
12. SITE 313: MID-PACIFIC MOUNTAINS

The Shipboard Scientific Party1

SITE DATA

Date Occupied: 3 October 1973 (1133)

Date Departed: 6 October 1973 (1815)

Time on Site: 78.7 hours

Position: 20°10.52'N, 170°57.15'W

Water Depth: 3484 corrected meters (echo sounding)

Bottom Felt With Drill Pipe At: 3492 meters below rig floor

Penetration: 606 meters

Number of Holes: 1

Number of Cores: 44

Total Length of Cored Section: 394.5 meters

Total Core Recovered: 220.5 meters

BACKGROUND AND OBJECTIVES

After more than a day at Site 312 of waiting for the
swell and seas to subside, with no more of the drill string
but the bottom-hole assembly hanging below the rig
floor, it became apparent that not enough drilling time
remained on Leg 32 for us to reach our objective of
dating the crust at anomaly M-2. Also, because of the
great depth of water and the near certainty that there
would be slow drilling and coring in the cherts and tur-
bidites expected, we expected no more than a marginal
chance for enough time to attain our secondary objec-
tives of recording the equatorial passage of the Pacific
plate or of recovering many cores for biostratigraphic
and sedimentological study. In fact, it was possible that
the usual shallow subbottom reflector shown on the 12-
kHz record would prohibit our spudding in at all, even
though the airgun record showed less shallow reflectors
there than at any other place along our track. A 3.5-kHz
profiler would have been very useful for comparison of
the uppermost acoustic reflectors present at Site 311 ver-
sus Site 312.

'Roger L. Larson, Lamont-Doherty Geological Observatory,
Palisades, New York (Co-chief scientist); Ralph Moberly, Hawaii
Institute of Geophysics, Honolulu, Hawaii (Co-chief scientist); David
Bukry, U.S. Geological Survey, La Jolla, California; Helen P. Fore-
man, Oberlin College, Oberlin, Ohio; James V. Gardner, Scripps Insti-
tution of Oceanography, La Jolla, California; John B. Keene, Scripps
Institution of Oceanography, La Jolla, California; Yves Lancelot,
Lamont-Doherty Geological Observatory, Palisades, New York;
Hanspeter Luterbacher, Esso Production Research—European,
Begles, France; Monte C. Marshall, U. S. Geological Survey, Menlo
Park, California; Albert Matter, Universitat Bern, Bern, Switzerland.
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So we were faced with the problem of how best to
utilize the 4 days of drilling time remaining. A conversa-
tion with staff at DSDP headquarters indicated that
although a 2-day early arrival in Honolulu could be used
effectively in the shipyard, any earlier arrival could not
be so used. Because Leg 32 had expected to end at
Midway Islands and was only changed to Honolulu
shortly before departure, and because our high priority
sites in the western Pacific were expected to take all of
our scheduled time, we had not selected any contingency
sites between Midway and Honolulu. We did not have
enough time to drill the first site of Leg 33, near Johns-
ton Island, as it was to be continuously cored in deep
water and needed some additional travel time to reach
it.

We had four general possibilities for sites: (1) deep-
water sites north or south of the Hawaiian Archipelago,
(2) shallow to deep sites along the Hawaiian Ridge, (3)
shallow to deep sites along the northeastern Mid-Pacific
Mountains, and (4) shallow sites along Necker Ridge.
Factors such as the expected poor preservation of fos-
sils, the time of wire-line trips for retrieving cores, and
the fact that there would be no magnetic anomalies for
extending a basement date to other areas caused us to
reject deep-water sites. The general theme of Leg 32,
Mesozoic history, argued against any Hawaiian site,
which would be virtually certain to be mainly Neogene
detritus over sparsely fossiliferous Mesozoic. The shal-
low depth, tectonic interest, and position on our direct
route made Necker Ridge attractive, but it lacked much
sediment. The Mid-Pacific Mountains had been drilled
at Horizon Guyot (Site 171), but the pre-Maestrichtian
record there contained considerable volcanic material,
including a lava flow, and a friable shallow-water
calcarenite that could not be well dated.

In view of the overall leg objectives, we decided to
drill a site in the Mid-Pacific Mountains, concentrating
our coring effort on the pre-Maestrichtian section. Site
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SITE 313

171 was at 2300 meters depth, and we wanted a some-
what deeper site that could be expected to have plank-
tonic fossils to record its earlier history. A deeper site
might allow us to reach the broad, irregular basement
ridge on which the seamounts and guyots of the Mid-
Pacific Mountains sit. Besides these Mesozoic interests,
we intended to sample the Paleogene. In Core 9 of Site
171, middle Eocene lies unconformably on mid-
Maestrichtian, but a site in a basin might preserve the
Paleogene.

A basin a few tens of km in diameter lies near 20°N,
171 °W with its floor near 3500 meters. It is surrounded
on the south and east by seamounts, perhaps guyots,
that rise to 1200 meters, and on the west by one that
rises to 2000 meters. The basin appears to be open to the
north, at 3750 meters depth. Tracks of the Scripps Insti-
tution of Oceanography expeditions Circe and Scan, as
well as Glomar Challenger Leg 6, cross the basin. We
chose a site (Figure 1) at 1700 on 17 May 1969 of the
Scan-3 track as being most likely to meet our objectives
within the time available.

OPERATIONS
After abandoning Site 312 because there was not

enough time remaining to achieve the primary objective
at that location, we steamed east-southeast to a shallow-
water site at the northern edge of the Mid-Pacific Moun-
tains. This is a valley between several volcanic peaks
that holds 0.5 sec of relatively flat-lying sediments. We
aimed for 20° 11.7'N, 170°58.1'W, which was crossed by
the Argo on expedition Scan at 1730, 17 May 1969. As
our approach was along an azimuth close to that of the

Scan line, we did not feel a detailed survey of the site was
necessary. At 1030Z, 3 October 1973, we crossed the
potential site location in the middle of the basin. We
continued beyond the site until 1105Z, when we made a
wide turn to port to reverse course and take us back to
the center of the basin. At 1124Z we slowed to 5 knots in
preparation for the beacon drop (Figures 2 and 3). At
1133Z on 3 October 1973, we dropped a presoaked
beacon on the run in 1862 uncorrected fm (3494 m, cor-
rected to the rig floor). At about 1200Z we began to run
in pipe in a calm sea with a light breeze.

A sonobuoy was run on station on 6 October 1973.
We left Site 313 by heading slowly west-southwest,

streaming the running gear, turning, and coming back
across the site heading east-northeast for Honolulu (Fig-
ure 3).

We reached the sea floor with the drilling assembly 8
hr after starting to run in pipe at this site. An indication
of bottom contact occurred at 3492 meters, 2 meters
above the corrected PDR depth. An 8.5-meter core was
cut that contained 8.0 meters of sediment. The sediment
at the sea floor proved to be soft, and we spudded in the
drilling assembly with no problems. For each four
lengths of drill pipe, we drilled three and cored the
fourth down to 150 meters where we encountered the
Eocene with Core 5. From 150 to 250 meters were con-
tinuously cored in an attempt to recover all of the
Eocene-Paleocene sediment at this site. When the
Maestrichtian was encountered in Core 15 at 240
meters, we began to recover every other core, as the
Maestrichtian to Campanian is known for this area
from Horizon Guyot. Cores 15 through 19 are all in the
same Maestrichtian zone, so we began coring every
fourth length of drill pipe with Core 20. This was con-
tinued until Core 22, which encountered a very hard
layer at 398 meters. We recovered a partial Core 22 that
consisted of calcareous Porcellanite. The formation be-
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Figure 1. Bathymetry in me region of Site 313 (after Chase
et al, 1971). Contour interval 200 fm uncorrected.

Figure 2. Track chart in vicinity of Site 313. Navigation
points indicated by open circles and annotated time/day -
month.
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Figure 3. Seismic profiler sections approaching and leaving Site 313.
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neath also appeared to be well lithified, so we began
continuous coring at 398 meters. This was continued to
the bottom of the hole at 606 meters through a sequence
of late Campanian volcanic and calcareous turbidites.
This formation was well lithified and stood up well dur-
ing the coring process, so that about 50% of it was re-
covered. We had trouble several times around Core 30
pulling the inner core barrel free from the drilling as-
sembly. The overshot would hook onto the core barrel
with no problem, but several 10,000-lb tugs would then
be necessary to start the core barrel up the pipe. The
cause of this trouble was not discovered.

Basalt that we assume to be basement was recovered
in Cores 43 and 44. There was not a distinct break in the
drilling rate to indicate the basement contact, although
the last half of Core 43 drilled more slowly and with
more vibration than the first half. The last 3 meters of
Core 44 drilled through very quickly as though we had
punched through the bottom of a sill or flow. Nothing
but basalt was recovered, although this could have re-
sulted from excessive pump pressure washing away a
softer, underlying formation. The textural character-
istics of the lower recovered portion of Core 44 will be
examined closely to determine if the material is intru-
sive or extrusive. A summary of the coring data appears
in Table 1.

LITHOLOGIC SUMMARY

The stratigraphic section drilled at Site 313 was con-
tinuously cored for the intervals 149.5 to 251 meters
(Cores 5 through 16) and 397 to 606 meters (Cores 22

through 44), and intermittently cored at other intervals.
At 594 meters (Core 43) basalt was encountered and the
hole was terminated in basalt at 606 meters (Core 44).
The water depth at this site was 3492 meters.

The recovery was relatively good in all cores with the
exception of Cores 6, 8, 10, 11, and 14 wherein mainly
chert fragments were recovered.

The composition of selected lithologies is shown in
the smear slide summary (Table 2).

The section can be divided into two sedimentary units
overlying an igneous unit.

Unit 1 —Foram-nanno ooze becoming chalk and con-
taining chert below 149.5 meters (Core 5) and with
minor amounts of radiolarian-nanno ooze and zeolitic-
nanno ooze (mostly turbidites) (Cores 1 through 22, 0-
400 m).

Unit 2—Foram-nanno limestone, calcareous volcanic
sandstone, siltstone, and breccia and calcareous
claystone (turbidite sequence) (Cores 23 through 42,
400-594 m).

Unit 3—Basalt (Cores 43 and 44, 594-606 m).

Unit 1—Ooze, Chalk, and Chert (Cores 1 through 22)
This unit extends from the ocean floor down to a

depth of 400 meters where the first greenish-black
volcanic sandstone was recovered.

Core 1 (0-8 m) contained a yellowish-brown zeolitic
nanno ooze and, although badly disturbed by drilling,
some deposition by turbidites can be recognized. There
are minor layers (<IO cm) of foram-nanno ooze and
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TABLE 1
Coring Summary

Core

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

Total

Date
(Oct.
1973)

3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
5
5
5
5
5
5
5
5
5
5
5
5
5
6
6
6
6
6

Time

0930
1045
1235
1405
1525
1735
1910
2045
2205
2320
0040
0150
0255
0410
0520
0630
0745
0900
1010
1150
1350
1545
1730
1930
2110
2240
0040
0230
0400
0645
0845
1030
1205
1340
1540
1710
1855
2055
2230
0010
0220
0415
0605
0815

Depth From
Drill Floor

(m)

3492.0-3500.0
3527.5-3537.0
3565.5-3575.0
3603.5-3613.0
3641.5-3651.0
3651.0-3660.0
3660.0-3669.0
3669.0-3678.5
3678.5-3681.0
3681.0-3687.5
3687.5-3697.0
3697.0-3706.0
3706.0-3715.0
3715.0-3724.5
3724.5-3734.0
3734.0-3743.0
3752.5-3762.0
3771.5-3781.0
3790.5-3800.0
3828.5-3838.0
3866.5-3876.0
3889.0-3892.0
3892.0-3901.5
3901.5-3911.0
3911.0-3920.5
3920.5-3930.0
3930.0-3939.5
3939.5-3949.0
3949.0-3958.0
3958.0-3967.5
3967.5-3977.0
3977.0-3986.5
3986.5-3996.0
3996.04005.5
4005.5-4015.0
4015.04024.5
4024.54034.0
4034.04043.0
4043.04052.0
4052.04061.0
4061.04070.5
4070.54080.0
4080.04089.0
4089.04098.0

Depth Below
Sea Floor

(m)

0.0-8.0
35.545.0
73.5-83.0

111.5-121.0
149.5-159.0
159.0-168.0
168.0-177.0
177.0-186.5
186.5-189.0
189.0-195.5
195.5-205.0
205.0-214.0
214.0-223.0
223.0-232.5
232.5-242.0
242.0-251.0
260.5-270.0
279.5-289.0
298.5-308.0
336.5-346.0
374.5-384.0
397.0400.0
400.0409.5
409.5419.0
419.0428.5
428.5438.0
438.0447.5
447.5457.0
457.0466.0
466.0475.5
475.5485.0
485.0494.5
494.5-504.0
504.0-513.5
513.5-523.0
523.0-532.5
532.5-542.0
542.0-551.0
551.0-560.0
560.0-569.0
569.0-578.5
578.5-588.0
588.0-597.0
597.0-606.0

Length
Cored
(m)

8.0
9.5
9.5
9.5
9.5
9.0
9.0
9.5
2.5
6.5
9.5
9.0
9.0
9.5
9.5
9.0
9.5
9.5
9.5
9.5
9.5
3.0
9.5
9.5
9.5
9.5
9.5
9.5
9.0
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.5
9.0
9.0
9.0
9.5
9.5
9.0
9.0

394.5

Length
Recovered

(m)

8.0
3.5
8.8
8.9
9.5
0.3
8.1
0.1
0.9
0.1
0.1
6.5
9.5
0.1
5.5
7.0
6.5
7.6
9.5
3.9
7.5
3.0
0.5
7.6
5.1
1.9
3.1
5.0
5.2
4.4
6.6
4.1
2.8
4.7
7.2
6.1
9.5
4.5
5.2
4.5
6.6
4.5
1.9
4.6

220.5

Recovery
(%)

100
37
93
94

100
3

90
1

36
1
1

72
105

1
58
78
68
79

100
41
79

100
5

80
54
20
33
53
58
46
69
43
29
49
76
64

100
50
58
50
69
47
21
51

55.9

these are a paler shade of color. The zeolite phillipsite is
common in the finer darker layers and is often twinned,
although the crystal outline is' ragged. Individual cry-
stals are generally less than 50 µm.

In Core 2 (35.5-45 m) radiolarians become abundant
below Section 3 and the nanno ooze becomes a radio-
larian nanno ooze. In Cores 3 and 4 (73.5-83 m, 111.5-
121 m) nanno ooze again becomes the dominant lithol-
ogy

The first chert and chalk were recovered from the up-
per part of Core 5 (149.5-159 m). The chert was banded
(3-4 mm) brown and gray, vitreous, and with conchoidal
fractures. The rounded surfaces on the chert with at-

tached calcareous material indicate its nodular nature.
The nanno chalk in Core 5 contained a minor amount of
volcanic sand-size material, was cross-bedded and
laminated, and represented part of a turbidite. Bio-
turbation is common in the chalk layers which are inter-
bedded with softer nanno ooze. Interbedded nanno ooze
and chalk also occur in Core 6 (159-168 m). In Core 5 a
zeolite (clinoptilolite) occurs in darker layers as clear
prismatic crystals (30-40 µm).

The remainder of the first continuously cored interval
(Cores 7 through 16) consisted of a foram-nanno chalk
(Cores 7 and 8) with minor chert, radiolarian foram-
nanno chalk with rare chert (Cores 9 through 14) and
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TABLE 2
Smear Slide Summary, Site 313

KEV RARE <5 % I
COMMON 5 • 25
ABUNDANT 25 • 75

•" DOMINANT 75 100 I

EXOGENIC AUTHIGENIC-DIAGENETIC | BIOGENIC
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TABLE 2 - Continued
K E Y RARE <5 % •

COMMON 5 25
ABUNDANT 25 75
DOMINANT 75 - 100 I

EXOGENIC AUTHIGENIC-DIAGENETIC BIOGENIC

foram-nanno chalk with minor chert (Cores 15 and 16).
This lower lithology continues in the discontinuously
sampled interval down to the base of Unit 1 in Core 22.

The entire unit is mainly turbidite deposits with minor
pelagic deposition and diagenetic chert as nodules and
lenses. Due to severe drilling disturbance, it is rare to
find a complete turbidite.

Radiolarians are abundant in the lower part of the
Cenozoic (Cores 9 through 13) and consist of amor-
phous opal. In contrast, foraminifera are common
throughout the unit.

Cores 17, 18, and 20 contain layers of calcareous
Porcellanite (recrystallized calcite and opal-CT) and the
lithification has preserved microfaulting and burrowing.
The faulting is probably due to slumping or compaction.

Below Core 20, Section 1, the amount of calcareous
Porcellanite recovered increases, and it is generally
laminated with occasional burrows. The sharp contact
between calcareous Porcellanite and the underlying
volcanic sandstone was sampled in Core 23, Section 1.

Unit 2—Volcanic Sandstone, Limestone
(Cores 23 through 42)

This unit commenced just below the hard drilling (398
m) at 400 meters where the uppermost limestone and
volcanic sandstone was encountered and continued
down to the basalt of Unit 3.

The unit consists of turbidite and slump deposits of
varying thickness (up to 4 m) and clast size (up to 10
cm). The turbidite layers consist of graded volcanic
sandstone overlain by laminated volcanic siltstone,
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cross-bedded calcareous siltstone, laminated foram-
nanno limestone and bioturbated limestone. Claystone
and breccia are also present. The volcanic sandstone is
generally green whereas the limestone is shades of gray.
All the volcanic sandstone is calcareous; however, below
Core 34 the volcanic sandstone does become less cal-
careous and the limestone contains fewer clay minerals.
The volcanic material is palagonite, angular fragments
of basalt, pyroxene, and feldspar and is now cemented
with zeolite, green clay (nontronite, celadonite) and
minor calcite. The clastic material is poorly sorted.

Because the unit is lithified, the drilling has not dis-
turbed the sedimentary structures; however, some softer
layers may have been washed completely away.

A good example of sedimentary structures occurs in
Core 24, Section 3, where thin beds (2-4 cm) are tightly
but irregularly folded due to penecontemporaneous
deformation whereas adjacent laminae in the same sam-
ple are undeformed. This type of deformation is com-
mon in the silt- and clay-sized laminae in the upper part
of the turbidites throughout the unit. Burrowing, both
horizontal and vertical, has partly or completely de-
stroyed the laminations in the upper limestone part of
the turbidites. Part of this burrowed limestone may
represent pelagic deposition between turbidite flows.
Many of the burrows contain chevron-like structures
(zoophycus).

In Core 26 a breccia was sampled and shows evidence
of a slump- or mudflow-type of origin. The bed is ap-
proximately 4 meters thick and consists of angular,
rounded, and elongate lithic fragments (basalt, volcanic
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sandstone, claystone, limestone) varying in size up to
several centimeters, with a finer-grained calcareous
matrix composing more than 60% of the rock. Further
evidence of massive displacement is flow lines around
clasts and injection of brecciated dikes into the upper
part of the bed.

The bedding planes throughout this unit are generally
sharp, but are not always at right angles to the core axis.
Some are inclined up to 10°, or even more where slump-
ing has occurred. Bedding-plane structures are well pre-
served in Core 30, Section 1, and include load casts,
groove casts, and ripple marks.

No chert was recovered in this unit until Core 38, Sec-
tion 1, where irregular patches and laminae (1-2 cm) of
pale brown chert occur in nanno-limestone. Similar
laminae of porcellaneous chert occurred in Core 38, Sec-
tion 2, and Core 42, Section 1. Throughout the unit
radiolarians are rare or absent, however, they are com-
mon above the chert in Cores 34 through 37 where they
are found in the volcanic sandstone and still consist of
amorphous opal.

In Core 41, Section 3, there is a gradational change
over a few centimeters of the color of the volcanic sand-
stone and breccia from a dark greenish-gray to dusky
yellow. This color continues for over a meter and then
reverts to greenish-gray. The lithology remains the
same, and the different color probably reflects the oxi-
dation state of the iron, with the dusky yellow layer be-
ing Fe3+-rich. Below this layer the limestone also
changes color to very pale orange and near the base of
the unit contains dolomite rhombs (<IOO µm). Brown
volcanic glass of sand size forms black layers less than 5
cm thick in this limestone (Core 41, Section 5, and Core
42, Section 2).

Unit 3—Fine-grained Basalt (Cores 43 and 44)

This unit consists of fine-grained, nonporphyritic,
alkali basalt. The contact between the basalt and the
overlying sediments was not recovered; neither were any
glassy selvages recovered. The basalt in Core 43 is
moderately highly fractured (fracture spacing about 2
cm). The fractures are filled with zeolite and calcite. The
original lava evidently had a high volatile content as the
basalt contains about 15% vesicles that are less than 1
mm diameter, as well as some larger ones up to 2 cm in
diameter. The vesicles are filled with montmorillonite,
calcite, and most commonly, zeolite. Cream-colored
zeolite fills the smaller vugs, forming amygdules, and
clear, drusy crystals of zeolite line the larger cavities.
The basalt is generally a medium dark gray, but it has a
brown color at the top and at two places in Core 43, Sec-
tion 2. Much of the basalt in Core 44, Section 3 (the base
of the recovered basalt) is also brownish gray. The
basalt at the top of the recovered interval and the brown
basalt in Core 43, Section 2, also appear to be finer
grained than the rest of the basalt.

In thin section the basalt is seen to have an intersertal
texture of Plagioclase laths (50 × 400 µm) and brown,
titanoaugite prisms (40 × 150 µm). The cores of the
Plagioclase laths are altered to zeolite and the ground-
mass is more or less altered to montmorillonite, es-
pecially in the basalt of Core 43. The pyroxene is usually

fairly fresh. The brown color is seen to be due to clouds
of minute, yellow-red granules (goethite?). The grain
size in the topmost basalt and the brown basalt in Core
43, Section 2 is slightly less than in the rest of the inter-
val. However, the fine-grained appearance of the brown
basalt of Core 43, Section 2 is at least partially due to the
smallness of its vesicles and because the alteration here
is so extensive that the pyroxene is largely altered to
clay. While not nearly as conclusive as the varioles
found in the basalts of previous sites, the somewhat
smaller grain size and greater degree of alteration at the
two depths in Core 43, Section 2 do suggest the proximi-
ty of cooling unit margins.

Conclusions

The hole was drilled in a sediment-filled basin sur-
rounded on the east, south, and west by volcanic highs
representing part of the Mid-Pacific Mountains. The
nearest guyot is less than 50 km away from the site.

The basal sedimentary unit represents a time of rapid
deposition by turbidity currents and gravity slides from
the nearby volcanic mountains. There is no evidence of
shallow-water detritus so it is assumed that the source
areas for the sediment remained well below sea level.
The mountains provided the basaltic volcanic detritus
and calcareous material for the turbidites. Intervening
quiet periods allowed some pelagic carbonate deposition
and burrowing to occur. Because of its smaller grain
size, the carbonate that was transported by the turbidity
currents forms the upper parts of most turbidites. The
turbidites vary in thickness and lithology, some being
more calcareous than others. Generally this reflects the
flow regime of the particular turbidite at that location.

As the basin filled and the supply of volcanic detritus
decreased, a more calcareous facies developed consisting
of turbidite and pelagic deposition.

Lithification begins in the carbonate in Core 5 (149.5
m) and increases down the hole. Diagenetic dolomite
rhombs occur in limestone at the base of the hole.

The lack of chert in Unit 2 is probably due to the
absence of siliceous microfossils and the nature of the
facies. Where radiolarians do occur in this unit they still
exist as opal-A.

The cement in the volcanic sandstone (Unit 2) consists
of radiating sheaves of zeolite (phillipsite) and green clay
(celadonite, nontronite) formed from the alteration of
the volcanic glass and palagonite.

Unfortunately, no sediment-basalt contact was re-
covered to provide evidence as to whether the basalt of
Unit 3 is extrusive or intrusive. The very fine grain size
throughout the 6 meters of basalt, as well as the possi-
bility of multiple cooling units, suggest that the basalt is
extrusive. The presence of titanoaugite indicates that the
basalt is alkalic, suggesting that it is neither part of the
ridge-generated oceanic crust nor part of the early
archipelagic apron, but instead formed somewhat late in
the development of the nearby seamounts.

GEOCHEMICAL MEASUREMENTS
Alkalinity, pH, and salinity measurements for Site 313

are summarized in Table 3 and presented graphically in
Figure 4. The sediments were squeezed at 4°C to obtain
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TABLE 3
Summary of Shipboard Geochemical Data

Sample
(Interval in cm)

Depth Below
Sea Floor (m)

PH
Punch- Flow-

in through
Alkalinity
(meq/kg)

Salinity
(7 o)

Remarks
(Combination
Electrode pH)

Surface Seawater
1-5, 144-150
2-2, 144-150
3-2, 144-150
4-1, 144-150
5-6, 144-150
7-6, 144-150
124, 144-150
174, 144-150
20-2, 144-150
24-4, 0-6
29-3, 144-150
35-3, 144-150

Punch-in Flow-thru Combination

pH pH pH

7 8 7 8 0

7.5
38.5
76.5

113.0
158.5
177.0
211.0
266.5
339.5
415.5
461.5
518.0

Alkalinity
(meq/kg)

1 2 3

8.20
7.66
7.52
7.66
7.60
7.69
7.67
7.66

—
7.57

_
_
-

S a l i n i t y ( ° / O 0 )

33 34 35 36

8.28
7.57
7.57
7.52
7.57
7.55
7.56
7.50
7.47
7.43
8.48
8.20
8.34

2.33
2.58
2.47
2.59
2.60
2.76
2.78
2.71
2.50
1.51
0.23
0.23
0.29

quence and
meq/kg).

35.5
35.0
35.8
35.5
35.5
35.5
35.5
35.8
35.5
35.4
34.4
34.1
34.4

the alkalinity

8.32
7.73
7.61
7.70
7.66
7.66
7.65
7.61
7.54
7.51

_
_
-

values are e

Figure 4. Graphic summary of geochemical data taken at
Site 313.

the interstitial water. Twelve interstitial water samples
down to 518 meters (depth subbottom) were collected.
Below this depth the sediment was too lithified for
squeezing.

Alkalinity

Alkalinity gradually increases with depth to a max-
imum measured value of 2.78 meq/kg at 177 meters and
then decreases to 1.51 meq/kg at 339.5 meters. These
values are in carbonate ooze and chalk. Below 339.5
meters samples were taken from a volcanic turbidite se-

pH
The pH of the interstitial water is less than seawater

for all samples in the carbonate section (Unit 1, 0-400
m). Within the volcanic turbidite section (Unit 2, 400-
518 m) the pH varies from 8.20 to 8.48.

Salinity
The salinity of the interstitial water ranges from

34.1°/oo near the base of the hole to 35.8 °/oo in the upper
carbonate section. The surface seawater salinity is
35.5°/oo.

PHYSICAL PROPERTIES

Wet Bulk Density and Porosity of Soft Sediments
The wet bulk density of the soft, moderately intensely

disturbed calcareous oozes and semilithified chalks was
measured with the GRAPE. In general, Sections 2 and 5
of cores were measured. The density increases from 1.5
g/cc in the surface ooze to 1.8 g/cc in the chalk at 150
meters (Core 5). The density then decreases with depth
to 1.6 g/cc in the chalk at 220 meters (Core 13),
whereupon it resumes its increase with depth, reaching a
density of about 1.9 g/cc in the chalk at 270 meters
(Core 17). The syringe data from the calcareous ooze
show that the wet bulk density increase with depth is due
to a decrease in porosity from 70% at the surface to
about 55% at 120 meters (Core 4). The syringe data from
the chalks are limited to Core 5. Some of the wet bulk
density variation with depth in the chalks may be due to
mineralogic changes, such as varying amounts of sili-
ceous components, but most of the variation is prob-
ably due to porosity changes. Therefore, the porosity of
the chalks increases from 55% in Core 5 to 65% in Core
13 and then decreases to about 45% in Core 17.

Sonic Velocity
The sonic velocity, Vp, of the calcareous sediment and

rocks increases with lithification. The Vp of the
calcareous ooze is 1.5 km/sec, that of the chalk is 1.7
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km/sec, and the Vp of the limestone ranges from 1.8 to
3.9 km/sec (the average Vp is 2.6 km/sec). The sonic
velocity of the volcanic sandstones ranges from 2.0 to
3.2 km/sec (the average Vp is 2.6 km/sec). The
Porcellanite in Core 21 has a Vp of 2.1 km/sec, whereas
the Vp of the chert in Core 10 is, characteristically, 5.0
km/sec. The velocity of the basalt increases from 3.7
km/sec in the altered top to 5.2 km/sec in the dense,
relatively unaltered interior, and then decreases to 4.6
km/sec in the altered, basal portion. Although the Vp
of both the limestone and volcanic sandstone varies
widely, the data suggest a general increase in Vp with
depth. The average Vp is 1.5 km/sec at the surface, 1.6
km/sec at 150 meters, 2.0 km/sec at 300 meters, 2.5
km/sec at 450 meters, and 3.0 km/sec at 590 meters.

CORRELATION OF SEISMIC PROFILES
WITH DRILLING RESULTS

The seismic reflection profile recorded while ap-
proaching the site (Figure 3) shows essentially two sub-
bottom reflectors at about 0.22 and 0.40 sec. The latter
was believed to be the regional acoustic basement until a
lower reflection was observed at about 0.55 sec while on
our final approach to the site at a slow speed. The
presence of this reflector was confirmed later, when a
sonobuoy record was obtained while on site. It probably
represents the regional acoustic basement.

The first subbottom reflector, at 0.22 sec, is believed
to correlate with a hard layer recorded by the driller at
188 meters. No definite change can be observed at this
level in the lithology of the sediments, although the
chalk appears to be consistently more lithified from
Core 9 (186.5-189 m) down. This correlation gives an in-
terval velocity of 1.7 km/sec for the uppermost interval
of the section. This velocity seems reasonable as the
sediment is dominantly calcareous ooze with some chert
and chalk in the lower 40 meters of the interval.

The correlation between the second reflector, at 0.40
sec, and the lithology is rather well established and sup-
ported by both a lithological change (top of the lime-
stone sequence) and the presence of very hard layers re-
corded by the driller at 398 meters. The interval velocity
computed for the chalk and chert interval lying between
188 meters and 398 meters is therefore 2.3 km/sec.

Basalt was reached at 594 meters and it certainly cor-
responds with the lowermost reflector. The interval
velocity obtained for the sequence of limestones and
well-lithified volcanic detritus found above the base-
ment reaches 2.6 km/sec. All the computed interval
velocities show a generally good agreement with the
velocities measured directly on the sediments.

Figure 5 summarizes these correlations.

BIOSTRATIGRAPHIC SUMMARY
Coccoliths and foraminifers are present through most

of the Cenozoic section of Cores 1 to 14 (0-233 m).
Radiolaria are present in Quaternary Core 1, Miocene
Core 2, and early Eocene Cores 9, 12, and 13, but are
missing in middle Eocene to Oligocene Cores 3 to 8.
Continuous coring of the Cenozoic was done in the
Paleocene to Eocene section from Cores 5 to 14 (150-233
m). Warm-water zonal assemblages are indicated
throughout by the abundant occurrence of discoasters.

Reworked older fossils are prominent in the Quater-
nary, middle Miocene, and middle to late Eocene.

Coccoliths are abundant with moderate to poor
preservation throughout the Mesozoic section
(Maestrichtian-Campanian) Cores 51 to 42. Forami-
nifera are diversified and well preserved in Cores 15
through 19 (Maestrichtian), but fewer and less well pre-
served in Cores 20 through 42. In contrast, Radiolaria
are almost entirely lacking in Cores 15 through 19 and
33 through 36 and generally few to rare with poor to
moderate preservation in the remaining cores.

On the basis of the coccoliths, Cores 20 to 40 are
assigned to the late Campanian and early Maestrichtian
Tetralithus trifldus Zone and Cores 41 and 42 to the sub-
jacent Campanian Broinsonia parca Zone. According to
the foraminifera, the presence of Globotruncana cal-
carata in Core 24 indicates the top of the Campanian.

The nominal age of the oldest sediment above basalt
is late Campanian (76 ±5 m.y.).

Foraminifera

Cenozoic
Core 1 contains a mixed assemblage of Quaternary to

late Miocene planktonic foraminifera which are partial-
ly dissolved. Middle Miocene assemblages with re-
worked early Eocene and Campanian to Maestrichtian
planktonic foraminifera are found in Core 2.

The core-catcher samples of Cores 3 and 5 contain a
nondiverse late Oligocene fauna. Core 3 is assigned to
Zone P21 and Core 4 to Zones P20-P19.

Cores 5 to 7 are attributed to the upper part of the
middle Eocene. The microfaunas are rather poor and
badly preserved and are therefore not attributed to a
definite zone. A sample from the core catcher of Core 8
is barren.

The two samples examined from Core 9 are domi-
nated by Radiolaria. The few planktonic foraminifera
are poorly preserved, but indicate nevertheless the
Globorotalia aragonensis Zone (upper part of early
Eocene).

No washed residues could be obtained from Cores 10
and 11.

Cores 12 and 13 are placed into the early Eocene
Globorotalia subbotinae Zone. Almost all washed resi-
dues are very rich in Radiolaria.

A thin section made from the chert recovered in Core
14 contains no forms suitable for an age determination.

Mesozoic
Rich and well-preserved microfaunas of Maestrich-

tian age are found in Cores 15 to 19. Starting with Core
20, the number of planktonic foraminifera decreases and
their preservation becomes rather poor. Most of the few
Globotruncana found in Cores 22 and 23 are indeter-
minate.

The presence of Globotruncana calcarata in Core 24
allows one to recognize the top of the Campanian.
Representatives of this species, which indicates the up-
permost zone of the Campanian, are found down to
Core 31.

The number and preservation of the foraminifera in
Cores 25 to 42 are very variable. Commonly, the few

321



SITE 313

I N S V n A L SUBBOTTOMSOUND nFpTµ
VELOCITY ..^;™rLITHOLOGY (km/sec) METERS

O 2 4 6 8 10
DRILLING RATE MIN/METERS

Figure 5. Correlation of seismic reflection profile with drilling results at Site 313.

specimens encountered are heavily encrusted and in-
determinate, but a few intercalations contain sufficiently
well-preserved specimens which allow one to attribute
the entire interval to the Campanian. Starting with Core
40, the number of benthonic foraminifera and os-
tracodes increases.

588 m) are assigned to the subjacent Campanian Broin-
sonia parca Zone based on the presence of Broinsonia
parca and the absence of Eiffellithus eximius and Tetra-
lithus trifldus. Therefore the nominal age of the oldest
sediment above basalt is late Campanian (76 ±5 m.y.)

Coccoliths
Radiolaria

Cenozoic Cenozoic

Coccolith assemblages ranging from Quaternary in
Sample 1, CC (8 m) to late Paleocene Discoaster multi-
radiatus Zone in Sample 14, CC (233 m) occur in the
Cenozoic section at Site 313. Coccoliths are abundant
throughout but preservation is moderate to poor.
Warm-water zonal assemblages with abundant dis-
coasters are present throughout. Reworked specimens
are common in Cores 1, 5, and 8. Core-catcher samples
of Cores 5 to 13 (159-223 m) contain a range of Eocene
zones that suggests a relatively complete Eocene section
is present at Site 313. The Paleocene is represented only
by a thin chalk bed in Core 14. The next deeper sample
at the top of Core 15 is late Cretaceous.

Mesozoic
Coccoliths are generally abundant and have moderate

to poor preservation in the Campanian to Maestrichtian
section (Cores 15 to 42, 233-588 m) recovered above
basalt (Cores 43 to 44, 588-606 m). Most of the
Mesozoic section, Cores 20 to 40, is assigned to the late
Campanian to early Maestrichtian Tetralithus trifldus
Zone. Coccolith assemblages of Cores 41 and 42 (569-

Radiolaria are present only in Cores 1, 2, 9, 12, and 13
of the Cenozoic section. They are well preserved and
common in all of these cores except Core 1, where they
are rare.

Core 1 (0-8 m) contains a mixed Quaternary-Pliocene
assemblage. Radiolaria in Core 2 (35-45 m) are of late
early Miocene age, Calocycletta costata Zone. In Core 9
they belong to the upper part of the Buryella clinata
Zone, and are considered to be late early Eocene. Cores
12 and 13 (205-223 m) contain Radiolaria belonging to
the Bekoma bidarfensis Zone, both early Eocene (P6).

Fish teeth were looked for in Cores 1 and 3 through 7.
They were present in moderate quantities in all the cores
except 6.

Mesozoic
Radiolaria are not present in Cores 15 to 19, except

for some very poor and very rare specimens in Core 15.
They are missing also in Cores 24, 33 through 36, and
Sample 40-2, 99-101 cm. They are rare to few in Cores
20 through 23, 25 through 27, 30 through 32, and 37
through 42.
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The poorly preserved Radiolaria of Cores 20 through
23 (336-409 m) and 30 through 32 (466-494 m) are at-
tributed to the late Late Cretaceous and the moderate to
good Radiolaria of Cores 25 through 27 (419-447 m)
and 37 through 41 (532-578 m) to the Campanian. The
poor Radiolaria of Core 42 (578-588 m) are considered
to be Late Cretaceous.

A biostratigraphic summary for Site 313 appears in
Table 4.

Cores 26, 38, 39, and 41 may be assigned to the
Amphipyndax enesseffi Zone.

SEDIMENTATION RATES

The average accumulation rates for Site 313 can be
separated into four general categories which correspond
to different lithologic types; nanno oozes and rad nanno
oozes, foram nanno oozes and foram nanno chalks with
cherts and porcellanites, limestones, and interbedded
limestones and turbidites, with accumulation rates of 3
m/m.y., 8 m/m.y., 25 m/m.y., and greater than 25
m/m.y., respectively (Table 5 and Figure 6). The ac-
cumulation rate values for the oozes are reasonable

TABLE 4
Distribution, Age, and Frequency of Investigated Microfossils
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260.5-270.0
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-
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Maestrichtian
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Maestrichtian
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Maestrichtian
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Maestrichtian
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Note: abundant; o common; * frequent; + rare; - absent.

TABLE 5
Correlation of Accumulation Rates with Age and Lithology

Age

Late Oligocene to Quaternary

Early Oligocene to late Oligocene

Middle Eocene to early Oligocene

Late Paleocene to middle Eocene

Cretaceous (Maestrichtian)

Cretaceous (Campanian)

Accumulation
Rate (m/m.y.)

3

8

5

8

25

>25

Generalized
Lithology

Nanno ooze and rad nanno ooze
Foram nanno ooze

Nanno chalk

Foram nanno chalk with chert
and procellanites

Limestone

Interbedded limestones and
turbidites

values for the corresponding sediment type when com-
paction is taken into account. The accumulation rate for
the interbedded limestones and turbidites is a minimum
because of the lack of biostratigraphic zones within the
section.

SUMMARY AND CONCLUSIONS

The principal lithologic characteristic of this site is the
dominance of carbonate deposition from within the Cre-
taceous to the present day. The prevalence of calcare-
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AGE (m.y.)

100 120 140

Figure 6. Accumulation rate curve calculated for Site 313.
Circled numbers give accumulation rate in mjm.y. for
each segment.

ous sediment is due largely to the situation of the site as
a topographic basin at 3500 meters. The depth is not so
great that all the carbonate has dissolved, even though
many of the faunas and floras are not well preserved.
The topography has directed carbonate, in the form of
turbidite deposits from the flanks of the adjacent
seamounts, into the basin, and that reworked carbonate
is added to the pelagic contribution.

It is the other components added to the carbonate
which allow details of the geologic history of the site to
be worked out and the microfossils which allow the
events to be dated. The earliest sedimentary event that
can be identified, just after extrusion of the basalts that
are discussed in the next paragraph, is the admixture of
volcanic-rich turbidites with carbonates in the form of
foraminiferal-nannofossil limestones. The volcanic
grains of silt, sand, and pebble size, show in thin section
to have been mainly palagonitized glass, now largely
altered to clay so that these rocks can be cut readily with
the band saw. Presumably the clay matrix of some of
these rocks is also of volcanic origin. Typical graded

sequences have basal breccias that pass upwards into
calcareous volcanic sandstones and calcareous siltstones
or limestones. A great variety of sedimentary structures
and rock types is present and will provide material for
the study of microfacies well beyond the attention af-
forded them by the shipboard party (Moberly and
Keene, this volume).

These Coniacian turbidites date a volcanic episode of
the adjacent seamounts of the Mid-Pacific Mountains.
It will be recalled that at Horizon Guyot (Site 171) there
was a period of volcanic activity in the Coniacian and
Turonian. Those volcanic sediments rest on a lava flow
which in turn is on a shallow-water conglomerate, a
hyaloclastite breccia, and a thick section of shallow-
water friable coquina, probably Cenomanian at the top
but mainly undated, lying on another basalt presumed
to be the volcanic edifice of the guyot 145 meters below
the Turonian lava. Albian planktonic foraminifera had
been picked from cracks in basalt dredged elsewhere on
Horizon Guyot, and mid-Cretaceous shallow-water
rudistid and coral faunas had been dredged from many
of the guyots farther west in the Mid-Pacific Mountains.
Perhaps an analogous situation of recurrent volcanism
exists at Site 313. The basalt of the deepest core does in-
deed correlate with acoustic basement, but the last 3
meters of core was cut exceptionally fast and probably
was not recovered. Perhaps it was sediment, and if so,
here as at Horizon Guyot a section of older sediment
may exist between the main volcanic rocks of the Mid-
Pacific Mountains Ridge and Coniacian recurrent vol-
canism. The alkalic tendency of the lava would support
that possibility.

In either event, whether the Coniacian volcanism is
the only episode, or whether it is a recurrent episode,
there are problems in interpreting the behavior of
volcanic chains. In the former instance it would mean
that volcanism did not proceed in one direction along
the ridge, because 30 m.y. older volcanoes are known
both west and east of it. In the second instance, the
recurrence of volcanism after as long as 30 m.y. is not
typical of other island or seamount chains. However, the
Mid-Pacific Mountains certainly are not a typical
seamount chain. Their strike is not parallel to the other
chains, and thereby does not fit easily into the "hot
spot" or other concepts of the origin of volcanic chains
popular at this date. Also, this group of seamounts is
generally wider than other chains, has more guyots, and
has no geomorphic suggestion of differences in ages
along them.

No good evidence of shallow-water contributions to
the sedimentary record is known, except for an increase
in pollen, benthonic foraminifers, and ostracodes that
may suggest somewhat lesser depths in the lowest sedi-
ment cores.

In the Maestrichtian and continuing through the mid-
dle Eocene, silica was the principal addition to the
dominantly carbonate sediment. In the early Eocene
rocks much of the silica remains as radiolarians, but
there, as well as above and below, is silica in the form of
modest amounts of chert and Porcellanite. The early
Eocene radiolarian faunas are worthy of intensive study
(Foreman, this volume).
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In the post-Eocene section only four cores were ob- continued through the Neogene to the present day.
tained. The Oligocene carbonates are quite pure foram- Figure 7 is a summary of data from Site 313.
iniferal nannofossil oozes, but the Miocene and Quater- REFERENCE
nary oozes have modest additions of radiolarians and of c h a s e T E M e n a r d H w a n d Mammerickx, J., 1971.
zeolites, respectively. Turbidite bedding and reworked Topography of the North Pacific: Institute of Marine Re-
foraminifers indicate that redeposition of carbonate sources, University of California, San Diego.
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CORES
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Figure 7. Summary of coring, lithology, biostratigraphy, and physical properties at Site 313.
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minor chert

(188 hard drilling)

Radiolarian foram nanno
chalk with rare chert

(hard layers)

Foram nanno chalk with
minor chert and
Porcellanite

MIDDLE EOCENE
(upp_er_part_)

MIDDLE EOCENE
(lower part)

R. umbzliαc

N. quadrata

G. aragonensi• D. lodoensié B. olinata

Globorotalia
subbotinae

Tribraahiatut
orthostylus

Disooaster
diastypus

Bekoma
bidarfensis

Globσtvunaana

gansseri

CRETACEOUS

Figure 7. (Continued).
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SITE 313

300

CORES
NO. DEPTH LITHOLOGY

POROSITY | SONIC VEL. |
(GRAPE)%1.4 KM/SEC 5.4FORAMINIFERA NANNOPLANKTON RADIOLARIA

19

20

350 r

400

21

22
23

24

25

\- 26

450 -

298.5
308

336.5

346

374.5

384

397
400

409.5

419

428.5

438

447.5

457

±T±

Foram nanno chalk,
with minor calcareous
Porcellanite and
chert

(398 very hard drilling)
Foram nanno limestone,
calcareous volcanic
sandstone, calcareous
volcanic si Its tone,
and breccia, and
calcareous volcanic
claystone, in
turbidite sequences

(hard-drilling interval)

Figure 7. (Continued).

450

CORES
1 NO. DEPTH LITHOLOGY AGE

BIOSTRATIGRAPHIC ZONATION
FORAMINIFERA NANNOPLANKTON RADIOLARIA

POROSITY | SONIC VEL.j
(GRAPE)% 1.4 KM/SEC 5.4

500

550

600

28

. 29

30

. 31

32

33

34

35

36

37

38

39

40

41

- 42

- 43

44

447.5

457

466

475.5

485

494.5

504

513.5

523

532.5

542

551

560

569

578.5

588

597

Foram nanno limestone,
calcareous volcanic
sandstone, calcareous
volcanic siltstone,
and breccia, and
calcareous volcanic
claystone, in
turbidite sequences

.(549 very hard drilling)

rwith chert and Porcel-
lanite

with minor dolomitic
'limestone

-(594 top basalt by
drilling behavior)

altered basalt

606 T.D.

Figure 7. (Continued).

Globotrunaana
aalaarata

LATE
CRETACEOUS

Tetralithus
tr•ifidus

Globotrunaana
stuartiformis/
Globotrunaana
forniaata

CAMPANIAN

G. stuartiformis/
G. forniaata

Broinsonia
paraa

s tuartiform•i s/
forniaata

CAMPANIAN

LATE
CRETACEOUS

50 85
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Site 313 Hole Core 1 Cored I n t e r v a l : 0.0-8.0 Site 313 Hole Core 2 Cored I n t e r v a l : 35.5-45.0 m

FOSSIL

CHARACTER

Core

Catcher

LITHOLOGIC DESCRIPTION

10YR 5/4
and

10YR 6/4
with
some
10YR 6/3

sharp

contact

10 YR 6/4

ZEOLITIC NANNO OOZE yellowish brown
(10YR 5/4) to light yellowish brown
(10YR 6/4), soft.

Smear Slide
Texture
(C-A-A)

at 3-128
Composi tion
Nannos
Zeolites

Forams
Clay
Fish debris
Mn micronodules
Fe-oxide

Volcanic glass
Feldspar

Quartz

A
C
C
C
R
R
R
R
R
R

2-145: Possible base of turbidite.

Minor lithology sampled.

FORAM NANNO OOZE.
Occurs as layers of pale brown

(10YR 6/3).

Carbon-Carbonate
2-102 (10.3-0-85)
5-52 (2.9-0.1-24)

Plag 13.5% Chlo 2.5%
Mica 13.0% Mont 3.4%
Kaol 1.4% Amor 6 5 . 8 %

sεs

FOSSIL

CHARACTER

Core

Catcher

-Fi -, -!-,

LITHOLOGIC DESCRIPTION

RADIOLARIAN NANNO OOZE very pale
brown (10YR 7/3) to (10YR 7/4) with
darker shades of brown (10YR 5/3).
Soft and uniform. Composes most of
the core.

Smear Slide at 3-140
Texture
(C-O-D)

Composition
Nannos

Rads
Forams
Fe-oxide

D
A
R
R

10YR 7/4

Minor lithologies sampled: 1-105-112

ZEOLITIC NANNO OOZE.
At top of core. Dark yellowish
brown (10YR 4/4). Soft.

FORAM NANNO OOZE.

Smear Slide at 3-70
Composition
Nannos
Forams
Fe-oxide
Volcanic glass

Carbon-Carbonate
2-97 (11.1-0-92)

Explanatory notes in Chapter 1
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Site 313 Hole Core 3 Cored I n t e r v a l : 73.5-83.0 m Site 313 Hole Core 4 Cored I n t e r v a l : 111 .5-121.0 m

FOSSIL

CHARACTER

Core

Catcher

LITHOLOGIC DESCRIPTION

10YR 8/3

10YR 7/3

and

10YR 8/3

NANNO OOZE is the dominant lithology

below Section 1. Mainly very pale

brown (1OYR 7/3) grading downwards

to (10YR 8/3). Very soft and homoge-

neous.

Smear Slide at 3-100

Texture Composition

(R-O-D) Nannos D

Forams R

Fe-oxide R

Minor lithology sampled is:

FORAM NANNO OOZE.

Occurs at the top of the core. Very

pale brown (10YR 8/3), soft.

Smear Slide at 1-100

Composition

Nannos D

Forams A

Carbon-Carbonate

2-99 (11.5-0-96)

5-101 (11.6-0-97)

<J: O <a
•ZL u- α:

FOSSIL

CHARACTER

Core

Catcher

LITHOLOGIC DESCRIPTION

10YR 8/3

Explanatory notes in Chapter 1

Entire core is NANNO OOZE.

Very pale brown (10YR 8/3), soft,

homogeneous. Minor layers of pale

brown (10YR 6/3) and patches of

white (10YR 8/1).

Smear Sl ide at 1-100

Texture Composition

(R-R-D) Nannos

Forams

Carbon-Carbonate

2-100 (11.7-0-97)

5-102 (11.7-0-97)

X-ray 5-100

Calc 100*

Amor 21.1%

Rounded pebble (•\4 cm) of altered

volcanic sandstone at 5-107.



Site 313 Hole Core 5 Cored Interval: 149.5-159.C

EARLY
OLIGENE

FOSSIL

CHARACTER

Core

Catcher

LITHOLOGIC DESCRIPTION

NANNO CHALK.
Light yel lowish brown (1OYR 6/4) with
layers of dark yel lowish brown (10YR 4/4).
Composes most of the core. When not
disturbed is f i n e l y laminated (<l mm),
some cross-bedding and graded bedding.

Smear Slide at 1-100
Texture
(O-R-D)

Composition
Nannos
Forams
Zeolites
Fe-oxide

D
R
R
R

10YR 6/4

grading down

to 10YR 8/3

Minor lithology is:
CHERT nodule, layered dark grayish
brown (10YR 4/2) and light gray
(10YR 6/1 to 10YR 7/1). Some as
fragments, mainly dark brown (10YR 3/3)
with bands (2-3 mm) and spots of very
pale brown (10YR 7/3).

Base of a graded layer at 3-68.

Carbon-Carbonate
2-72 (11.4-0-95)
5-100 (11.6-0-96)

Coccolithus subdistichus Subzone
EARLY OLIGOCENE
313-5-0, 0-1 cm
Discoaster barbadiensis Zone
LATE EOCENE
313-5-0, 18-21 cm
Has common reworked

CRETACEOUS AND PALEOCENE
313-5-0, 46-47 cm

10YR 6/4

Site
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Hole

FOSSIL
CHARACTER

0

R
N
F
R

AB
U

A
C

M
G

Core 6

CT
IC

t o

0

1

*

0 . 5 -

:

1 . 0 -

Core
Catcher

Cored I

LITHOLOGY

VOID

1— 1 • — \~~^

AA

nter

0

RM
AT

DE
FO

val

W
L
E

1
1
T
H

148

*CC

159.0-168.0 m

LITHOLOGIC DESCRIPTION

Core consists of interbedded NANNO
OOZE and NANNO CHALK. Mainly l i g h t
yel lowish brown (10YR 6/4). Thin
white (1OYR 8/2) layers at 133, 141
and 145 cm.

1 0 VR 6/4 N A N N 0 0 0 Z E •

Smear Slide at 1-148
Texture Composition
(C-O-D) Nannos D

Forams C
Fe-oxide R

Minor l i t h o l o g y i s :
CHERT fragments. Vitreous dark
brown (10YR 4/3) and some white
inclus ions.

Explanatory notes in Chapter 1
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Site 313 Hole Core 7 Cored In terva l : 168.0-177.0 m Site 313 Hole Core 8 Cored Interval : 177.0-186.5

ZONE FOSSIL
CHARACTER

LITHOLOGIC DESCRIPTION

lOYR 7/4

lOYR 6/4

lOYR 8/1

FORAM-BEARING NANNO OOZE and FORAM-
BEARING NANNO CHALK.
The ooze probably reflects drilling
disturbance. Very pale brown (lOYR 7/4).
Homogeneous.

Smear Slide at 2-120
Texture 'Composition
(R-O-D) Nannos D

Forams C
Recrystallized

calcite R
Fe-oxide R

Minor lithologies sampled are:
NANNO CHALK.
Occurs in Section 4, l i gh t yellowish
brown (lOYR 6/4) to white (lOYR 8/1).
Grades down into a FORAM NANNO CHALK.

CHERT as fragments of nodules. Very
dark brown (lOYR 2.5/2) with some
dark brown (lOYR 4/3) and white
inclusions.

Carbon-Carbonate
5-93 (11.1-0-92)
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0
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Catcher

LITHOLOGY
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DE
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N
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O.
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LE

LITHOLOGIC DESCRIPTION

CHERT, as rock fragments. Vitreous.
Very dark brown (lOYR 2.5/2) with
sharp contact with light gray
(lOYR 7/1). Also dark brown (lOYR 3/3)
and very dark brown (lOYR 2.5/2) with
white (lOYR 8/1 and 8/2) inclusions.

Some minor NANNO OOZI is attached to
some of the chert.

Site 313 Hole Core 9 Cored In terva l : 186.5-189.0 m

ZONE FOSSIL
CHARACTER

Core
Catcher

LITHOLOGIC DESCRIPTION

FORAM RADIOLARIAN NANNO CHALK.
Very pale brown (lOYR 7/4).
Broken up by drilling. Homogeneous.

lOYR 7/4

Smear Slide at
Texture
(C-C-A)

1-125
Composition
Nannos
Rads
Forams
Recrystallized

calcite

A
A
C

R

Minor l i thology i s :
CHERT, as fragments. Very dark gray
(lOYR 3/1) and brown (lOYR 4/3) with
white inclusions. Also brown (lOYR 4/3) ,
f i ne ly laminated with sharp contact
with part ly s i l i c i f i e d very pale brown
(lOYR 8/3) chalk.

Carbon-Carbonate
1-136 (8.9-0-74)

Site 313 Hole Core 10 Cored In terva l : 189.0-195.5 m

AG
E
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NA
NN
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FOSSIL
CHARACTER
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LITHOLOGY

A
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LE

LITHOLOGIC DESCRIPTION

CHERT, as rock fragments. Vitreous,
translucent with small white inclusions.
Some layering of light brownish gray
(lOYR 6/2) and light gray (lOYR 7/1 to
lOYR 6/1).

Explanatory notes in Chapter 1



Site 313 Hole Core 11 Cored Interval : 195.5-205.0 m Site 313 Hole Core 13 Cored I n te r va l : 214.0-223.0 m

<

ZONE
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NN
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FO
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DS

FOSSIL
CHARACTER
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-
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Catcher

LITHOLOSV

A

A
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 |

•

LITHOLOGIC DESCRIPTION

CHERT, as rock fragments. Translucent,
light gray (10YR 6/1). Numerous small
white inclusions ( 2 mm)

Site 313 Hole Core 12 Cored I n te r va l : 205.0-214.0

LITHOLOGIC DESCRIPTION

10VR 8/1

The whole core is badly disturbed by
drilling.

RADIOLARIAN FORAM NANNO OOZE. White
(10YR8/1), homogeneous. Contains
rare CHERT fragments and lumps of
RADIOLARIAN FORAM NANNO CHALK.

Smear
Textui

Slide at
-e

(A-C-A)

Minor
CHERT

lithology

4-100
Composition
Forams
Nannos
Rads
Recrystallized

calcite
Volcanic glass

is:

A
A
A

R
R

Very dark brown (10YR 2.5/2) and
dark yellowish brown (10YR 4/4).
Very sharp contact between colors.

Carbon-Carbonate
2-101 (9.1-0-76)

LITHOLOGIC DESCRIPTION

10YR 8/3

Core is completely disturbed by
drilling and consists of RADIOLARIAN
FORAM NANNO CHALK. Very pale brown
(10YR 8/3) to white (10YR 8/1).
Homogeneous. Semilithified broken
white lumps occur in Section 1.

Smear Slide at 1-10
Texture Composition
(A-C-A) Rads

Forams
Nannos
Recrystallized

calcite

Carbon-Carbonate
2-102 (9.5-0-79)

Explanatory notes in Chapter 1
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Site 313 Hole Core 14 Cored Interval : 223.0-232.5 m Site 313 Hole Core 16 Cored I n te r va l : 242.0-251.0 m
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LITHOLOGIC DESCRIPTION

CHERT, as rock fragments. Vitreous.
Very dark brown (10YR 3/3) and dark
brown (1OYR 2.5/2) with some light
gray fragments. Minor nanno chalk
smeared on some fragments.

Site 313 Hole Core 15 Cored I n te r va l : 232.5-242.0 m

FOSSIL
CHARACTER

Core
Catcher

LITHOLOGIC DESCRIPTION

FORAM-BEARING NANNO CHALK.
Dominant lithology in the core.
White (10YR 8/1) with some pale
brown (10YR 8/4) and several bands
of pale greenish yellow (10Y 8/2).
Faint laminations and burrows.

Smear Slide at 2-100
Texture Composition
(A-C-A) Nannos A

Forams C
Recrystallized

calci te A

Minor lithology is:
CHERT, dark reddish brown (5YR 3/3).
As rock fragments, vitreous.

Carbon-Carbonate
2-52 (11.1-0-92)

1OYR 8/1
Bari
Amor

1.7*
23.7%

FOSSIL
CHARACTER

Core
Catcher

LITHOLOGIC DESCRIPTION

FORAM-BEARING NANNO CHALK.
Constitutes most of the core.
White (10YR 8/1 to 10YR 8/2).
Layered (-̂5 cm) with minor
burrowing. Grades downward into
a FORAM NANNO CHALK in Section 5.

Smear Slide at 1-110
Texture Composition
(C-C-A) Nannos

Forams
Recrystallized

calcite

Minor lithology is:
CHERT, as rock fragments. Light
yellowish brown (10YR 6/4) and
dark brown (7.5YR 4/4). Curved
outer surface of nodule present
on one piece.

Carbon-Carbonate
2-95 (11.5-0-95)

Explanatory notes in Chapter 1



Site 313 Hole Core 17 Cored In te rva l : 260.5-270.0 m Site 313 Hole Core 18 Cored Interval: 279.5-289.0

LITHOLOGIC DESCRIPTION

10YR 7/3

FORAM NANNO CHALK.
Very pale brown (10YR 7/3) to l i g h t
gray (10YR 7/2) . Some is white.
Occasional burrows.

Smear Slide at 2-114
Texture
(c-c-b)

Composition
Nannos
Forams
Recrystallized

calcite
Recrystallized

silica

A
A

C

R

Minor lithology is:
CHERT.
1-70: As fragments. Very dark reddish
brown (10YR 3/2) and dark brown
(10YR 4/3) with sharp boundaries
between colors.
1-90: Partly silicified chalk with
burrows. Dull luster, CALCAREOUS
PORCELLANITE rather than true chert.
4-125: Broken nodule. Olive gray
(5Y 4/1) with white coating of partly
silicified chalk.

Carbon-Carbonate
5-68 (11.2-0-93)

LITHOLOGIC DESCRIPTION

FORAM NANNO CHALK.
Very pale brown (10YR 7/3). Well
l i th i f ied in upper part with faint
laminations. Minor compaction
slumping and faulting. Very dis-
turbed by dri l l ing below Section 1.

Smear Slide at 1-100
Texture
(A-C-A)

Composition
Nannos
Forams
Recrystallized

calcite
Recrystallized

silica
Zeolites

A
A

C

R
R

Minor lithology is:
CHERT.
Sand size chips and fragments are
common below Section 1. Vi t reous,
generally dark brown (10YR 4/3).

Carbon-Carbonate
1-110 (11.4-0-94)

Explanatory notes in Chapter 1
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Site 313 Hole Core 19 Cored I n te r va l : 298.5-308.0 m Site 313 Hole Core 20 Cored Interval: 336.5-346.0 m

LITHOLOGIC DESCRIPTION

FORAM NANNO CHALK.
White (N9). Generally disturbed and
homogenized by drilling.

Smear Slide at 1-100
Texture
(A-C-A)

Composition
Nannos
Forams
Recrystallized

calcite
Recrystallized

silica
Zeolites

A
A

C

R
R

Minor lithology is:
CHERT.
Fragments common. Brownish black
(5YR 2/1) to olive black (5Y 2/1).
Some fragments in CC very dark
grayish brown (10YR 3/2) with a
rim of light gray (10YR 6/1).

X-ray 5-100
Calc 100%
Amor 20.8*

FOSSIL
CHARACTER

Explanatory notes in Chapter 1

LITHOLOGIC DESCRIPTION

FORAM NANNO CHALK.
Homogenized by drilling. White (N9).

Smear Slide at
Texture
(A-C-A)

2-100
Composition
Nannos
Forams
Recrystallized

calcite
Rads
Sponge spicules
Recrystallized

silica
Zeolites

A
A

C
R
R

R
R

Minor lithologies are:
CHERT.
1-80: Fragment. Grayish olive green
(5GY-4/2).
2-70: Fragment. Medium light gray (N6)
with grayish brown inclusions.

CALCAREOUS PORCELLANITE
3-140: Fragments. Light gray (N7).
Massive.



Site 313 Hole Core 21 Cored In te rva l : 374.5-384.0 m Site 313 Hole Core 22 Cored Interval : 397.0-400.0 m

LITHOLOGIC DESCRIPTION

FORAM NANNO CHALK.
White (N9) to bluish white (5B 9/1)
in color. Completely disturbed by
drilling.

Smear Slide at 2-100

Texture
(A-C-A)

Composition
Nannos
Forams
Recrystallized

calcite
Recrystallized

silica
Zeolites

Minor lithologies are:
CALCAREOUS PORCELLANITE.
1-50: Light bluish gray (5B 8/1)
showing faint banding and rare
burrows. Dull luster.

CHERT.
As rock fragments. Medium light gray
(N6) with lighter gray (N7) zones.

LITHOLOGIC DESCRIPTION

This core is completely disturbed by
drilling and three lithologies are
represented by equal amounts.

NANNO CHALK and NANNO LIMESTONE.
Mainly very light gray (N8), finely
laminated (<l mm) with occasional
burrows. Laminations and burrow
fillings are medium light gray (N7).

Smear Slide at 1-100
Texture
(C-C-D)

CHERT.

Composition
Nannos
Recrystallized

calcite
Forams
Recrystallized

silica
Zeolites

As fragments. Have sharp contact
with part ly s i l
in one fragment

icif ied limestone

CALCAREOUS PORCELLANITE.
As fragments. Light gray (N7).
Massive.

Carbon-Carbonate
2-120 (10.6-0-88)

C.I in 1.5
Amor 22.9

Site 313 Hole Core 23 Cored Interval: 400.0-409.5 m
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LITHOLOGIC DESCRIPTION

NANNO LIMESTONE.
Broken fragments. Gray (7.5YR 6/1)
to l ighter gray (7.5YR 7/1). Fine
laminations and bioturbation common.

148 cm sharp horizontal contact.

7-5YR 6/1 VOLCANIC SANDSTONE.
Semi l i t h i f i e d , dark gray (N3). Fine
to medium sand.

Smear Slide at CC
Texture Composition
(D-C-C) Heavy minerals A

Palagonite C
Feldspar R
Zeolites R
Fe-oxide R
Forams R
Nannos R

X-ray 1-150
Calc 87.3% Plag 3.7%
Mont 5.7% Quar 1.1%
Augi 2.2% Amor 35.0%

Explanatory notes in Chapter 1
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Site 313 Hole Core 24 Cored In terva l : 409.5-419.0 m Site 313 Hole Core 25 Cored Interval: 419.0-428.5 m

LITHOLOGIC DESCRIPTION

Series of interbedded turbidites.
Contact between individual turbidites
often missing because of drilling
disturbance; the generally less-
lithified upper part of each turbidite
has been Mashed away.

VOLCANIC SANDSTONE,CLAYEY SILTSTONE
with CLAYEY NANNO LIMESTONE. Mainly
medium bluish gray (5ß 5/1) to dark
bluish gray (5B 4/1). Finely (<l mm)
and evenly laminated in finer grained
sediment. Burrowing and slumping common
in NANNO LIMESTONE. NANNO LIMESTONE
in Sections 1 and 2 is bioturbated;
may be pelagic in part.

Generally well lithified.
SILTSTONE: Clayey, calcareous.

Smear Slide at 4-95
Texture
(A-C-C)

Composition
Forams
Nannos
Clay
Palagonite
Heavy minerals
Feldspar
Zeolites
Recrystallized

calc i te
Pyrite
Hematite

Carbon-Carbonate
3-82 i
3-123
5-110

X-ray
Calc
Quar
K-Fe

X-ray
Mont
Calc
K-Fe
Phil

[8.9-0.
(0.9-0
(1.8-0

3-80
92.4%
0.6%
3.6%

5-110
29.7%
25.9%
5.5%

11.<H

1-/4)
• 1-7)
.1-15)

Mont 3.4%
Amor 39.3%

Augi 15.1%
Quar 0.3%
Plag 2.8%
Anal 4.1%

Hema
Magn
Anat
Amor

A
C
A
C
C
C
C

c
R
R

4.3%
0.1%
1.2*

78.6%

LITHOLOGIC DESCRIPTION

5B 5/1

Series of turbidites, CALCAREOUS
VOLCANIC SILTSTONE, CALCAREOUS
VOLCANIC CLAYSTONE grading to
VOLCANIC SANDSTONE and BRECCIA.
Mainly medium bluish gray (5B 5/1)
to dark bluish gray (5B 4/1).
Generally well lithified. One
sequence extends down to Sections
3-10. ParaTlel laminations common
in upper parts of turbidites.

Smear Slide at 1-150
Texture
(A-C-C)

Composition
Clay
Forams
Nannos
Recrystallized

calcite
Palagonite
Heavy minerals
Pyrite
Feldspar
Volcanic glass
Zeolites

A
A
C

A
C
C
C
R
R
R

5B 7/1

5G 9/1

With intervals of:
NANNO LIMESTONE.
Light bluish gray (5B 7/1) with
abundant small burrows. Where
not bioturbated parallel
laminations occur.

Smear Slide at 3-100
Composition
Nannos
Recrystallized

calcite
Clay
Forams
Palagonite
Zeolites
Heavy minerals
Feldspar

A

A
C
C
R
R
R
R

Site 313 Hole Core 26 Cored Interval: 428.5-438.0 m

LITHOLOGIC DESCRIPTION

NANNO LIMESTONE.
Mainly light bluish gray (5B 7/1)
to light greenish gray (5G 7/1)
with darker disturbed laminations
(burrowing) and microfaulting
lithified.

Becoming with depth a BRECCIA,
calcareous with volcanic clasts.
Deformation, penecontemporaneous,
common: including sedimentary dikes.
Rounded, elongate and angular lithic
fragments.

Explanatory notes in Chapter 1



Site 313 Hole Core 27 Cored Interval: 438.0-447.5 m Site 313 Hole Core 29 Cored I n t e r v a l : 457.0-466.0 m

LITHOLOGIC DESCRIPTION

BRECCIA.
Greenish black (5GY 2/1) to (5G 2/1).
Slumping is common, with flow structures
around breccia clasts. Clasts are vol-
canic claystone, siltstone, sandstone,
limestone and basalt.

Minor lithology is:
NANNO LIMESTONE.
Mainly light greenish gray (5G 7/1)
to light bluish gray (5B 7/1). Occurs
as a thin 5 cm bed in Section 2 at
30 to 35 cm.

Site 313 Hole Core 28 Cored Interval: 447.5-457.0 m

LITHOLOGIC DESCRIPTION

5B 7/1

Except for two calcareous volcanic
turbidites between 3-20 and 3-110
the core consists of several l i t h -
ologies mixed by slumping.

NANNO LIMESTONE.
Mainly light bluish gray (5B 7/1)
with slightly darker streaks and
laminations. Microfaults and flow
lines common.

VOLCANIC SANDSTONE (fine to coarse)
and BRECCIA.
Dark greenish gray (5G 4/1). Clasts
1-3 mm, subangular to rounded. Some
clasts to 5 cm.

CALCAREOUS VOLCANIC SILTSTONE.
Light bluish gray (5B 7/1).
Section 4: Generally homogeneous
with only rare slumping.

Smear Slide at 4-50
Texture
(A-C-C)

Composition
Nannos
Forams
Recrystallized
calcite

Clay
Feldspar
Heavy minerals
Palagonite
Zeolites
Pyrite

Carbon-Carbonate
4-54 (5.5-0.1-46)

X-ray 4-50
Calc 80.9*
K-Fe 5.7*
Mont 6.9*
Phil 5.0*

Quar 0.7*
Anat 0.8%
Amor 83.1*

A
A

A
C
R
R
R
R
R

LITHOLOGIC DESCRIPTION

This core consists of the upper part
of a turbidite the base of which is
in Core 30, Section 1. Probably at
least 6 m thick.

NANNO LIMESTONE.
Fine grained, lithified, homogeneous
with some rare parallel laminations.
Light bluish gray (5B 7/1).

Grading down to
CALCAREOUS VOLCANIC SILTSTONE
Section 3 at 50 cm.

and
VOLCANIC SANDSTONE with BRECCIA at
Section 3 and 4. Medium bluish gray
(5B 5/1). Cross-bedding is present in
the sandstone.

Smear Slide at 4-100
Texture Composition

5B 5/1

Heavy minerals
Clay
Forams
Recrystallized

calcite
Palagonite
Nannos
Feldspar
Volcanic glass
Zeolites
Pyrite

A
A
A

A
C
C
R
R
,
R

Explanatory notes in Chapter 1
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Core 30 Cored Interval: 466.0-475.5 m Site 313 Hole Core 31 Cored I n t e r v a l : 475.5-485.0 m

FOSSIL
CHARACTER

Core
Catcher

LITHOLOGIC DESCRIPTION

5B 5/1

sharp
contact
3-120
5B 7/1

Sharp horizontal contact at 1-55.

A series of graded turbidite
layers comprise this core. Individual
beds range up to 75 cm thick. Generally
beds are less than 15 cm although some
sediment was lost during drilling.

BRECCIA.
Down to 1-55: Medium bluish gray (5B 5/1).

CALCAREOUS VOLCANIC CLAYSTONE, VOLCANIC
SILTSTONE and VOLCANIC SANDSTONE from
1-55 to 3-110. Series of graded
turbidites. Medium gray (N5). Slumping,
cross-bedding, laminations are common.
Basal contacts are sharp and bedding plane
structures include load casts, groove
casts and ripple marks. Bedding planes
dip up to 10°.
Frequent lithologic changes in vertical
section.

NANNO LIMESTONE and BRECCIA.
Major lithology in Section 3, Deformed.
Mainly light bluish gray (5B 7/1).

Carbon-Carbonate
1-61

X-ra.i
Calc
K-Fe
Mont
Ouar

(4.4-0.

! 1-60
68.8%
13.2%
12.9%
0.3%

1-36)

Plag
Cl in
Anat
Amor

2.
1.
1.
91.

5%
V
0%
::

CΛI
LITHOLOGIC DESCRIPTION

5B 7/1

5B 5/1

5B 7/1

One graded turbidite bed extends down
to 4-88. Below this is the top of a
poorly graded bed.

NANNO LIMESTONE.
Mainly light bluish gray (5B 7/1).
Lithified. Some burrows. The silt
content increases with depth.

LIMESTONE.
Light bluish gray (5B 7/1). Generally
homogeneous with minor burrowing.
Becoming silty with depth.

Grading into a
VOLCANIC CALCAREOUS SILTSTONE and
BRECCIA.
Mainly medium bluish gray (5B 5/1).

Below 4-88:
VOLCANIC SILTSTONE.
Medium bluish gray (5B 5/1) with
cross-bedding and deformed lami-
nations.

Carbon-Carbonate
2-66 (8.9-0.1-73)

Explanatory notes in Chapter 1



Site 313 Hole Core 32 Cored Interval: 485.0-494.5

ZONE

= g

FOSSIL
CHARACTER

Core
Catcher

FOSSIL
CHARACTER

Core
Catcher

Core 3 Cored I

LITHOLOGIC DESCRIPTION

10G 4/2

5B 5/1

5B 5/1
5B 8/1

Series of poorly graded turbidites with
many intervals missing due to drilling
disturbance. Well lithified.

Lithologies sampled are:

CALCAREOUS VOLCANIC SILT5T0NE.
Light bluish gray (5B 7/1) grading
to pale green (10G 6/2) to grayish
green (TOG 4/2). Some slumping.

NANNO LIMESTONE.
Light.bluish gray to bluish white
(5B 8/1). Laminations common where
not disturbed by burrowing.

BRECCIA.
Medium bluish gray (5B 5/1) at
2-30 to 2-65; 3-85 to 3-150.

H
5B 7/1

al : 494.5-504.0 m

LITHOLOGIC DESCRIPTION

Core consists of a series of inter-
bedded CALCAREOUS VOLCANIC SILTSTONE,
CALCAREOUS VOLCANIC SANDSTONE, and
NANNO LIMESTONE.
Mainly dark greenish gray (5G 3/1)
with laminations also greenish black
(5G 2/1), greenish gray (5G 6/1).
Graded in part. Generally finely
(<l cm) laminated and occasionally
cross-bedded.

NANNO LIMESTONE at 2-40 to 2-80.

Smear Slide at 2-100

5G 6/1

"85 —I
*90

100

5G 3/1

Texture
(R-A-A)

Composition
H a y
Zeolites
Recrystallized

calcite
Heavy minerals
Palagonite
Forams
Nannos
Pyrite
Feldspar

Carbon-Carbonate
2-85 (1.8-0-14)

X-ray 2-90
Mont 28.8%
Calc 26.5%
K-Fe 12.3%
Phil 21.6%
Quar

Quar O.95S
Anal 1.6*
Hema 3.9%
Magn 2.4%

A
A

A
C
C
C
C
R
R

Anat
Amor
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5G 6/1

_ ,

N7

—1

5G 6/1

—1
N7

—1

5G 2/1

LITHOLOGIC DESCRIPTION

Series of t u r b i d i t e s with
indiv idual beds generally 10-30 cm
t h i c k . Softer tops of t u r b i d i t e s may

\ be missing due to d r i l l i n g disturbance.
. Bedding planes between t u r b i d i t e s
\ generally sharp and h o r i z o n t a l .

LIMESTONE.
Light gray (N7). Burrowed with some
p a r a l l e l laminations and cross-
bedding i n the s i l t y par ts . Gener-

y a l l y forms the upper part of a
\ turbidite.

\
\ VOLCANIC SILTSTONE, VOLCANIC SANDSTONE

\ and BRECCIA.
^ Mainly greenish black (5G 2/1).

, Smear Slide at CC
\ Texture Composition

\ (A-C-C) Clay A
A Palagonite A

Heavy minerals C
\ Zeolites C
_ X Pyrite C

Feldspar R
Rads R

\ Nannos R
\ Forams R
\ Recrystallized

_ \ calcite R

\

A
Explanatory notes in Chapter 1
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Site 313 Hole Core 35 Cored Interval: 513.5-523.0 Site 313 Hole Core 36 Cored Interval: 523.0-532.5

FOSSIL
CHARACTER

Core
Catcher

LITHOLOGIC DESCRIPTION

5G 2/1

Series of turbidites. One
turbidite extends from 1-120
to 3-110. Below this are many smaller
turbidites.

LIMESTONE.
Light bluish gray (5B 7/1). Generally
burrowed or laminated.

VOLCANIC SILTSTONE, VOLCANIC SANDSTONE,
BRECCIA.
Greenish black (5G 2/1) laminated or
homogeneous, some slumping.

Smear
Textu

We1

Slide
re
Al

at CC
Composition
Clay
Palagonite
Zeoli tes
Heavy minerals
Recrystal l ized

calcite
Rads
Forams
Nannos
Pyri te
Feldspar

Carbon-Carbonate
4-84
5-95

X-ray
Mon
Cal
Phi

X-r
Cal
K-F
Mon

_y_

(0.9-0
(8.5-0

4-80
67.0%
29.0%

3.1%

5-100
88.458

2.7%
3.9%

1-7)
1-70)

Anat 0.9%
Amor 27.8%

Phil 2.8%
Augi 2.1%
Amor 38.3%

A
A
C
C

C
R
R
R
R
R

ZONE
FOSSIL

CHARACTER

LITHOLOGIC DESCRIPTION

H

5G 2/1

One turbidite bed extends down to 3-80.
Below this are many thiner turbidites
often broken by drilling disturbance..
Lithified.

CLAYEY CALCAREOUS VOLCANIC SILTSTONE,
CALCAREOUS VOLCANIC SANDSTONE.
Mainly greenish black (5G 2/1),
parallel laminations common in
Section 2. Some cross-bedding.

Grades into a
BRECCIA in Section 3.

NANNO LIMESTONE at 3-80 to 3-100; 3-143
to 3-150. Partly burrowed. Light bluish
gray (5B 7/1).

Smear Slide at CC
Texture Composition
(C-C-Aj" Clay A

Heavy minerals C
Nannos C
Feldspar R
Palagonite R
Zeolites R
Recrystallized

calcite R

Explanatory notes in Chapter 1



Site 313 Hole Core 37 Cored Interval: 532.5-542.0 m Site 313 Hole Core 38 Cored Interval: 542.0-551.0 m

FOSSIL
CHARACTER

<c o

LITH0L0G1C DESCRIPTION

5B 7/1

5G 4/1

Sequence of turbidites varying in
thickness up to 2 m. Consisting of:

LIMESTONE.
Light bluish gray (5B 7/1). Well
lithified. Many thin (<5 nrn) laminae
and some burrowing. Sometimes silty.

CALCAREOUS VOLCANIC SILTSTONE,
CALCAREOUS VOLCANIC SANDSTONE and
BRECCIA.
Mainly dark greenish gray (5G 4/1)
with some medium gray (N6). Grading
and faint laminations common. Breccia
sometimes occurs in discrete beds.

Smear Slide
Texture
(C-C-D)

at CC
Composition
Clay
Zeolites
Heavy minerals
Nannos
Rads
Recrystallized

calcite
Pyri te
Palagonite

A
C
C
C
C

C
R
R

5B 7/1

5G 4/1

5B 7/1

5G 4/1

Explanato

FOSSIL
CHARACTER

Core
Catcher

LITHOLOGIC DESCRIPTION

tx

tx

Explanatory notes in Chapter 1

Series of turbidites.

NANNO LIMESTONE.
Light bluish gray (5B 7/1).
Homogeneous, well lithified.
Extends down to Section 3 with
increasing VOLCANIC SANDSTONE
layers.

VOLCANIC SILTSTONE, VOLCANIC SAND-
STONE.
Light bluish gray (5B 7/1) .
Intensely burrowed, laminated and
some cross-bedding. Bedding planes
are sharp and show load casts.
Lithology changes rapidly. Many thi
beds (<5 cm).

Smear Slide at CC
Texture Composition
(C-C-A) Clay C

Heavy minerals C
Forams R
Recrystallized

calcite R
Zeolites R
Palagonite R
Feldspar R

Minor lithology is
CHERT and PORCELLANITE.
Medium bluish gray (5B 5 /1) .
As patches and lamellae in the
limestone.

LO



Site 313 Hole Core 39 Cored Interval: 551.0-560.0 m Site 313 Hole Core 40 Cored Interval: 560.0-569.0 m

LITHOLOGIC DESCRIPTION

Series of turbidites with
many thin (<IO cm) beds and rapidly
changing lithologies. Many beds are
poorly graded. Contacts between
beds are well sampled and are sharp.

NANNO LIMESTONE.
Light bluish gray (5B 7/1).
Intensely burrowed, other layers
are finely laminated. Some grading
to silty layers.

CALCAREOUS VOLCANIC SILTSTONE,
CALCAREOUS VOLCANIC SANDSTONE.
Generally forms thin layers in the
limestone. Often black (NI to N2).

Smear Slide
Texture
(A-C-C)

at 2-100
Composition
Clay
Heavy minrals
Zeol i tes
Feldspar
Pyri te
Nannos
Volcanic glass
Palagonite
Forams
Rads
Recrystal l ized

calcite

C
C
C
C
C
C
R
R
R
R

R

LITHOLOGIC DESCRIPTION

Series of turbidites.
Many beds well graded. Most beds
<15 cm thick. Section 4 has a
turbidite 1 m thick.

NANNO LIMESTONE.
Light bluish gray (5B 7/1). Generally
at top of a graded bed. Well burrowed.
Sometimes laminated.

CLAYEY VOLCANIC SILTSTONE and VOLCANIC
SANDSTONE, occurs at base of individual
limestone turbidites and in Section 4.
Laminations and cross-bedding are
common. Some load casts.

Smear Slide at 4-100
Texture Composition
(A-C-C) Clay A

Palagonite C
Zeolites C
Pyrite C
Recrystallized

calcite C
Forams R
Nannos R
Feldspar R

Explanatory notes in Chapter 1



Site 313 Hole Core 41 Cored In te rva l : 569.0-578.5 Site 313 Hole Core 42 Cored Interval: 578.5-588.0 m

FOSSIL
CHARACTER

Core
Catcher

LITHOLOGIC DESCRIPTION

5B 4/1

Core is fairly uniform in lithology
(VOLCANIC SANDSTONE) down to Section
4-41. Below this LIMESTONE is dominant
with many thin ash beds and volcanic
SANDSTONE.

VOLCANIC SANDSTONE and BRECCIA.
Medium bluish gray (5B 5/1) to dark
bluish gray (5B 4/1). Generally poorly
graded. Abrupt change in color at 3-50
to dusky yellow (5Y 6/4) and a gradual
change to grayish green (10Y 4/2) in
Section 4.

Smear Slide at 5-58

5Y 6/4

10Y 4/2

10YR 8/2

Texture
(A-C-A)

X-ray 5-150
Calc 90.5%
K-Fe 3^7%
Plag 3.7%

LIMESTONE.

Composition
Nannos
Recrystal l ized

calcite
Rads
Zeoli tes
Clay
Fe-oxide
Volcanic glass
Heavy minerals
Feldspar

Mont 1.3%
Anal 0.8%
Amor 27.3%

C

C
R
C
c
R
R
R
R

Very pale orange (10YR 8/2), homogeneous
with thin (2-6 cm) layers of black (NI)
silt and sand increasing with depth.

VOLCANIC SILTSTONE and VOLCANIC SANDSTONE.
Brownish gray (5YR 4/1), olive gray
(5Y 4/1) and dark greenish gray (5GY 4/1).
Occurs as layers in Section 5.

Explanatory notes in Chapter 1

LITHOLOGIC DESCRIPTION

Generally a series of turbidites with
some calcareous pelagic layers. Beds
vary greatly in thickness.

LIMESTONE.
Mainly white (N9). Well burrowed in
some intervals. Sometimes laminated
or slumped. Contains irregular patches
and laminae of pale brown CHERT in
Section 1. Contains varying amounts
of silt size volcanic detritus.

CALCAREOUS VOLCANIC SILTSTONE and
CALCAREOUS VOLCANIC SANDSTONE.
Pale brown (10YR 8/3). Very thin
(<5 cm) silty layers occur throughout the
core.

Smear Slide at 2-40
Texture
(D-C-C)

Composition
Volcanic glass
Heavy minerals
Feldspar
Clay
Palagonite
Zeol i tes
Nannos

Carbon-Carbonate
3-145 (11.3-0-94)

X-ray 3-130
Mont 76.8%
Calc 15.2%
K-Fe 2.9%
Clin 1.7%

X-ray 3-150
Calc 100%
Amor 16.9%

Magn 0.9%
Anat 2.4%
Amor 21.0%

D
C
C
R
R
R
R
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Site 313 Hole Core 43 Cored Interval : 588.0-597.0 m

ZONE
FOSSIL

CHARACTER

Core
Catcher

GOI
LITHOLOGIC DESCRIPTION

BASALT: Medium dark gray (N3-N4), except
at the t op , where basalt is moderate
brown (7.5YR 3/2) and at 76 and 117 cm
i n Section 2 where i t i s dark yellow
brown (10YR 4/2) . Aphyric, aphanit ic.
Fractures spaced at •\-2 cm and f i l l e d
wi th 1 mm-thick veins of zeo l i te and
c a l c i t e . Vesicles are <l ran-2 cm in
diameter, the smaller vesicles are
f i l l ed with zeolite (phi l l ipsi te) ,
calcite, and montmorillonite. The
larger vesicles (vugs) more or less
f i l l ed with phi l l ips i te, ankerite,
and calcite.

At 130 cm, Section 1: Intersertal
texture of Plagioclase laths (30 x 30y)
and prismatic titanaugite (25 x 150µ).
Groundmass largely palagonitized glass.
Cores of Plagioclase laths altered to
zeolite (phi l l ipsi te). Px slightly
altered. Most of the vesicles are 0.1-
0.4 mm in diameter.

At 40 cm, Section 2: Plagioclase
(40 x 400µ), pyroxene (50 x 150µ),
in terst i t ia l glass much less
palagonitized, vesicularity 10-15%,
0.2-0.4 mm.

At 80 cm, Section 2: Plagioclase (30 x
300µ), interst i t ia l glass largely
altered to palagonite, vesicles 0.05-
0.1 mm.

C chemistry sample

Site 313 Hole Core 44 Cored Interval: 597.0-606.0

FOSSIL
CHARACTER

Core
Catcher

Explanatory notes i n Chapter 1

LITHOLOGIC DESCRIPTION

BASALT: Medium dark gray (N3-N4), except
medium dark brown gray below 40 cm i n
Section 3. Aphyric and fine-grained.
Fracture spacing about 10 cm- Vesicles
are commonly <l inn-2 mm in diameter,
and f i l l ed with zeolite. Vesicularity
is greatest in Section 1, where 3 mm-
2 cm (almost empty) vugs are fa i r ly
common.

At 80 cm, Section 1: Intergranular
texture of Plagioclase laths (60 x
600u) and titanaugite prisms (40 x
150M). Zeolite (phil l ipsite) occurs
as an alteration of Plagioclase cores
and f i l l i ng vesicles. Pyroxene is
apparently fa i r ly fresh. Vesicularity
is at a minimum in Section 2, with
only sparse, 1-3 mm calcite amygdules.
Vesicularity increases toward base
of Section 3.

At 145 cm, Section 3: Intersertal
texture of Plagioclase laths (60 x
400u) and titanaugite prisms (40 x
200µ). Plagioclase cores extensively
altered to zeolite. Pyroxene slightly
altered. Patches of palagonitized glass
in groundmass. Vesicularity M52>, 0.2-
0.4 mm, zeolite f i l l ed .

C chemistry sample
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CORE 313-2
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oo CORE 313-3
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= GRAPE WET-BULK DENSITY, g/cc ,

® Syringe porosity, % COMPRESSIONAL SOUND VELOCITY

1 2 3
DEPTH POROSITY, %

TM
inn in n

HOLE 2 I U U b U ü

"WET"
WATER

CONTENT H
% wt

® = Perpendicular
To Bedding

A = Parallel To
Bedding
km/sec

3 4 5

*rg = grain density, g/cc *rg = grain density, g/cc



CORE 313-5
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CORE 313-10

= GRAPE WET-BULK DENSITY, g/cc.

® Syringe porosity, % COMPRESSIONAL SOUND VELOCITY
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CORE 313-12

= GRAPE WET-BULK DENSITY, g/cc.
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CORE 313-13

= GRAPE WET-BULK DENSITY, g/cc.

Θ Syringe porosity, % COMPRESSIONAL SOUND VELOCITY
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= GRAPE WET-BULK DENSITY, g/cc.

® Syringe porosity, % COMPRESSIONAL SOUND VELOCITY
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CORE 313-16

= GRAPE WET-BULK DENSITY, g/cc .

® Syringe porosity, % COMPRESSIONAL SOUND VELOCITY
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CORE 313-17

= GRAPE WET-BULK DENSITY, g / c c .

® Syr inge p o r o s i t y , % COMPRESSIONAL SOUND VELOCITY
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CORE 313-19

= GRAPE WET-BULK DENSITY, g/cc

® Syringe p o r o s i t y , % COMPRESSIONAL SOUND VELOCITY
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*rg = grain density, g/cc

CORE 313-20

— - = GRAPE WET-BULK DENSITY, g/cc.

® Syringe porosity, % COMPRESSIONAL SOUND VELOCITY
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-P>• CORE 313-21

= GRAPE WET-BULK DENSITY, g / c c .

® Syr inge p o r o s i t y , % COMPRESSIONAL SOUND VELOCITY
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*rg = grain density, g/cc

CORE 313-22

= GRAPE WET-BULK DENSITY, g/cc.

0 Syringe porosity, % COMPRESSIONAL SOUND VELOCITY
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CORE 313-24

= GRAPE WET-BULK DENSITY, g/cc.

® Syringe porosity, % COMPRESSIONAL SOUND VELOCITY
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DEPTH POROSITY, %
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® = Perpendicular
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*rg = gra in d e n s i t y , g/cc

CORE 313-25

= GRAPE WET-BULK DENSITY, g/cc.

0 Syringe p o r o s i t y , % COMPRESSIONAL SOUND VELOCITY
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CORE 313-26

= GRAPE WET-BULK DENSITY, g/cc.

© Syringe porosity, % COMPRESSIONAL SOUND VELOCITY
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® = Perpendicular
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CORE 313-27

= GRAPE WET-BULK DENSITY, g / c c .

© Syr inge p o r o s i t y , % COMPRESSIONAL SOUND VELOCITY
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CORE 313-28

= GRAPE WET-BULK DENSITY, g/cc

© Syringe porosity, % COMPRESSIONAL SOUND VELOCITY
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® = Perpendicular
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A = Parallel To
Bedding
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CORE 313-29

= GRAPE WET-BULK DENSITY, g/cc

© Syringe porosity, % COMPRESSIONAL SOUND VELOCITY
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*rg = grain density, g/cc *rg = grain density, g/cc



CORE 313-30

= GRAPE WET-BULK DENSITY, g/cc.

® Syringe porosity, % COMPRESSIONAL SOUND VELOCITY
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CORE 313-31

= GRAPE WET-BULK DENSITY, g / c c .

® Syr inge p o r o s i t y , % COMPRESSIONAL SOUND VELOCITY
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CORE 313-35

= GRAPE WET-BULK DENSITY, g/cc.

© Syringe porosity, % COMPRESSIONAL SOUND VELOCITY

1 2 3
DEPTH POROSITY, %

HOLE 2
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CORE 313-36

GRAPE WET-BULK DENSITY, g/cc

0 Syringe porosity, % COMPRESSIONAL SOUND VELOCITY
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DEPTH POROSITY, %
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(m)
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® = Perpendicular
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A = Parallel To
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o CORE 313-37

= GRAPE WET-BULK DENSITY, g / c c .

® Syr inge p o r o s i t y , % COMPRESSIONAL SOUND VELOCITY
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CORE 313-38

= GRAPE WET-BULK DENSITY, g/cc.

® Syringe porosity, % COMPRESSIONAL SOUND VELOCITY
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CORE 313-39

= GRAPE WET-BULK DENSITY, g/cc.

® Syringe porosity, % COMPRESSIONAL SOUND VELOCITY
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CORE 313-41

= GRAPE WET-BULK DENSITY, g/cc.

® Syringe porosity, % COMPRESSIONAL SOUND VELOCITY
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CORE 313-42
= GRAPE WET-BULK DENSITY, g/cc.

© Syringe porosity, % COMPRESSIONAL SOUND VELOCITY
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*rg = grain density, g/cc

CORE 313-43

-*-= GRAPE WET-BULK DENSITY, g/cc.

® Syringe porosity, % COMPRESSIONAL SOUND VELOCITY
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CORE 313-44

= GRAPE WET-BULK DENSITY, g/cc

® Syringe p o r o s i t y , % COMPRESSIONAL SOUND VELOCITY
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*rg = grain density, g/cc
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