostratigraphy for the two holes is
presented in Figure 28.

The calcareous nannofossil biostratigraphy in Hole 1050C is
based on examination of core-catcher material. Additional smear-
slide samples were examined to determine placement of critical
boundaries or to refine the biostratigraphy (Fig. 29). Calcareous nan-
nofossil datums and their depths are listed in Table 5. Calcareous
nannofossil preservation ranged from moderate to well preserved,
with the exception of the Paleocene/Eocene boundary interval, where
preservation was poor.

Preservation of calcareous nannofossil assemblages is moderate
in the lower Paleocene, good throughout the Maastrichtian and Cam-
panian, and moderate to good from the Coniacian to the Albian. Soft-
sediment deformation and slumping of this material occurred occa
sionaly in the Paleocene and with greater frequency during the
Maastrichtian and the late Albian through mid-Cenomanian. How-
ever, the lack of significant reworking either of calcareous nanno-

118

Table 4. Calcareous nannofossil datums for Holes 1050A and 1050B.

Error

Age Depth depth
Datum Species Zone (Ma) Core, section  (mbsf)  (mbsf)
171B-1050A-
B R. umbilicus bCPl4a 437 4X-CC 38.72 48.34
T N. fulgens 431 13X-CC 12249 106.54
B C. gigas bCP13b 46.1 14X-5 131.08 132.72
B N. fulgens bCP13a 47.3 15X-1 13465 136.12
B R. inflata bCP12b 485 15X-CC 141.8 153.37
B D.sublodoenss bCP12 497 17X-CC 157.95  168.92
B T. crassus bCP11 515 21X-3 19324 1947
B D. lodoensis bCP10 5285 21X-3 19324 1947
B T. orthostylus bCP9b 53.64 22X-6 207.39  208.97
T F. tympaniformis 55.33 26X-1 23771 2283
B C. eodela (bCP8a) 555  28X-3 25092 25538
B D. multiradiatus bCP8a 56.2  28X-3 250.92  255.38
B D. mohleri b CP6 575 30X-5 27317  274.65
B S anarrhopus 584  30X-6 27465 276.11
B H. kleinpelli b CP5 584  30X-CC 276.11 28461
B T. tympaniformis b CP4 59.7  34X-3 298.92  300.08
B C. consuetus 59.7  34X-3 298.92  300.08
B F. ulii 59.9 34X-CC 300.08 314.61
B C. bidens 60.7 34X-CC 300.08 314.61
B S primus 60.6 35X-CC 31461  319.72
B E. macellus b CP3 622 36X-CC 319.72  Bottom
171B-1050B-
B N. fulgens 431 8H-CC 73.86 64.11
B R. umbilicus bCPl4a 437 9H-CC 83.37 92.08
T C. gigas tCP13b 445 13X-CC 11845  109.87
B C. gigas bCP13b 46.1 14X-CC 12741  137.27
B R. inflata bCP12b 485 17X-6 155.6 156.17
B D. sublodoensis b CP12a 49.7 17X-6 155.6 156.17
B D. lodoensis bCP10 5285 22X-CC 19548  205.66
B T. orthostylus bCP%b 53.64 24X-CC 21525 22527
T T. bramlettei 53.89 25X-CC 22527 21564
B T. contortus 5437 25X-CC 22538 231.67
B R. bramlettei bCP9a 55 26X-CC 22525  231.67

Notes: Bases of age and biozonal datums are represented by B and b; tops of age and
biozonal datums are represented by T and t. Error depths refer to depth to next sam-
ple studied above or below adatum level. Parentheses around zones refer to species
used to approximate zonal boundaries. These data reflect post-cruise modifications
and are, thus, more up to date than data presented in the range charts and in the bio-
stratigraphy and sedimentation rate figures (this chapter).

fossils or planktonic foraminifers argue that large-scale sediment
mixing did not occur during deformation.

The basal upper middle Eocene Subzone CP14b is represented by
only one sample in Hole 1050A (Sample 171B-1050A-1H-1, 0-1
cm), based on the presence of Dictyococcites bisecta and the absence
of Chiasmolithus solitus. One sample farther downcore (Sample
171B-1050A-1H-1, 57-58 cm) is placed in middle to basal Subzone
CP14a, based on the presence of Reticulofenestra umbilica and the
absence of Cribrocentrum reticulatum.

The middle Eocene Subzone CP14ais represented by an interval
ranging from Sample 171B-1050A-1H-1, 57-58 cm, through Section
4H-CC. Reworking of older Eocene material has occurred, making
the placement of the basal boundary for this subzone questionable. In
addition, we disagree with Berggren et al. (1995) in placing the first
occurrence (FO) of Reticul ofenestra umbilica (the marker speciesfor
this subzone) at 43.7 Ma and instead follow Wei and Wise (1989) in
placing the boundary in the upper part of magnetozone Chron 20n at
42.7 Ma. Subzone CPl14a rests conformably on Subzone CP13c,
based on the absence of both R. umbilica and Chiasmolithus gigas.
The marker species for Subzone CP13b, C. gigas, occurs from Sec-
tion 171B-1050A-10H-CC through Sample 171B-1050A-14X-5,
68-72 cm. Subzone CP13b represents only ~2 m.y. of deposition;
however, increased sedimentation rates throughout this section sug-
gest that this subzone is somewhat expanded (Fig. 30). Additionally,
the sporadic occurrence of C. gigas in the upper part of its range at
this site strongly suggests that it has been reworked. Therefore, age
determinations based on planktonic foraminifer datumsfor thisinter-
val provide a more accurate biostratigraphic interpretation.
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Subzone CP13ais very thin in this hole and is basically confined
to the interval between core-catcher Samples 171B-1050A-14X-CC
and 15X-CC. It conformably overlies the Rhabdosphaera inflata
Subzone (CP12b), which occursin theinterval ranging from Sections
171B-1050A-15X-CC through 16X-6. Despite trace amounts of
older reworked Eocene material that is present throughout this inter-
val, correlation of the nannofossil and planktonic foraminifer bio-
zonesisgood (Fig. 28).

The lower Eocene at this site is only partially complete. Zone

CP10 and Subzone CP12a are missing, whereas the lower portion of
Zone CP11 and alargely complete section of Zone CP9 are present.
This is best represented in Figures 28 and 30. The lower section of
Zone CP11isoverlain unconformably by Subzone CP12b and ranges
from Sections 171B-1050A-16X-CC through 21X-3. Only the lower
portion of Zone CP11 is represented based on the co-occurrence of
Tribrachiatus orthostyl us and Toweius crassus throughout this inter-
val. Zone CP11 rests unconformably on Subzone CP3b, which occurs
in Sections 171B-1050A-21X-4 through 22X-6. The basal Eocene,
which was found in Sections 171B-1050A-22X-CC through 24X-7,
isnearly complete. Both Rhomboaster contortus (FO in middle upper
Subzone CP9a; last occurrence [LO] at top of Subzone CP9a) and
Tribrachiatus digitalis (overlaps briefly with R. contortus near mid-
dle of Subzone CP9a[Aubry, 1996]) occur in Section 171B-1050A-
22X-CC. Rhomboaster contortus is absent from Sections 171B-
1050A-23X-7 through 24X-7, suggesting that these samples belong
to the earliest part of Subzone CP9a or older. Comparison of the cal-
careous nannofossil floral assemblage to the planktonic foraminifer
assemblage suggests that a nearly complete Paleocene/Eocene
boundary section is present in Hole 1050A. Preservation decreases
downcore throughout Subzone CP9a until species identification in
Sample 171B-1050A-24X-CC becomes impossible. Core-catcher
Sample 171B-1050A-25X-CC contains a latest Paleocene Subzone
CP8b assemblage.

A nearly complete upper Paleocene sequence was recovered at
this site, spanning Zone CP3 in Sample 171B-1050A-36X-CC to
Subzone CP8b in Sample 171B-1050A-25X-CC. Closely spaced
sampling intervals in Core 28X indicate that upper Paleocene Sub-
zone CP8a and Zone CP7 were not recovered at thissite. Correlation
with planktonic foraminifer biozonesisvery good, with minor differ-
ences being largely aresult of higher resolution sampling for calcar-
eous nannofossils. Magnetostratigraphic evidence suggests that the
upper Paleocene continues downward into Core 171B-1050C-2R,
where the top of Chron 20N marks the Danian/Selandian boundary
(see “Paleomagnetism” section, this chapter).

The lower Danian Zone CP2 appears to be relatively thick at this
site, compared with the corresponding section at Site 1052. This ap-
parent thickness may be partially because of the difficulty in placing
the Zone CP2/CP3 boundary. The zonal boundary mdzhip-
solithus macellus is sporadic near its FO. As a result, placement of
this boundary may change with further examination.

A biostratigraphically complete K/T boundary section was recov-
ered in Sample 171B-1050C-10R-2,-3% cm. Calcareous nanno-
fossil assemblages from Samples 171B-1050C-10R-1, 95 cm,
through 10R-1, 126 cm, are indicative of the lower Danian (Subzone
CP1a), based on the presencdlesbiscutum parvulum, N. romenii,
abundanfThoracosphaera, and the absence of the large morphotype
of Cruciplacolithus primus. Preservation throughout this interval is
moderate, and abundances decrease downcore toward the boundary
event. Sample 171B-1050C-10R-2, 33 cm, contains Tacea-
cosphaera and only occasiondl. primus (small morphotype). The
absence oN. parvulum strongly suggests that this sample is repre-
sentative of an earliest post-event flora. Sediment immediately below
the boundary horizon at Sample 171B-1050C-10R-2, 38 cm, contains
an abundant, well-preserved flora indicative of late Maastrichtian

Figure 28. Biostratigraphic summary for Site 1050. See Figure 1, “Site 1049”
chapter (this volume) for an explanation of lithologic symbols. Refer to the
nannofossil and foraminifer datum tables (this chapter) for biostratigraphic

data that reflect post-cruise additions and modifications to range data.
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Figure 29. Age assignments for Hole 1050C.

ary difficult. Differentiation of the CC25/CC26 boundary also is dif-
ficult because of the absence of Nephrolithus frequens and the pauc-

Subzone CC26b, based on the presence of Micula prinsii, M. murus,

and Ceratolithoides kamptneri.

ity of Ceratolithoides kamptneri, aspecies used as a proxy marker in
sence of C. kamptnerii and the presence of M. murus in Samples

the absence of N. frequens. Ceratolithoides kamptneri is common at
both Sites 1052 and 1049, but it israre at Site 1050. The apparent ab-

Although the late Maastrichtian is well represented at this site,

cal careous nannofossil assemblages differ significantly from those at
M. prinsii make identification of the CC26a/CC26b subzonal bound-

Sites 1049 and 1052. Transitional forms between Micula murus and
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Table 5. Calcareous nannofossil datums for Hole 1050C.

Age Core, section, Error depth
Datum Species Zone (Ma) interval (cm) (mbsf)
171B-1050C-
B E. macellus b CP3 62.2 4R-6,61-63 354.40-364.10
B C. danicus b CP2 63.8 8R-CC 389.70-401.40
B C. tenuis b CP1b 645 O9R-CC 401.30-401.40
B C. primus 64.8 10R-2, 32-33 401.30-401.40
T E. turriseiffellii t Cretaceous 65.0 10R-2, 37 405.60-406.40
B M. prinsii b CC26b 66.0 12R-1, 18-20 413.90-433.20
B M. murus b CC25¢ 68.5 15R-CC 452.50-470.70
T R. levis 69.4 18R-5, 77-78 475.20-478.20
T T. phacel osus tCC23 71.6 18R-5, 77-78 475.20-478.20
T A. parcus t CC23a 74.6 18R-CC 478.20-478.90
T E. eximius t CC22 75.0 19R-1, 126-127 478.90-482.30
B Q. sissinghii b CC22 77.1 20R-1, 70-71 491.30-491.40
B C. aculeus b CC20 785 20R-1, 70-71 491.30-491.40
B A. parcus parcus b CC18 825 20R-1, 84-85 491.40-493.10
B A. parcus constrictus  t CC18a 835 20R-1, 84-85 491.40-493.10
T L. septinarius 84.9 20R-2,103-104 491.40-493.10
B M. decussata b CC14 87.2 20R-3,13-14 493.70-495.40
B E. eximius 91.0 20R-3,13-14 493.10-493.70
B Q. gartnerii b CC11 935 21R-1,30-31 500.50-500.70
T C. kennedyi 939 21R-1,30-31 500.50-500.70
B C. kennedyi b CC9c 974 23R-CC 529.30-544.10
T R.irregularis t CC9a 99.0 29R-CC 577.40-586.70

Notes: Bases of age and biozonal datums are represented by B and b; tops of age and
biozonal datums are represented by T and t. Error depths refer to depth to next sam-
ple studied above or below a datum level. These data reflect post-cruise modifica-
tionsand are, thus, more up to date than data presented in the range chartsand in the
biostratigraphy and sedimentation rate figures (this chapter).

171B-1050C-18R-3, 80-81 cm, through 13R-CC place this material
in Subzone CC25c. Further examination of this sequence may result
in adifferent placement of the subzonal boundary.

Well-preserved and abundant cal careous nannofossil assemblag-
es of late Campanian age occur in a thin interval (~13 m; Samples
171B-1050C-18R-5, 77-78 cm, through 20R-1, 84 cm) that never-
theless contains at least four cal careous nannofossil zones represent-
ing 6 m.y. Sample 171B-1050C-18R-5, 77-78 cm, occurs within
Zone CC23 and is latest Campanian in age. Placement within this
zone is based on the presence of both Tranolithus phacelosus and
Reinhardtites levis. Sporadic occurrences of Aspidolithus parcus
congtrictus are considered to be reworked. Calcareous nannofossil
Zone CC22 isidentified from Samples 171B-1050C-19R-1, 126-127
cm, and 19R-2, 141-142 cm, based on the occurrence of Reinhard-
tites levis with R. anthophorous and common Eiffelithus eximius.
Thisthin interval is underlain disconformably by sediments of Zone
CC21, defined by the presence of rare Quadrum sissinghii and the ab-
sence of Q. trifidum. Species from the genus Quadrum are typically
thought to be representative of warmer water temperatures, which
makes their scarcity in this assemblage surprising.

The sequence of biostratigraphic events recorded in interval
171B-1050C-20R-1, 30-31 cm, isimpressive. Sample 171B-1050C-
20R-1, 84 cm, is mid-Campanian in age (Zone CC19), based on the
absence of both Marthasterites furcatus and Ceratolithoides aculeus,
the latter of which is recorded consistently throughout the late Cam-
panian and Maastrichtian of this hole. This zone is underlain discon-
formably by upper Coniacian Zone CC14 in Samples 171B-1050C-
20R-2, 103-104 cm, and 20R-3, 13-14 cm. The disconformity is
marked by acomplex of bioeroded black mudstone clasts with phos-
phate and represents a hiatus spanning at least 5 m.y. Zone CC14, in
turn, disconformably overlies mid-Turonian (Zone CC11) varicol-
ored chalk. Quadrum gartneri, the marker speciesfor Zone CC11, is
common in Samples 171B-1050C-20R-4, 32-33 cm, through 21R-1,
30-31 cm, and common Q. intermedium is dominated by formswith
fiverays. Thesetwo facts suggest that thisinterval isin the upper part
of Zone CC11. Minor reworking of Cenomanian nannofossils into
the Turonianisevident. Corollithion kennedyi, a specieswhoserange
defines Subzones CC9c through CC10b and should not overlap with
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Figure 30. Sediment accumulation rate for Hole 1050A based on the calcare-
ous nannoplankton and planktonic foraminifer datums listed in Tables 4 and
6, respectively.

Q. gartneri, is present in Sample 171B-1050C-21R-1, 30-31 cm.
Placement of this sample in the planktonic foraminifer Helvetoglo-
botruncana helvetica Zone corroborates a mid-Turonian age.

Thisincredible package of sediments consists of a series of spec-
tacular hardgrounds separated by thin layers of sedimentary oozes.
Currently, sediments dated as Turonian, Coniacian, possible Santo-
nian, and Campanian are al present in this complex of <10-m thick-
ness. However, further detailed analysis of the material between the
hardgrounds could reveal that more time is represented in this con-
densed section than is currently recorded.

The middle Turonian lies directly on sediments of middle Ceno-
manian age, suggesting a hiatus of at least 2 m.y. The upper Ceno-
manian Zone CC10 (as well as the partly correlative Whiteinella ar-
chaeocretacea foraminifer zone) is missing. The sharp nature of the
contact between adjacent drilling biscuits suggests that any transi-
tional hardground or disconformity surface was removed by drilling.
The lower and lower middle Cenomanian (Subzones CC9b and
CC9c) is present in Samples 171B-1050C-21R-7, 0-1 cm, through
26R-CC. Corollithion kennedyi, whose presence marks the base of
Subzone CC9c, is present from Samples 171B-1050C-23R-CC to
21R-7,0-1cm.

Coring at this site reached the upper Albian (Zone CC9a) in Sam-
ples 171B-1050C-27R-CC through 31R-CC. Identification of this
zone was difficult because of the paucity of both Hayesites albiensis
and Rucinolithusirregularis. Asat Site 1052, these specieswererare,
and their LOswere significantly below the supposedly correlative FO
of Rotalipora greenhornensis. Sediments throughout this interval
consisted of aternating black shales and laminated claystones. Soft-
sediment deformation was prevalent, although little evidence for re-
working can be seen from the calcareous nannofossil assemblages.
Preservation was moderate to good, and abundances of specimens
were typically common to abundant.

Planktonic Foraminifers

Planktonic foraminifer biostratigraphy for Holes 1050A and
1050B was based almost entirely on core-catcher samples. Zonal as-
signments are summarized in Figure 28 and Table 6, and distribution
charts for the two holes are presented in Tables 7 and 8. Planktonic
foraminifer Subzone P3a through Zone P12 (upper Paleocene-
middle Eocene) were identified in Hole 1050A, and Subzone P6b
through Zone P12 (lower-middle Eocene) were identified in Hole
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1050B. Planktonic foraminifers are abundant in most middle Eocene
samples and are rare to abundant in upper Paleocene and lower
Eocene samples primarily because of variations in dilution by radi-
olarians. Preservation is very good in the middle Eocene and moder-
ateto good in the lower Eocene and Paleocene. Reworking of several
Maastrichtian planktonic foraminifer specieswas observed in anum-
ber of lower and middle Eocene samples from both holes.

The K/T and Cenomanian/Turonian boundaries were examined at
closely spaced sample intervals. Zonal assignments are summarized
inFigure29 and Table 9, and adistribution chart is presented in Table
10. A list of foraminifer datums used to cal culate the sediment accu-
mulation rate isincluded in Table 9.

The base of Zone P12 of the middle Eocene was identified on the
LO of Morozovella aragonensis, which co-occurs with M. lehneri at
both holes. Thisis contrary to the relative order of appearance and da-
tum ages used by Berggren et al. (1995), who observed that the LO
of M. aragonensis occurs below the FO of M. lehneri. The base of
Zone P11 wasidentified by the FO of the marker species Turborota-
lia possagnoensis. Near the top of this zoneis the FO of Hantkenina
dumblei. Although rare, this distinctive species occursin all samples
spanning its range and may prove to be a valuable middle Eocene
biomarker.

The boundaries for Zones P10-P8 could not be distinguished at
any of the holes using the Berggren et a. (1995) zonal scheme be-
cause of the absence of the zonal markers Hantkenina nuttali and
Planorotalites palmerae. However, we used the biostratigraphic
overlap of Acarinina broedermanni, Morozovella lensiformis, and M.
caucasica to identify the stratigraphic interval represented by Zone
P8, as suggested by Toumarkine and L uterbacher (1985). Within the
lower part of Zones P9—-P10isthe distinctive FO of Guembelitrioides
higginsi. This bioevent may prove to be useful for correlation within
this broadly zoned interval. The base of Zone P8 was recognized by
the LOs of M. formosa and A. pentacamerata.

The FO of Morozovella aragonensis occurs within one core be-
low the LO of M. formosa in both holes and was used to define the
base of Zone P7. The base of Subzone P6b was identified from the
co-occurring FOs of M. formosa and M. lensiformisin Hole 1050A.
Only the FO of M. lensiformis was used to identify the base of Sub-
zone P6b in Hole 1050B because the FO of M. formosa was not de-
termined. Zone P6a comprises alonger stratigraphic interval in both
holes at Site 1050 than does Subzone P6b. Thisis the reverse of the
Berggren et al. (1995) zonal scheme, suggesting that part of Subzone
P6b may be missing. The Subzone P6a assemblage is characterized
by the relatively common occurrences of M. marginodentata, M.
gracilis, and M. subbotinae; rare occurrence of Chiloguembelina wil-
coxensis, and consistent occurrence of Pseudohastigerina wilcoxen-
sisin the fine-sized fraction.

Zones P5 through P3 were identified in Hole 1050A. The top of
Zone P5, which is used to define the Paleocene/Eocene boundary,
was determined at the LO of Morozovella velascoensis in Sample
171B-1050A-26X-1, 8-10 cm. A typical Zone P4 assemblage, in-
cluding Globanomalina pseudomenardii, M. velascoensis, M. acuta,
Acarinina mackannai, and A. nitida, was recognized in Samples
171B-1050A-27X-CC and 31X-3, 61-62 cm. The base of Subzone
P3b coincides with the FOs of M. velascoensis and Igorina albeari,
which occurred in Sample 171B-1050-33X-CC. Species identified
within this interval include M. angulata, M. acuta, M. conicotrunc-
ata, and A. mackannai. The deepest core from Hole 1050A yielded a
Subzone P3a assembl age, including abundant M. conicotruncata and
relatively common |. pusilla and G. chapmani.

The 288-m sequence drilled at Site 1050C ranges from |ate Paleo-
cene (Subzone P3a) to late Albian (Rotalipora ticinensis Zone) in age
(Fig. 28). Foraminifers are common to rare and moderately to poorly
preserved in the Paleocene nannofossil claystone samples from Sub-
zones P1b through P3a, and they are very well preserved in the calcar-
eous nannofossil claystone from Subzones Pa through Pla. Nearly all
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Table 6. Planktonic foraminifer datums for Holes 1050A and 1050B.

Error
Age  Core, section, Depth  depth

Datum Species Zone (Ma interva (cm)  (mbsf)  (mbsf)
171B-1050A-
T M. aragonensis bP12 4360 4H-CC 38.72 29.61
B M. lehneri 4350 6H-CC 57.83 4834
B T. possagnoensis bP11  46.00 13X-CC 12247 132.72
T M. formosa b P8 50.80 19X-CC 182.16 168.95
T M. lensiformis 5270 19X-CC 182.19 168.95
B M. aragonensis b P7 5230 20X-CC 191.82 199.29
T M. marginodentata 5250 20X-CC 191.84 182.19
T M. aequa 53.60 21X-CC 199.31 191.84
B M. lensiformis bP6b 5400 21X-CC 199.31 191.84
B M. formosa bP6b 5400 21X-CC 199.31 191.84
B M. marginodentata (b P6a) 54.80 25X-CC 22828 237.7
T M. velascoensis bP6a 54.70 26X-1,8-10 2378 237.71
B M. subbotinae b P5 56.90 27X-CC 249.12 255.38
T G. pseudomenardii  t P4 5590 27X-CC 249.15 242.03
T M. acuta 5470 28X-CC 25541 249.15
B M. acuta 5570 28X-CC 25541 249.15
T A. mckannai 56.30 28X-CC 25541 249.15
B G. pseudomenardii b P4 59.20 31X-3,61-62 27857 285.95
T P. varianta 59.20 32X-CC 291.76 285.98
B M. aequa 56.50 33X-CC 298.11 300.08
B |. albeari bP3b 60.00 33X-CC 298.11 300.08
B M. velascoensis bP3b 60.00 33X-CC 298.11 300.08
171B-1050B-

T M. aragonensis bP12 4360 6H-CC 5499 4528
B M. lehneri 4350 9H-CC 8337 92.08
B T. possagnoensis bP11  46.00 14X-CC 127.41 137.27
T M. lensiformis 52,70 19X-CC 159.45 158.85
T S velascoensis 5350 20X-CC 177.17 159.45
T M. formosa b P8 50.80 20X-CC 177.17 159.45
B M. aragonensis b P7 5230 21X-CC 186.88 195.97
T M. marginodentata (t P6b) 5250 22X-CC 19599 186.89
B M. lensiformis bPeb 5400 23X-CC 206.01 215.62
T M. aequa 53.60 25X-CC 22540 225.27

Notes: Bases of age and biozonal datums are represented by B and b; tops of age and
biozonal datums are represented by T and t. Error depths refer to depth to next sam-
ple studied above or below adatum level. Parentheses around zones refer to species
used to approximate zonal boundaries. These data reflect post-cruise modifications
and are, thus, more up to date than data presented in the range charts and in the bio-
stratigraphy and sedimentation rate figures (this chapter).

Cretaceous foraminifers are abundant to common and well preserved.
Particularly well-preserved assemblages occur in the soft, finely lam-
inated claystones of Albian age and in the Turonian nannofossil chalk.
The extraordinary preservation of assemblages from these intervals
will afford detailed analysis of foraminifer wall ultrastructure and will
test morphology for evolutionary and taxonomic studies, thereby pro-
viding new insight into the evolution of mid-Cretaceous planktonic
foraminifers.

Upper Paleocene Subzone P3a is identified in Sections 171B-
1050C-2R-CC and 3R-CC based on the presence of Morozovella
angulata and M. conicotruncata. Subzones P1c—P3a are undifferen-
tiated in Cores 171B-1050C-4R through 6R. Globanomalina com-
pressa is present, but the absence of biomarkersfor Subzone P3aand
Zone P2 may be an artifact of poor sample preservation.

Sample 171B-1050C-10R-1, 0-1 cm, yields a well-preserved
assemblage with abundant Guembelitria cretacea; few Woodringina
claytonensis, W. hornerstownensis, and Chiloguembelina midway-
ensis; and very rare Praemurica taurica and Parasubbotina pseudo-
bulloides. The presence of the latter two species and the absence of
Parvul orugoblobigerina eugubina and Subbotina triloculinoides in-
dicatethat thisisa Subzone Plaassemblage; however, the abundance
of G. cretacea and other minute foraminifers in a package of sedi-
mentsthat show evidence of slumping causes someuncertainty inthis
zonal assignment. Subzone Pa isidentified in Sample 171B-1050C-
10R-2, 32-33 cm, based on the co-occurrence of abundant P. eugu-
bina with G. cretacea, and Globanomalina archeocompressa. No
samples were analyzed from immediately below and above the K/T
boundary, which is placed in Sample 171B-1050C-10R-2, 36 cm
(405.93 mbsf), on the basis of nannofossil evidence.
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Table7. Distribution chart for planktonic foraminifersfrom Hole 1050A.
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171B-1050A
middle Eocene P12 1X-CC 6.86 G R
middle Eocene P12-P11  2H-CC 20.18 G
middle Eocene P12 3H-CC 29.61 G
middle Eocene P12 4H-CC 38.72 G
middle Eocene P11 5H-CC 4834 |C| G
middle Eocene P11 6H-CC 5783 |A |G
middle Eocene P11 7H-CC 675 |C|G F
middle Eocene P11 8H-CC 7666 | C | M F
middle Eocene P11 9H-CC 8632 |C|M R
middle Eocene P11 11X-CC 10442 |A |G A
middle Eocene P11 12X-CC 10652 | C | G A
middle Eocene P11 13X-CC 12247 |A |G F
early-middle Eocene P10-P9 14X-CC 13272 |A | M A
early-middle Eocene P10-P9 15X-CC 1418 |A|M F
early-middle Eocene P10-P9 16X-CC 153.37 M R
early-middle Eocene P10-P9 17X-CC 157.95 M R
early-middle Eocene P8 18X-CC 168.92 M F
early Eocene P7 19X-CC 18216 | R | M R F R
early Eocene P7 20X-CC 19182 | F |G R F F F
early Eocene P6b 21X-CC 19929 |C | G R R R R F R
early Eocene P6a 22X-CC 20897 |C |G F F AR
early Eocene P6a 23X-CC 21869 |C |G A A RIR
early Eocene P6a 24X-CC 22822 |F | P A F R
early Eocene P6a 25X-CC 22828 |C |M F F AR
|ate Paleocene P5 26X-1, 8-10 23778 |A|M F F A F R R
|ate Paleocene P5 26X-CC 24201 |[C|M R F F A F
|ate Paleocene P4c 27X-CC 24912 |A|M F F F A A
|ate Paleocene P4 28X-CC 25538 | F | M R F F|F F F
|ate Paleocene P4 29X-CC 26682 | F |G P F F|F F F R
early Paleocene P4 30X-CC 27611 | F (M R F|F F F R
|ate Paleocene P4da 31X-3, 61-62 27857 |A|M F F F F|F F F F
early Paleocene P3 31X-CC 28595 | F | M R F R R F F
|ate Paleocene P3b 32X-CC 29173 |A | M F R R F FRRFR|F
|ate Paleocene P3b 33X-CC 29811 |C (M R R R R|F R R F FRAF
|ate Paleocene P3a 34X-CC 300.08 | F | P Al|lF F R F
|ate Paleocene P3a 35X-CC 31461 | F | M F F F F A|A
|ate Paleocene P3a 36X-CC 31972 |[C|G|F F R R RIR F R FA|A R

Notes: Abundance: C = common; A = abundant; R = rare; F = few; P = present. Preservation: G = good; M = moderate; P = poor.
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Table 7 (continued).
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middle Eocene P12 3H-CC 29.61 G F R F R R R R F
middle Eocene P12 4H-CC 38.72 G R F P|F F R F R F
middle Eocene P11 5H-CC 4834 |C | G R F R A R F R R R F R
middle Eocene P11 6H-CC 5783 |A | G R R F F R A F F|R R
middle Eocene P11 7H-CC 67.5 C|G F A F R F R P R
middle Eocene P11 8H-CC 7666 | C |M F F R R P
middle Eocene P11 9H-CC 8632 |C|M F R A R F R R R R
middle Eocene P11 11X-CC 10442 |A |G F R R F F P R R R F
middle Eocene P11 12X-CC 10652 | C | G R A R F F R R R|R
middle Eocene P11 13X-CC 12247 |A | G F A R R F R R R R
early-middle Eocene P10-P9 14X-CC 13272 |A | M R A R R F F R F R
early-middle Eocene P10-P9 15X-CC 141.8 A|M F F A R R F R R
early-middle Eocene P10-P9 16X-CC 153.37 M R F R R P R F
early-middle Eocene P10-P9 17X-CC 157.95 M FRR RIP P
early-middle Eocene P8 18X-CC 168.92 M R|IF F F P
early Eocene P7 19X-CC 18216 | R | M F R|F
early Eocene P7 20X-CC 19182 | F | G R F R|R
early Eocene Péb 21X-CC 19929 | C |G F R|IR F R F
early Eocene P6a 22X-CC 20897 |C |G R R A F
early Eocene P6a 23X-CC 21869 |C |G F A F|F
early Eocene P6a 24X-CC 22822 |F | P F A R
early Eocene P6a 25X-CC 22828 |C|M R F A F
late Paleocene P5 26X-1, 8-10 23778 |A|M|R R
|ate Paleocene P5 26X-CC 24201 |C M
|ate Paleocene P4c 27X-CC 24912 |A | M
|ate Paleocene P4 28X-CC 25538 | F | M
late Paleocene P4 29X-CC 26682 | F |G
early Paleocene P4 30X-CC 27611 | F | M
late Paleocene Pda 31X-3, 61-62 27857 |A|M
early Paleocene P3 31X-CC 28595 | F | M
|ate Paleocene P3b 32X-CC 29173 |A M
|ate Paleocene P3b 33X-CC 29811 |[C|M
|ate Paleocene P3a 34X-CC 30008 | F|P
|ate Paleocene P3a 35X-CC 31461 | F | M
late Paleocene P3a 36X-CC 31972 |C |G
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Table 8. Distribution chart for planktonic foraminifersfrom Hole 1050B.
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171B-1050B-
middle Eocene P12 1X-CC 762 |A|G R
middle Eocene P12-P11| 2H-CC 1643 |C |G F
middle Eocene P12 3H-CC 2631 |C |G F
middle Eocene P12 4H-CC 3576 |A|G F
middle Eocene P12 5H-CC 4528 |A |G F
middle Eocene P12 6H-CC 5499 (A |G R F
middle Eocene P11 7H-CC 6409 |F |G R
middle Eocene P11 8H-CC 7384 |A |G R
middle Eocene P11 9H-CC 8337 |A|G F
middle Eocene P11 10X-CC 92208 (A |G F R A
middle Eocene P11 11X-CC 99.79 (A |G F P A
middle Eocene P11 12X-CC 10985 |A |G R A
middle Eocene P11 13X-CC 11844 |A | G A F A
middle Eocene P11 14X-CC 12741 |A |G F F F F A
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Notes: Abundance: A = abundant; C = common; F = few; R = rare; P = present. Preservation: G = good; M = moderate.
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early Eocene P6b 22X-CC 19597 |C|M
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early Eocene P6a 24X-CC 21562 |A |G
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early Eocene P6a 27X-CC 23167 |R|M
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SITE 1050

Table 9. Planktonic foraminifer datumsfor Hole 1050C.

Age Core, section,  Error depth
Datum Species Zone (Ma) interval (cm) (mbsf)
171B-1050C-
B  G.compressa 63.0 7R-4, 66-68 380.36-389.68
B P inconstans b Plc 63.0 8R-CC, 9-10  389.68-401.37
B S triloculinoides b P1b 64.3 9R-CC, 4-7 401.37-405.92
B P. eugubina b Pa 65.0 10R-2,32-33  405.92-412.96
B A mayaroensis b A. mayaroensis 68.3 15R-6, 35-37  450.43-452.49
B R. fructicosa b R. fructicosa 69.6 16R-2, 38-42  454.08-456.29
B C.contusa b C. contusa 69.6 16R-1,30-32  452.50-454.08
T  H. helvetica t H. helvetica 90.8 20R-5, 41-43  484.58-496.98
B H.helvetica b H. helvetica 93.1 21R-1,0-1 500.20-501.30
T R. cushmani t R cushmani 93.9 21R-1, 110-113 500.21-501.33
B R greenhornensisb R greenhornensis 98.9 26R-CC, 12-14 555.60-567.65
B R appenninica bR appenninica  100.4 27R-CC, 23-25 567.65-577.36

Notes: Bases of age and biozonal datums are represented by B and b; tops of age and
biozonal datums are represented by T and t. Error depths refer to depth to next sam-
ple studied above or below a datum level. These data reflect post-cruise modifica
tionsand are, thus, more up to date than data presented in the range charts and in the
biostratigraphy and sedimentation rate figures (this chapter).

The base of the Abathomphalus mayaroensis Zone is placed in
Sample 171B-1050C-15R-6, 35-37 cm (450.45 mbsf), where A.
mayaroensis occurs in very low abundance. The base of the Race-
miguembelina fructicosa Zone is placed at the FO of the nominate
species in Sample 171B-1050C-16R-2, 38—-42 cm (454.08 mbsf).
This taxon occurs consistently in low to moderate abundance
throughout its range. The FO of Contusotruncana contusa (Section
171B-1050C-16R-1, 30—32 cm; 452.50 mbsf) occursin the middle of
the R. fructicosa Zone and near the same level as the LO of in-
oceramid prisms (Sample 171B-1050C-16R-3, 109-112 cm; 456.29
mbsf).

No specimens of Gansserina gansseri were found in samples
from the A. mayaroensis Zone or R. fructicosa Zone. Hence, it is not
clear that the absence of this species below the R. fructicosa Zoneis
because of its rarity at this site or because of a hiatus that spans the
G. gansseri Zone. For thisreason, the G. gansseri and G. fal sostuarti
Zones are not differentiated. This combined zonal interval extends
from Sample 171B-1050C-16R-3, 109-111 cm (456.29 mbsf)
through Section 18R-CC (478.8 mbsf), and includes well-preserved
assemblagesin the upper part and moderately preserved assemblages
in the lower part. The Radotruncana calcarata Zone was not identi-
fied in Hole 1050C, but Section 171B-1050C-19R-CC (484.5 mbsf)
is placed in the undifferentiated R. calcarata Zone and Globotrunca-
na ventricosa Zone (mid-Campanian), based on the occurrence of
Globotruncanita atlantica.

On the basis of calcareous nannofossil evidence, Core 171B-
1050C-20R contains the Campanian, Santonian, and Coniacian stag-
esbounded by hiatuses above the core catcher. Section 171B-1050C-
20R-CC yields a pristinely preserved and diverse assemblage from
the lower Turonian Helvetotruncana helvetica Zone. This zone ex-
tends through Sample 171B-1050C-21R-1, 0-1 cm, and yields com-
mon H. helvetica, Dicarinellaimbricata, and Whiteinella paradubia.
The ancestor to H. helvetica, H. praehelvetica, occurs in the lower
part of this zone.

The Cenomanian/Turonian boundary is apparently incomplete in
Hole 1050C, as foraminifers that mark the Whiteinella archaeocr eta-
cea Zone were not identified. The upper Cenomanian is represented
by moderately to well-preserved foraminifers characteristic of the
Rotalipora cushmani Zone. The base of this zone, which is deter-
mined from the FO of the nominate taxon, is placed in Sample 171B-
1050C-22R-1, 50-51 cm (510.3 mbsf). A distinctive, but uncommon,
morphotype, Rotalipora deeckei, ranges through most of this zone.

The FO of Rotalipora brotzeni and R. greenhornensis (primitive
morphotypes) mark the base of the R. greenhornensis Zone, which
spans from Samples 171B-1050C-23R-CC (529.2 mbsf) to 26R-CC
(555.6 mbsf). A few specimens of Costellagerina libyca occur within
thisinterval.

126

The Cenomanian/Albian boundary occurs within Core 171B-
1050C-27R, as the core-catcher sample from this core yields a very
well-preserved assemblage from the upper Albian Rotalipora appen-
ninica Zone. Foraminifers from this zone include common R. appen-
ninica, R. ticinensis, and Biticinella breggiensis, and numerous
small, unidentified hedbergellids. Evidence for a significant hiatus
spanning the lower R. appenninica Zone and upper R. ticinensisZone
is suggested by the absence of Planomalina buxtorfi and P. praebux-
torfi, which were observed in both zones at Site 1052.

The nannofossil claystone from Samples 171B-1050C-28R-CC,
15-17 cm (577.3 mbsf), to the bottom of the cored interval yields ex-
traordinarily well-preserved foraminifers that are assigned to the up-
per Albian Rotalipora ticinensis Zone. In addition to common occur-
rences of the nominate taxon, assemblages from this zone are charac-
terized by consistent occurrences of Biticinella breggiensis, Ticinella
roberti, T. praeticinensis, Planomalina sp., Hedbergella simplex, and
numerous small hedbergellids. It is noteworthy that Schackoina cen-
omana, Hastigerinelloides alexanderi, and Guembelitria cenomana
occur inpartto all of theR. ticinensisZone. Thisisthefirst timethese
taxa have been recorded at such alow stratigraphic level.

Benthic Foraminifers

The preservation of benthic foraminifers is generally good to
moderate throughout the middle Eocene to upper Paleocene interval
cored in Hole 1050A, with the exception of Sample 171B-1050A-
24X-CC, 37-39 cm, where preservation is poor (Table 11). Abun-
dance of benthic foraminifersis low throughout, especially in sam-
ples of Eocene age (Table 11). The trace to few occurrences in the
Eocene interval (planktonic foraminifer Zones P12—P6) are probably
the result of high abundances of radiolarians diluting the benthic for-
aminifers. The abundance of benthic foraminifers is slightly higher in
the late Paleocene, especially in Samples 171B-1050A-26X-CC, 22
24 cm, and 29X-CC, 380 cm, where benthic foraminifers are com-
mon. Paleodepth estimates based on the ubiquitous occurrence of
Nuttallides truempyi andAragonia spp. indicate lower bathyal depths
(1000-2000 m) during late Paleocene through middle Eocene times
at Site 1050.

After drilling without recovery through the Eocene, upper Paleo-
cene to upper Albian sediments were recovered in the 605-m-deep
Hole 1050C. Benthic foraminifer preservation improves downward
in Hole 1050C, where it is moderate in Paleocene, moderate to good
in the Upper Cretaceous (Maastrichtian to Campanian), and surpris-
ingly good to very good in the Lower Cretaceous (Cenomanian to
Albian; Table 12). The abundance of benthic foraminifers is general-
ly high throughout Hole 1050C. They are abundant to few in the
Paleocene and common and abundant in the Upper and Lower Creta-
ceous, respectively.

The middle-early Eocene fauna (between Core 171B-1050A-1H
and Sample 171B-1050A-24X-6, 4150 cm) is marked by typical
post-Paleocene/Eocene benthic extinction taxa, incluéiiagonia
semireticulata, Bulimina cf. semicostata, B. macilenta, B. semico-
stata, B. thanetensis, Buliminella grata, Cibicidoides tuxpamensis,
Gavelinella capitata, Karreriella chapapotensis, Osangularia mexi-
cana, and Turrilina robertsi, along with Globocassidulina subglo-
bosa andQuadrimor phina profunda. An additional component of the
Eocene fauna is represented by several taxa, ranging through the late
Paleocene into the middle Eocene (i.e., pleurostomeBidsinitat-
ensis, Oridorsalisspp.,Tritaxia spp., and commaXuttal lidestruem-
pyi).
Three samples of latest Paleocene to earliest Eocene age (i.e.,
Samples 171B-1050A-24X-CC, 339 cm, 171B-1050A-25X-CC,
12-14 cm, and 171B-1050A-25X-CC, 280 cm) have only traces of
benthic foraminifers. The faunas in these samples are represented by
a few poorly preserved, minute buliminids addnion spp., along
with single specimens of two pre-Paleocene/Eocene benthic extinc-
tion taxa Osangularia velascoensis andAragonia ouezzanensis), in-



Table 10. Distribution chart for planktonic foraminifersfrom Hole 1050C.
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171B-1050C-
late Paleocene P3a 2R-CC, 20-22 336.97 |[C|M
late Paleocene P3a 3R-CC, 0-2 34346 (F| P
late Paleocene P3a-Plc 4R-6, 61-63 35441 R| P
|ate Paleocene P3a-Plc 5R-CC, 25-27 364.10 |R| P
|ate Paleocene P3a-Plc 6R-CC, 14-16 37532 |F| P
early Paleocene Plc 7R-4, 66-68 380.36 |F|M
early Paleocene Plc 8R-CC, 9-10 389.68 R| P
early Paleocene Plb 9R-CC, 4-7 401.37 |[R| P
early Paleocene Pla 10R-1, 0-1 404.10 |A|VG
early Paleocene Pa 10R-2, 32-33 405.92 |[C|VG P
Maastrichtian A. mayaroensis 11R-CC, 11-13 | 41296 |[C|M R F
Maastrichtian A. mayaroensis 12R-1, 18-20 41388 |A| G R F
Maastrichtian A. mayaroensis 13R-CC, 21-23 | 433.20 |(A| G
Maastrichtian R. fructicosa 15R-CC, 22-24 | 45252 |(A| G F
Maastrichtian R. fructicosa 16R-3, 109-112 | 456.29 |(A| G R R
Campanian-Maastrichtian | G. gansseri-G. falsostuarti| 17R-CC, 19-22 | 470.70 |A|M FRF R F R
Campanian-Maastrichtian | G gansseri-G. falsostuarti| 18R-CC, 0-4 47886 |A| G F AR R R F
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Cenomanian R. greenhornensis 24R-3, 69-71 532.15 |A| G R R R R RIF P F
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Albian R. ticinensis 28R-CC, 15-17 | 577.36 |A|G|F R FIF P F RR|R
Albian R. ticinensis 29R-CC, 6-8 586.69 |A|G|R FRF|F F F
Albian R ticinensis 30R-CC, 20-22 | 595.81 |A|VG| R FPFFPRRP
Albian R ticinensis 31R-CC, 25-27 | 60539 /AWGR PRR FIRPPF

Notes: Abundance: C = common; F = few; R =rare; A = abundant; P = present. Preservation: M = moderate; P = poor; VG = very good; G = good.
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Table 10 (continued).
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early Paleocene Pla 10R-1, 0-1 404.10 |A VG A PF FPPR
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Maastrichtian A. mayaroensis 11R-CC, 11-13 | 41296 |C|M R F R P F P RPRRP
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Maastrichtian R. fructicosa 15R-CC, 22-24 | 45252 |A| G F R R
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Campanian-Maastrichtian | G gansseri-G falsostuarti| 17R-CC, 19-22 | 470.70 |A|M F
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Turonian H. helvetica 20R-5, 41-43 496.96 [C|M
Turonian H. helvetica 21R-1,0-1 500.20 (A| G
Cenomanian R. cushmani 21R-1,110-113 | 501.30 |C| G
Cenomanian R. cushmani 21R-7,0-1 508.30 [C|M
Cenomanian R. cushmani 21R-CC, 0-1 509.83 (A|M
Cenomanian R. cushmani 21R-CC,30-32 | 510.13 |[C|M
Cenomanian R. cushmani 22R-1, 50-51 51030 |A| G
Cenomanian R. greenhornensis 23R-CC, 18-21 | 529.25 |C| G
Cenomanian R. greenhornensis 24R-3, 69-71 53215 |A| G
Cenomanian R. greenhornensis 25R-CC, 21-22 | 544.08 |C| G
Cenomanian R. greenhornensis 26R-CC, 12-14 | 555.60 |A| G
Albian R. appenninica 27R-CC, 23-25 | 567.65 |A|VG
Albian R. ticinensis 28R-CC, 15-17 | 577.36 |A| G
Albian R ticinensis 29R-CC, 6-8 586.69 |A| G
Albian R ticinensis 30R-CC, 20-22 | 595.81 |A|VG
Albian R ticinensis 31R-CC, 25-27 | 605.39 |A|VG
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Table 11. Hole 1050A samples examined for benthic foraminifers.

Depth
Age Core, section (mbsf) Abundance Preservation
171B-1050A-

middle Eocene 1X-CC 6.86 Few Good
middle Eocene 4H-CC 38.72 Few Good
middle Eocene  7H-CC 67.50 Rare Good
middle Eocene  10H-CC 95.93 Few Moderate
middle Eocene  13X-CC 122.47 Rare Moderate
early Eocene 16X-CC 153.37 Few Moderate
early Eocene 20X-CC 191.82 Few Good
early Eocene 23X-CC 218.69 Rare Good
early Eocene 24X-4 224.29 Rare Good
early Eocene 24X-6 227.37 Rare Good
early Eocene 24X-CC 228.00 Trace Poor
early Eocene 25X-CC 22812  Trace Moderate
late Paleocene  25X-CC 228.28 Trace Moderate
late Paleocene  26X-1 237.78 Rare Moderate
late Paleocene  26X-2 239.32 Few Moderate
late Paleocene  26X-3 240.84 Few Moderate
late Paleocene  26X-CC 242.01 Common Moderate
late Paleocene  29X-CC 266.82 Common Good
late Paleocene  32X-CC 291.73 Few Moderate
late Paleocene  35X-CC 314.61 Few Moderate

dicating that the Paleocene/Eocene benthic extinction event occurred
in the unrecovered part of Core 171B-1050A-25X. The LO of Gave-
linella beccariiformis is in Sample 171B-1050A-26X-2, 14-16 cm,
and is somewhat later for A. velascoensis (in Sample 1050A-26X-1,
8-10 cm), whereas the LO for both A. ouezzanensis and O. velas-
coensis is in Sample 171B-1050A-25X-CC, 28-30 cm. This diach-
rony in LOs of certain pre-Paleocene/Eocene benthic extinction taxa
may indicate that the Paleocene/Eocene benthic extinction was not
necessarily an instantaneous event at the Blake Nose.

The upper Paleocene (Cores 171B-1050A-26X through 36X) is
characterized by a number of taxathat were victimized by the Paleo-
cene/Eocene benthic extinction (e.g., Tjalsma and Lohmann, 1983;
Van Morkhoven et d., 1986) including Aragonia velascoensis, A.
ouezzanensis, Bolivinoides delicatulus, Bulimina spinea (= midway-
ensis), B. velascoensis, Cibicidoides dayi, C. hyphalus, Coryphosto-
ma midwayensis, Gavelinella beccariiformis, Osangularia velas-
coensis, Paralabamina hillebrandti, Pullenia coryelli, Reussella
szajnochae, and Pyrmidina rudita.

The ratio of G. beccariiformisto N. truempyi at Site 1050 is sim-

SITE 1050

Table 12. Hole 1050C samples examined for benthic foraminifers.

Core, section,
Age interval (cm) Depth Abundance Preservation
171B-1050C-
|ate Paleocene 2R-CC 336.97 Abundant  Moderate
early Paleocene 7R-4, 66-68 380.36 Few Moderate
late Maastrichtian 11R-CC 412.96 Abundant  Moderate
late Maastrichtian 13R-CC 433.20 Common Good
middle Maastrichtian ~ 16R-3, 109-112 456.29 Common Good
late Campanian 18R-CC 478.86 Common  Good
late Campanian 19R-CC 484.56 Common  Good
Turonian 21R-1,0-1 500.20 Common Good
late Cenomanian 22R-1, 50-51 510.30 Abundant  Good
early Cenomanian 25R-CC 544.08 Abundant  Good
late Albian 27R-CC 567.65 Abundant  Very good
late Albian 29R-CC 586.69 Abundant  Very good

R1 through R8, shown in Figure 28. The biostratigraphically impor-
tant markers, as well as the significant zone-to-zone faunal changes,
are discussed below. Occurrence, abundance, and preservation of the
radiolarian taxa in Hole 1050A are shown in Table 13. All core-
catcher samples from Hole 1050C were processed and analyzed, but,
unfortunately, few faunas were recovered. The preservation of the
radiolarians was mostly poor, and the Hole 1050C faunas were diffi-
cult to study in transmitted-light view because of the large clay con-
tent and heavy recrystallization of their tests. Occurrence, abundance,
and preservation of the radiolarian taxa are shown in Table 8.
Core-catcher samples 171B-1050A-1H-CC and 2H-CC contain a
radiolarian assemblage that can be assigned to the middle Eocene
Podocyrtisampla Zone (Zone R8; Fig. 28; Table 13). The base of this
zone is defined by the FO Bf ampla (evolutionary transition oP.
phyxis to P. ampla). P. trachodes makes its first appearanaadP.
dorus has its LO near the upper part of the zone. Samples 171B-
1050A-3H-CC to 11H-CC contain a fauna assignable tdtlgeso-
cyrtistriacantha Zone (Zone R7), the base of which is defined by the
first appearance &usyringiumlagena. Rare, primitive morphotypes
of E. lagena occur in Samples 171B-1050A-8H-CC to 11H-CC,
whereas typical forms first appear in Sample 171B-1050A-9H-CC
and range higheP. phyxis is restricted to the uppermost part of the
zone and was found in Samples 171B-1050A-3H-CC and 4H-CC.
Another distinct long-ranging specieBusyringium fistuligerum,

ilar to that at Site 1049 (see “Site 1049” chapter, this volume). Thifirst appears in Sample 171B-1050A-6H-CC.

may indicate that the benthic foraminifer fauna at Site 1050 was in- Samples 171B-1050A-12H-CC through 14X-CC contain radi-
fluenced by low-oxygen, warm, saline, deep waters (i.e., similaolarians assignable to ttiictyopora mongolfieri Zone (Zone R6),
deep-water conditions as in the deeper parts of the Blake Nose duritige base of which is defined by the FCDofmongolfieri. Like E. la-
Maastrichtian and Paleogene times [see “Site 1049” chapter, this vajena, D. mongolfieri exhibits a tremendous variation in morphology

umel).

throughout its range, and several early morphotypes were observed in

As at Site 1049, the nearby Hole 1050C paleodepth estimateSample 171B-1050A-14X-CC. The taxamptonium fabaeforme
based on benthic foraminifers, suggest a deepening trend throufdbaeforme andThecotyle cryptocephala make their last appearance

time of middle bathyal depths (~86D000 m) during Early Creta-
ceous times to lower bathyal depths (188000 m) throughout the

in the upper part of the zone. Sample 171B-1050A-15X-CC contains
radiolarians indicative of th&. cryptocephala Zone (Zone R5). The

Late Cretaceous (Maastrichtian to Campanian) and the Paleocenebase of this zone is defined by the evolutionary transitignrogrin-

Radiolarians

iae to T. cryptocephala, and the lower limit of the zone is synchro-
nous with the final appearance Bifiryella clinata. Unfortunately,
Sample 171B-1050A-16X-CC contains only rare radiolarians, and

Radiolarians were recovered from nearly all core-catcher sampleakeT. cryptocephala Zone could not be differentiated from the under-
at Site 1050A. Diagnostic taxa indicate that the sequence spans tlyeng early Eocen®hormocyrtis striata striata Zone.
middle part of the Eocene to the mid-Paleocene. Time constraints pre- The radiolarian faunas from Samples 171B-1050A-17X-CC
vented the processing of samples from Site 1050B. The faunas wetteough 20X-CC are characteristic of tRormocyrtis s. striata
generally well preserved throughout, although a few core-catch&one (Zone R4). The lower limit of this zone is synchronous with the
samples had sparse faunas because of dissolution and dilution by hfiglst appearance d®. striata striata as well as the co-occurrence of
clay sedimentation. The zonal scheme for low-latitude faunas (Riedée distinctive taxd amptonium fabaeforme constrictum andLych-
and Sanfilippo, 1978) was used for a biostratigraphic framework. Theocanoma bellum. In Sample 171B-1050A-21X-CC, several primi-
abbreviations R1 through R16 are assigned to Riedel and Sanfilippdise morphotypes oP. striata striata were found in addition to mor-
(1978) Paleogene Zones (see “Explanatory Notes” chapter, this vathotypes oBuryella tetradica. The presence &. s. striata is prob-
ume). Site 1050A contained radiolarian faunas assignable to Zonably the result of contamination but could also reflect its evolutionary
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Table 13. Radiolarian abundance and preservation at Hole 1050A.
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171B-1050A-
middle Eocene P.ampla 1X-CC 686 | C| VG R C
middle Eocene P.ampla 2H-CC 2018 |C| VG C C C
middle Eocene T. tricantha 3H-CC 2961 | C| VG C R C A
middle Eocene T. tricantha 4H-CC 3872 |C| VG C C
middle Eocene T. tricantha 5H-CC 4834 | C| VG F C
middle Eocene T. tricantha 6H-CC 5783 |C| M C C
middle Eocene T. tricantha 7H-CC 67.5 C| VG C C
middle Eocene T. tricantha 8H-CC 7666 | C| VG C C C
middle Eocene T. tricantha 9H-CC 86.32 |A| VG R A R C C R
middle Eocene T. tricantha 10H-CC 9593 | C| VG C F F
middle Eocene T. tricantha 11X-CC 10442 | A| VG C F
middle Eocene D. mongolfieri 12X-CC 106.52 | A | VG C C C F
middle Eocene D. mongolfieri 13X-CC 12247 | A | VG C F C
middle Eocene D. mongolfieri 14X-CC 13272 | C| VG C C C C
middle Eocene T. cryptocephala 15X-CC 141.8 C| VG C F
middle Eocene-early Eocene T. cryptocephala-P. striata striata | 16X-CC 15337 |R| P R R A A
early Eocene P. striata striata 17X-CC 15795 | A | VG A C C C|F
early Eocene P. striata striata 18X-CC 16892 | A | VG A C C F|C
early Eocene P. striata striata 19X-CC 182.16 | C | VG A (e} C F|A
early Eocene P. striata striata 20X-CC 19182 | C| VG C C C F|C
early Eocene B. clinata 21X-CC 199.29 | C| VG C C C C F F|C
early Eocene B. clinata 22X-CC 20897 |C| G C C|F C R C F|F
early Eocene B. clinata 23X-CC 21869 |C| G C C C R F FIF FR
early Eocene B. clinata 24X-CC 22822 |R| P F F F F
early Eocene B. bidartensis 25X-CC 22828 | T| P R F R
|ate Paleocene-early Eocene B. bidartensis 26X-CC 24201 |C| VG C F C C F C F R R F
|ate Paleocene B. bidartensis 27X-CC 24912 | C| VG F A C R|C A F F F F
late Paleocene-early Eocene B. bidartensis 28X-CC 25538 | C| VG R C F A F FRZC
early Paleocene-late Paleocene B. campechensis 29X-CC 26682 |C| G F F|C C A F C
early Paleocene-late Paleocene B. campechensis 30X-CC 27611 |R| M F R C F R R
early Paleocene-late Paleocene B. campechensis 31X-CC 28595 |C| G C F FIC F A F C R
early Paleocene-late Paleocene B. campechensis 32X-CC 29173 |C| G C F F|C A R C F F|F
early Paleocene-late Paleocene B. campechensis 33X-CC 29811 | C| VG C F F F|C FIC A C C
early Paleocene-late Paleocene B. campechensis 34X-CC 30008 |F| M F R R|F C
early Paleocene-late Paleocene B. campechensis 35X-CC 31461 |[C| G |A C F F|C R FFFRZC
early Paleocene-late Paleocene B. campechensis 36X-CC 31972 |[C/VG|R F F F FICAFCTEF|FCZC

Notes: Abundance: C = common; A = abundant; R =rare; T = trace; F = few. Preservation: VG = very good; M = moderate ; P = poor; G = good.
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Table 13 (continued).
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171B-1050A-
middle Eocene P. ampla 1X-CC 6.86 C|VG |C c C C C A R F F F
middle Eocene P. ampla 2H-CC 20.18 C|VG |C C F C C A R F F F
middle Eocene T. tricantha 3H-CC 29.61 C|VG |F C R F|F Cc C F F F F
middle Eocene T. tricantha 4H-CC 38.72 C|VG |F CcC C R F|F C A F R F F F F F
middle Eocene T. tricantha 5H-CC 48.34 C|lVG|C Cc C F F|F A Cc C F C TRFF
middle Eocene T. tricantha 6H-CC 57.83 C| M |C Cc C C F|C F C A R F|F F R
middle Eocene T. tricantha 7H-CC 67.5 C| VG |F RIC A R C|F R A A F F R
middle Eocene T. tricantha 8H-CC 76.66 C| VG |C C C F|C C A R R R R F R
middle Eocene T. tricantha 9H-CC 86.32 A| VG |C CcC C F|C C A F R F R
middle Eocene T. tricantha 10H-CC 95.93 C| VG |C Cc C R|F R|F C A F R F F
middle Eocene T. tricantha 11X-CC 10442 |A| VG | F (] F F|F F C A R F R
middle Eocene D. mongolfieri 12X-CC 10652 |A| VG | F C C|F R C A F R R
middle Eocene D. mongolfieri 13X-CC 12247 |A| VG | F C c|C R C A/FRFP
middle Eocene D. mongolfieri 14X-CC 13272 | C| VG | F C F C|F R R C C|F
middle Eocene T. cryptocephala 15X-CC 141.8 C| VG |F C F|C F FIF FRF
middle Eocene-early Eocene T. cryptocephala-P. striata striata | 16X-CC 15337 |R| P |R R
early Eocene P. striata striata 17X-CC 15795 | A | VG F C FIR R C F R
early Eocene P. striata striata 18X-CC 16892 | A | VG F F F|C C F C R
early Eocene P. striata striata 19X-CC 18216 | C| VG F|C F FRC
early Eocene P. striata striata 20X-CC 19182 |C| VG |F F F C A F|F
early Eocene B. clinata 21X-CC 19929 [C| VG |R F R F R F
early Eocene B. clinata 22X-CC 20897 |[C| G |F R F
early Eocene B. clinata 23X-CC 21869 |C| G
early Eocene B. clinata 24X-CC 22822 |R| P
early Eocene B. bidartensis 25X-CC 22828 | T| P
late Paleocene-early Eocene B. bidartensis 26X-CC 24201 | C| VG
|ate Paleocene B. bidartensis 27X-CC 24912 | C| VG
late Paleocene-early Eocene B. bidartensis 28X-CC 25538 | C| VG
early Paleocene-late Paleocene | B. campechensis 29X-CC 26682 |C| G
early Paleocene-late Paleocene | B. campechensis 30X-CC 27611 |R| M
early Paleocene-late Paleocene | B. campechensis 31X-CC 28595 |C| G
early Paleocene-late Paleocene | B. campechensis 32X-CC 29173 |C| G
early Paleocene-late Paleocene | B. campechensis 33X-CC 29811 | C| VG
early Paleocene-late Paleocene | B. campechensis 34X-CC 30008 |F| M
early Paleocene-late Paleocene | B. campechensis 35X-CC 31461 |C| G
early Paleocene-late Paleocene | B. campechensis 36X-CC 319.72 | C| VG
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first appearance. The presence of the marker B. tetradica indicates
that this sample probably belongsin the B. clinata Zone.

Samples from 171B-1050A-22X-CC through 23X-CC were as-
signed to the Buryella clinata Zone (Zone R3). The base of this zone
ismarked by the FO of B. clinata aswell as Lamptonium sanfilippoae
and Spongatractis babis. Other marker taxa that make their fina
appearance in the upper part of the zone are Bekoma bitardensis and
Buryella tetradica.

Samples 171B-1050A-24X-CC and 25X-CC contain rare, poorly
preserved radiolarian fragments. Sample 24X-CC contains both
Lithocyclia ocellus and Buryella tetradica, indicating the B. clinata
Zone. However, Sample 25X-CC contains B. tetradica and severa
forms that range down into the Paleocene, which tentatively indicate
the underlying Bekoma bitartensis Zone.

Samples 171B-1050A-26X-CC to 28X-CC are assigned to the
Bekoma bidartensis Zone (Zone R2), which ranges across the Paleo-
cene/Eocene boundary (Table 13). The base of the zone is character-
ized by the FO of B. bidartensis and Podocyrtis papalis, and the taxa
Lamptonium f. fabaeforme and Calocyclomma castrum first appear
near the base of the zone. Thetaxa Pterodon? anteclinata isrestricted
to this zone, and other forms, such as Stylosphaera coranatus
coranatus and S. goruna, range down into the Paleocene. The re-
mainder of the samples from Site 1050A (Samples 171B-1050A-
29X-CC through 36X-CC) are assigned to the mid- to late Paleocene
B. campechensis Zone (Zone R1). This zone is defined by the FO of
B. campechensis and contains the distinctive form Buryella pentadi-
ca, which ranges down into the unzoned Paleocene.

Many of the Paleocene taxa shown in Table 13 are not part of the
low-latitude zonal scheme of Riedel and Sanfilippo (1978). How-
ever, both Blome (1992) and Nishimura (1992) have shown that
many of these are biostratigraphically useful in the Paleocene part of
the Buryella bidartensis Zone and al through the B. campechensis
Zone. Examples include Cromyomma riedeli, Stylosphaera goruna,
and Sylotrochus alveatus.

Samples 171B-1050C-2R-CC through 7R-CC all contained fau-
nas assigned to the Bekoma campechensis Zone (Zone R1), which is
shown in the biostratigraphic correlation (Fig. 28). This zone is de-
fined by the first appearance of B. campechensis and contains the
common form Buryella tetradica, which ranges through the Paleo-
cene and early Eocene. Another Buryella species, B. pentadica, al-
though generally rare, is also restricted to this zone and is found in
Samples 171B-1050C-2R-CC, 4R-CC, and 6R-CC. Sample 171B-
1050C-2R-CC contains the best-preserved fauna as well as marker
taxa common to Zone R1. However, some of the taxa in Samples
171B-1050C-3R-CC through 7R-CC (Table 14) are not a part of the
low-latitude zonal scheme of Riedel and Sanfilippo (1978). Blome
(1992) and Nishimura (1992) both demonstrated that many of these
taxa can be biostratigraphically useful in the lower part of B.
campechensis Zone and into the unzoned Paleocene. Specific exam-
plesinclude Bekoma(?) demissa robusta, Entapium chaenapium, and
Sylotrochus nitidus. Sample 171B-1050C-10R-2, 32-33 cm, col lect-
ed immediately above the K/T boundary, surprisingly contained typ-
ical lower Paleocene radiolarians that included Bekoma(?) demissa
robusta, and Xiphosphaera circularis. The sample also contained
severa downhole contaminants including the middle Eocene species
Eusyringium fistuligerum.

All core-catcher samples from Sections 171B-1050C-11R-CC
through 31R-CC were largely barren of identifiable radiolarians. One
L ate Cretaceous species, Archaeospongoprunum sp. cf. A. rumseyen-
sis, was found in Sample 171B-1050C-13R-CC, and a relatively
well-preserved form assignable to Orbiculiforma sp. was recovered
in Sample 171B-1050C-28R-CC.

Sediment Accumulation Rate

Ages and sub-bottom depths for planktonic foraminifer and cal-
careous nannofossil datums used to estimate sedimentation accumu-
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lation ratesfor Hole 1050A arelisted in Tables4 and 6 and are plotted
in Figure 30. The 320-m cored interval is estimated to range in age
from ~43 to 61 Ma. Datums plotted from both fossil groups for this
sequence indicate an average sediment accumulation rate of ~20 m/
m.y., which is considerably higher than the sediment accumulation
rate at Site 1049, despite their close proximity (~10 km). This differ-
ence may be the result of higher biosiliceous productivity over Site
1050, particularly during the middle Eocene. Hiatuses of ~1-m.y.
duration occur within thelower Eocene at ~150-160 mbsf and ~280—
290 mbsf.

Sediment accumulation rates for Hole 1050C were calculated
based on the biostratigraphic datums listed in Tables5 and 9. A line
of correlation is proposed in Figure 31, based on those datums that
are believed to be most reliable and tightly constrained.

Sediment accumul ation rates for the upper part (327—-400 mbsf) of
Hole 1050C are relatively poorly constrained because of the general -
ly moderate preservation of planktonic foraminifers and the lack of
well-calibrated calcareous nannofossil biohorizons. Given the cur-
rently available biostratigraphic information, the sediment must have
accumulated at a minimum rate of 20 m/m.y.

Sediment accumul ation in the underlying upper Maastrichtian and
Danian sequence appears to have been relatively continuous at an
average rate of 17 m/m.y., athough biostratigraphic control is not
greatly refined within this interval. The Maastrichtian sequence lies
atop a complex of hardgrounds that includes material of middle
Turonian, late Coniacian, Santonian, and late Campanian age. Calcu-
lation of sediment accumulation rates for individual parts of this
complex would be meaningless. On the whole, however, sediment
accumul ation for the entire complex was<1.5 m/m.y. The underlying
upper Albian—lower Cenomanian sequence is complicated by slump-
ing, which should increase the apparent sediment accumulation rate.
However, a significant part of the upper Albian sequence, including
the interval withPlanomalina buxtorfi andP. praebuxtorfi, is absent.
The resultant shofRotalipora appeninica Zone (consisting only of
Core 171B-1050C-27R) artificially reduces the sediment accumula-
tion rate for this interval to ~10 m/m.y.

PALEOMAGNETISM

The shipboard paleomagnetic measurements from Holes 1050A
and 1050B display a high degree of noise because of weakly magne-
tized or coring-disturbed sediments, and the magnetostratigraphic in-
terpretations are based largely on thermally demagnetized minicores.
Portions from nearly all cores in Hole 1050C yielded high-quality
magnetostratigraphic data, which were further enhanced by analysis
of minicores. The combined holes resolve the full upper Maastrich-
tian through middle Eocene paleomagnetic polarity succession.

Laboratory Procedures and I nterpretations

Measurements were made using the pass-through cryogenic mag-
netometer on archive halves of all cores >50 cm long. Most sections
obtained in Holes 1050A and 1050B were measured at 5-cm intervals
at natural remanent magnetization (NRM) and a single 15-mT alter-
nating-field (AF) demagnetization step. It appears that higher (20-
mT) AF demagnetization generally decreased the magnetization in-
tensity (toward the background noise levels of the cryogenic magne-
tometer system, which were typicallx1.0-2 mA/m) without signif-
icantly enhancing the capacity to determine polarity. Most sections of
Hole 1050C were measured at 3-cmintervalsat NRM and then either
at a 15- or 20-mT AF demagnetization step, with multiple demagne-
tization steps used for some intervals.

Discrete samples were taken as oriented cylinders or plastic cubes
from Holes 1050A and 1050C for post-cruise anaysis, using progres-
sive thermal and AF demagnetizations, respectively. A total of 370
cylinders (260 from Hole 1050A; 110 from Hole 1050C) underwent
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Table 14. Radiolarian abundance and preservation in Hole 1050C.

©
é a o]
8 = € 4]
2 g 2 =]
© g8 &8 g
B s g £ 9]
e 5 - 2 E S |8 S @
F3°CElgg 2 85 g ga >
8'%3308%_503‘5%8
e 5 B 5 5|2 5 8 & 8 & - g
§°m8@~’=-%73% 83‘”@
g s 2 € 8 8 g E|o 0 g s
5 t S8 Slgb g5 2EBE 38 9
X R ER RN LR R
> 95 5 85l° = = 3 3 B8 8 ©
Core, section, Dmth§§§%§§§§gg§5§§§§_§§
Age Zone mevacm) | mos) S8 E SR FaacsnEEEEeEs
171B-1050C-
Paleocene B. campechensis 2R-CC, 20-22 336.97 | F M R F F R F R
Paleocene B. campechensis 3R-CC, 0-2 34346 | F | P R F F R R R R R
Paleocene B. campechensis 4R-6, 61-63 35441 |R | P R F R R IR
5R-CC, 25-27 364.1 B
Paleocene B. campechensis 6R-CC, 14-16 37532 |F| P R F R R R
Paleocene B. campechensis 7R-4, 66-68 38036 R | P R F F R|R
8R-CC, 9-10 389.68 | B
Paleocene 10R-2, 32-33 40592 |[T|P|R R
11R-CC, 11-13 41296 | B
12R-1, 18-20 41388 | B
13R-CC, 21-23 433.2 B
15R-CC, 22-24 45252 | B
16R-3, 109-112 456.29 | B
17R-CC, 19-22 470.7 B
18R-CC, 0-4 47886 | B
19R-CC, 15-17 48456 | B
20R-5, 41-43 496.96 | B
23R-CC, 18-21 529.25 | B
24R-3, 69-71 53215 | B
25R-CC, 21-22 54408 | B
26R-CC, 12-14 555.6 B
27R-CC, 23-25 567.65 | B
28R-CC, 15-17 577.36 | B
29R-CC, 6-8 586.69 | B
30R-CC, 20-22 595.81 | B
31R-CC, 25-27 605.39 | B

Notes: Abundance: F = few; R =rare; B = barren; T = trace. Preservation: M = moderate; P = poor.
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Figure 31. Age-depth relationship in Hole 1050C based on biohorizons pre-
sented in Tables 5 and 9.

progressive thermal demagnetization at the University of Oxford and
the University of Michigan. These results and polarity interpretations
played akey roleinthe interpretation of the magnetostratigraphy and

In contrast to the magnetic behavior in the sediments recovered at
Site 1049, the bioturbated firm oozes and chalks of Holes 1050A and
1050B do not exhibit a significant drilling-induced overprint. How-
ever, the older chalks and claystones of Hole 1050C exhibit such a
drilling-induced overprint that is generally oriented steeply down-
ward (high positive inclination) and radially inward (apparent prefer-
ential declination toward 0° or “north” when measuring the archive
half of each split section). The same type of drilling-induced over-
print has been described in the summary section in site chapters in
Curry, Shackleton, Richter, et al. (1995).

The NRM of sediments recovered in Holes 1050A and 1050B ex-
hibits common variable (and quasi-random) inclinations and declina-
tions, and these patterns were improved only slightly by applying 15-
mT AF demagnetization. In contrast, the secondary overprints on
older Hole 1050C sediments were significantly removed by the 20-
mT AF demagnetization step. In all holes, a thermal demagnetization
step of 200°C was generally adequate to remove overprints. Most
sediments from Holes 1050A and 1050B lost nearly all of their mag-
netization or became magnetically unstable at thermal steps exceed-
ing 330°C.

Why are the Eocene intervals of Site 1050 less suitable for obtain-
ing a magnetostratigraphy using the pass-through magnetometer than
coeval sediments at Site 1049? We suggest three possible contribut-
ing factors. First, most of these nannofossil oozes and chalks, espe-
cially those with light green color, have weak magnetizations, and the
magnetic carriers are probably diluted by biogenic components or are

are included in this Initial Results volume (Tables 15-18 [15, 17 in partially removed during diagenetic reactions. Second, the light yel-
ASCII format; 16, 18 in PDF format] on CD-ROM, back pocket, thislow nannofossil oozes, constituting the upper 40 m at this site, may
volume). Progressive thermal demagnetization steps were generabg discolored from long-term exposure to the overlying oxidizing
at 30°C increments from ~140° through 360°C, with continuation tdottom waters. Thus, the prevalent “normal-polarity” inclinations

higher thermal steps for the more stable samples.

may represent a late-stage chemical remanent magnetic carrier (goe-
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thite) that required removal by thermal demagnetization. Third, most this sedimentary break is not as pronounced as was presumed from
XCB coreswere rendered into alternations of 5- to 10-cm-thick drill- the shipboard paleontologic interpretation.

ing biscuits with equal thicknesses of homogenized slurry, and anew

magnetization is imparted to this “drilling sediment” as it becomedPaleocene

firmer.

In contrast, polarity intervals in sediments from Hole 1050C were The polarity succession of Holes 105@#ough1050C repre-
generally easy to distinguish using the shipboard pass-through magents a complete Paleocene magnetostratigraphy and can serve as a
netometer. Indeed, some polarity transitions could be resolved to 2feference site for the calibration of biostratigraphic datums to polarity
cm precision within intact blocks (e.g., the base of mid-Danian Chroghrons.
28r). The only portions of the section that yielded ambiguous ship- The upper Paleocene magnetostratigraphy of Hole 1050A dis-
board paleomagnetic results are the Upper Cretaceous and Albigsiays an apparently undistorted match to the late Paleocene polarity
which are affected by slumping, tectonic tilting, and fracturing oftime scale of Chron C24r through Chron C26r. There remains a minor
strata, and intervals recovered with biscuits or blocks in drilling slurdisagreement at ~260 mbsf (upper portion of Core 171B-1050A-
ry. However, even in these intervals, the polarity could generally b29X), where the polarity pattern indicates the brief Chron C25n;
resolved even though the declinational data are distorted. however, the nannofossil biostratigraphy has not yet suggested the

The demagnetized shipboard data were filtered before plotting byresence of Zones CP7 through CP8a, which encompass this chron.
removing (1) the few measurements with inclinations >80° that were The base of Chron C26r—hence, the base of the late Paleocene—
assumed to be dominated by a steep-downward drilling overprint; (23 at ~333 mbsf (lower portion of Core 171B-1050C-2Rie polar-
data from the uppermost 20 cm of each core, where brecciation dy pattern of Hole 1050C downward to the K/T boundary, at ~405
downhole contamination are common; and (3) data within 5 cm of thmbsf, duplicates the scaling of Chrons C27r through C29r. The as-
ends of each section. We also omitted all samples with magnetizaignment of these chrons is within the uncertainty of the shipboard
tions <5x 10 mA/m, presuming that these would contain an unac- biostratigraphy. Therefore, it appears that the Danian stage has a con-
ceptable high component of noise. A three-point moving averagewas stant sedimentation rate (20 m/m.y.) from the top of Chron C29r to
applied to the inclination record within each core to smooth artifacts the base of Chron C27n.
before plotting (Figs. 32—-34).

Maastrichtian and Campanian
Biomagnetostr atigraphy
Polarity Zones and Chron Assignments The Maastrichtian chalks exhibit a dominance of normal polarity
(Fig. 34). Weak magnetizations, coupled with coring gaps, preclude

Recognition of polarity zones within the Eocene portion of Sitean elegant correlation to the magnetic polarity time scale. A reversed-
1050 relies heavily upon the extensive suite of thermally demagngolarity zone in Core 171B-1050C-15R is tentatively assigned to
tized minicores (Fig. 32), although a few of the polarity intervals carChron C30r, thereby implying correlations of Chron C30n and Chron
be recognized within the shipboard pass-through magnetometer da@31n to the adjacent normal-polarity intervals. The lower 7 m of
Although the shipboard interpretations were generally reliable, thpolarity zone C31n is a major slump deposit (Sections 171B-1050C-
post-leg analysis of minicores enhanced the recognition of polaritf 7R-2 through 17R-7). The Maastrichtian strata below the slump are
zones within the Paleocene and Cretaceous portions of Site 1050. Asversed in polarity, which must be a portion of Chron C31r. The
signment of polarity chrons to the polarity zones relies on the microbasal Maastrichtian is normal in polarity and is assigned to Chron
paleontology datums (especially nannofossil zones) and the chron632n.1n of the basal Maastrichtian. These assignments, coupled with
stratigraphy of Berggren et al. (1995) and Gradstein et al. (1995). the compact thickness of polarity zone C31r, imply that the removal

of most of the lower Maastrichtian is associated with the major slump
Eocene in Core 171B-1050C-17R.

The uppermost 150 m of Site 1050 displays a relatively expanded The lowest recovered Maastrichtian white chalks have a sharp
section of middle Eocene. The major reversed-polarity Chron C2Q0rontact with the upper Campanian tan chalk near the top of Core
of mid-Lutetian age provides a distinctive polarity feature that is asi171B-1050C-19R. The Campanian overlies Coniacian strata above
signed to the reversed-polarity zone (65-140 mbsf) coincident witpronounced phosphatic and iron-manganese hardgrounds in Section
nannofossil Zone CP13b (Fig. 35). Above Chron C20r is a trio of N171B-1050C-20R-1. This thin slice of the upper Campanian has re-
R-N polarity intervals within the minicore suite from Hole 1050A, versed polarity in Core 171B-1050C-19R and normal polarity in the
and it is also recognized in the long-core measurements from Holenderlying Core 20R. The associated nannofossil assemblages indi-
1050B. This trio is tentatively assigned to Chrons C19n-C19r-C20rcate an age range from near the middle of Zone CC23 through Zone
Across a pronounced hardground at ~155 mbsf, the nannofossil bi@C21; therefore, we assign these polarity zones to lower Chron C32r
stratigraphy indicates the juxtaposition of Zone CP12b above Zonend uppermost Chron C33n.

CP11. The magnetic polarity is normal on either side of this hard-

ground, and the biomagnetostratigraphy implies that most of Chro8oniacian Through Upper Albian

C21n overlies a truncated Chron C22n—a hiatus of ~1.5 m.y. that en-

compasses nannofossil Zone CP12a and the lower portion of CP12b, All Coniacian, Turonian, and lower Cenomanian through upper
according to the Berggren et al. (1995) time scale (Fig. 35). HoweveAlbian cores yielded normal polarity within the Cretaceous Long
there is an apparent mismatch between the base of the overlying n&fermal Chron C34n. Drilling did not penetrate the uppermost middle
nofossil Zone CP13a in these holes within the lower portion of dlbian to test the validity and accurately date the elusive reversed-
reversed-polarity zone (assigned as basal Chron C20r) and its plaglarity “M—3" subchron (e.g., Ryan et al., 1978; Gradstein et al.,
ment in the Berggren et al. (1995) chronostratigraphy (in the middi&995). The discrete minicores yielded stable magnetic directions and
of the earlier normal-polarity Chron C21n). This discrepancy may bevill be used to derive a paleolatitude history during further post-
a calibration uncertainty, an unrecognized minor hiatus, or a reflecruise paleomagnetic studies.

tion of the need for improved biostratigraphy.

A second sedimentary discontinuity occurs at ~195 mbsf in Hole
1050A, where nannofossil Zone CP10 was not recognized. However, CORE-CORE INTEGRATION
the apparent polarity pattern in Hole 1050A spanning this discontinu-
ity seems to indicate a continuous succession from Chron C24r At Site 1050, magnetic susceptibility and GRAPE density data
(earliest Eocene) through Chron C22r. Therefore, it is suggested thiabm the multisensor track (MST) and reflectance data from the
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Figure 32. Magnetostratigraphy of Hole 1050A. Magnetic inclinations from long-core measurements are after AF demagnetization at 15, 20, or 25 mT and were
filtered using a three-point moving average. M easurements from the uppermost 20 cm of each core and those having anomalously high or low magnetic intensi-
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Figure 33. Magnetostratigraphy of Hole 1050B. Magnetic inclinations from long-core measurements are after AF demagnetization at 20 mT and were filtered
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removed. Horizontal lines delineate clusters of predominantly positive, negative, or equally mixed magnetic inclinations that were used for a preliminary ship-
board polarity column. Polarity chron assignments are based upon the polarity zone pattern and nannofossil biostratigraphy.

Minolta color scanner were available for attempting precise core-
core integration. Only Holes 1050A and 1050B had significant over-
lap at Site 1050, which limited the potential for constructing a com-
posite section. Several different types of output from the Minoltacol-
or scanner were examined: reflectance near the middle of the spec-
trum (480 nm), reflectance at the red end of the spectrum (700 nm),
and the L*a*b lightness and chromaticity coordinates that are more
suited to thiswork than the generally used Munsell color code (which

136

uses a mixture of letters and figures). All data used are available in
Tables 19-21 (CD-ROM, back pocket, this volume). Both the color
and the lightness give a clear differentiation of the sediment in differ-
ent intervals; lightness may be more useful where the chief character-
istics of the record are light-dark changes, whereas the chromaticity
coordinates are more appropriate where there are color changes with-
in light sediment. If pure reflectance in a single wavelength channel
is examined, the pattern of reflectance variability along a core is sim-
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Figure 34. Magnetostratigraphy of Hole 1050C. Magnetic inclinations from long-core measurements are after AF demagnetization at 20 mT and were filtered
using athree-point moving average. M easurements from the uppermost 20 cm of each core and those having anomalously high or low magnetic intensities were
removed. Horizontal lines delineate clusters of predominantly positive, negative, or equally mixed magnetic inclinations that were used for a preliminary ship-
board polarity column. Polarity of discrete minicores are from interpretation of progressive thermal demagnetization and are assigned relative degrees of cer-
tainty. These polarity interpretations from discrete samples are given priority in the compilation of the summary polarity column. Polarity chron assignments to
the Paleogene and Cretaceous magnetic polarity time scale are based upon the polarity zone pattern and nannofossil biostratigraphy.

ilar over the whole spectrum, but the signal-to-noise ratio appears to
be dightly higher at the red (long wavelength) end of the spectrum.

Figure 36 shows composite records of susceptibility, chromaticity
coordinate a, and reflectancein thered band at Site 1050. The striking
change in color from yellowish to greenish that was observed be-
tween Cores 171B-1050A-4H and 5H, and in Core 171B-1050B-5H
at about 37.8 mbsf, it is clearly recorded as a change in chromaticity
at 38.75 m composite depth (mcd). Elsewhere in the section, changes
in color are evident. A comparison of Figures 36B (chromaticity a)
and 36C (red reflectance, 700 nm) shows that even over intervals
wherethe recorded reflectance values are noisy, the color valueisrel-
atively stable.

The magnetic susceptibility record of Site 1050 was difficult to
use as a correlation tool for two reasons. First, the susceptibility val-

ues are low through most of the section (below 2 x 107 S units over
most of the upper 150 m, rising to 8 x 10-% S| units at the bottom of
thehole). At such low values, drift in value through each section mea-
sured becomes significant so that the observed quasi-cyclic variabil-
ity with 1.5-m wavelength is an artifact. Second, the record is char-
acterized by sporadic spikes to more than 100 x 10-6 S units. A few
of these spikes are caused by ash layers that are visible in the split
section, but the majority are not. Furthermore, although some of the
spikes appear to correl ate between the holes, especially those associ-
ated with ash layers (e.g., evident at 61.3 mcd in Fig. 36A), othersdo
not. Many of the spikes occur within intervals of generally higher
susceptibility, and it is possible that they arise from pyrite nodules. In
the Neogene sediments recovered during Leg 154, it was observed
that pyrite nodules (and associated magnetic susceptibility spikes)
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were generally more common in intervals of higher background sus-
ceptibility. On the other hand, some spikes may reflect downhole
contamination between the core and the core liner, some of which is
removed as the core sections are split.

GRAPE density was seldom useful for correlation between holes
at Site 1050. However, thereis more potential for using GRAPE den-
sity than may be expected at a site where most of the recovery was
with the XCB. In the rare intervals where the color shows clear
cyclicity, the GRAPE output a so shows cyclicity. The values cannot,
of course, be equated with sediment density unless the core liner is
completely filled; thus, in principle, the cyclicity could arise either
from changes in the diameter of the recovered core (which might be
controlled by lithologic change) or from variationsin itsdensity. Our
observations at the MST suggest that, in general, the diameter of
XCB core does not vary in a systematic manner and that where
GRAPE values vary cyclically, the cause is probably true density
variability.

A tentative composite section was constructed for Site 1050
(Table 22), but readers should be warned that many of the adjust-
ments made are weakly justified. However, this composite section
does allow the construction of spliced records for the site that does
not entail jJumpsin absolute magnitude at each point where the splice
makes a transition from one hole to the other. The spliced magnetic
susceptibility record (Fig. 36A) was constructed to avoid (where a
choice between holes was available) intervals containing spikes. On
the other hand, the color splices (Fig. 36B,C) were constructed to
make use of theless noisy databecause afew coresyielded extremely
noisy reflectance data for unknown reasons (possibly related to the
core condition or its position in the liner).

Although two holes were cored, for which the links in the com-
posite section areweakly justified, it is apparent that there are anum-
ber of gaps where no sediment was recovered in either hole. Never-
theless, the use of this composite section should assist in the selection
of intervals for high-resolution sampling of the cores.

ORGANIC GEOCHEMISTRY

Hole 1050A
Gas Analyses

In Hole 1050A, gas chromatographic analyses of headspace sam-
ples detected methane (C,), with a trace of ethane (C,) and ethylene
(C,=) below 260 mbsf (Table 23). Samples were aso analyzed for
total organic carbon, total carbon, carbonate, nitrogen, and sulfur
(Table 24). C,/C, ratios below 261 mbsf were within the potentially
hazardous range of <100 (Fig. 37). No action was taken because the
gas content remained below 0.1 vol% C,. Because no hazardous lev-
els of gas were detected in Hole 1050A, gases were not measured in
Hole 1050B.

The headspace gas analyses were grouped into five gas zones
based on the average methane content remaining in the sediment after
coring. The gas zones appear to be related to changes in lithostratig-
raphy. The surface gas zone, which averages 46-ppm C, (Table 23),
occurswithin lithologic Subunit 1B, ayellowish siliceous hannofossil
chalk from 2 to 40 mbsf (Fig. 37). The middle gas zone, which aver-
ages 125 ppm C,, occurs within lithologic Subunit IC, agreenish sil-
iceous nannofossil ooze. The deep | gas zone, which averages 225-
ppm C,, occurs in the upper portion of Subunit ID, a greenish sili-
ceous nannofossil chalk. The transition from Subunit 1C to Subunit
ID isalso marked by adecreasein carbonate content from an average
of 75wt% in Subunit IC to 57 wt%in Subunit ID (Fig. 38; Table 24).

The deep |1 and deep 111 gas zones are characterized by the pres-
ence of ethane and increased methane contents. The deep |1 gaszone,
which averages 366 ppm methane, occurs in the lower portion of
lithologic Subunit ID.

The deep 111 gas zone, which averages 896 ppm methane, occurs
within lithologic Unit Il, an olive green diatomaceous nannofossil
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Figure 36. A. Spliced magnetic susceptibility record for Holes 1050A and

1050B vs. mcd. B. Spliced L*a*b chromaticity a color record for Holes
1050A and 1050B vs. mcd. See “Lithostratigraphy” section (this chapter) for
descriptions of the colors in the sedimentary sectnSpliced red-band
reflectance record for Holes 1050A and 1050B vs. mcd. See “Lithostratigra-
phy” section (this chapter) for descriptions of the light—dark variations in the
sedimentary section. See Tables 19 through 21 (CD-ROM, back pocket, this
volume) for all data used for core-core integration.

chalk. The transition from lithologic Subunit ID to lithologic Unit |1
is aso accompanied by a decrease in carbonate content to an average
of 36 wt% (Fig. 38; Table 24).

Hole 1050C
Gas Analyses

In Hole 1050C, gas chromatographic analyses of headspace sam-
ples detected small quantities of methane (C,), with traces of ethane
(C,) and propane (C;) (Table 25). Throughout most of the hole, the
C./(C, + Cj) ratio was in the potentidly hazardous range of <100
(Table 25; Fig. 39). No restriction on drilling activities was required
because the total gas content remained below 0.01 vol% C,.

Five gas zones with varying amounts of average gas content were
recognized in Hole 1050C (Fig. 39). These gas zones are distin-
guished from those identified in Hole 1050A by the suffix “C.” The
middle IC gas zone is in lithologic Unit Il and has a relatively high
C, content, averaging 25 ppm.The transition from lithologic Unit
Il to Subunit IVA forms the upper boundary of the deep IC gas zone,
which is marked by a sharp drop in €dntent from 26 to 6 ppm and
a lower G content, averaging 14 ppm. After the sharp drop, the C
content generally increases again, reaching a peak of 20 ppm near the
bottom of the deep IC gas zone at 462 mbsf (Fig. 39). The transition
from lithologic Subunit IVB to Subunit IVC forms the upper bound-
ary of the deep IIC gas zone, which contains the pgaloftent in
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SITE 1050

Table 22. Offsets applied to individual cores at Site 1050 to create an
approximate composite section.

Offset
Core (m)
171B-1050A-
1 0.84
2H 0.19
3H 0.16
4H 0.02
5H 0.02
6H 1.89
7H 241
8H 3.49
9H 4,07
10H 521
11X 4.65
13X 3.96
14X 4.36
15X 4.36
16X 4.36
17X 4.36
18X 5.36
19X 342
20X 2.74
21X 371
22X 371
23X 297
24X 4.15
26X 4.15
27X 4.15
28X 4.15
29X 4.15
30X 4.15
31X 4.15
32X 4.15
33X 4.15
34X 415
35X 4.15
36X 4.15
171B-1050B-

1X 0.00
2H 0.00
3H 0.12
4H 0.12
5H 0.95
6H 0.95
7H 1.94
8H 154
9H 534
10X 4.00
11X 474
12X 474
13X 474
14X 4.74
15X 3.48
16X 4.38
17X 222
18X 3.98
19X 7.28
20X 1.82
21X 1.82
22X -0.39
23X 2.95
24X 3.53
25X 3.45
27X 5.99

the hole at 32 ppm and also has ahigh average gas content of 25 ppm.
The deep I1C gas zone is entirely within lithologic Subunits 1V C and
Unit V. The transition from lithologic Unit V to Subunit VIA is
marked by a decrease in gas content from 27 ppm in the deep 1IC
zoneto 13 ppm in the middle of thedeep 111C zone. Thedeep 111C gas
zone, contained within lithologic Subunit VIA, is marked by arela-
tively low C, content, averaging 15 ppm. The deep IVC gas zone is
within lithologic Subunit V1B and extends to the bottom of the hole
at 606 mbsf (Fig. 39). This gas zone has an average gas content of 15
ppm, which is similar to that found in the deep I11C gas zone but is
distinguished by an abruptly changing gas content with depth.

Elemental Analyses

Three samples were taken from each core for carbon, carbonate,
and total carbon, hydrogen, nitrogen, and sulfur (CHNS) analyses. In
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Figure 37. Methane (C,) and ethane (C,) contents and C,/C, vs. depth in

Hole 1050A. Lithologic units are described in the “Lithostratigraphy” sec-

tion (this chapter).

addition, scientists could select samples from other intervals in the
core. We analyzed 49 samples over the 289-m section at Hole 1050C
(Table 26; Fig. 40). Carbonate content generally increases from 34
wit% at thetransition from lithologic Unit 11 to Subunit IV A to apeak
of 94 wt%inlithologic Subunit IV C (Fig. 40). From the peak in litho-
logic Unit IV C, carbonate content shows a variable but generally de-
creasing trend from 80 wt% at the top of lithologic Subunit VIA to 32
wt% near the base of lithologic Subunit VIB. At the contact of litho-
logic Subunit VIA with Subunit VIB, carbonate content shows a
sharp drop from a peak of 90 wt% to an average of about 40 wt% in
lithologic Subunit VIB. The change in carbonate content correlates
well with the lithol ogic change from Subunits VIA to VIB (Fig. 40).

TOC content is low, averaging 0.2 wt% and ranging from below
the detection limit to 1.2 wt% (Table 25; Fig. 40). Overall, the aver-
age TOC content iscomparable to the values measured in equivalent-
aged strataat Sites 1051 and 1052. Like the lower Cenomanian to up-
per Albian claystones at Site 1052, these claystone-rich beds tend to
have a higher TOC content.

Sulfur occurs only sporadically in the sediments (Fig. 41), and its
occurrence is restricted to the claystones of Units VIA and VIB. The
sulfur content averagesonly 0.03 wt% and ranges from 0 to 0.48 wt%
(Table 25). The sulfur-bearing samples also tend to have an increased
TOC content (Fig. 41). The variation of the occurrence and amount
of sulfur may represent the sporadic deposition or preservation of
marine kerogen, which carries much of the sulfur contained in the
sediments.

Hydrogen content is also low, averaging 0.34 wt% and ranging
from 0.04 to 0.78 wt%. Hydrogen is present in al samples (Fig. 41)
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Table 23. Headspace gas composition from Hole 1050A.

Depth
(mbsf)  Gaszone C, C, Cy= C,/C, Comments
45 Surface 423 No significant gas voids
14.6 Surface 40.6 No significant gas voids
24.1 Surface 42.89 No significant gas voids
336 Surface 47.49 No significant gas voids
431 Surface 54.98 No significant gas voids
52.6 Middle 92.31 No significant gas voids
62.1 Middle 9.4 No significant gas voids
71.6 Middle 76.4 Minor gas voidsin core; 3-5 mm gaps
80.7 Middle 1255 Minor gas voidsin core; 3-5 mm gaps
90.6 Middle 159.2 No significant gas voids
98.6 Middle 110.6 No significant gas voids
119.3 Middle 133.7 No significant gas voids
128.9 Middle 167.7 No significant gas voids
138.5 Middle 169.3 No significant gas voids
148.1 Middle 1149 No significant gas voids
156.2 Deep | 230.7 No significant gas voids
165.8 Deep | 238.9 No significant gas voids
176.9 Deep | 271.3 No significant gas voids
186.5 Deep | 319.6 No significant gas voids
194.1 Deep | 165.5 No significant gas voids
203.7 Deep | 154.2 No significant gas voids
213.3 Deep | 236.2 No significant gas voids
2229 Deep | 219.2 No significant gas voids
241.7 Deep | 176.1 No significant gas voids
244.7 Deep | 2735 No significant gas voids
251.8 Deep | 192.8 No significant gas voids
261.4 Deep Il 452.7 11 41.15 No significant gas voids
271 Deep Il 2175 No significant gas voids
279.5 Deep Il 2475 9.9 25.00 No significant gas voids
288.7 Deep Il 4284 24 17.85 No significant gas voids
2934 Deep Il 411.8 194 21.23 No significant gas voids
296.8 Deep Il 437.3 18 24.29 No significant gas voids
309.4 Deep I11 963.8 345 27.94 No significant gas voids
317.5 Deep 111 827.5 249 9.2 33.23 No significant gas voids

Notes: In all cases, the injected sample size was 5 cm®. Concentration of gas is in parts per million by volume.
Where no values are reported, concentrations are below detection limits.
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Figure 38. TOC and CaCOj; contents vs. depth in Hole 1050A. Except for the
value of 0.54 wt% at 80.5 mbsf, the TOC content is essentialy below the
detection limit of the difference method. Lithologic units are described in the
“Lithostratigraphy” section (this chapter).

and tends to increase as TOC increases. This sympathetic relation-
ship may represent a constant low background level of kerogen dep-
osition, which carries much of TOC and hydrogen contained in the
sediments.

Nitrogen occurs only sporadicaly in the sediments (Fig. 41). The
nitrogen content is low, averaging 0.02 wt% and ranging from 0.0 to
0.17 wt%. The variation of nitrogen content may also represent the
sporadic deposition or preservation of marine kerogen, which carries
much of the nitrogen content in sediments.

Discussion

The strata in Hole 1050C are moderately to heavily bioturbated
(see “Lithostratigraphy” section, this chapter). This suggests that the
low quantities of TOC, S, N, and H measured in these sediments are
the result of bioturbation and oxidation during early diagenesis (see
“Organic Geochemistry” section, “Site 1050” and “Site 1052” chap-
ters, this volume). The low level of hydrogen in these sediments sug-
gests that what kerogen remains is a low-hydrogen type Il or a type
IV similar to that found at Site 1052.

The small quantities of methane measured in Hole 1050C are also
consistent with the small amounts of TOC found in the sediments
here, as well as those at nearby sites drilled during Leg 171B. The
thick claystone beds near the bottom of Hole 1050C may limit the up-
ward migration of hydrocarbons generated from deeper sources.

INORGANIC GEOCHEMISTRY
Analytical Results

Interstitial-water samples were taken from 25 core samples in
Holes 1050A and 1050C. Shipboard interstitial-water data from Site
1050 are presented in Table 27. Most pore-water salinities at Site
1050 are within a narrow range similar to that recorded in Hole
1049A (35-36), except for two slightly higher values (37 and 38 at
119.25 and 309.30 mbsf, respectively; Fig. 42A).
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Table 24. Total inorganic carbon, carbonate, total carbon, total organic carbon, nitrogen, and sulfur analyses for Hole 1050A.

Core, section, Midpoint TIC CaCQ TC TOC N S
interval (cm) (mbsf) (wWt%) (wt%) (wt%) (wt%) (wt%) (wt%)
171B-1050A-

1X-3, 133-138 4.4 8.87 73.91 8.98 0.11
1X-4,73-74 5.2 9.13 76.07 9.11 0.00
2H-3, 133-138 14.5 8.25 68.71 8.32 0.07
2H-5, 77-78 16.9 8.30 69.16 8.35 0.05
3H-3, 135-140 24.0 8.09 67.39 8.12 0.03
3H-5, 78-79 26.4 8.05 67.09 8.16 0.11
4H-3, 135-140 33.5 7.60 63.30 7.75 0.15
4H-5, 78-79 35.9 8.46 70.50 8.5 0.04
5H-3, 135-140 43.0 8.58 71.50 8.67 0.09
5H-5, 77-78 45.4 8.26 68.84 8.45 0.19
6H-3, 135-140 525 8.01 66.72 8.09 0.08
6H-5, 77-78 54.9 8.11 67.53 8.22 0.11
7H-3, 135-140 62.0 8.71 72.52 8.85 0.14
7H-5, 78-79 64.4 8.73 72.68 8.73 0.00
8H-3, 136-140 71.5 7.81 65.07 NA NA NA NA
8H-5, 78-79 73.9 7.36 61.30 7.39 0.03
8H-7, 20-21 76.3 7.61 63.42 7.67 0.06
9H-3, 132-137 80.5 7.43 61.86 7.97 0.54
9H-5, 78-79 83.0 7.59 63.21 7.71 0.12
10H-3, 134-139 90.5 8.55 71.21 8.62 0.07
10H-5, 85-86 93.0 8.97 74.68 8.91 0.00
11X-3, 132-135 99.9 8.43 70.22 8.48 0.05
11X-5, 104-105 102.6 8.89 74.05 8.95 0.06
12X-1, 78-79 106.0 8.92 74.30 8.97 0.05
12X-1, 107-109 106.3 8.67 72.20 8.77 0.10
13X-3, 133-135 119.1 8.86 73.84 8.87 0.01
13X-5, 81-82 121.6 9.86 82.09 9.32 0.00
14X-3, 133-137 128.8 8.40 69.95 8.26 0.00
14X-5, 83-84 131.2 9.33 77.73 9.34 0.01
15X-3, 131-134 138.3 9.82 81.82 9.91 0.09
15X-5, 73-74 140.7 9.90 82.43 9.89 0.00
16X-3, 127-131 147.9 9.07 75.57 9.07 0.00
16X-5, 70-71 150.3 9.54 79.50 9.57 0.03
17X-3, 136-139 157.6 6.08 50.62 6.04 0.00
18X-3, 72-73 166.5 6.31 52.57 6.25 0.00
18X-3, 131-134 167.1 5.62 46.85 5.63 0.01
19X-3, 130-133 176.7 5.76 47.95 571 0.00
19X-5, 69-70 179.1 6.24 52.01 6.33 0.09
20X-1, 127-128 183.3 7.49 62.37 7.67 0.18
20X-2, 22-23 183.7 6.45 53.75 6.44 0.00
20X-3, 137-141 186.4 6.84 56.99 6.77 0.00
20X-5, 92-93 188.9 6.53 54.40 6.59 0.06
21X-3, 135-138 194.0 7.47 62.24 7.41 0.00
21X-4,114-115 195.2 5.99 49.86 5.99 0.00
21X-5,72-73 196.3 6.85 57.08 6.79 0.00
22X-3, 49-50 202.7 8.13 67.73 8.26 0.13
22X-3, 129-132 203.5 7.04 58.64 7.01 0.00
23X-2, 125-126 211.6 5.98 49.81 6.18 0.20
23X-3, 147-150 213.3 7.38 61.45 7.33 0.00
23X-5, 84-85 215.6 6.87 57.20 7.05 0.18
24X-3, 141-144 222.8 6.09 50.74 5.99 0.00
24X-5, 69-70 225.1 6.52 54.32 6.50 0.00
27X-3, 146-148 246.2 6.89 57.37 6.87 0.00
28X-4, 50-53 252.3 5.93 49.37 5.83 0.00
28X-5, 75-77 254.1 7.38 61.43 7.45 0.08
29X-3, 129-132 261.2 7.51 62.56 7.31 0.00
29X-5, 114-115 264.0 8.48 70.67 8.38 0.00
30X-3, 135-138 270.9 6.60 55.00 6.55 0.00
30X-5, 77-78 273.3 5.60 46.63 5.43 0.00
31X-3,135-138  279.3 6.67 55.55 6.67 0.00
31X-5, 79-80 281.8 6.05 50.38 5.97 0.00
31X-6, 136-139  283.8 6.11 50.91 6.12 0.01
32X-1,71-72 286.4 6.77 56.43 6.65 0.00
32X-2, 133-136 288.5 8.08 67.34 8.08 0.00
33X-1, 72-73 289.6 5.77 48.08 5.61 0.00
33X-3, 62-63 292.5 8.36 69.61 8.30 0.00
33X-3,137-140  293.3 8.19 68.19 8.12 0.00
33X-5, 78-79 295.7 7.17 59.71 7.14 0.00
34X-3, 79-80 299.1 6.97 58.04 7.21 0.24
34X-3, 124-127 299.6 6.32 52.62 6.27 0.00
35X-1, 55-56 305.5 4.18 34.82 4.2 0.02
35X-2, 47-48 306.9 4.68 39.02 4.74 0.06
35X-3, 131-134  309.2 3.84 32.00 3.85 0.01
35X-5, 56-57 311.5 4.20 34.97 4.23 0.03
35X-6, 13-14 312.5 3.73 31.05 3.68 0.00
36X-3,137-140  318.9 4.44 36.99 4.39 0.00

Notes: TIC = total inorganic carbon; TC = total carbon; TOC = total organic carbon computed by difference (TC — TIC). Ne@atiakies are reported as 0.00. wt% = weight
percent. NA = not analyzed. Where no values are reported, concentrations are below detection limits.
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Table 25. Headspace gas composition from Hole 1050C.

Core, section, Depth
interval (cm) (mbsf) Gas zone C, C, C= Cs Cy= C,/(C,+Cy)
171B-1050C-

2R-3,0-5 330.10 MiddlelC 23.90 4.20 0.20 1.00 4.43
3R-3,0-5 339.70 MiddlelC 26.30 1.00 0.30 0.20 17.53
4R-4, 0-5 350.80 Deep IC 20.20 1.20 16.83
6R-2, 0-2 367.00 Deep IC 6.69 0.43 15.56
7R-2,0-2 376.70 Deep IC 14.95 0.56 26.70
8R-2, 0-2 38640 DeeplIC 10.06

9R-4, 0-2 399.00 DeeplIC 13.74 0.22 0.26 28.63
10R-2, 0-1 40560 DeeplC 20.63 0.17 0.26 0.20 32.75
11R-3, 0-2 411.70 Deep IC 10.51 0.18 0.42 17.52
12R-1, 0-2 413.70 DeepIC 9.92 0.23 0.40 15.75
13R-4, 0-5 427.80 DeepIC 10.71 0.20 1.80 5.36
15R-4, 0-5 447.10 Deep IC 20.74 2.80 7.41
16R-3, 0-2 455.20 Deep IC 15.10 0.40 0.30 21.57
17R-3, 0-5 464.80 Deep lIC 17.40

18R-4, 0-5 475.90 Deep lIC 32.30 0.20 161.50
19R-2, 0-2 482.50 Deep lIC 21.60

20R-2,0-5 492.10 Deep lIC 27.00 0.40 67.50
21R-5, 0-2 506.20 Deep IIIC 16.90

22R-1,0-1 509.80 Deep IIIC 16.80 1.00 0.20 14.00
23R-4,0-2 523.90 Deep lIIC 14.90 0.30 49.67
24R-1,0-2 529.10 Deep lIIC 12.00 0.40 30.00
25R-3, 0-2 541.70 Deep lIIC 12.10 0.60 0.60 10.08
26R-1, 145-150 549.85 Deep IIIC 12.30 0.90 0.30 10.25
27R-4,0-1 562.50 Deep IVC 14.60

28R-4, 0-2 572.10 Deep IVC 20.70 0.50 0.40 23.00
29R-3, 0-2 580.20 Deep IVC 12.50 0.30 41.67
30R-4, 0-2 591.30 Deep IVC 18.50

31R-3,0-2 599.40 Deep IVC 7.70

Notes: In al cases, the injected sample size was 5 cm?®. Concentration of gasis in parts per million by volume. Where no values are reported, concentrations are below detection

limits.
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Figure 39. Methane (C,) content and C,/(C, + C3) vs. depth in Hole 1050C.

Pore-water chloride and sodium show adlight increase (Cl-, 561-
577 mM; Na*, 479-490 mM) with depth from the top of the section
to ~120 mbsf, a subsequent decrease (Cl-, 577-567 mM; Na*, 490-
479 mM) to ~175 mbsf, a second increase (Cl-, 567-577 mM; Na',
479-485 mM) to ~290 mbsf, and a second decrease (Cl-, 572 mM;
Na*, 477 mM) at 309.30. Chloride and sodium increase slightly with
depth until the bottom of Hole 1050C is reached at 600 mbsf (Fig.
42A). In general, the chloride and sodium concentrations recorded in
the pore waters at Site 1050 are higher (mean values >2% higher)
than thoserecorded in Hole 1049A.. Alkalinity showsasignificant in-
crease (3.36—7.32 mM) with depth from the top of the section to ~240
mbsf and a subsequent decrease (7.32-6.28 mM) to the bottom of the
hole (Fig. 42C). These akalinities (mean value = 5.27 mM) are near-
ly twice as high as those recorded in Hole 1049A (mean value = 2.65
mM). The pH of porewaters at Site 1050 shows |ess systematic vari-
ation with depth than with alkalinity (Fig. 42C), and these pH values
are dlightly lower (mean value = 7.48) than those recorded in Hole
1049A (mean value = 7.59).

Pore-water calcium increases from aminimum of 11.40 mM (sig-
nificantly higher than the standard seawater value, 10.55 mM) in the
shallowest sample (4.45 mbsf) to a maximum of 26.41 mM at 309.30
mbsf, and decreases with depth to the bottom of Hole 1050C (Fig.
42A). Such variation with depth is significantly greater than that re-
corded at Hole 1049A. Pore-water magnesium decreases from 53.40
to 42.47 mM at 309.30 mbsf and remains constant to the bottom of
Hole 1050C (standard seawater, 54 mM). Pore-water potassium con-
centrations for Hole 1050A (Fig. 42C) initially increase slightly with
depth from 11.4 mM at thetop of the sectionto 12.0 mM at ~50 mbsf,
decrease markedly overall with depth to 7.4 mM at 309.30 mbsf, and
remain relatively constant to the bottom of Hole 1050C. Two samples
(171B-1050A-22X -3, 140-150 cm, and 32X -2, 140-150 cm) are off-
set from thisdecreasing trend in the lower part of the sectionto slight-
ly higher concentrations. These major cation data are consistent with
seawater interaction with the upper oceanic crust at basement and/or

Lithologic units are described in the “Lithostratigraphy” section (this chap-volcaniclastic sediments within the overlying sediment column.

ter). Pore-water rubidium concentrationsin Hole 1050A show a small
initial increase with depth from 1.88 uM at the top of the section to
2.02 pM at ~50 mbsf and then show a marked overall decrease with
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Table 26. Total inorganic carbon, carbonate, total carbon, total organic carbon, nitrogen, sulfur, and hydrogen analyses for Hole 1050C.

Core, section, Depth interval TIC CaCqG TC TOC N S H
interval (cm) (mbsf) (Wt%%o) (Wt%) (Wt%) (Wt%) (Wt%) (Wt%) (Wt%)
171B-1050C-
2R-1, 67-68 327.77-327.78 4.48 37.33 4.53 0.05 0.01 0.60
2R-3, 139-142 331.49-331.52 3.10 25.78 3.21 0.11 0.78
2R-5, 95-96 334.05-334.06 3.47 28.87 3.54 0.07 0.01 0.73
3R-1, 76-77 337.46-337.47 5.23 43.55 5.30 0.07 0.57
3R-3, 137-140 341.07-341.10 5.40 44.98 5.59 0.19 0.39
3R-5, 67-68 343.34-343.35 5.67 47.27 5.77 0.10 0.50
4R-1, 24-25 346.54-346.55 3.97 33.04 4.05 0.08 0.51
4R-3, 142-145 350.72-350.75 4.29 35.77 4.43 0.14 0.03 0.51
4R-5, 45.5-46 352.76-352.76 4.14 34.49 4.17 0.03 0.45
5R-1, 49-51 356.39-356.41 5.42 45.13 5.45 0.03 0.42
5R-4,108-112 361.48-361.52 4.99 41.58 4.99 0.00 0.45
5R-5, 48-49 362.19-362.20 4.63 38.54 4.69 0.06 0.50
6R-1, 67-68 366.17-366.18 7.54 62.85 7.55 0.01 0.25
6R-3, 28-29 368.78-368.79 8.22 68.47 8.22 0.00 0.17
6R-3, 136-140 369.86-369.90 8.21 68.39 8.11 0.00 0.23
6R-5, 94-95 372.44-372.45 7.59 63.26 7.59 0.00 0.17
7R-1,77-78 375.97-375.98 8.62 71.80 8.63 0.01 0.20
7R-4, 46-47 380.16-380.17 6.44 53.63 6.39 0.00 0.36
8R-1, 72.5-73.5 385.63-385.64 5.80 48.33 5.84 0.04 0.52
8R-2,137-141 387.77-387.81 5.82 48.50 5.86 0.04 0.49
13R-1, 77-78 424.07-424.08 8.56 71.33 8.53 0.00 0.26
13R-3, 83-87 427.13-427.17 7.64 63.65 7.71 0.07 0.32
13R-5, 94-95 430.24-430.25 9.19 76.56 9.20 0.01 0.23
15R-1, 87-88 443.47-443.48 9.84 82.00 9.75 0.00 0.18
15R-3, 139-142 446.99-447.02 7.82 65.13 7.75 0.00 0.01 0.32
15R-5, 63-64 449.23-449.24 10.01 83.38 9.93 0.00 0.15
16R-1, 25-26 452.45-452.46 9.78 81.43 9.66 0.00 0.08 0.16
16R-3, 13-14 455.33-455.34 9.99 83.24 9.98 0.00 0.06 0.15
17R-1, 77-78 462.57-462.58 10.37 86.37 10.32 0.00 0.11
18R-3, 131-134 475.71-475.74 10.83 90.18 10.84 0.01 0.06
19R-1, 25-26 481.25-481.26 11.15 92.89 11.09 0.00 0.04
19R-1, 65-70 481.65-481.70 10.82 90.09 10.87 0.05 0.07
19R-3, 24-25 484.24-484.25 11.16 92.97 11.11 0.00 0.05
21R-1, 34-35 500.54-500.55 9.30 77.45 9.33 0.03 0.19
21R-5, 38-39 506.58-506.59 9.52 79.27 9.56 0.04 0.13
21R-CC, 18-21 510.01-510.04 9.59 79.89 10.81 1.22 0.17 0.48 0.28
22R-1, 36-37 510.16-510.17 8.98 74.81 9.46 0.48 0.10 0.16
22R-2, 910 510.40-510.41 8.03 66.91 8.78 0.75 0.35
23R-2, 141-145 522.31-522.35 9.54 79.45 9.87 0.33 0.09 0.08 0.18
23R-CC, 6-7 529.13-529.14 6.84 56.97 7.01 0.17 0.01 0.45
25R-1, 96-97 539.66-539.67 7.49 62.36 7.63 0.14 0.34
26R-2, 54-55 550.44-550.45 10.76 89.65 10.83 0.07 0.06
27R-1, 79-80 558.79-558.80 4.10 34.12 4.99 0.89 0.04 0.07 0.59
27R-2, 54.5-55 560.05-560.05 3.94 32.84 4.64 0.70 0.07 0.63
27R-CC, 14-15 567.56-567.57 4.83 40.23 5.34 0.51 0.02 0.44
29R-1, 109-110 578.29-578.30 6.16 51.34 6.72 0.56 0.01 0.40
29R-5, 71-72 583.91-583.92 4.78 39.84 5.39 0.61 0.02 0.44 0.51
30R-1, 35-36 587.15-587.16 5.53 46.06 6.21 0.68 0.10 0.41
30R-4, 75-76 592.05-592.06 3.92 32.64 4.85 0.93 0.04 0.28 0.55

Notes: TIC = total inorganic carbon; TC = total carbon; TOC = total organic carbon computed by difference (TC — TIC). Ne@atiakies are reported as 0.00. wt% = weight
percent. Where no values are reported, concentrations are below detection limits.

depth to 1.02 pM at 309.3 mbsf (Fig. 42D). The pore-water rubidiunmatically below that horizon. This peak coincides with the occur-
concentration profile shows remarkable consistency with the potassience of chert in this hole and is consistent with the fact that sedi-
um profile, thereby confirming the similar geochemical behavior ofments in the upper 300 m (lithologic Units | and II) still contain abun-
these two elements in the sediments. dant biogenic (radiolarian) opal (see “Lithostratigraphy” section, this
Pore-water strontium concentrations in Hole 1050A show a sigehapter). Pore-water silica concentrations are significantly higher at
nificant systematic increase with depth from seawater concentratior&te 1050 (mean value = 1059 pM) than in Hole 1049A (mean value
(86 uM) at the top of the section to almost 500 pM at ~400 mbsf (Fig= 603 pM).
42E). Below this depth, strontium concentrations decrease to ~400 Pore-water sulfate concentrations at Site 1050 are relatively high
UM at the bottom of the section. Calculatett/®&* (UM/mM) ratios ~ (mean value = 25.6 mM) but decrease with depth to values lower than
show a similar pattern to the?Sconcentrations and alkalinity profile those obtained in Hole 1049A (Fig. 42H). Similarly, pore-water am-
(Fig. 42F, E, and C, respectively). These data are consistent with theonium concentrations are relatively low (mean value = 66 pM), but
recrystallization of biogenic calcite in the sediment column at Sitahey are significantly higher than those in Hole 1049A (24.5 pM) and
1050. show an overall increase with depth in Hole 1050A (Fig. 42H). These
Pore-water lithium concentrations show an increase with deptbata are consistent with the exceptionally low TOC content of the
from near-seawater values near the top of the section to 275 uM lihology of the section (see “Organic Geochemistry” section, this
288.6 mbsf (Fig. 42E). This increase is significant but small in comehapter).
parison to increases in lithium concentration (>1000 uM) observed in Pore-water boron concentrations in Hole 1050A show little vari-
sediments buried to similar depths on the Ceara Rise. Lithium comtion with depth and are near-seawater concentrations (Fig. 42I).
centrations decrease with depth below the peak at 288.60 mbsf (Curry
etal., 1995). Discussion
Dissolved silica concentrations of the interstitial-water samples at
Site 1050 show a significant increase with depth to a peak of 1271 The interstitial pore-water chemistry at Site 1050 generally shows
UM at 288.6 mbsf (Core 171B-1050A-32X; Fig. 42G) and drop dragreater range and steeper depth gradients than in Hole 1049A. The
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Figure 41. Elemental abundance vs. depth in Hole 1050C. Lithologic units

are described in the “Lithostratigraphy” section (this chapter).

CaCO3 TOC

MST Measurements
Figure 40. TOC and carbonate contents vs. depth in Hole 1050C. TOC values
<0.3 wt% are below the detection limit. Lithologic units are described in the GRAPE and MSTP-wave velocity data were filtered to remove
“Lithostratigraphy” section (this chapter). anomalous values that are artifacts of section-end and void or crack
effects. The data sets were filtered to remove values outside the 10%
error band of a reference curve, which was calculated from a 10-point
subtle chemical gradientsin Hole 1049A areinterpreted to be consis- running mean of the data. This filtering of the data set significantly
tent with the large distance between the bottom of the hole and the improves visual presentation and aids interpretation of the data.
volcanic basement, the shallow core-top and buria depths of the sed- GRAPE bulk density measured on cores from Holes 1050A and
iments in the hole, and the possibility that the pore-water system at 1050B is shown in Figure 43 (also see Tables 28, 29 on CD-ROM,
Site 1049 is in communication with adjacent open-ocean waters back pocket, this volume). These data, along with magnetic suscepti-
along the Blake Escarpment (see “Inorganic Geochemistry” sectiomijlity and color reflectance, were used to form a Site 1050 composite
“Site 1049” chapter, this volume). The most significant difference instratigraphic section (see “Core-Core Integration” section, this chap-
these variables between Sites 1049 and 1050 is the greater proximigy).
of Site 1049 to the Blake Escarpment. Therefore, assuming that the GRAPE bulk density shows a gradual increase in magnitude be-
lithology of the two sites does not impart a significant control, thetween 0 and 150 mbsf in Holes 1050A and 1050B, changing from
data at Site 1050 are consistent with the hypothesis that the poret.5 to 1.7 g/cth Below 150 mbsf, GRAPE bulk density shows con-
water system at Site 1049 is in communication with adjacent opersiderable fluctuation between values of 1.3 and 1.95%larthe up-
ocean waters. per 50 m of the sediment column, which corresponds to the siliceous
nannofossil ooze of lithologic Subunit 1B, bulk density increases
gradually from an average of 1.5 to 1.6 gicifrhis gradual increase

PHYSICAL PROPERTIES in bulk density continues into lithologic Subunit IC, which consists
of siliceous nannofossil ooze and chalk, with bulk density values of
Holes 1050A and 10508 1.7 g/cn at ~150 mbsf. The contact between lithologic Subunits 1B

and IC cannot be distinguished using GRAPE data because this con-

Physical properties in Holes 1050A and 1050B were measured dact is defined by a color change. Below the occurrence of chert be-
both whole-round sections and discrete samples from split-core setwveen 140 and 150 mbsf, bulk density decreases in magnitude to 1.3
tions. Physical properties data for Hole 1050C follow in a separatg/cn® at 175 mbsf and then increases to a maximum value of 1.95 g/
subsection of this chapter. Whole-round measurements included dex?® at 215 mbsf. The contact between lithologic Subunit IC and the
termination of GRAPE bulk density, magnetic susceptibility, com-siliceous nannofossil chalk of Subunit ID is located at the transition
pressionaP-wave velocity, and natural gamma radiation, as well asat 150 mbsf. The interval between 150 and 305 mbsf, where bulk den-
measurements of thermal conductivity. Index properties, compresity values fluctuate about an ~average of 1.8 g/corresponds to
sionalP-wave velocity, shear strength, and resistivity were measuredn increased amount of siliceous material in lithologic Subunit ID. A
on discrete samples from split-core sections at a typical frequency dfstinctive decrease in bulk density values occurs at 305 mbsf, which
three measurements per core. corresponds to the contact between lithologic Subunit ID and the
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Table 27. Inter stitial-water geochemical data for Site 1050.

Core, section, Depth Alkalinity Salinity Cl Na Mg Ca SO, NH;  H,SiO,4 K Sr Li Rb B
interval (cm) (mbsf)  pH (mM)  (gkg) (mM) (mM) (mM) (mM) (mM) (uM) (M) (mM) (M) (M) (M) (M)
171B-1050A-

1X-3, 145-150 445 761 3.36 35.0 561 479 5340 1140 277 22.8 832 114 86 34 1.88 491
2H-3, 145-150 1325 755 3.26 35.0 566 483 5325 11.79 278 323 844 116 9 34 191 483
3H-3, 145-150 24.05 7.59 3.56 355 564 480 5329 12.09 273 331 955 11.7 95 36 1.88 515
4H-3, 145-150 33.55 7.56 3.64 35.0 564 480 5326 1236 217 28.3 943 11.6 97 37 193 459
5H-3, 145-150 43.05 7.45 3.68 35.0 570 484 53.65 1294 278 59.1 1051 12.0 102 43 2.02 475
6H-3, 145-150 5255 752 3.79 35.0 565 481 51.62 1343 269 283 1055 120 114 46 2.02 459
9H-3, 145-150 80.62 7.48 4.53 35.0 570 485 5128 14.90 27.1 72.4 1087 118 137 64 194 275

13X-3, 145-150 119.25 7.56 5.63 37.0 577 490 50.16 17.01 262 449 1075 10.3 158 102 172 515
16X-3, 145-150 148.05 7.58 6.13 36.0 569 483 4845 1894 263 543 1027 10.3 186 124 1.65 619
19X-3, 140-150 176.80 7.18 711 36.0 567 479 4633 2190 252 717 1163 9.4 237 172 148 1202
22X-3, 140-150 203.60 7.30 7.26 36.0 570 479 4577 2278 246 86.6 1075 10.2 253 188 1.63 491
26X-2, 140-150 240.60 7.70 7.32 36.0 573 480 4300 2571 226 1031 1030 85 326 252 133 531
29X-3, 140-140 261.30 7.26 6.92 36.0 576 483 4272 2588 228 1039 1243 79 363 252 113 507
32X-2, 140-150 288.60 7.18 6.63 36.0 577 485 4027 2584 215 1299 1271 9.2 370 275 114 547
35X-3, 140-150 309.30 7.65 6.28 38.0 572 ar7 4247 2641 221 114.2 1211 74 417 260 1.02 523

171B-1050C-
2R-2, 140-150 330.00 7.30 5.33 36.0 570 481 4086 2554 23 172.5 860 8.02 450 226 1.03
5R-4, 116-131 361.56 757 2.50 355 564 473 4132 2445 23 181.3 543 7.67 438 212 0.88
8R-1, 134-150 386.24 35.0 559 39.70 2406 208 2129 209 7.94 470 216 0.83
13R-3, 135-150 427.65 7.79 133 35.5 572 482 39.09 2217 207 258.7 52 9.97 474 229 1.60
17R-2, 135-150 464.65 574 4047 2305 209 209.4 66 8.72 428 221 1.09
21R-2, 102-115 502.72 568 40.80 2335 221 183.0 88 7.83 444 188 0.82
23R-3, 135-150 523.75 36.0 576 4022 22.00 208 197.1 93 9.06 403 191 0.98
26R-2, 135-140 551.25 588 4168 21.04 222 205.9 46 10.1 407 163 134
29R-2, 135-150 580.05 8.46 0.64 35.0 572 490 3800 2053 224 197.1 28 10.8 395 122 1.20
31R-2, 135-150 599.25 7.65 1.04 565 483 3912 2039 22 142.5 50 8.28 410 117 0.76

Note: Where no values are reported, data are absent.

diatomaceous nannofossil chalk of Unit 1. The contacts between floor are major factors contributing to the physical nature of the sed-

lithologic Subunits1C and ID and Subunit 1D and Unit |1 are also well iments. Bulk and dry density data show a steady increase with depth
indicated by changes in the percentage of carbonate (see “Orgaiicthe upper 140 m of Hole 1050A, ranging from values of 1.58 to 1.7
Geochemistry” section, this chapter). g/c® and 0.9 to 1.1 g/ctnrespectively, whereas grain density fluc-

MST measurements of magnetic susceptibility in Holes 1050Auates about an average value of 2.58 §/én150 mbsf, bulk, dry,
and 1050B are shown in Figure 44 (also see Tables 30, 31 on CBnd grain density values show a distinctive decrease in magnitude,
ROM, back pocket, this volume). In the upper 175 m of both holesyhich is followed by a steady increase to near maximum values at
magnetic susceptibility fluctuations cannot be distinguished from215 mbsf. This reduction in bulk, dry, and grain density values cor-
background levels, except for a number of magnetic susceptibilityesponds with an interval between 140 to 150 mbsf immediately be-
“spikes,” which in some instances correspond to ash layers (séew a chert layer (see “Lithostratigraphy” section, this chapter). The
“Lithostratigraphy” section, this chapter). Magnetic susceptibility maximum bulk and dry density values occur between 215 and 300
spikes below 200 mbsf, however, are not associated with observaabsf, whereas grain density values in this interval appear to be of
ash layers and may be related to the occurrence of manganesedawer magnitude than those values measured above 150 mbsf. The
pyrite-rich intervals (see “Lithostratigraphy” section, this chapter).distinctive changes of grain density with depth, as observed at 150
Below 175 mbsf, magnetic susceptibility can be measured abowend 310 mbsf, correspond to the contacts between lithologic units and
background levels and shows minor fluctuations in magnitude. therefore reflect compositional changes in the sediment column. Bulk

MST P-wave velocity data only from Hole 1050A APC cores areand dry density values also decrease in magnitude at 310 mbsf, which
shown in Figure 45 (also see Table 32 on CD-ROM, back pocket, thtorresponds to the change from the siliceous nannofossil chalk of
volume). Despite the apparent scatter in this data set, which may highologic Subunit ID to the diatomaceous nannofossil chalk of litho-
the result of cracking in the sediment or poor liner/sediment contackpgic Unit Il (see “Lithostratigraphy” section, this chapter).
it can be observed thRtwave velocity slightly increases with depth Porosity, water content, and void ratio (Fig. 47) show comple-
from ~1.45 to 1.48 km/s across the depth range 10-57 mbsf. mentary inverse trends with depth to the trends observed for bulk,

Natural gamma-radiation counts measured on the MST for Holdry, and grain densities. Of particular interest is the increase in poros-
1050A are shown in Figure 46 (also see Table 33 on CD-ROM, badky, water content, and void ratio in the diatomaceous nannofossil
pocket, this volume). Natural gamma-radiation counts fluctuatehalk of lithologic Unit Il, compared with lithologic Subunit ID.
slightly about background levels of 6 counts per second (cps) in the Discrete bulk density measurements show good agreement with
upper 150 m of the sediment column. Below 150 mbsf, the count&RAPE bulk density estimates for Hole 1050A (Fig. 48). Between
fluctuate between 7 and 10 cps. The highest number of counts occuine seafloor and 105 mbsf, which was drilled primarily with the APC,
in the interval between 210 and 225 mbsf, which corresponds to pa8RAPE bulk density only slightly underestimates the values ob-
of lithologic Subunit ID. The increase in natural gamma counts betained by discrete measurements. Between 115 and 225 mbsf, drilled
tween 300 and 305 mbsf corresponds to the contact between lithaith the XCB, the average GRAPE bulk density values match the dis-

logic Subunit ID and Unit I1. crete bulk density measurements. Below 240 mbsf, the GRAPE bulk
density values are significantly lower than the discrete bulk density
Index Properties values, although depth trends are still reproduced in both data sets.

GRAPE bulk densities most likely underestimate the true values be-
Index properties determined for Hole 1050A are listed in Table 34ause of the occurrence of void spaces, tension cracks created by sed-
and shown in Figure 47. The index properties data show that progregient unloading or reduced core diameter, and the presence of slurry
sive sediment compaction and fluid expulsion with depth below seaetween drilling biscuits, which is common in the XCB cores. Figure
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Figure 42. Interdtitial-water geochemical datafor Holes 1050A and 1050C vs. depth. A. Calcium, salinity, and magnesium. B. Sodium and chloride. C. Alkalin-
ity, pH, and potassium. D. Rubidium. E. Lithium and strontium. F. Strontium/calcium ratio. G. Silica. H. Sulfate and ammonium. |. Boron.

48 shows that GRAPE bulk density may be of value even in sections 1050A. These data are listed in Table 35 and areillustrated in Figure
where drilling techniques may result in an incompletely filled core 49. Comparison of the discrete measurements of P-wave velocity

liner. with the MST P-wave logger (PWL) data shows that the MST PWL
significantly underestimates true P-wave velocity.
P-wave Vel ocity P-wave velocity shows little variability about an average value of
1.56 km/s across the depth range 0-90 mbsf. The contact between
Discrete measurements of P-wave velocity were obtained on lithologic Subunits IB and IC cannot be recognized using velocity

split-core sections using the Hamilton Frame velocimeter in Hole data because these units are defined by color. Between 90 and 170
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Figure 43. GRAPE bulk density for Holes 1050A
and 1050B (see Tables 28, 29 [CD-ROM, back
pocket, this volume] for data).

Figure 44. Magnetic susceptibility for Holes 1050A and
1050B (see Tables 30, 31 [CD-ROM, back pocket, this
volume] for data).
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Figure 45. MST P-wave velocity for Hole 1050A (see Table 32 [CD-ROM,
back pocket, this volume] for data). P-wave velocity was measured on APC
coresonly.

Figure 46. Natural gamma radiation for Hole 1050A (see Table 33 [CD-
ROM, back pocket, this volume] for data).

mbsf, P-wave velocity increases from ~1.58 to 1.90 km/s, which can of a sediment column. Normalized shear strength rag@B,() de-

be explained by the ooze to chalk transition at 90 mbsf (see “Lithatermined for Hole 1050A are plotted against depth in Figure 52. A
stratigraphy” section, this chapter). Within the interval at 90 to 17ormally consolidated sediment has&/P, between 0.2 and 0.22
mbsf, P-wave velocity increases sharply, whereas bulk density exfLadd et al., 1977). Sediments above 90 mbsfin Hole 1050A%Ave
hibits only a minor increase over the same interval (Fig. 50A). Th&, >0.22 and are overconsolidated. Below 90 mbsf in Hole 1050A,
general trend for all data from Hole 1050A, however, shows a wea&,/P, are <0.2, suggesting that sediments below this depth are under-
correlation with bulk density (Fig. 50B). Between 170 and 300 mbsfconsolidated. The ooze to chalk transition is also observed at ~90
which comprises the siliceous nannofossil chalk of lithologic Subunimbsf in Hole 1050A, and this lithologic transition correlates with the
ID, P-wave velocity fluctuates about an average of 1.95 km/s. Belowhange from overconsolidated to underconsolidated sediment.

305 mbsf,P-wave velocity decreases significantly to 1.85 km/s,

which, like the changes observed in GRAPE density and index profResistivity

erties, correlates with the change from the siliceous nannofossil chalk

of lithologic Subunit ID to the diatomaceous nannofossil chalk of The resistivity data from Hole 1050A were measured using the

lithologic Unit I1. Scripps Institution of Oceanography probe and are listed in Table 37
and shown in Figure 53. Resistivity values show general increase
Undrained Shear Strength from 0.5 to 0.582m across the interval 0-90 mbsf. Between 90 and

170 mbsf, resistivity values increase sharply from 0.58 tQ9AI-

Undrained sediment shear strength was measured on sedimetitsugh a relationship between sediment resistivity and porosity was
recovered from Hole 1050A using the miniature vane-shear devicgeen in Hole 1049A (see “Physical Properties” section, “Site 1049”
and, when the sediment became too indurated to insert the vane-shelaapter, this volume), there is no clear relationship in Hole 1050A
device, a pocket penetrometer. The shear-strength data are listed(fiig. 54). The abrupt increase in sediment resistivity below 90 mbsf
Table 36 and are shown in Figure 51. The majority of measuremenddso correlates with the occurrence of the ooze to chalk transition at
were made using the pocket penetrometer, an instrument that dabss depth. The increase in resistivity across this interval is most likely
not have the accuracy or reproducibility of the vane-shear device, amdused by a cementation process, which has reduced sediment perme-
this may explain the high degree of scatter in the data set. ability, rather than compaction. This lithification process can also ac-

Normalized shear strength, the ratio of shear stre§gtto(effec-  count for the increase Prwave velocity below 90 mbsf by decreas-
tive overburden pressurgy), can be used to assess the stress historing P-wave traveltime across grain contacts in the sediment.
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150

Table 34. Discrete index properties measurements for Hole 1050A.

Core, section, Depth Water content Water content Bulk density ~ Grain density Dry density Porosity
interval (cm) (mbsf) (total masswt%) (solid mass wt%) (g/cmd) (g/cm?d) (g/cm?d) (%) Void ratio
171B-1050A-
1X-1, 68-70 0.68 422 729 157 2.59 0.91 64.8 1.84
1X-2, 75-77 225 41.6 713 1.59 261 0.93 64.5 1.82
1X-3, 75-77 3.75 415 70.8 1.59 2.62 0.93 64.4 1.81
1X-4, 75-77 525 411 69.7 1.60 2.64 0.94 64.3 1.80
2H-1, 75-77 10.85 405 68.0 1.60 2.58 0.95 63.1 171
2H-2, 75-77 12.35 40.1 67.1 1.61 2.60 0.96 63.0 1.70
2H-3, 75-77 13.85 39.6 65.6 1.62 2.62 0.98 62.7 1.68
2H-4, 75-77 15.35 376 60.4 1.64 2.58 1.02 60.3 1.52
2H-5, 75-77 16.85 413 70.2 1.59 2.58 0.93 63.9 1.77
2H-6, 75-77 18.35 38.7 63.1 1.62 2.55 0.99 61.1 1.57
2H-7, 75-77 19.85 39.8 66.1 1.62 2.61 0.97 62.7 1.68
3H-1, 75-77 20.35 39.8 66.2 1.61 2.58 0.97 62.5 1.67
3H-2, 75-77 21.85 39.3 64.9 1.61 2.58 0.98 62.0 1.63
3H-3, 75-77 23.35 40.2 67.4 1.60 257 0.96 62.8 1.69
3H-4, 75-77 24.85 38.8 63.4 1.62 2.55 0.99 61.2 1.58
3H-5, 75-77 26.35 38.7 63.1 1.62 2.58 1.00 61.4 1.59
3H-6, 75-77 27.85 39.6 65.5 1.61 2.56 0.97 62.0 1.63
3H-7, 75-77 29.35 40.2 67.1 1.60 257 0.96 62.8 1.69
4H-1, 75-77 29.85 38.6 63.0 1.63 2.60 1.00 61.5 1.60
4H-2, 75-77 3135 38.3 62.1 1.64 2.60 1.01 61.2 1.58
4H-3, 75-77 32.85 394 64.9 1.61 2.55 0.97 61.8 1.62
4H-4, 75-77 34.35 374 59.7 1.65 2.58 1.03 60.1 1.50
4H-5, 75-77 35.85 37.2 59.4 1.65 2.59 1.04 60.0 1.50
4H-6, 75-77 37.35 37.6 60.3 1.65 2.60 1.03 60.5 1.53
5H-1, 75-77 39.35 411 69.9 1.59 2.59 0.94 63.9 1.77
5H-2, 75-77 40.85 385 62.7 1.63 2.59 1.00 614 1.59
5H-3, 75-77 42.35 374 59.8 1.66 2.63 1.04 60.6 154
5H-4, 75-77 43.85 36.6 57.8 1.67 2.61 1.06 59.6 1.48
5H-5, 75-77 45.35 371 58.9 1.66 2.60 1.04 59.9 1.49
5H-6, 75-77 46.85 36.4 57.1 1.67 261 1.06 59.3 1.46
6H-1, 75-77 48.85 36.6 57.6 1.67 261 1.06 59.5 1.47
6H-2, 75-77 50.35 385 62.7 1.63 2.59 1.00 61.3 1.58
6H-3, 75-77 51.85 37.7 60.4 1.64 2.56 1.02 60.2 151
6H-4, 75-77 53.35 36.4 57.3 1.66 2.58 1.06 59.1 1.45
6H-5, 75-77 54.85 36.6 57.6 1.67 2.60 1.06 59.4 1.47
6H-6, 75-77 56.35 36.2 56.7 1.68 2.62 1.07 59.2 1.45
7H-1, 75-77 58.35 370 58.7 1.65 2.56 1.04 59.5 1.47
7H-2, 75-77 59.85 36.9 58.6 1.65 2.58 1.04 59.6 1.48
TH-3, 75-77 61.35 36.0 56.3 1.68 2.62 1.07 59.0 1.44
TH-4, 75-77 62.85 36.1 56.5 1.67 2.61 1.07 59.0 1.44
TH-5, 75-77 64.35 34.7 53.2 1.69 2.57 1.10 57.1 1.33
7H-6, 75-77 65.85 36.8 58.2 1.65 2.58 1.05 594 1.46
8H-1, 75-77 67.85 371 59.0 1.66 2.60 1.04 60.0 1.50
8H-2, 75-77 69.35 37.2 59.1 1.65 2.59 1.04 59.9 1.49
8H-3, 75-77 70.85 37.8 60.9 1.63 2.56 1.02 60.3 1.52
8H-4, 75-77 72.35 384 62.4 1.62 254 1.00 60.8 1.55
8H-5, 75-77 73.85 37.2 59.2 1.65 2.58 1.04 59.9 1.49
8H-6, 75-77 75.35 35.1 54.2 1.69 2.60 1.10 57.9 1.38
9H-1, 30-32 76.90 389 63.7 1.61 255 0.99 614 1.59
9H-2, 75-77 78.42 36.7 58.0 1.66 2.58 1.05 594 1.46
9H-3, 75-77 79.92 36.7 58.1 1.66 2.61 1.05 59.6 1.48
9H-4, 75-77 81.42 345 52.7 1.73 2.28 1.14 58.4 1.40
9H-5, 44-46 82.61 37.9 60.9 1.63 2.55 1.01 60.3 1.52
9H-6, 75-77 84.42 40.2 67.3 1.60 2.56 0.95 62.7 1.68
9H-7, 75-77 85.92 36.3 57.1 1.67 2.60 1.06 59.2 1.45
10H-1, 75-77 86.85 370 58.8 1.65 2.58 1.04 59.7 1.48
10H-2, 75-77 88.35 37.7 60.5 1.63 254 1.02 60.0 1.50
10H-3, 75-77 89.85 36.7 57.9 1.65 257 1.05 59.2 145
10H-4, 75-77 91.35 36.0 56.2 1.66 2.56 1.06 58.4 1.40
10H-5, 75-77 92.85 36.4 57.2 1.66 2.58 1.06 59.0 1.44
10H-6, 75-77 94.35 36.7 58.0 1.65 2.56 1.05 59.2 1.45
11X-1, 36-38 95.96 370 58.8 1.64 255 1.04 59.5 1.47
11X-2, 80-82 97.90 37.3 59.4 1.64 257 1.03 59.8 1.49
11X-3, 72-74 99.32 373 59.5 1.65 2.58 1.03 60.0 1.50
11X-4, 74-76 100.84 35.9 55.9 1.67 2.58 1.07 58.5 141
11X-5, 79-81 102.39 35.1 54.1 1.69 2.59 1.09 57.8 1.37
11X-6, 64-66 103.74 353 54.7 1.68 259 1.09 58.0 1.38
12X-1, 75-77 105.95 364 57.3 1.67 2.60 1.06 59.2 1.45
13X-1, 75-77 115.55 371 59.0 1.65 2.56 1.04 59.6 1.48
13X-2, 77-79 117.07 35.9 56.1 1.68 2.62 1.08 58.9 143
13X-3, 74-76 11854 38.7 63.2 1.63 2.62 1.00 61.8 1.62
13X-4, 75-77 120.05 37.7 60.5 1.65 2.63 1.03 60.8 155
13X-5, 79-81 121.59 339 513 1.70 2.58 1.13 56.4 1.30
14X-1, 75-77 125.15 36.9 585 1.66 2.62 1.05 60.0 1.50
14X-2, 77-79 126.67 35.7 55.5 1.68 2.61 1.08 58.6 1.42
14X-3, 75-77 128.15 36.8 58.2 1.66 2.61 1.05 59.7 1.48
14X-4, 77-79 129.67 340 514 1.70 2.58 112 56.5 1.30
14X-5, 75-77 131.15 341 518 1.70 2.60 112 56.8 131
15X-1, 77-79 134.77 374 59.6 1.65 2.60 1.03 60.2 151
15X-2, 75-77 136.25 354 54.7 1.68 2.60 1.09 58.1 1.39
15X-3, 76-78 137.76 323 47.8 1.74 2.60 1.18 54.9 1.22
15X-4, 74-76 139.24 295 41.8 1.80 2.62 1.27 51.6 1.07
15X-5, 75-77 140.75 375 60.0 1.66 2.66 1.04 61.0 1.56
16X-1, 71-73 144.31 32.0 47.1 1.75 2.62 1.19 54.7 121
16X-2, 76-78 145.86 344 524 1.70 2.58 111 56.9 1.32
16X-3, 75-77 147.35 26.7 36.3 1.84 2.60 1.35 48.0 0.92
16X-4, 75-77 148.85 34.2 52.0 171 2.62 1.13 57.1 1.33
16X-5, 72-74 150.32 232 30.2 1.93 2.64 1.49 43.8 0.78
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Table 34 (continued).

Core, section, Depth Water content Water content Bulk density ~ Grain density Dry density Porosity
interval (cm) (mbsf) (total masswt%) (solid mass wt%) (glcmd) (glemd) (glemd) (%) Void ratio
16X-6, 74-76 151.84 36.8 58.3 1.66 2.61 1.05 59.8 1.49
17X-1, 79-81 153.99 35.2 54.4 1.67 2.55 1.08 575 1.36
17X-2, 76-78 155.46 38.1 61.6 1.62 2.53 1.00 60.3 1.52
17X-3, 75-77 156.95 39.0 64.0 1.61 2.52 0.98 61.2 1.58
18X-1, 91-93 163.71 375 60.0 1.62 2.50 1.01 59.4 1.46
18X-2, 75-77 165.05 395 65.2 1.59 247 0.96 61.2 157
18X-3, 74-76 166.54 36.5 57.4 1.65 2.55 1.05 58.9 1.43
18X-4, 75-77 168.05 36.0 56.2 1.65 2.53 1.06 58.1 1.39
19X-1, 69-71 173.09 35.0 54.0 1.67 2.52 1.08 57.0 1.33
19X-2, 68-70 174.58 37.3 59.6 1.63 251 1.02 59.3 1.46
19X-3, 80-82 176.20 36.1 56.5 1.64 2.49 1.05 57.9 1.38
19X-4, 54-56 177.44 338 51.0 1.70 2.56 1.13 56.1 1.28
19X-5, 72-74 179.12 332 49.6 1.68 245 112 54.3 1.19
19X-6, 75-77 180.65 34.3 52.3 1.66 2.46 1.09 55.7 1.26
20X-1, 77-79 182.77 299 42.6 1.77 2.58 1.24 51.8 1.07
20X-2, 78-80 184.28 30.9 448 1.75 2.56 121 52.8 112
20X-3, 72-74 185.72 29.7 422 1.77 254 124 51.2 1.05
20X-4, 75-77 187.25 322 47.6 172 2.54 117 54.2 1.18
20X-5, 92-94 188.92 30.7 443 1.76 2.58 122 52.8 112
20X-6, 75-77 190.25 323 47.7 172 2.53 1.16 54.1 1.18
21X-1, 85-87 190.45 31.3 455 1.72 249 1.18 52.5 111
21X-2, 68-70 191.78 32.6 483 1.72 2.56 1.16 54.7 121
21X-3, 75-77 193.35 29.3 414 1.78 2.56 1.26 50.8 1.03
21X-4,73-75 194.83 28.8 40.5 1.79 257 1.28 50.4 1.02
21X-5, 67-69 196.27 26.9 36.8 1.82 2.54 1.33 47.7 0.91
21X-6, 43-45 197.53 26.7 36.4 1.83 257 1.34 47.7 0.91
22X-1, 74-76 199.94 272 374 1.82 2.56 1.33 48.3 0.94
22X-2,79-81 201.49 26.3 35.7 1.84 2.58 1.36 47.3 0.90
22X-3, 47-49 202.67 239 314 1.90 2.60 1.45 44.3 0.80
22X-4,68-70 204.38 259 34.9 1.84 2.56 1.37 46.6 0.87
22X-5, 74-76 205.94 285 39.9 1.78 2.52 1.27 49.5 0.98
22X-6, 73-75 207.43 284 39.7 1.79 2.55 1.28 49.7 0.99
23X-1, 80-82 209.60 24.6 325 1.86 254 141 4.7 0.81
23X-3, 81-83 212.61 233 30.4 1.90 2.56 1.45 432 0.76
23X-5, 80-82 215.60 23.0 29.8 1.93 2.61 1.48 432 0.76
23X-7,70-72 217.90 246 32.7 1.88 2.58 1.42 45.2 0.82
24X-1, 67-69 219.07 26.5 36.0 1.84 257 1.35 47.4 0.90
24X-3, 65-67 222.05 257 34.6 1.84 2.54 1.37 46.1 0.86
24X-5, 67-69 225.07 25.8 34.8 1.83 2.53 1.36 46.3 0.86
27X-1, 80-82 242.50 26.4 358 1.63 2.07 1.20 42.0 0.72
27X-3, 78-80 245.48 27.6 38.2 1.81 2.57 131 49.0 0.96
28X-1, 69-71 247.99 255 34.3 1.87 2.60 1.39 46.5 0.87
27X-5, 81-83 248,51 251 335 212 3.30 1.59 51.9 1.08
28X-3, 82-84 251.12 250 334 1.87 2.58 1.40 45.7 0.84
29X-1, 62-64 257.52 26.8 36.5 1.82 2.55 1.34 47.6 0.91
29X-3, 55-57 260.45 285 39.9 1.79 2.56 1.28 49.9 1.00
29X-5, 113-115 264.03 24.9 332 1.89 2.62 1.42 45.9 0.85
30X-1, 62-64 267.12 285 39.9 1.79 2.56 1.28 49.9 1.00
30X-3, 73-75 270.23 29.2 413 1.77 2.52 1.25 50.4 1.02
30X-5, 74-76 273.24 276 38.1 1.80 2.53 1.30 48.5 0.94
31X-3, 65-67 278.61 27.3 37.6 1.83 2.59 1.33 48.8 0.95
31X-5, 73-75 281.69 20.5 25.8 1.98 2.62 1.58 39.8 0.66
31X-7, 78-80 284.74 215 275 1.96 2.63 154 41.3 0.70
32X-1, 69-71 286.39 218 279 1.95 2.60 1.52 415 0.71
33X-1, 98-100 289.88 223 28.7 1.94 2.61 151 42.2 0.73
33X-2, 79-81 291.19 219 28.1 1.96 2.63 1.53 41.9 0.72
33X-3, 80-82 292.70 21.7 217 1.95 2.61 153 41.3 0.70
33X-4, 80-82 294.20 22.6 29.3 1.94 2.62 1.50 42.8 0.75
33X-5, 77-79 295.67 234 30.6 1.92 2.61 1.47 43.8 0.78
34X-1, 84-86 296.14 230 299 1.92 2.59 1.48 431 0.76
33X-6, 81-83 297.21 227 294 1.93 2.61 1.49 42.8 0.75
34X-2, 82-84 297.62 242 319 1.89 2.58 1.43 44.6 0.80
34X-3, 78-80 299.08 22.6 29.2 1.93 2.61 1.50 2.7 0.75
35X-1, 71-73 305.61 324 47.9 171 2.50 1.15 539 117
35X-2, 63-65 307.03 323 478 1.70 248 1.15 53.7 1.16
35X-3, 73-75 308.63 305 439 1.74 2.52 121 51.9 1.08
35X-5, 63-65 311.53 323 47.7 171 2.52 1.16 54.0 1.18
35X-6, 68-70 313.08 331 495 1.70 2.53 114 55.1 1.23
36X-1, 68-70 315.18 344 52.4 1.67 2.48 1.09 55.9 127
36X-2, 47-49 316.47 315 459 1.73 253 1.19 53.1 113
36X-3, 46-48 317.96 30.9 446 174 253 1.20 524 1.10
Thermal Conductivity thermal conductivity of 1.19 + 0.18 W/(m-K) can be determined for

the depth interval 0-150 mbsf in Hole 1050A.
Thermal conductivity datafrom Hole 1050A arelistedin Table 38

and are shown in Figure 55. Thermal conductivity measurements for Summary

Hole 1050B display alarge degree of scatter, evenfor coresthat were

drilled with the APC. The lack of any observable relationship be- Physical properties data for Holes 1050A and 1050B indicate that
tween thermal conductivity and depth suggests that either changesin compaction, fluid expulsion, and physicochemical changes related to
thermal conductivity are not apparent in the sediments from Sites lithology are the factors controlling sediment properties. The physical

1049 and 1050 or that the Thermcon needle probe techniqueisyield- properties data are influenced largely by sediment type, and this is
ing inconsistent results. If the former is assumed, then an average particularly apparent at the ooze to chalk transition at 90 mbsf in Hole
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1050A. Cementation and sediment lithification in thisinterval control
P-wave velocity and resistivity by decreasing P-wave traveltime
across grain contacts and by decreasing permeability, respectively.
Cementation in thisinterval does not, however, appear to have signif-
icantly increased bulk density or significantly decreased porosity.

Hole 1050C

Physical propertiesin Hole 1050C were measured on both whole-
round sections and discrete samples from split-core sections. Whole-
round measurements included the determination of GRAPE bulk
density, magnetic susceptibility, and natural gamma radiation. Index
properties and P-wave velocity were measured on discrete samples
from split-core sections at a frequency of one to three measurements
per core.

MST Measurements

The GRAPE data were filtered in the same manner as for Holes
1050A and 1050B. GRAPE bulk density (Fig. 56; Table 39 on CD-
ROM, back pocket, this volume) shows an increase in magnitude
from 1.45t0 1.75 g/lcm? in the interval between 325 and 370 mbsf and
remains relatively constant until 500 mbsf, which corresponds to the
boundary between the phosphatic hardground of lithologic Unit V
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and the nannofossil chalk of lithologic Subunit VIA. Between 500
and 540 mbsf, GRAPE bulk density increases to a constant average
value of 1.9 g/cm3. Below 550 mbsf, GRAPE bulk density drops
sharply in the first 10 m of lithologic Subunit VIB to 1.7 g/cm® and
fluctuates between 1.65 and 2.0 g/cm? until thetotal depth of the hole
at 605 mbsf.

MST measurements of magnetic susceptibility are shown in Fig-
ure 57 (also see Table 40 on CD-ROM, back pocket, this volume).
Above 460 mbsf, magnetic susceptibility can be distinguished from
background levels. A magnetic susceptibility “spike” at 330 mbsf
occurs within the siliceous nannofossil chalk of lithologic Unit 11l but
has not been correlated with any lithologic change, such as the ash
layers identified at Sites 1050, 1051, and 1053. An interval of larger
fluctuations in magnetic susceptibility occurs between 443 and 455
mbsf, which corresponds to the basal layers of the clay-rich nanno-
fossil chalk of lithologic Subunit IVB. In the interval between 460
and 480 mbsf, which contains deformed nannofossil chalk of litho-
logic Subunit IVC, magnetic susceptibility is at background levels.
Between 490 and 500 mbsf, magnetic susceptibility attains values up
to 345x 10 Sl units, the highest value measured during Leg 171B.
This maximum corresponds with the phosphatic hardground of litho-
logic Unit V. Between 500 and 550 mbsf, the magnetic susceptibility
record is discontinuous because of coring gaps. Between 550 and 554
mbsf, magnetic susceptibility increases sharply to values as much as
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Figure 48. Comparison of GRAPE bulk density (line) with discrete measure-
ments of bulk density (open circles) for Hole 1050A.

38 x 10 Sl. This increase appears to be associated with extremely
contorted bedding in the basal portion of lithologic Subunit VIA, a
nannofossil chalk. Magnetic susceptibility fluctuates about an aver-
age vaue of 13 x 10> S| between 555 and 605 mbsf, which corre-
sponds to the black shale interval of lithologic Subunit VIB.

Natural gamma-radiation measurements are shown in Figure 58
(also see Table 41 on CD-ROM, back pocket, this volume). Natural

SITE 1050

gamma radiation is above background levels throughout most of
Hole 1050C. Between 325 and 455 mbsf, measurements fluctuate be-
tween 7 and 11 cps. Gammarradiation levelsare at background levels
between 460 and 480 mbsf, corresponding to the nannofossil chalk of
lithologic Subunit I11B. Between 490 and 605 mbsf, gamma radiation
increases steadily from 7 to 14 cps, with the highest levels recorded
in the black shaleinterval of lithologic Subunit VIB.

Index Properties

Index properties data are listed in Table 42 and are illustrated in
Figure 59. Between 325 and 340 mbsf, bulk, dry, and grain density
values show a distinctive minimum that occurs near the base of the
siliceous nannofossil chalk of lithologic Unit 111. Below 340 mbsf,
bulk and dry densities are relatively constant, with average values of
~2.0 and 1.6 g/lcm?, respectively. Between 340 and 450 mbsf, grain
density increases steadily from 2.56 g/cm?® to a maximum value of
2.73 g/cmé. Porosity, water content, and void ratio (Fig. 59) show
complementary inverse trends with depth to those trends observed for
bulk and dry densities. The excursion of high porosity, water content,
and void ratio does not have any obvious lithologic association, al-
though it occurs below a sharp magnetic susceptibility spike (Fig. 44)
at 339 mbsf and just above a series of thin cherts contained in the sil-
iceous nannofossil chalk of lithologic Unit I11.

Except for a few data points, the discrete bulk density measure-
ments do not show good agreement with GRAPE bulk density in
Hole 1050C (Fig. 60) because this hole was cored with the RCB.
GRAPE bulk densities significantly underestimate true values of
bulk density because RCB coring generally resultsin amuch reduced
sediment core diameter.

P-wave Vel ocity

Discrete measurements of P-wave velocity were obtained on
minicores using the Hamilton Frame velocimeter (Table 43; Fig. 61).
Transverse P-wave velocity fluctuates between 1.8 and 2.6 km/s over
the length of Hole 1050C and shows two maxima at 365 and 570
mbsf and two minima at 410 and 570 mbsf. Transverse P-wave ve-
locity increases sharply from 1.80 to 2.6 km/s between 330 and 370
mbsf. This interval spans the boundary between lithologic Unit 11
and Subunit IVA. Two anomalously high values of about 3.1 km/s
occur at about 372 mbsf and have no obvious lithologic correlation.
Velocity drops almost as quickly within lithologic Subunit IVA and
remainsrelatively constant at an average value of 2.05 km/s between
400 and 470 mbsf until rising within lithologic Subunit IVC to
slightly over 2.45 km/s. No velocity data were collected for Core
171B-1050C-21R because it was designated as a “critical interval.”
Between 500 and 530 mbsf, velocity remains constant at about 2.40
km/s and decreases sharply below 530 mbsf, reaching 1.95 km/s at
570 mbsf. A slight increase in velocity occurs between 570 and 600
mbsf.

Acoustic anisotropy, the ratio &wave velocity measured per-
pendicular to the split-core surface (x-direction) to that measured par-
allel to the core axis (z-direction), is plotted for Hole 1050C in Figure
61. The acoustic anisotropy data show thatave velocity is faster
in the transverse direction (x), than in the longitudinal direction (z).
This ratio is highest in the interval between 340 and 365 mbsf, which
corresponds to B-wave maximum. A similar, but less well-defined,
acoustic anisotropy maximum corresponds with the other maximum
in P-wave velocity lower in Hole 1050C. The physicochemical cause
of the increased acoustic anisotropy Bagdave velocity is not clear
from preliminary lithologic data. The relatively higher transverse
velocity suggests that there may be evidence for pressure solution, re-
crystallization, and grain growth parallel to bedding planes.

Figure 62 illustrates the general positive relationship betieen
wave velocity and bulk density. The four bulk density data points
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Table 35. Discrete measurements of uncorrected transver se P-wave velocity for Site 1050A.

Transverse
Core, section, Depth P-wave velocity
interval (cm) (mbsf) (m/s)
171B-1050A-

1X-1, 74-76 0.74 1558.7
1X-3, 74-76 3.74 1558.2
2H-1, 74-76 10.84 1554.6
2H-3, 74-76 13.84 1579.7
2H-5, 74-76 16.84 1573.9
2H-7, 74-76 19.84 1560.5
3H-1, 74-76 20.34 1555.0
3H-3, 74-76 23.34 1582.9
3H-5, 74-76 26.34 1580.3
3H-7, 74-76 29.34 1554.8
4H-3, 74-76 32.84 1566.6
4H-5, 74-76 35.84 1575.5
4H-1, 74-76 29.84 1563.5
5H-1, 74.1-76.1 39.34 1563.1
5H-3, 74-76 42.34 1568.5
5H-5, 74-76 45.34 1559.9
6H-1, 74-76 48.84 1572.2
6H-3, 74-76 51.84 1577.0
6H-5, 74-76 54.84 1577.7
7H-1,71.5-73.5 58.32 1575.0
7H-3, 74-76 61.34 1573.7
TH-5,72.4-74.4 64.32 1585.2
8H-1, 74-76 67.84 1580.5
8H-3, 74-76 70.84 1578.1
8H-5, 74-76 73.84 1595.2
9H-1, 34-36 76.94 1572.0
9H-3, 79-81 79.96 1590.4
9H-5, 40.8-42.8 82.58 1580.2
10H-1, 74-76 86.84 1580.7
10H-3, 74-76 89.84 1583.9
10H-5, 74-76 92.84 1639.4
11X-1, 74-76 96.34 1668.9
11X-1, 36.8-38.8 95.97 1711.5
12X-1, 74-76 105.94 1735.1
13X-1, 74-76 11554 1667.7
13X-3, 71.7-73.7 118.52 1789.0
13X-5, 78.4-80.4 121.58 1839.9
14X-1, 74.1-76.1 125.14 1686.1
14X-3, 74-76 128.14 1696.4
14X-5, 73.9-75.9 131.14 1706.9
15X-1, 74-76 134.74 1683.3
15X-3, 69.8-71.8 137.70 1789.3
15X-5, 72.8-74.8 140.73 1876.8
16X-1, 74-76 144.34 1675.8
16X-3, 81.5-83.5 147.42 1714.2
16X-5, 71.5-73.5 150.32 1790.7
17X-1, 96.8-98.8 154.17 1788.6
17X-3, 74-76 156.94 1786.4
18X-1, 89.2-91.2 163.69 1822.6
18X-3, 69-71 166.49 1795.9

<1.8 g/cm® are from the zone of anomalously high porosity identified
in the basal portion of the siliceous nannofossil chalk of lithologic
Unit I1.

Summary

Physical propertiesdatafrom Hole 1050C identify ahigh-porosity,
low-P-wave vel ocity zone between 325 and 340 mbsf. Thiszoneisdi-
rectly above a series of thin chertsin siliceous nannofossil chalk and
may represent an interval where there is contemporaneous fluid flow.
Large magnetic susceptibility values are associated with the phos-
phatic hardground that occurs between 490 and 500 mbsf.

DOWNHOLE LOGGING
L ogging Operations
After Hole 1050C was drilled to a total depth of 606 mbsf, the

lower limit of the BHA was placed at 108 mbsf. Hole 1050C was
logged with three different tool strings: triple-combo, FMS, and

GHMT (see “Downhole Logging” section, “Explanatory Notes”

Transverse

Core, section, Depth P-wave velocity

interval (cm) (mbsf) (m/s)
19X-1, 70-72 173.10 1931.2
19X-3, 80.2-82.2 176.20 1833.5
19X-5, 72.4-74.4 179.12 1860.4
19X-1, 69-71 173.09 1964.9
19X-3, 80-82 176.20 1899.3
19X-5, 72-74 179.12 1945.4
20X-1,75.9-77.9 182.76 1966.0
20X-3,72.4-74.4 185.72 1891.0
20X-5,91.5-93.5 188.92 1906.8
20X-1, 77-79 182.77 2062.2
20X-3, 72-74 185.72 1952.2
20X-5, 92-94 188.92 1975.2
21X-1, 84-86 190.44 1930.5
21X-4, 73-75 194.83 1937.5
21X-2, 68-70 191.78 2017.4
21X-5, 67-69 196.27 1963.9
22X-1, 74-76 199.94 2062.2
22X-3, 47-49 202.67 1973.7
22X-5, 74-76 205.94 1902.7
23X-1, 80-82 209.60 1927.1
23X-3, 81-83 212.61 2059.2
23X-5, 80-82 215.60 1972.7
24X-1, 67-69 219.07 1847.3
24X-3, 65-67 222.05 1935.9
24X-5, 67-69 225.07 1910.6
28X-1,69.5-71.5 248.00 1963.6
28X-3, 82-84 251.12 2024.6
27X-1, 80-82 242.50 2008.0
27X-3, 78-80 245.48 1935.0
27X-5, 81-83 248,51 1976.3
29X-1, 62-64 257.52 1965.7
29X-3, 55-57 260.45 1942.9
29X-5, 113-115 264.03 2001.2
30X-1, 62-64 267.12 1925.9
30X-3, 73-75 270.23 1934.8
30X-5, 74-76 273.24 1964.1
31X-3, 65-67 278.61 2016.6
31X-5, 73-75 281.69 1981.6
31X-7, 78-80 284.74 2069.2
32X-1, 69-71 286.39 2027.6
33X-1, 98-100 289.88 1970.8
33X-3, 80-82 292.70 2069.7
33X-5, 77-79 295.67 2013.6
34X-1, 84-86 296.14 1979.6
34X-3, 78-80 299.08 1966.2
35X-1, 71-73 305.61 1844.0
35X-3, 73-75 308.63 1857.5
35X-5, 63-65 311.53 1844.6
36X-1, 68-70 315.18 1843.0
36X-3, 46-48 317.96 1874.6

to ocean-bottom temperatures. Each tool string was lowered to the
bottom of the hole and pulled up at a rate between 300 and 600 m/hr
to acquire high-resolution log data. All three tool strings reached the
total depth drilled. A repeat interval was also run with each logging
string to provide data quality control.

The wireline heave compensator was not available for use during
logging operations during Leg 171B. Fortunately, sea-state condi-
tions during logging were moderate, with sea swells on the order of
1.5 m, and had no obvious effects on the logging data. Table 44
shows the logging schedule and intervals logged with each tool string
in Hole 1050C. The log data are shown in Figures 63 through 68.
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Figure 49. Discrete P-wave velocity for Hole 1050A.
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where the transition to high®wave velocity with f:’ C 18 C L4 ]
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Table 36. Discrete measur ements of shear strength for Hole 1050A. Orgrrryrr Ty r T T T T
° °
Core, section, Depth Peak Residua Penetrometer - 0y © b o
interval (cm) (mbsf) (kPa) (kPa) (kPa) r ) % . .
L ° i
171B-1050A- 501 o ° u
1X-1, 62.1-63.1 0.62 20.36 11.61 - ® o, E
1X-3, 76.5-77.5 377 20.32 11.79 = L ° e ® 4
2H-1, 77-78 10.87 58.80 7.64 @ L LI i
2H-3,71.5-725 13.82 85.8 ‘ED L ° [ ] i
2H-5, 69.5-70.5 16.80 161.8 S0k °  ®e N
2H-7,715-725 19.82 112.8 < °
3H-1,715-72.5 20.32 83.4 ° K PY 7
3H-3,725-73.5 23.33 90.7 3 B “ ° -
3H-5,715-72.5 26.32 2182 - ° -
3H-7,725-735 29.33 117.7 - e
4H-1,725-735 29.83 107.9 150 —
4H-3,715-72.5 32.82 122.6 L i
4H-5,715-72.5 35.82 147.1 B |
5H-1, 71.5-72.5 39.32 49.0 K 1
5H-3,71.5-72.5 4232 112.8
g::i’;ig:;gg ggg %g;i 200—“||||||||||||||||||||||_
6H-3, 715725 51.82 98.1 0 50 100 150 200 250
gﬂ:i’ ééﬁgz_s gg:% lgg:g Peak Shear Strength (kPa)
7H-3,715-72.5 61.32 98.1
7H-5, 66.5-67.5 64.27 110.3 Figure 51. Shear strength for Hole 1050A. The open cricles = vane-shear
g::%’ ;ig;ﬁg %:gg 12%:8 device measurements; the solid circles = pocket penetrometer measurements.
8H-5,71.5-72.5 73.82 134.8
9H-1,31.5-32.5 76.92 105.4
9H-3, 76.5-77.5 79.94 147.1
9H-5, 37.5-38.5 82.55 120.1
10H-1, 71.5-72.5 86.82 144.7 0
10H-3, 71.5-72.5 89.82 93.2
10H-5, 71.5-72.5 92.82 61.3
11X-1, 37.5-38.5 95.98 736
12X-1, 70.5-71.5 105.91 147.1
13X-1, 70-71 115.50 785
13X-3, 70-71 118,50 711 50
13X-5, 67.5-68.5 121.48 103.0
14X-1, 76.5-77.5 125.17 61.3 =
14X-3, 72-73 128.12 63.7 a
14X-5, 71.5-72.5 131.12 134.8 =
< 100
o
()
)
150 —
-III|III|III|III|III|III|III|III-

00
0.00.20.40.60.81.01.21.41.6
S, 1Py
Figure 52.5,/P,y for Hole 1050A. The§,/Py are calculated from bulk den-

sity and undrained shear strength data (see “Physical Properties” section, this
chapter, for further details).
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Table 37. Discrete measurements of resistivity for Hole 1050A.
11 ] III]IIIIIIIIIIIIIIIIIIIIIIIIIIII
Longitudinal Transverse ~1.0F 3
Core, section, Depth resistivity resistivity é o -
interval (cm) (mbsf) Qm) Qm) S o09F ® =
2 - ° ° 3
171B-1050A- S - ° :
1X-1, 81.5-84.5 0.82 0.539 0.551 £ 0.8 s b=
1X-3, 68.5-71.5 3.69 0.421 0.453 B e P 3
2H-1, 70.5-73.5 10.81 0.525 0.518 C o7k =
2H-3, 78.5-81.5 13.89 0.526 0.510 x 0. = ° (J =
2H-5, 75.5-78.5 16.86 0.522 0.537 % = [ ] =
2H-7,68.5-71.5 19.79 0.522 0.519 o 0.6 -
3H-1, 76.5-79.5 20.37 0.468 0.464 3 = } ° 3
3H-3, 77.5-80.5 23.38 0.479 0.461 S osE ? (" 3
3H-5, 76.5-79.5 26.37 0.566 0.577 g V.or ° 3
3H-7,70.5-73.5 29.31 0.553 0.530 = = L4 3
4H-1, 76.5-79.5 29.87 0.536 0523 0.4F -
4H-3, 70-73 32.80 0.547 0.551 E E
4H-5, 78.5-81.5 35.89 0.528 0.528 O3‘||||||||||||||||||||||||||||||||||
5H-1, 80.5-83.5 39.41 0.536 0.526 .
5H-3, 77.5-80.5 42.38 0.649 0.682 40 45 50 55 60 65 70 75
5H-5, 77-80 45.37 0.603 0.651 .
6H-1, 77-80 48.87 0511 0.522 Porosity (vol %)
6H-3, 77-80 51.87 0.579 0.561
?:E 31_3977.5 g’g:gg 8:221 gjggg Figure 54. Comparison of transverse resistivity and sediment porosity for
7H-3, 77-80 61.37 0.881 0.622 Hole 1050A.
7H-5, 76.5-79.5 64.37 0.780 0.864
8H-1, 76.5-79.5 67.87 0.551 0.554
Sﬂg ;g:g_;g:g ;g:g; 8:223 8:2%8 Table 38. Discrete measurements of thermal conductivity for Hole
9H-1, 36.5-39.5 76.97 0.565 0.532 1050A.
9H-3, 82.5-85.5 80.00 0.566 0.639
9H-5, 42.5-45.5 82.60 0.584 0.545 Thermal
10H-1, 76.5-79.5 86.87 0.554 0.501 ) ermal
10H-3, 76.5-79.5 89.87 0593 0547 Core, section, Depth conductivity
10H-5, 76.5-79.5 92.87 0.574 0575 interval (cm) (mbsf) (Wi[m-K])
12X-1, 68-71 105.88 0.615 0.600
13X-1, 77-80 115.57 0.667 0.631 171B-1050A-
13X-3, 76.5-79.5 118.57 0.588 0.558 1X-1, 75-75 0.75 1.09
13X-5, 80.5-83.5 121.61 0.735 0.673 1X-3, 75-75 3.75 1.40
14X-1, 79.5-82.5 125.20 0.654 0.659 2H-1, 75-75 10.85 1.11
14X-3, 77.5-80.5 128.18 0.621 0.639 2H-3, 75-75 13.85 1.07
14X-5, 77-80 131.17 0.643 0.642 2H-5, 75-75 16.85 1.23
15X-1, 77.5-80.5 134.78 0.607 0.613 3H-1, 75-75 20.35 1.03
15X-3, 82-85 137.82 0.862 0.750 3H-3, 75-75 23.35 1.09
15X-5, 81.5-84.5 140.82 0.767 0.803 3H-5, 75-75 26.35 1.21
16X-1, 78.5-81.5 144.39 0.826 0.748 4H-1, 75-75 29.85 1.05
16X-3, 83-86 147.43 0.781 0.864 4H-3, 75-75 32.85 1.40
16X-5, 71.5-74.5 150.32 0.824 0.744 4H-5, 75-75 35.85 1.2
17X-1, 95.5-98.5 154.16 0.856 0.819 5H-1, 75-75 39.35 0.99
17X-3, 73-76 156.93 0.809 0.779 5H-5, 75-75 45.35 1.22
18X-1, 87.5-90.5 163.68 0.887 0.898 6H-1, 75-75 48.85 1.01
18X-3, 67.5-70.5 166.48 0.888 0.901 6H-3, 75-75 51.85 1.11
6H-5, 75-75 54.85 1.24
7H-1, 75-75 58.35 1.04
7H-3, 75-75 61.35 1.21
7H-5, 75-75 64.35 1.39
8H-1, 75-75 67.85 1.03
0 TITT [T @ T[T T[T T [TT T [TT T [ TTIT[TTIT g::g';g:;g ;ggg igg
K !. 1 9H-1, 75-75 77.35 1.01
] ° 9H-3, 75-75 79.92 2.07
B :0 1 9H-5, 75-75 82.92 1.14
B °® . 10H-1, 75-75 86.85 1.08
50 - e — 10H-3, 75-75 89.85 1.23
- o ° . 10H-5, 75-75 92.85 1.30
— L ° o i 11X-1, 75-75 96.35 1.01
@ L ° %, ] 11X-3, 75-75 99.35 1.16
g K ° : _ 11X-5, 75-75 102.35 1.22
< 100 o 13X-1, 75-75 115.55 1.15
< B PY 7 13X-3, 75-75 118.55 1.07
a B ° 1 14X-1, 75-75 125.15 1.16
2 - L4 . 14X-3, 75-75 128.15 1.10
- " . 14X-5, 75-75 131.15 1.21
L d ® o _ 15X-1, 75-75 134.75 1.11
150 ST e _ 15X-3, 75-75 137.75 1.37
L °® i 15X-5, 75-75 140.75 1.38
['y 16X-1, 75-75 144.35 1.09
B T 16X-3, 75-75 147.35 1.26
B 1 16X-5, 75-75 150.35 1.23
200 Lol b b b b b Ly

0.3 0.40.50.6 0.70809101.1
Transverse Resistivity (Qm)

Figure 53. Sediment resistivity for Hole 1050A. Transverse resistivity mea-
surements are considered more reliable than longitudinal measurements
because planar unloading cracks that are perpendicular to the core axis bias
longitudinal resistivity measurements to higher values.
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Figure 56. GRAPE bulk density for Hole 1050C (also see Table 39 on CD-
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Figure 55. Thermal conductivity for Hole 1050A.
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Figure 58. Natural gamma radiation for Hole 1050C (also see Table 41 on CD-ROM, back pocket, this volume).
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Table 42. Discrete index properties measurements for Hole 1050C.

Core, section, Depth Water content Water content Bulk density Graindensity Dry density  Porosity
interval (cm) (mbsf)  (total masswt%)  (solid mass wt%) (g/emd) (g/em3) (g/em’) (%) Void ratio
171B-1050C-
2R-1, 68-70 327.78 18.7 23.0 2.01 2.58 1.63 36.6 0.58
2R-3,88-90 330.98 344 523 1.68 2.52 1.10 56.3 1.29
2R-5,93-95 334.03 446 80.5 151 2.46 0.84 66.0 1.94
3R-1, 75-77 337.45 385 62.6 1.61 2.51 0.99 60.6 1.54
3R-3, 84-86 340.54 343 522 1.70 2.60 112 57.0 1.33
3R-5, 77-79 343.44 233 30.4 192 2.63 1.48 438 0.78
4R-1, 22-24 346.52 211 26.7 1.95 2.58 1.54 402 0.67
4R-3,16-18 349.46 20.8 26.2 1.95 2.56 1.55 39.6 0.66
4R-5, 44-46 352.74 205 258 1.96 2.55 1.55 39.1 0.64
5R-1, 53-55 356.43 2.1 28.3 1.94 2.60 1.51 418 0.72
5R-3, 15-17 359.05 21.7 27.7 1.93 2.54 151 40.7 0.69
5R-5, 48-50 362.19 24.4 324 1.89 2.61 1.43 452 0.82
6R-1, 67-69 366.17 16.4 19.7 2.09 2.63 175 335 051
6R-3, 28-30 368.78 185 28 2.04 2.64 1.67 37.0 0.59
6R-5, 94-96 372.44 13.3 15.4 213 2.55 1.85 21.7 0.38
7R-1,69-71 375.89 14.4 16.8 2.1 2.56 1.80 29.6 0.42
7R-3, 11-13 37831 19.9 24.8 2.01 2.65 1.61 39.1 0.64
7R-4, 44-46 380.14 19.2 238 2.02 2.64 1.64 380 0.61
8R-1, 74-76 385.64 232 30.2 1.94 2.65 1.49 439 0.78
8R-3, 77-79 388.67 19.0 234 2.07 2.71 1.67 38.3 0.62
8R-4, 63-65 389.53 223 28.7 1.98 2.71 154 432 0.76
13R-1, 74-76 424.04 205 257 2.03 2.71 1.61 405 0.68
13R-3, 71-73 427.01 19.3 24.0 2.06 2.72 1.66 389 0.64
13R-5, 93-95 430.23 233 304 2.00 2.82 153 456 0.84
15R-1, 85-87 44345 24.0 316 1.94 2.71 148 456 0.84
15R-3, 75-77 446.35 21.7 27.7 2.00 2.71 1.56 422 0.73
15R-5, 54-56 449,14 221 28.3 2.00 2.73 1.56 430 0.76
17R-1, 75-77 462.55 205 257 2.03 2.71 1.61 405 0.68
17R, 103-105 470.48 23 28.7 1.99 2.73 1.55 434 0.77
18R-1, 31-33 471.71 185 227 2.08 2.72 1.70 37.7 0.60
18R-3, 37-39 474,77 222 28.6 1.98 2.71 154 430 0.76
18R-5, 21-23 47761 19.9 249 2.04 2.71 1.64 39.8 0.66
19R-1, 132-134 48232 238 313 1.95 2.73 1.49 455 0.83
21R-2, 47-49 502.17 16.1 19.2 2.16 2.74 1.81 339 051
21R5, 101-103 507.21 16.4 19.7 214 2.71 1.78 343 052
22R-1, 40-42 510.20 17.0 205 212 2.71 1.76 352 054
23R-1, 88-90 520.28 135 15.6 2.22 2.72 1.92 29.3 0.41
23R-7, 60-62 529.00 15.5 184 217 2.74 1.84 329 0.49
24R-1, 43-45 529.53 16.2 19.4 214 2.72 1.80 34.0 0.51
24R-3,12-14 531.58 14.3 16.7 2.20 2.72 1.89 30.7 0.44
25R-1, 93-95 539.63 17.3 20.9 2.1 2.72 175 35.7 0.56
25R-3, 70-72 542.40 16.5 19.7 2.16 2.76 1.80 34.8 053
26R-1, 10-12 548.50 17.2 20.8 213 2.74 1.76 357 0.56
26R-3, 130-132 552.70 234 305 1.97 2.75 1.51 450 0.82
26R-4, 146-148 554.36 17.5 213 2.1 2.73 174 36.2 057
27R-1, 77-79 558.77 19.7 245 2.04 2.70 1.64 39.2 0.65
27R-5, 81-83 546.81 19.1 236 2.07 2.72 1.67 38.6 0.63
28R-1, 73-75 568.33 23 287 1.99 2.73 1.55 43.4 0.77
28R-4, 44-46 572.54 18.7 230 2.08 2.72 1.69 38.0 0.61
29R-5, 69-71 583.89 18.3 224 2.08 2.71 1.70 37.1 0.59
30R-4, 71-73 592.01 19.2 237 2.06 2.72 1.67 38.6 0.63
30R-CC, 13-15 595.74 20.0 25.0 2.04 2.71 1.63 39.8 0.66
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Figure 59. Discrete measurements of bulk density,

dry density, grain density, porosity, water content,

and void ratio for Hole 1050C. Lithologic units (see
“Lithostratigraphy” section, this chapter) are
included for comparative purposes. In the water con-
tent plot, open circles = values expressed in terms of
total mass; solid circles = values expressed in terms
of the total mass of solids.
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300 Table 43. Discrete measurements of uncorrected P-wave velocity for
_I LI | LILIL | LI | LILIL | LILIL | LILIL | LIl I_ HOIe 1050(:
- ﬁ ? h Transverse Longitudinal Acoustic
N 7 Core, section, Depth P-wavevelocity P-wavevelocity — anisotropy
350 | % c? i interval (cm) (mbsf) (km/s) (km/s) x/2)
L 0 ]
B ?"é"c‘? i 171B-1050C-
L — 7 wmem=— O4o i 2R-169-71 327.79 1.832 1.801 1.017
400 |-  —— S [ 2R-175-77 327.85 1.842
— | —— i 2R-360.2-62.2 330.70 1.830
B i 2R-389-91 330.99 1.842 1.847 0.997
B a0 ] 2R-551.8-53.8 333.62 1.812
2R-5 94-96 334.04 1.860 1.790 1.039
ﬁ 450 B } o5 — ] 3R-176-78 337.46 1.980 1.935 1.023
o 3R-385-87 340.55 2425 2.100 1.155
£ B o T 3R-579-81 343.46 2.200 2.029 1.084
= B % 8L ] 4R-122-24 346.52 2.340 2.067 1132
= B TThe—— O T 4R-3 16-18 349.46 2.380 2.104 1131
% B T 4R-5 44-46 352.74 2.436 2.138 1.139
0500 %— 5R-153-55 356.43 2.195 2022 1.086
B T 5R-3 15-17 359.05 2.507 2.140 1171
u 5R-5 48-50 362.19 2.095 1.924 1.089
u 6R-1 67-69 366.17 2.594 2437 1.065
o 6R-3 28-30 368.78 2.531 2.450 1.033
550 6R-5 94-96 372.44 3.185 3.185 1.000
o 7R-169-71 375.89 3.073 2.817 1.091
- 7R-169-71 375.89 3.072 2.795 1.099
- 7R-311-13 378.31 2.402 2311 1.040
- 7R-311-13 378.31 2.395 2314 1.035
600 7TR-4 44-46 380.14 2.193 2.041 1.075
o e 7R-4 44-46 380.14 2.190 2.041 1.073
o - 8R-175-77 385.65 2.021 1.932 1.046
- - 8R-3 78-80 388.68 2.057 1.987 1.035
- - 8R-4 64-66 389.54 2.168 2.074 1.045
650 Lo daa s bl baaalaaalay 9R-175-77 395.25 1.978
9R-3 75-77 398.25 2.204
1012141618 2'032'2 2.4 9R-575-77 401.25 2.092
i 11R-CC8.1-10.1 412.93 1.871
GRAPE density (g/cm™) 13R-175-77 424.05 2.124 2.035 1.044
; ; ; ; ; ; 13R-372-74 427.02 2.120 2121 1.000
Figure 60. Compar! son of GR_APE bulk density (line) with discrete measure- 13R5 94.96 43024 5050 1990 1030
ments of bulk density (open circles) for Hole 1050C. 15R-1 86-88 443.46 1.985 2.025 0.980
15R-3 76-78 446.36 2.189 2.085 1.050
15R-5 55-57 449.15 2.058 2.069 0.995
17R-176-78 462.56 2.080 2.044 1.018
17R-7 104-106 470.49 2.064 2.045 1.009
A B Lithologic 18R-1 31-33 471.71 2.430 2.284 1.064
Unit 18R-3 37-39 474.77 2.223 2.079 1.069
300_|||||||||||||||||||||||||||_ TTIT[TTIT[TIITTTIT[TITI[TTT1] 18R-521-23 477.61 2.376 2.289 1.038
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a0l e 1 c 1 21R-2 47-49 502.17 2.314 2218 1.043
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- A 1 F 1ve 21R-2130.2-1322 503.00 2.261
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B C N R ] C I 21R-7 81.2-83.2 509.11 2416
s - s * - - 41vC 22R-1 40-42 510.20 2.447 2.319 1.055
% 500 . i V2 23R-188-90 520.28 2511 2423 1.036
a - <3 4 F B 23R-7 60-62 529.00 2.342 2.176 1.077
- w 1 T via 24R-143-45 529.53 2.298 2,071 1110
L .o * . - i 24R-312-14 531.58 2473 2.326 1.063
550 |— P ] — 1| 25R-194-96 539.64 2.163 2,018 1.072
C o° ] C ] 25R-371-73 542.41 2221 2.077 1.069
- . 1 r — 26R-111-13 548.51 2.184 2.118 1.031
600 % J c Jvie 26R-3131-133 552.71 2.297 2199 1.044
o 4 F E 26R-4 147-149 554.37 2.375 2.380 0.998
C 1 a 27R-178-80 558.78 2111
[l | AN RN A N RN N FETE AR R AT [AERANRRRI RRRE] INARIANRRANRENT %;s:igé:% ggggg igég 1953 1036
1.701.902.102.302.502.702.903.10 0.700.80 0.90 1.00 1.10 1.20 1.30 28R-4 45-47 572.55 1973 1.948 1.013
Transverse (V,) P-wave velocity (km/s) Acoustic Anisotropy (V,/V,) 29R-4 70-72 582.40 2.005 1.985 1.010
30R-472-74 592.02 2.013
Figure 61. A. Discrete transverse P-wave vel ocity measured perpendicular to 80R-CC 14-16 595.75 2027

the split-core surface (x-direction) for Hole 1050C. B. Acoustic anisotropy

(x-direction/z-direction) for Hole 1050C. The z-direction is oriented parallel Note: Where no values are reported, data are absent.
to the core axis. Lithologic units (see “Lithostratigraphy” section, this chay

ter) are included for comparative purposes.
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Figure 62. Comparison of discrete transverse P-wave velocity and discrete bulk density for Hole 1050C. The P-wave velocity values are uncorrected for in situ

pressure and temperature conditions.

Table 44. Thetime schedule for logging operationsin Hole 1050C, including a list of the tools used during each logging run.

Time

Operations

12 February 1997

04:20
05:23
05:27
05:53
05:56
06:53
07:06
08:30
09:00
09:25
10:34
12:10
12:32
13:47
13:57
14:46
15:.00
15:15
16:30
16:57
18:38
18:40
18:48
19:07
20:30

Triple combo assembled and prepared for logging.

Run in hole with triple combo.

Stop at mudline to equilibrate TLT.

Run down to bottom of hole (606 mbsf).

Stop at bottom of hole to equilibrate TLT.

Begin logging first upward pass (597-0 mbsf) at 1800 ft/hr.

Enter pipe (105 mbsf).

Drop back down into hole and log repeat section (262-144 mbsf).
Triple combo pulled out of pipe, disassembled, and removed from rig floor.
FMS-SDT assembled and prepared for logging.

Run in hole with FMS-SDT.

Begin logging first upward pass (599.3-97 mbsf) at 900 ft/hr.

Finish first pass.

Drop back down to bottom and log repeat interval (598.3-261 mbsf).
Finish logging interval.

Enter pipe.

FMS-SDT pulled out of pipe, disassembled, and removed from rig floor.
GHMT assembled and prepared for logging.

Run in hole with GHMT.

Exit pipe and run down to bottom of hole (597.1 mbsf).

Begin logging first upward pass (597.1-97 mbsf) at 900 ft/hr.

Enter pipe.

Drop back down into hole for repeat interval.

Start repeat section (260-213.5 mbsf).

GHMT pulled out of pipe, disassembled, and removed from rig floor.
Rig-down finished.

Notes: Drillerstotal depth = 2914 mbrf (606 mbsf). Water depth = 2308 mbrf.
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Figure 63. Spectral natural gamma-ray results, using the NGT tool on the triple-combo tool string for the interval 100,-608 enlitfologic summary col-
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umn for Site 1050 (see “Lithostratigraphy” section, this chapter).
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Figure 64. Summary of key geophysical logs acquired with the triple-combo tool string. From left to right, the tracks are the natural gammaray and caliper, bulk
density (RHOB) and photoelectric effect (PEF), porosity (APLC), and shallow (SFLU) and deep resistivity (IDPH).
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Figure 65. Selected downhole logs from the GHMT tool string for the interval 100-606 mbsf in Hole 1050C. From left te tiglckstare magnetic suscep-
tibility (MAGS), low-resolution susceptibility (RMSG), Earth’s magnetic field (MAGB), and Earth’s conductivity (MAGC). Thiépggits are discussed in
the “Downhole Logging” section (this chapter); the lithologic units and ages are discussed in the “Lithostratigraphyttaeatiap(er).
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Figure 66. Identification of clay minerals as a function of thorium and potassium concentrations in Hole 1050C, as recorded by the NGT. Graph modified after

Quirein et al. (1982).
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Figure 67. Comparison of short-spacing (DT) and
long-spacing (DTL) sonic logs for Hole 1050C. 600 —
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Figure 68. Comparison of log magnetic susceptibil-

ity data and discrete core measurements (MST; see
“Physical Properties” section, this chapter). The dif-
ferences between the data sets are real and reflect
changes in the internal tool temperature as the tool
warms in the borehole, an effect that can be cor-
rected after processing.
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