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12. SITE 784!

Shipboard Scientific Party?

HOLE 784A

Date occupied: 26 March 1989

Date departed: 30 March 1989

Time on hole: 4 days, 8 hr, 30 min

Position: 30°54.49'N, 141°44.27'E

Bottom felt (rig floor; m; drill-pipe measurement): 4912.1
Distance between rig floor and sea level (m): 11.30
Water depth (drill-pipe measurement from sea level; m): 4900.8
Total depth (rig floor; m): 5337.40

Penetration (m): 425.30

Number of cores: 45

Total length of cored section (m): 425.30

Total core recovered (m): 218.28

Core recovery (%): 51.3

Oldest sediment cored:
Depth (mbsf): 425.3
Nature: sheared, phacoidal serpentine
Age: (7)
Hard rock:
Nature: clasts of metavolcanic, meta-volcaniclastic, or serpenti-
nized ultramafic rocks

Principal results: Site 784 is located approximately 7 km southwest of
Site 783 on the lowermost, western flank of the same seamount on the
inner wall of the Izu-Bonin Trench. The one hole drilled (Hole 784A)
penetrated 425.3 m with a recovery of 51.3%. The stratigraphic
section is divided into two lithologic units. The upper 321 m of
sedimentary Unit I is of late Pleistocene to middle Miocene age or
older and is subdivided into a vitric clayey silt, glass-rich silty
clay/claystone (Subunit [A), a vitric claystone (Subunit IB), and a
mixed claystone and silt-sized serpentine mud (Subunit IC). The
lower 104 m is a phacoidal sheared serpentine microbreccia (Unit 11).

Sediments from Subunits IA and IB are typically laminated and
contain abundant graded beds, which are structures indicative of
current activity during sediment deposition. They contain a high
volcanogenic component and numerous ash layers, but a small
carbonate/microfossil component, because of deposition at or
below the carbonate compensation depth (CCD). Subunit IC
shows a clear interfingering of background pelagic sediments,
derived from the volcanic areas to the west, and silt-sized serpen-
tine from the topographic high to the east.

Most structures in the Unit I claystones are extensional and
include sets of en echelon tension veinlets and microfaults, some
of which are clearly associated with water-escape pipes. Unit II
contains pebbly serpentines with convolute lamination, sheared
and relatively unsheared, pebbly, silt-sized serpentines without
convolute lamination, and serpentine microbreccias. The ultra-
mafic clasts are of variably serpentinized, tectonized harzburgite,
subordinate dunites, and a few metabasalts. The middle Miocene
or older age provides further evidence that the seamount is an
older feature than that drilled in the Mariana forearc.

! Fryer, P., Pearce, J. A., Stokking, L. B., et al., 1990. Proc. ODP, Init.
Repts., 125: College Station, TX (Ocean Drilling Program).

2 Shipboard Scientific Party is as given in the list of participants preceding
the contents.

Analyses of interstitial waters indicate a steady change in com-
position with depth within the claystone, followed by an abrupt
change in behavior at the claystone/serpentine boundary. Below this
boundary, the most abrupt changes are in pH, which increases to 9.6
in the serpentine, and silica, which decreases to less than 10 umol/kg.
Of the other species, alkalinity, sulfate, magnesium, and sodium all
decrease, calcium increases, and chlorinity, bromide, and salinity
show no major changes. These data provide evidence for ongoing
serpentinization at the Torishima Forearc Seamont. Studies of phys-
ical properties show that the average bulk densities are 1.57 g/cm3 in
the sediments of Unit I and 2.19 g/cm? in the serpentine of Unit II.
The average compressional-wave velocities in the sediments and
serpentines are 1.66 and 3.08 km/s, respectively. Thermal conductiv-
ities average about 0.9 W/mK in the sediments and 1.74 W/mK in the
serpentine. Preliminary interpretation of paleomagnetic data from
sediments between 0 and 160 m below seafloor (mbsf) indicates that
because the inclinations of most samples lie between +15° and 15°,
there may have been significant translation between the middle
Miocene and the Pliocene.

BACKGROUND AND SCIENTIFIC OBJECTIVES

The choice of site was based on seismic data collected during
the survey of the seamount prior to occupation of Site 783 (see
““Underway Geophysics’’ chapter, this volume), which indicated
that an eastward-dipping fault plane underlies the west flank of
the seamount. Site 784 was located over the fault trace at
30°54.49'N, 140°44.27'E, at a water depth of 4900.8 m (Fig. 1).
This position is approximately 7 km south-southwest of Site 783.
Site 784 was a second attempt to penetrate the seamount on the
inner wall of the Tzu-Bonin Trench in order to (1) determine the
nature of the pelagic sediments in the outermost forearc region,
(2) investigate the regional tectonic history of the ridge upon
which the seamount is located, (3) establish the age and mode of
emplacement of the seamount through a study of the possible
interlayered pelagic sediments and serpentine flows, (4) study
the structure and composition of the basement of the seamount,
and (5) determine the composition of the interstitial waters in the
sediments and in serpentinites that might be encountered in the
hole. A further objective specific to Site 784 was to recover
interfingered pelagic sediments and serpentine flows that might
help constrain the age of emplacement of the seamount or at
least indicate the age of movement on faults associated with its
uplift.

The seamount drilled at this site was dredged in 1988 in
three locations (Fig. 1), yielding a wide variety of sedimentary
and igneous/metamorphic rocks (Kobayashi, 1989). Most of
the samples dredged from the western flank near Site 784 were
sedimentary rocks, although some pumice fragments and a
few serpentinized rocks were retrieved.

OPERATIONS

Transit to Site 784 (Proposed Site BON-7)
Because the basement objective had not been reached at
Site 783, a hole was attempted on the lowermost western flank
of the seamount, approximately 4 nmi from Site 783. Site 784
was established at 0630UTC, 26 March 1989, by the deploy-
ment of a beacon.
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Figure 1. Bathymetry of the seamount at 31°N on the inner wall of the
Izu-Bonin Trench. Arrows indicate the direction of the dredges taken
on this seamount in 1988 (Kobayashi, 1989). Contour interval = 100
m.

Hole 784A

The trip back to the seafloor began at 0700UTC, and Hole
784A was spudded at 0830UTC, 26 March. From the first
rotary core barrel (RCB) core we recovered 1.4 m of core and
established the mud line at 4900.8 m below sea level (mbsl).

During preparations for logging, the bit failed to release
several times. A core barrel was run in the hole to check for
bit release, but became stuck at 21 mbsf. After retrieval of the
core barrel, the drill string was tripped out of the hole. Five
joints of drill string had bent, six stands above the bottom-hole
assembly (BHA).

The RCB was deployed 45 times to a final depth of 425.3 mbsf,
during which time we recovered 218.3 m of core for a recovery rate
of 51.3% (Table 1). Site 784 officially ended at 0900UTC, 31 March,

Table 2. Lithologic units recovered at Site 784.

Table 1. Coring summary for Site 784,

Date ) Length  Length
(March  Time Depth cored recovered Recovery

Core no. 1989) (UTC) (mbsf) (m) (m) (%)
125-784A-

IR 26 1010 0.0-1.4 1.4 1.40 100.0
2R 26 1210 1.4-10.9 9.5 0.20 2.1
IR 26 1345 10.9-20.4 9.5 5.13 54.0
4R 26 1455 20.4-29.9 9.5 543 571
5R 26 1820 29.9-39.5 9.6 0.00 0.0
6R 26 1930 39.5-49.1 9.6 8.48 88.3
7R 26 2130 49.1-58.8 9.7 4.30 443
8R 26 2215 58.8-68.5 9.7 7.94 81.8
9R 26 2330 68.5-78.1 9.6 6.93 T72.2
10R 27 0045 78.1-87.8 9.7 5.86 60.4
11IR 27 0200 87.8-97.4 9.6 0.20 2.1
12R ra 0300 97.4-107.1 9.7 2.62 27.0
13R 27 0530 107.1-116.7 9.6 0.78 8.1
14R 27 0700 116.7-126.4 9.7 T.18 74.0
ISR 27 0800 126.4-136.0 9.6 9.85 102.0
16R 27 0910 136.0-145.6 9.6 9.82 102.0
17R 27 1200 145.6-155.3 2.7 7.52 71.5
18R 27 1300 155.3-165.0 9.7 9.85 101.0
19R 27 1425 165.0-174.7 9.7 3.29 339
20R 27 1525 174.7-184.4 9.7 7.68 7.2
21R 27 1640 184.4-194.0 9.6 8.36 87.1
2R 27 1800 194.0-203.6 9.6 8.67 90.3
23R 7 1915 203.6-213.2 9.6 1.86 40.2
24R 7 2025 213.2-222.9 9.7 9.51 98.0
25R 7 2145 222.9-232.5 9.6 1.19 12.4
26R 27 2300 232.5-242.1 9.6 4.23 44.0
27R 28 0015 242.1-251.8 9.7 7.66 78.9
28R 28 0130 251.8-261.4 9.6 3.60 37.5
29R 28 0245 261.4-271.1 9.7 9.82 101.0
30R 28 0345 271.1-280.8 9.7 6.85 70.6
3IR 28 0445 280.8-290.4 9.6 4.43 46.1
32R 28 0545 290.4-300.0 9.6 9.64 100.0
33R 28 0700 300.0-309.7 9.7 5.42 55.9
34R 28 0800 309.7-319.3 9.6 3.31 34.5
35R 28 1145 319.3-329.0 9.7 2.59 26.7
36R 28 1500 329.0-338.7 9.7 L2 12.6
37R 28 1900 338.7-348.3 9.6 2.26 23.5
38R 28 2330 348.3-357.9 9.6 2.66 21.7
39R 29 0600 357.9-367.5 9.6 2.81 293
40R 29 1020 367.5-377.3 9.8 2.76 28.1
41R 29 1320 377.3-386.9 9.6 2.57 26.8
42R 29 1720 386.9-396.6 9.7 2.44 25.1
43R 29 2330 396.6—-406.3 9.7 3.9 40.2
44R 30 0400 406.3-415.6 9.3 0.97 10.4
45R 30 0800 415.6-425.3 9.7 3.09 31.8
Coring totals 425.3 218.28 51.3

when the BHA was back on board and the vessel was under way
for Site 785 (proposed Site BON-6A).

LITHOSTRATIGRAPHY

The stratigraphic section recovered at Site 784 is divided
into two lithologic units (Table 2). Lithologic Unit I consists of
ash layers, feldspar- and glass-rich clayey silt, glass-rich silty
clay/claystone, vitric claystone, claystone, and silt-sized ser-
pentine and is divided into three subunits. Lithologic Unit II is
composed of a serpentine microbreccia that is phacoidal and
sheared and also exhibits vertical, convolute bedding.

Lithologic Depth
unit Cores (mbsf) Dominant lithology Stratigraphic age

1A T84A-1R-1, 0 cm, to 0.0-126.4  Feldspar- and glass-rich clayey  upper Pleistocene to

TB4A-14R-CC silt, glass-rich silty clay/ lower Pliocene(?)
claystone

IB 784A-15R-1, 0 ¢m, to 126.4-302.7  Vitric claystone lower Pliocene(?) to
T84A-33R-2, 120 cm middle Miocene

IC 784A-33R-2, 120 cm, 302.7-321.1 Claystone and silt-sized T
to 784A-35R-2, 34 cm serpentine

11 T84A-35R-2, 34 cm, 321.1-425.3  Sheared, phacoidal serpentine ?

to 784A-45R-CC

microbreccia with vertical
convolute bedding
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Table 3. Volcanic ash layers at Site 784.

Depth of
top of
Core, section, section True depth Volcanic
interval (cm) (mbsf) (mbsf) ash layer

125-784A-

2R-1, 0-3 1.4 1.40-1.43 1
2R-1, 5-6 1.4 1.45-1.46 2
2R-1, 12-16 1.4 1.52-1.56 3
3R-3, 50-52 13.9 14.40-14.42 4
3R-3, 119-120 13.9 15.09-15.20 5
4R-2, 55-57 219 22.65-22.67 6
4R-3, 1-2 234 23.41-23.42 7
6R-1, 34 39.5 39.84 8
6R-2, 65-68 41 41.65-41.68 9
6R-2, 72-73 41 41.72-41.73 10
6R-3, 70 42.5 43.2 11
6R-3, 91-94 42.5 43.41-43.44 12
6R-4, 58 44 44,58 13
6R-5, 71-72 45.5 46.21-46,22 14
6R-5, 97-98 45.5 46.47-46.48 15
6R-6, 73.5-74.0 47 47.735-47.740 16
TR-1, 34-37 49.1 49.44-49.47 17
TR-2, 31-35 50.6 50.91-50.95 18
TR-2, 70-74 50.6 51.30-51.34 19
TR-3, 27-31 52.1 52.37-52.41 20
TR-3, 68-76 52.1 52.78-52.86 21
8R-1, 28-30 58.8 59.08-59.1 22
8R-1, 55-56 58.8 59.35-59.36 23
8R-2, 70-71 60.3 61.0-61.01 24
8R-3, 10-17 61.8 61.90-61.97 25
8R-3, 91 61.8 62.71 26
8R-4, 30-33 63.3 63.60-63.63 27
8R-4, 90-91 63.3 64.20-64.21 28
8R-4, 120-121 63.3 64.50-64.51 29
8R-5, 36-37 64.8 65.16-65.17 30
8R-5, 59-62 64.8 65.39-65.42 31
8R-5, 126-127 64.8 66.06—66.07 32
8R-5, 139.5-140.5 64.8 66.195-66.205 13
9R-1, 20-24 68.5 68.70-68.74 34
9R-1, 26.5-28.5 68.5 68.765-68.785 35
9R-1, 68-70 68.5 69.18-69.20 36
10R-3, 28-30 81.1 81.38-81.40 37
12R-2, 63-65 98.9 99.53-99.55 38
14R-2, 0-21 118. 118.20-118.41 39
15R-1, 67-69 126.4 127.07-127.09 40
15R-2, 36-38 127.9 128.26-128.28 41
15R-2, 39 127.9 128.29 42
15R-2, 48-50 127.9 128.38-128.40 43

Unit I

Sections 125-784A-1R-1, 0.0 cm, to 125-784A-35R-2, 34 cm; depth,

0.0-321.1 mbsf.

Age: late Pleistocene to ?

Unit I extends from the sediment/water interface to 321.1
mbsf. The gradational transition from Subunit IA to Subunit IB
is based on color change, volcanic input, and extent of biotur-
bation. The upper part of lithologic Unit I (Subunits IA and IB)
is composed primarily of claystone with varying amounts of
volcanic glass and ash layers. The general trend of the volcanic
input increases downhole, as can be seen in the detailed listing of
ash layers in Table 3. Lithologic Subunit IC is distinct from the
upper part of lithologic Unit I; this subunit contains nearly
glass-free claystone with interbedded silt-sized serpentine.

Subunit IA

Sections 125-784A-1R-1, 0.0 cm, to 125-784A-14R-CC; depth,
0.0-126.4 mbsf.
Age: late Pleistocene to early Pliocene(?).

Lithologic Subunit IA contains ash layers, but is composed
predominantly of light and dark gray (2.5Y 6/0 and 2.5Y 4/0),
feldspar- and glass-rich clayey silt and glass-rich, silty clay/

SITE 784

Table 3 (continued).

Depth of
top of
Core, section, section True depth Volcanic
interval (cm) {mbsf) (mbsf) ash layer
15R-2, 62-63 127.9 128.52-128.53 44
15R-2, 63-66 127.9 128.53-128.56 45
15R-4, 56-60 130.9 131.46-131.50 46
15R-5, 5-20 132.4 132.45-132.60 47
15R-5, 86-96 132.4 133.26-133.36 48
15R-6, 128-136 133.9 135.18-135.26 49
16R-2, 53-68 137.5 138.03-138.18 50
16R-3, 33 139 139.33 51
16R-3, 98-106 139 139.98-140.06 52
16R-4, 44-46 140 140.44—140.46 53
16R-4, 103-104 140 141.03-141.04 54
17R-2, 102-114 147.1 148.12-148.24 55
17R-3, 80-81 148.6 149.40-149.41 56
17R-3, 118-123 148.6 149.78-149.83 57
17R-3, 143-150 148.6 150.03-150.10 58
17R-4, 38-39 150.1 150.48-150.49 59
17R-4, 112-115 150.1 151.22-151.25 60
17R-4, 139-140 150.1 151.49-151.50 61
17R-5, 59-62 151.6 152.19-152.22 62
18R-2, 32-33 156.8 157.12-157.13 63
18R-2, 100-101 156.8 157.8-157.81 64
20R-1, 18-19 174.7 174.88-174.89 65
20R-1, 31-32 174.7 175.01-175.02 66
20R-1, 95-96 174.7 175.65-175.66 67
20R-1, 110 174.7 175.8 68
20R-1, 126-127 174.7 175.96-175.97 69
20R-1, 142-144 174.7 176.12-176.14 70
20R-2, 9-10 176.2 176.29-176.30 71
20R-2, 16-17 176.2 176.36-176.37 72
20R-2, 40-41 176.2 176.60-176.61 73
20R-3, 65-70 177.7 178.35-178.40 74
20R-4, 13-17 179.2 179.33-179.37 75
21R-3, 68 187.4 188.08 76
21R-3, 7T7-80 187.4 188.17-188.20 77
21R-3, 139-140 187.4 188.79-188.80 78
21R-4, 78-84 188.9 189.68-189.74 79
22R-3, 88-95 197 197.88-197.95 80
24R-3, 121-123 216.2 217.41-217.43 81
24R-4, 47-50 217.7 218.17-218.20 82
27R-5, 31-35 248.1 248.41-248.45 83
28R-1, 94-96 251.8 252.74-252.76 84
29R-6, 78-80 268.9 269.68-269.70 85
31R-2, 8-11 282.3 282.38-282.41 86

claystone scattered with brown (10YR 5/3), subangular to
subrounded pumice fragments, 0.5 to 4 cm in diameter.
Intervals of dark greenish gray (10Y 5/2), vitric silty clay that
begin to appear in the light gray sediment of Core 125-
784A-6R predominate by the top of lithologic Subunit IB.
Lithologic Subunit IA has varying amounts of silt-sized detri-
tus within the claystone, usually representing a volcanic
influx. The main components of this detritus are glass (21%-
53%), feldspar (8%-22%), pyroxene (09-7%), epidote (0%—
3%), amphibole (0%-2%), and chlorite (rarely present, and
only in trace amounts). A trace to 10% of zeolite present in
Cores 125-784A-2R through 125-784A-4R and 125-784A-6R
through 125-784A-9R is interpreted as an alteration product of
volcanic glass. Cores 125-784A-2R through 125-784A-4R, in
the uppermost part of this subunit, contain some sand-sized
quartz, which on the basis of grain size can be interpreted as
terrigenous detritus, rather than an aeolian contribution. Ser-
pentine (less than 10%) was observed in Cores 125-784A-3R,
125-784A-4R, 125-784A-6R, 125-784A-8R, 125-784A-12R,
and 125-784A-14R.

The majority of the ash layers in Subunit IA are black (N
4/0 to N 2/0) graded beds with sharp basal contacts, except
where drilling disturbance is severe. The different colors of
the ash result from a slight variation in the feldspar and
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SITE 784

opaque mineral contribution to the sediment. The ash from
this subunit is composed of volcanic glass (64%—90%) and
feldspar (3%—20%), sporadic amounts of pyroxene (as much
as 10%), opaque minerals (as much as 10%), chlorite (trace
amounts), and clays (as much as 20%). There are also a few
layers of vitric sands and silts with large admixtures of clay
(30%—40%) that are interpreted as reworked ash.

In addition to the ash beds with normal grading, the
prevalent sedimentary structures in Subunit IA are lamina-
tions. Intervals with laminations are present downhole from
Core 125-784A-8R, and the number of intervals increases with
depth to the base of this subunit, indicating current activity
during deposition of the sediment. At the base of this subunit,
in Section 125-784A-14R-CC, is a 4.5-cm-thick graded bed
with a 0.5-cm-thick base of very pale brown (10YR 8/3)
rhodochrosite (confirmed by X-ray diffraction) silt.

The only tectonic structures observed in Subunit IA are en
echelon tension gashes in Section 125-784A-6R-5, 50—60 cm.
For detailed discussion of this feature, see *‘Structural Stud-
ies’’ section (this chapter).

Biologic sedimentary structures are rare throughout Sub-
unit IA. The background sediment of the subunit contains
only a small biogenic contribution of radiolarians (as much as
10%), diatoms (as much as 10%), spicules (as much as 5%),
silicoflagellates (rarely present, at trace amounts to 10%), and
nannofossils (found only in Core 125-784A-8R as 2% of a
reworked ash deposit). Nannofossils are not typically pre-
served in this environment beneath the CCD unless they were
rapidly deposited from shallower depths and rapidly buried in
the redeposited ash layer.

Diatoms were used to determine the biostratigraphic age of
Subunit IA. Sample 125-784A-1R-1, 10-20 cm, near the top of
the first core, provides a stratigraphic age of late Pleistocene for
the uppermost sediment in Unit I. Section 125-784A-12R-CC,
near the base of the unit, has a diatom biostratigraphic age of
early Pliocene; the age of the oldest strata in Subunit IA is not
well constrained, but is at least early Pliocene.

Subunit IB

Sections 125-784A-15R-1, 0.0 cm, to 125-784A-33R-2, 120 cm;
depth, 126.4-302.7 mbsf.
Age: early Pliocene(?) to middle Miocene.

Lithologic Subunit IB also contains ash layers, but is
composed predominantly of dark gray (5GY 4/1), glass-rich
silty claystone. This sediment is sufficiently indurated from
burial diagenesis to be classified as a claystone. Subunit 1B
has varying amounts of silt-sized detritus, probably represent-
ing a volcanic influx. Glass (15%-52%) is always present;
other minerals observed are feldspar (as much as 15%),
pyroxene (as much as 3%), chlorite (as much as 1%), and
amphibole (as much as trace amounts). Zeolites were found
only in Cores 125-784A-16R and 125-784A-17R, and quartz is
present in this subunit in Cores 125-784A-20R through 125-
784A-22R and 125-784A-24R in amounts less than 2%.

The ash layers of Subunit IB have sharp basal contacts and
are composed of volcanic glass (68%-98%) and feldspar
(2%—17%), sporadic amounts of pyroxene (as much as 7%),
opaque minerals (as much as 10%), chlorite (as much as 1%),
and clays (as much as 15%). Some of the ash layers contain
both clinopyroxene and orthopyroxene.

Serpentine was also observed in some of the vitric
claystones from Cores 125-784A-16R, 125-784A-23R, 125-
784A-24R, 125-784A-32R, and 125-784A-33R, in amounts of
less than 5%. An exception is in Section 125-784A-16R-6,
51-56 cm, where the core is cut by a series of greenish gray
(5G 4/2) veins(?) composed of 20% serpentine, 10% opaque
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minerals, 70% clays, and trace amounts of feldspar and
pyroxene.

Sedimentary structures in this subunit include abundant
graded beds, parallel laminations, inclined laminations, micro-
cross laminations (Samples 125-784A-15R-2, 36-38 cm, 125-
784A-15R-2, 48-50 cm, and 125-784A-16R-3, 33-34 cm), a
complete Bouma sequence (Section 125-784A-18R-1, 96-125
cm), and wavy laminations (Section 125-784A-23R-3, 40-46
cm). These structures indicate current activity during deposi-
tion of the sediment. Extensive bioturbation is also a charac-
teristic feature of this subunit.

Other physical structures observed in this subunit are
synsedimentary microfaults (Sections 125-784A-18R-2, 100-
112 cm, 125-784A-19R-1, 60-68 cm, 125-784A-19R-1, 75-77
cm, 125-784A-27R-5, 12-24 cm, and 125-784A-32R-5, 1218
cm), water-escape structures (Section 125-784A-32R-3, 0-60
cm), and tension gashes (Sections 125-784A-32R-4, 125-784A-
32R-5, and 125-784A-33R-1, 28-32 cm). For a detailed dis-
cussion of these features, see the **Structural Studies’’ section
(this chapter).

Subunit IB contains a small siliceous biogenic contribution
composed of spicules (as much as 10%), radiolarians (as much
as 10%), diatoms (as much as 5%), and silicoflagellates (rarely
present, in trace amounts). Calcareous biogenic components
are only present in Core 125-784A-31R as a trace amount of
foraminifers and 5% nannofossils.

The stratigraphic age of this subunit is not well con-
strained. A diatom biostratigraphic age of late Miocene was
obtained from core-catcher Samples 125-784A-21R and 125-
784A-22R, and a middle Miocene age from core-catcher
Samples 125-784A-26R, 125-784A-27R, and 125-784A-31R.
Using this information and the constraint imposed by the age
determination for the base of the overlying subunit, Subunit
IB must be early Pliocene to at least middle Miocene.

Subunit IC

Sections 125-784A-33R-2, 120 cm, to 125-784A-35R-2, 34 cm:
depth, 302.7-321.1 mbsf.

Lithologic Subunit IC is composed of intercalated grayish
brown to olive brown (2.5Y 5/2 to 2.5Y 4/4) claystone and dark
blue gray (5B 4/1) silt-sized serpentine. The claystone is
devoid of any sedimentary structures in Core 125-784A-32R,
with the exception of irregular, pale green (5G 6/2) areas
(millimeter to centimeter size), some of which surround small
white (2.5Y 8/0) preexisting(?) millimeter-sized clasts, and of
irregular horizontal zones composed of pale green vitric-
bearing claystone. The background claystone is composed of
clay (90%—100%), serpentine (trace—2%), feldspar (1%—3%),
glass (1%-7%), and a trace of pyroxene and amphibole. The
silt-sized serpentine is typically interlayered with the clay-
stone, with the exception of a different structure in the
serpentine interval from 91 to 136 cm in Section 125-784A-
35R-1. From 91 to 121 cm is a serpentine breccia composed of
a dark gray (N 4/0), 5 x 6 cm rounded clast with a faint
phacoidal texture and dark greenish gray (SBG 4/1), millime-
ter-sized angular grains. The matrix is silt-sized serpentine
with layers of the following colors: bluish gray (5B 5/1) at
91-117 cm, yellowish brown (10YR 5/6) at 117-118 c¢cm, and
greenish gray (5GY 6/1) at 118-121. From 121 to 136 cm in
Section 125-784A-35R-1, rounded bluish gray (5B 5/1), angular
greenish gray (5GY 6/1), and rounded yellowish brown (10YR
5/6) millimeter-sized clasts are scattered through a finer-scale
variegated (same matrix colors as noted for the interval from
91 to 121 cm) matrix with a sigmoidal pattern. Subunit IC
contains no biogenic contribution and no stratigraphic age has
therefore been determined.



The change from clay to claystone from Subunit IA to
Subunit IB is typical of burial diagenesis. Lithologic Subunit
IA differs from Subunit IB in color and the degree of biotur-
bation and probably correlates with lithologic Unit I at Site
783 on the northern flank of the seamount because the ages,
lithologies, and thicknesses at the two sites are similar.
Subunit IB at Site 784 may correlate with lithologic Subunit IB
at Site 782 in the forearc basin because of the similarity in age
and ash content, but the lithologies differ. The sediment in
Subunit IB at this site has a depleted carbonate contribution
because of its proximity to the CCD. The in-situ pelagic
sediments and the silt-sized serpentine that has flowed down
from the adjacent topographic high interfinger at Site 784 in
Subunit IC, the lowermost part of Unit 1.

Unit II

Sections 125-784A-35R-2, 34 cm, to 125-784A-45R-CC; depth,
321.1-425.3 mbsf.

The contact between lithologic Units I and II is repre-
sented by an abrupt change to grayish green (5G 5/2) and
bluish gray (5B 5/1) sheared, phacoidal serpentine micro-
breccia withvertical, convolute bedding. A microbreccia
containing blocks of serpentinized harzburgite in a matrix of
sheared, phacoidal serpentine first occurs in Core 125-
784A-36R and continues throughout the remainder of the
unit. In the lowermost part of Unit II is a silt-sized serpen-
tine (bearing apatite in Core 125-784A-44R) associated with
the sheared, phacoidal serpentine microbreccia and the
blocks of harzburgite.

The presence of Pleistocene nannofossils and siderite
(rhodochrosite?) siltstone indicates downhole contamination
at the tops of Cores 125-784A-36R through 125-784A-39R and
125-784A-43R. No fossils were found within the serpentine
microbreccia; the age of these strata is, therefore, unknown.

Lithologic Unit II is probably either locally derived from
the adjacent topographic high or represents the underlying
“‘acoustic basement’’ at this site. This unit correlates with
lithologic Unit II at Site 783 on the northern flank of the
seamount.

BIOSTRATIGRAPHY

Evidence from calcareous nannofossils and diatoms in the
cores from Site 784 shows that the sedimentary interval from
Samples 125-784A-1R-1, 10-20 cm, to 125-784A-31R-CC
ranges in age from late Pleistocene to middle Miocene. No
ages could be assigned to the remaining sedimentary section in
Cores 125-784A-32R to 125-784A-42R.

The strong dissolution of the calcareous plankton assem-
blages from Site 784 suggests that deposition of the sedimen-
tary interval probably took place at or below the CCD.

The biostratigraphic results of Site 784 are summarized in
Figure 2.

Calcareous Nannofossils

Rare, poorly preserved calcareous nannofossil assem-
blages were found in Samples 125-784A-2R-CC, 125-784A-
6R-CC, and 125-784A-8R-3, 15 cm. The presence of Gephy-
rocapsa oceanica, Gephyrocapsa caribbeanica, and Pseudo-
emiliania lacunosa confines Samples 125-784A-2R-CC and
125-784A-6R-CC to the middle/early Pleistocene (Zone CN14a).
Sample 125-784A-8R-3, 15 cm, contains a late Pliocene (Zone
CN12) assemblage of Discoaster brouweri, P. lacunosa, Cal-
cidiscus macintyrei, and Helicosphaera sellii. The low abun-
dance and poor preservation are probably the result of deposi-
tion at or below the CCD, as shown by the strong etching of the
remaining nannofossil assemblages.
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Foraminifers

Except for Sample 125-784A-2R-CC, in which a single
specimen of Globigerina sp. was found, all of the samples
examined, from Samples 125-784A-1R-1, 10-20 cm, to 125-
784A-42R-CC, are barren of planktonic and benthic foramin-
ifers. This is again most likely the result of deposition below
the CCD.

Diatoms

Diatoms are poorly to well preserved and are sparse to
abundant in Hole 784A. It was possible to date the sedimen-
tary interval as ranging from late Pleistocene to at least middle
Miocene. The interval below Core 125-784A-31R-CC is de-
void of diatoms.

Sample 125-784A-1R-1, 10-20 cm, is assigned to the late
Pleistocene Pseudoeunotia doliolus Zone by the appearance
of P. doliolus and the absence of Nitzschia reinholdii.

Nitzschia reinholdii is present in Sample 125-784A-2R-CC;
this sample is, therefore, early Pleistocene (V. reinholdii
Zone).

No zonal markers were found in Samples 125-784A-3R-CC
through 125-784A-6R-CC. The Pliocene/Pleistocene boundary
can be assumed to be in this interval, as Rhizosolenia prae-
bergonii is present in Samples 125-784A-7R-CC and 125-
784A-8R-CC, which assigns these samples to the late Pliocene
R. praebergonii Zone. Both samples have abundant and
well-preserved assemblages.

The early Pliocene marker Nitzschia jouseae is present in
Samples 125-784A-10R-CC and 125-784-12R-CC.
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Figure 2. Summary of biostratigraphic data from Site 784.
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Samples 125-784A-13R-CC through 125-784A-20R-CC
have only traces or rare abundances of diatoms in which no
zonal markers were found.

Thalassiosira burckliana is present in Sample 125-784A-
21R-CC and Coscinodiscus yabei was recorded in Sample
125-784A-22R-CC, which assigns these samples to the late
Miocene. Both samples have common and moderately pre-
served assemblages.

Samples below 125-784A-22R-CC have only traces of dia-
toms. Actinocyclus ingens is present in Samples 125-784A-
26R-CC through 125-784A-31R-CC, dating this interval as mid-
dle Miocene (Coscinodiscus gigas var, diorama Zone or older).

IGNEOUS AND METAMORPHIC PETROLOGY

The igneous and metamorphic rocks recovered at Site 784
are variably serpentinized and tectonized ultramafic rocks
(harzburgite 80%-90%, dunite 10%-20%) together with
weakly metamorphosed volcanic (metabasalt and meta-volca-
niclastic) rocks. The ultramafic clasts reach a maximum
recovered thickness of about 1.5 m (Section 125-784A-43R-2)
and are enclosed in a highly sheared and pulverized serpentine
matrix (Fig. 3) that is described in the ‘‘Structural Studies”’
section (this chapter). Contact relationships between the
ultramafic and sedimentary rocks are ambiguous. The vol-
canic clasts are 1 to 5 cm in diameter and show a subangular
to subrounded shape. They form clasts of isolated fragments
and inclusions in the serpentine matrix.

Figure 3. Ultramafic clasts enclosed in a highly sheared and pulver-
ized serpentine matrix (Section 125-784A-43R-2, 60-74 cm).
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Ultramafic Rocks
Serpentinized and Weakly Tectonized Harzburgites

The harzburgites are massive and vary from dark greenish-
gray (5BG 4/1), where relatively fresh, to black (7.5YR 2/0),
where serpentinized (e.g., Sections 125-784A-38R-2, 85-94
cm, and 125-784A-36R-1, 94-107 cm; Figs. 4 and 5, respec-
tively). The primary mineralogy of these rocks is olivine
(65%—-90%), orthopyroxene (10%-30%), clinopyroxene
(trace—4%), and chromium-spinel (trace-2%). Clinopyroxene
is present as blebs and anhedral crystals (<2 mm), typically
closely related to orthopyroxene, and as exsolution lamellae
(on 100) in orthopyroxene.

The harzburgites display weak deformation. Typically,
orthopyroxene crystals are 1 to 5 mm in size and have
morphologies that range from equant to asymmetric-elongate;
the cleavage surfaces and extinction are wavy, kink-banding is
not rare, and fine clinopyroxene exsolution lamellae on (100)
are bent. Olivine crystals are 1 to 5 mm in size and have an
anhedral shape. Kink-banding characterizes some olivine
morphologies. Chromium-spinel crystals are subhedral to
anhedral (0.05-1.5 mm in size) and dark red to reddish brown
in thin section. Some of the elongate spinels define a lineation
parallel to the elongate olivine and orthopyroxene (see
*“Structural Studies’” section, this chapter).

The degree of serpentinization is extremely variable (60%—
100%), with the olivine and orthopyroxene replaced by mesh-
textured serpentine and bastite (which appear to be mostly
chrysotile and/or lizardite), respectively. In the strongly ser-
pentinized types, most of the chromium-spinel (translucent,
shades of red) is replaced by magnetite (opaque). The
harzburgites are cut by numerous veins of serpentine. Many
of these veins show a polystage history of filling (Fig. 5).
Typically, serpentinization has affected olivine the most,
orthopyroxene less, and clinopyroxene and chromium-spinel
the least at this site. Subhedral primary clinopyroxenes (<2
mm in length) were observed in some samples.

Figure 4. Relatively pyroxene-rich fresh harzburgite (Section 125-
784A-38R-2, 85-94 cm).
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Figure 5. Intensively serpentinized harzburgite cut by numerous veins
of serpentine (Section 125-784A-36R-1, 94-107 cm).

Serpentinized and Weakly Tectonized Dunites

The dunites are dark bluish gray (5B 4/1) to black (N 4/) and
generally massive; some grade to harzburgite. The primary
mineralogy consists of olivine (>95%), orthopyroxene (<5%),
and spinel (trace-1%). Most of the dunites are extensively
(99%—100%) serpentinized, show mesh textures and splays of
chrysotile (and/or lizardite), and are cut by numerous serpen-
tine-rich veins (Fig. 6). Asymmetric elongation of spinel is
evidence of deformation. Other secondary minerals include
magnetite (replacing chromium-spinel and in serpentine veins)
and up to 10% clays (replacing serpentine).

Metavolcanic Rocks

Metabasalt

The several clasts of metabasalt that were recovered are 1
to 5 cm in diameter. Most are grayish green (5G 4/2-5G 5/2),
and those containing abundant limonite are dark reddish
brown (5YR 2.5/2). The metabasalts are composed of plagio-
clase, clinopyroxene, magnetite(?), and glass as primary
phases and chlorite, sphene, dusty brownish clay, carbonate,
pale green actinolite, and limonite as secondary phases. The
primary igneous textures, such as intersertal and aphyric
textures, are well preserved, but almost all primary minerals,
except clinopyroxene and some plagioclase grains, are com-
pletely altered.
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Figure 6. Intensively serpentinized dunite cut by numerous veins of
serpentine (Section 125-784A-40R-2, 60-90 cm).

Meta-Volcaniclastic Rock

Only one meta-volcaniclastic rock clast was recovered.
The rock is 5 cm in diameter, light greenish gray (5G 7/1), and
medium- to fine-grained and consists of clinopyroxene as a
relic mineral and prehnite, dusty brownish clay, carbonate,
actinolite, and chlorite as secondary minerals. The rock
contains abundant subangular to subrounded fragments of
clinopyroxene within a fine-grained chlorite and clay matrix.
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Most fragments of clinopyroxene have been altered to color-
less actinolite. Calcite and chlorite veins (0.01-0.1 mm wide)
run throughout the rock.

IGNEOUS AND METAMORPHIC GEOCHEMISTRY

Shipboard geochemical analyses of clasts enclosed in a
highly sheared and pulverized serpentine matrix at Site 784
were performed for seven samples of serpentinized harzburg-
ites, three samples of serpentinized dunites, and two matrix
samples. Preparation and analytical techniques are given in
the ‘*Explanatory Notes™ (this volume). Rock and thin-
section descriptions are given in ‘‘Igneous and Metamorphic
Petrology’” section of this chapter. The geochemical data are
listed in Tables 4 and 5.

Ultramafic Samples

Modal estimates of the original (pre-serpentinization) com-
position of ultramafic samples range from 65 to 93 modal%
olivine, 10 to 30 modal% orthopyroxene, trace to 4 modal%
clinopyroxene, and trace to 2 modal% spinel in the harzburg-
ite samples and from 95 to 99 modal% olivine, <5 modal%
orthopyroxene, and trace to 1 modal% spinel in the dunite
samples. The degree of serpentinization of the samples varies
from 60% to 100% for the harzburgites and from 99% to 100%
for the dunites.

Major-Element Chemistry

Loss on ignition (LOI) for these samples ranges from
13.63 to 17.01 wt%, and, as for the samples from Sites 779
and 783, shows a positive correlation with the degree of
serpentinization (Fig. 7A). (See ‘‘Igneous and Metamorphic
Geochemistry™ sections in the ‘‘Site 778" and ‘‘Site 779"
chapters, this volume, and **Explanatory Notes’’ chapter for
an explanation of LOI.) Although the ranges of major-

element concentrations are similar in the dunite and
harzburgite samples, some small differences exist. SiO, is
slightly higher in the harzburgite samples (35.35-38.92 wt%)
than in the dunite samples (33.01-34.17 wt%). AL,O; is also
slightly higher in the harzburgites (0.27-0.62 wt%) than in
the dunites (0.01-0.20 wt%). Fe,0; ranges from 7.13 to 8.94
wt% and CaO ranges from 0.06 to 0.55 wt% in both. MgO
values in dunite samples (39.36-41.33 wt%) are slightly
higher than in harzburgite samples (37.93-39.67 wt%). Mag-
nesium number (Mg# = Mg/(Mg + Fe) X 100) is high in all
rocks and ranges from 89.71 to 91.67. Na,O, K,0, and P,0;
were not detected in any of the samples. The general
absence of clinopyroxene crystals and very low concentra-
tions of Al,O; and CaO (Fig. 7B) indicate that the rocks are
residues from high degrees of partial melting. Concentra-
tions of major-element oxides in ultramafic rocks from Site
784 are similar to those from ultramafic samples from Sites
778 through 780 and 783 (see the *‘Igneous and Metamorphic
Geochemistry™’ sections in the respective site chapters).

Trace-Element Chemistry

Trace-element data are presented in Table 5. Compatible
elements are high in all samples, as expected. Nickel ranges
from 1991 to 2819 ppm and chromium from 1115 to 2585
ppm, with the exception of a single low value of 444 ppm in
Sample 125-784A-40R-2, 41-43 cm. Chromium and nickel
do not correlate with one another or with the degree of
serpentinization. Niobium, zirconium, yttrium, rubidium,
and titanium are all present in trace amounts or are below
detection limits, with the exception of Sample 125-784A-
45R-1, 98-100 cm, which contained a high value of 18 ppm
for zirconium. Cerium and barium values range from below
the detection limit (<10 ppm) to trace amounts and 12 ppm,
respectively, although these values may result from analyt-

Table 4. Major-element data for serpentinized ultramafic rocks and matrix samples from Hole 784A.

Core, section: 36R-1, 3TR-1, 38R-1, 38R-2, 42R-1, 45R-1, 45R-2, Average 40R-2, 41R-2, 42R-1, Average 38R-2, 40R-1, Average
Interval (cm): 107-109 6-9 66-68 92-95 5-8 98-100 41-44 harzburgite  41-43  98-100  39-4] dunite 29-31 84-87 matrix
Si0y 36.23 36.97 35.35 38.92 37.57 37.58 37.78 37.20 33.32 34.17 33.m 33.50 36.98 36.18 36.58
TiO, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
AlyO4 0.27 0.51 0.29 0.62 0.52 0.34 0.35 0.41 0.01 0.15 0.20 0.12 0.34 0.17 0.26
Fe 05 7.44 7.54 7.21 T.13 7.49 T.24 7.14 731 7.92 8.94 B.90 8.59 6.62 717 6.90
MnO 012 0.16 0.13 0.13 0.11 0.11 0.11 0.12 0.11 0.12 0.13 0.12 0.08 0.09 0.09
MgO 38.85 38.30 39.15 37.93 39.28 39.63 30.67 38.97 41.33 39.36 40.31 40.33 39.86 40.55 40.21
Ca0 0.06 0.41 0.07 0.58 0.55 0.46 0.54 0.38 0.14 0.14 .14 0.14 0.08 0.17 0.13
NasO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
P30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NiO 0.28 0.29 0.27 0.25 0.30 0.29 0.29 0.28 0.33 0.34 0.36 0.34 0.24 0.30 0.27
Cry03 0.16 0.29 0.21 0.38 0.30 0.19 0.20 0.25 0.06 0.26 0.27 0.20 0.22 0.17 0.20
Lol 16.29 15.29 17.01 13.66 13.97 13.63 13.46 14.76 16.38 15.46 16.34 16.06 15.40 14.95 15.18
Total 99.70 99.76 99.69 99.60 100,09 99.47 99.54 99.69 99.60 98.94 99.66 99.40 99.82 99.75 99.79
m;;;: 91.18 90.96 91.50 91.33 91.22 91.56 91.67 91.35 91.18 89.71 89.97 90.29 92.26 91.80 92.03
rpentinization 80 0 93 75 80 80 65 77.57 93 85 90 £9.33 0.00
Note: Data (in wi% oxides) from whole-rock analyses by XRF.
2 Between 105° and 1030°C.
Estimated from thin sections.
Table 5. Trace-element data for serpentinized ultramafic rocks and matrix samples from Hole 784A.
Caore, section: 36R-1, 37R-1, 38R-1, 38R-2, 42R-1, 45R-1, 45R-2, Average 40R-2, 41R-2, 42R-1, Average 38R-2, 40R-1 Average
Interval (cm): 107-109 6-9 66-68 92-95 5-8 98-100 44-44 harzburgite ~ 41-43  98-100 39-41 dunite 29-31 84-87 matrix
Nb tr tr tr tr tr Ir tr tr tr tr tr tr tr tr tr
Ir 0 1 1] 1 1 18 1 1 i1 1 1 1 1 1 1
Y nd 0 0 0 1 nd 0 0 nd nd 0 0 1 0 1
Sr 2 3 3 4 5 5 5 4 3 3 3 3 4 4 4
Rb 0 0 1] 0 (1] nd nd 0 0 0 nd 0 1 (1] 1
Zn 37 43 39 30 31 30 30 34 34 52 33 40 20 25 prc]
Cu 3 3 2 4 1 4 1 2 1 3 1 2 2 2 2
Ni 2214 2258 2139 1991 2327 2249 2259 2205 2534 2640 2819 2664 1897 2342 2120
Cr 1115 02 1428 2585 2045 1310 1339 1691 444 1765 1871 1360 1539 1164 1352
v 19 45 23 29 36 iz 36 31 7 4 19 10 20 12 16
TiO, 0 0 0 0 0 o 0 0 0 0 0 0 0 1] ]
Ce nd nd nd nd nd tr Ir nd ir nd tr tr r tr tr
Ba tr 11 12 tr 12 nd nd tr nd tr 11 tr tr tr ir

Note: Data (in ppm) from whole-rock analyses by XRF; nd = not detected; tr = below detection limit (<2 ppm for Nb, <10 ppm for Ba and Ce).
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Figure 7. A. Modal percent of serpentinization vs. loss on ignition
between 105° and 1030°C. B. Al,0; vs. CaO for Sites 778 and 779
(Mariana seamount flank), 780 (Mariana seamount summit), and 783
and 784 (Izu-Bonin forearc).

ical errors. Strontium varies from 2 to 5 ppm, which is lower
than the ultramafic concentrations at Sites 778 through 780 and
Site 783. Average concentrations of vanadium in the harzburg-
ites from Site 784 (31 ppm) are higher than the average concen-
trations in the dunites (10 ppm). There is no significant correla-
tion between the geochemical parameters and depth.

Matrix Samples

Two samples (125-784A-38R-2, 29-31 cm, and 125-784A-
40R-1, 84-87 cm) of the highly sheared serpentine matrix were
analyzed by X-ray fluorescence (XRF). The bulk chemistry of
these two samples is remarkably similar and deviates little
from the average ultramafic values. The average weight per-
cent values for SiO,, Al,0;, Fe,0;, MgO, and CaO are 36.58,
0.26, 6.90, 40.21, and 0.13, respectively (Table 4). The values
of chromium (1352 ppm) and nickel (2120 ppm) also fall within
typical ranges for ultramafic rocks.

SEDIMENT/FLUID GEOCHEMISTRY

Sediment Geochemistry

Cores from Site 784 were analyzed on board the ship for
inorganic carbon and for total carbon, nitrogen, and sulfur,

SITE 784

using the techniques described in the ‘‘Explanatory Notes™
(this volume). The organic carbon content was then calculated
by difference. Results are presented in Table 6 and Figure 8.

The CaCO; content of the sediments, serpentine, and
phacoidal sheared serpentine microbreccia is low, generally
less than 0.3 wt%. Of 147 samples, only five have more than
1% CaCO,; these are from about 1, 13, 269, and 321 mbsf. The
sample from 321 mbsf has the highest CaCO; content, 11 wt%.
It is from the uppermost part of the phacoidal sheared
serpentine microbreccia of Unit II. In thickness and carbonate
content, the CaCOs-rich layer at 321 mbsf at Site 784 is similar
to that encountered within a few meters of the seafloor in the
serpentine sediments and flows at Sites 778, 779, and 780 on
Conical Seamount in the Mariana forearc. Carbonate enrich-
ment at the Conical Seamount sites takes the form of aragonite
needles dispersed throughout the serpentine. These needles
were tentatively interpreted as precipitates within a reaction
front between bicarbonate-rich interstitial waters and calcium-
rich ocean bottom water (see ‘‘Sediment/Fluid Geochemis-
try’’ section, **Site 780"’ chapter, this volume). The carbonate
enrichment at the top of the serpentine unit at Site 784 takes
the form of dispersed CaCO,, rather than discrete aragonite
needles. However, if needles were originally present, it is
likely that they would have recrystallized. It is possible,
therefore, that the serpentine at 321 mbsf at Site 784 became
enriched in CaCO; when it was near the seafloor and that the
interstitial waters at Site 784 once resembled those sampled
from Conical Seamount during Leg 125, at least in having very
high carbonate alkalinity. The waters at Site 784 are signifi-
cantly different from those at Conical Seamount and do not
have high alkalinity at the present, as will be shown in the
“Fluid Geochemistry’" section (this chapter).

The content of organic carbon in the cores at Site 784
nearly always exceeds that of inorganic carbon, varying
between 0.2 and 0.7 wt%, except for a carbon-poor interval
from 340 mbsf to the bottom of the hole. The nitrogen content
varies from less than 0.01 to 0.3 wt% and generally correlates
with that of organic carbon. Sulfur was detected in only five
samples, from 234, 245, 254, 274, and 378 mbsf, where its
concentration varies from 0.17 to 0.29 wt%.

Fluid Geochemistry

As at Sites 782 and 783, the concentration of methane
measured on 5-cm? headspace samples is generally low, less
than 20 uL/L. The sole exception is the deepest sample from
Hole 784A, for which a concentration of 32 uL/L was
obtained (Table 7). Methane was the only hydrocarbon
detected.

Interstitial waters at Site 784 are similar to those at Site
783. The holes drilled at both sites penetrated glass-rich silty
clays and claystones, underlain by phacoidal, sheared serpen-
tine containing clasts mainly of harzburgite. The transition
between these two units is more gradual at Site 784, where the
units are separated by 18 m (303-321 mbsf) of interbedded
claystone and silt-sized serpentine. As at Site 783, the com-
position of the interstitial waters at Site 784 changes abruptly
between the claystone and the serpentine units, especially in
terms of pH and silica. Values of pH increase to 9.6 in the
serpentine and silica decreases to less than 10 umol/kg (Table
8 and Fig. 9).

The changes in other dissolved species are less abrupt at
Site 784 than at Site 783 only because the claystone is much
thicker at Site 784, and many of the changes found at the
boundary with the serpentine are extensions of changes that
are already proceeding with depth in the claystone. This is
the case for alkalinity, which has a concentration in waters
within the serpentine of about one-half of that in seawater,
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Table 6. Total nitrogen, sulfur, carbon, inorganic carbon, organic carbon, and carbon-
ate carbon in cores at Site 784.

Total Total Total

Inorganic  Organic

Core, section, Depth nitrogen  sulfur carbon carbon carbon CaCO4
interval (cm)  (msbf)  (wt%)  (Wi%)  (Wi%) (Wt%) (Wt%)  (Wi%)

125-T84A-

IR-1, 74-76 0.74 0.15 nd 0.53 0.10 0.43 0.8
1R-CC, 22-24 1.16 0.23 1.9

2R-1, 5-7 1.45 0.12 nd 0.36 0.04 0.32 0.3
3R-1, 74-76 11.64 0.04 0.3

3R-2, 35-37 12.75 0.09 nd 1.37 1.14 0.23 9.5
3R-3, 67-69 14.57 0.11 0.9

3R-4, 18-20 15.58 0.01 0.1

4R-1, 31-33 20.71 0.09 0.7

4R-2, 31-33 2.21 0.12 nd 0.35 0.01 0.34 0.1
4R-3, 31-33 237 0.08 0.7

4R-4, 31-33 25.21 0.01 0.1

6R-1, 76-78 40.26 0.01 0.1

6R-2, 80-82 41.80 0.17 nd 0.56 0.04 0.52 0.3
6R-3, B5-87 43,35 0.03 0.2

6R-4, 90-92 44.90 0.02 0.2

6R-5, 91-93 46.41 0.01 0.1

6R-6, 45-47 47.45 0.06 0.5

7R-1, 67-69 49,77 0.06 0.5

TR-2, 65-67 51:25 0.11 nd 0.31 0.02 0.29 0.2
TR-3, 65-67 52.75 0.05 0.4

BR-1, 69-71 59.49 0.02 0.2

8R-2, 106-108 61.36 0.18 nd 0.82 0.10 0.72 0.8
8R-3, 52-54 62.32 0.02 0.2

BR-4, 56-58 63.86 0.02 0.2

8R-5, 51-53 65.31 0.01 0.1

9R-1, 85-87 69.35 0.01 0.1

9R-2, 85-87 70.85 0.12 nd 0.36 0.01 0.35 0.1
9R-3, 77-79 72.27 0.01 0.1

9R-4, 42-44 73.42 0.01 0.1

9R-5, 27-29 74.77 0.01 0.1

10R-1, 49-51 78.59 0.01 0.1

10R-2, 59-61 80.19 0.14 nd 0.38 0.01 0.37 0.1
10R-3, 103-105 82.13 0.01 0.1

10R-4, 80-82 83.40 0.01 0.1

12R-1, 58-60 97.98 0.01 0.1

12R-2, 44-46 99.34 0.12 nd 0.35 0.01 0.34 0.1
13R-1, 36-38 107.46 0.12 nd 0.38 0.01 0.37 0.1
14R-1, 97-99 117.67 0.09 0.8

14R-2, 63-65 118.83 nd nd 0.46 0.01 0.45 0.1
14R-3, 30-32 120.00 0.01 0.1

14R-4, 30-32 121.50 0.01 0.1

14R-5, 70-72 123.40 0.01 0.1

15R-1, 78-80 127.18 0.01 0.1

15R-2, 56-58 128.46 0.13 nd 0.34 0.01 0.33 0.1
15R-2, 94-96 128.84 0.01 0.1

15R-4, 96-98 131.86 0.01 0.1

15R-5, 79-81 133.19 0.03 0.2

15R-6, 79-81 134.69 0.01 0.1

15R-7, 39-41 135.79 0.01 0.1

16R-1, 56-68 136.56 0.01 0.1

16R-2, 56-58 138.06 0.12 nd 0.31 0.01 0.30 0.1
16R-3, 56-58 139.56 0.01 0.1

16R-4, 5658 141.06 0.01 0.1

16R-5, 5658 142.56 0.01 0.1

16R-6, 41-43 143.91 0.01 0.1

16R-7, 41-43 145.41 0.02 0.2

17R-1, 86-88 146.46 0.01 0.1

17R-2, 48-50 147.58 0.11 nd 0.23 0.02 0.21 0.2
17R-3, 51-53 149.11 0.02 0.2

17R-4, 51-53 150.61 0.02 0.2

17R-5, 34-36 151.94 0.02 0.2

18R-1, 90-92 156.20 0.01 0.1

18R-2, 121-123 158.01 0.12 nd 0.25 0.02 0.23 0.2
18R-3, 105-107 159.35 0.01 0.1

18R-4, 82-84 160.62 0.01 0.1

I8R-5, 118-120 162.48 0.02 0.2

18R-6, 86-88 163.66 0.01 0.1

18R-7, 18-20 164.48 0.01 0.1

19R-1, 56-58 165.56 0.02 0.2

19R-2, 36-38 166.86 nd nd 0.40 0.01 0.39 0.1
20R-1, 104-106 175.74 0.01 0.1

20R-2, 120-121 177.40 nd nd 0.32 0.01 0.31 0.1
20R-3, 109-111 178.79 0.01 0.1

20R-4, 48-49 179.68 0.01 0.1



Table 6 (continued).
Total Total Total Inorganic  Organic
Core, section, Depth nitro