3. SITE 598!

Shipboard Scientific Party?

HOLE 598

Date occupied: 17 March 1983

Date departed: 18 March 1983

Time on hole: 23 hr., 12 min.

Position: 19°00.28'S, 124°40.61'W

Water depth (sea level; corrected m, echo-sounding): 3699
Water depth (rig floor; corrected m, echo-sounding): 3709
Bottom felt (m, drill pipe): 3703.4

Penetration (m): 52.4

Number of cores: 8

Total length of cored section (m): 52.4

Total core recovered (m): 41.29

Core recovery (%): 78.8

Oldest sediment cored:
Depth sub-bottom (m): 52.4
Nature: Foraminifer-bearing nannofossil limestone
Age: latest early Miocene

HOLE 598A

Date occupied: 18 March 1983

Date departed: 18 March 1983

Time on hole: 13 hr., 58 min.

Position (latitude; longitude): 19°00.28'S, 124°40.61'W
Water depth (sea level; corrected m, echo-sounding): 3699
Water depth (rig floor; corrected m, echo-sounding): 3709
Bottom felt (m, drill pipe): 3703.4

Penetration (m): 33.0

Number of cores: None?

Principal results: Site 598, the second of four Leg 92 sites in a hydro-
geology transect at 19°S, was drilled on crust generated at the East
Pacific Rise. Sedimentary Unit I is 44.6 m of Pleistocene to lower
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Downhole experiments only. Four heat flow perature) and two in
situ pore water sampling attempts were made.

middle Miocene dark brown clay-bearing and clayey nannofossil
ooze that shows some cyclicity of coloration. The clay fraction in-
cludes abundant amorphous material rich in iron and red brown to
yellow brown semiopaque oxides (RSO). A few thin foraminifer-
laden turbidite layers occur in the lower part of Unit 1. Unit II,
from 44.6 to 52.4 m, is yellowish brown foraminifer-bearing nan-
nofossil chalk and limestone of earliest middle Miocene to latest
early Miocene age (nannofossil Zones CN4/CN3). The rapid drill-
ing rates within the interval represented by this unit suggest that
some soft layers may also lie above the basal limestone. Rapid ac-
cumulation (50 to 200 mg/[cm?® % 10? yr.]) of hydrothermal mate-
rial (largely RSO) characterized much of the Miocene. Hole 598A
was devoted entirely to downhole heat flow measurements (74 mW/
m?) and in situ pore water sampling. Pore waters at Site 598 show
no evidence of fluid advection at the site.

BACKGROUND AND OBJECTIVES

Site 598 is located about 300 km east of Site 597 on
crust of latest early Miocene to earliest middle Miocene
age (approximately Anomaly 5B). It lies about 60 km
east of the Austral Fracture Zone and is therefore on
East Pacific Rise crust that was formed at a spreading
half-rate of about 6 cm/yr. Seafloor depth is 3700 m.
The proposed site (HY1-A) was chosen from the Robert
Conrad-13 air gun line, which crosses this area at 19°S
(Fig. 1).

The air gun profile shows that abyssal hills in the
area are 100 to 150 m high. Most of the hills have sedi-
ment cover, but the sediment is often somewhat thinner
than on the plateaus and in the low areas between the
hills, where it is 0.07 to 0.10 s (50 to 75 m) thick. Site
598 lies in a broad, flat sediment pond about 8 km in
both east-west and north-south directions. The sedi-
ment layer appears to be transparent in the Conrad-13
air gun record, but the record quality is poor, and the
sediments west of the sediment pond do show layering.

Site HY1-A was chosen as an alternate site when it
became clear from the site surveys that the oldest sedi-
ment that could be recovered from the two proposed drill
sites on crust generated at the East Pacific Rise would be
late middle Miocene or possibly late Miocene in age.
The age of the area surveyed for Site HY-2 had been in-
terpreted as being as old as 9 Ma or as young as 7 Ma.
Both interpretations were based on data from the Con-
rad-13 and Ariadne II cruises, an indication of the am-
biguity of the magnetic anomaly data in that area. Which-
ever age was correct, Site HY-2 would be too young to
record any changes in hydrothermal activity that might
have accompanied the increases in spreading rate and
circum-Pacific volcanic activity that took place 2™out
10 Ma. Drilling at Site 598 (HY1-A) was therefore pro-
posed to complete the hydrogeology transect. The scien-
tific party of Leg 92 decided to adopt the alternate site
when sediments recovered at Holes 597 and 597A did
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SITE 598

not include fossiliferous middle and upper Miocene sed-
iments.

The area chosen for Site 598 also fulfilled the basic
requirement for all sites chosen for the transect. It is
south of the equatorial Pacific high-productivity zone,
on crust generated at the same ridge-crest segment as
Sites HY-2 and HY-3, in an area of relatively smooth
basement topography and relatively continuous sediment
COVET.

One of our most important specific objectives was to
recover a continuous geological section that would in-
clude middle Miocene to Recent biogenic and hydrother-
mal sediments. We intended to compare the pore water
chemistry, heat flow, and hydrothermal component of
the sediment to evaluate models of hydrothermal sedi-
ment deposition and alteration. We further intended to
test the hypothesis that the flux of hydrothermal phases
to the sediment covaries with longer term fluctuations in
spreading rate and volcanism in the Pacific region. We
also hoped to recover middle Miocene to Recent sedi-
ments suitable for the description of the subtropical and
transitional microfossil assemblages and the interpreta-
tion of the paleoceanographic and paleoclimatic history
of the Southern Hemisphere subtropical gyre.

To meet these objectives we planned to drill a single
hole by using the variable-length hydraulic piston corer
(VLHPC) to recover sediment and to use the extended
core barrel (XCB) to recover the uppermost basalt base-
ment. We also planned to drill a hole devoted entirely to
the acquisition of heat flow measurements and in situ
pore water samples so we could make multiple heat flow

determinations and acquire at least two in sifu pore wa-
ter samples without disturbing the sediment recovered
from the first hole.

OPERATIONS

Site Survey

The area surrounding Site 598 was not investigated
during the precruise site surveys because it was chosen
as an alternate site after it became apparent that the old-
est site surveyed was late middle to late Miocene in age.
The area was selected from the Conrad-13 air gun pro-
file (Fig. 1), which showed a broad, flat region about 8
km across located near 19°01'S, 129°40'W. The sedi-
ments in that air gun profile are acoustically transparent
and 0.07 s thick (55 m, if sound velocity is assumed to
be 1.5 km/s).

Upon arriving at the site we conducted a brief survey
to determine the north-south extent of the sediment-cov-
ered area (Fig. 2). The Challenger water gun records
show a fairly uniform sediment thickness of about 45 to
50 m, the upper 25 m of which contain several reflectors
(Fig. 3). A 16-kHz beacon was dropped at 0822 local
time on 17 March in 3699 m of water.

Drilling Program

To minimize sampling disturbance to the sediments
recovered from the single VLHPC hole planned at Site
598, we drilled a separate hole to acquire instrumental
heat flow measurements and in sifu pore water samples.
The extra hole required very little more time than inter-
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Figure 1. Conrad-13 air gun profile along 19°S latitude.
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SITE 598

rupting the coring in a single hole to make heat flow and
pore water runs.

We began running drill pipe at 0950 hr. on 17 March.
Hole 598 was spudded with a bright green, 9.5-m VLHPC
at 1932 hr. on 17 March. Mud line was established at
3703.4 m (Table 1), and 6.21 m of sediment were recov-
ered. The hole was continuously cored using the VLHPC
to 44.8 m below seafloor (BSF); at that depth the corer
did not stroke out fully, indicating harder rock. Two ex-
tended core barrel cores were attempted. The first pene-
trated 5.6 m and had no recovery; the second penetrated
2.0 m and recovered 0.04 m of limestone. Total depth
was 3755.8 m (52.4 m BSF) with 41.29 m recovery
(78.8%). Hole 598 was terminated when the bit cleared
the mud line at 0735 hr. on 18 March.

Hole 598A was spudded without offset at 0847 hr. on
18 March, with the Barnes/Uyeda/Kinoshita in situ pore
water/heat flow tool connected by a special sub to the
Von Herzen heat flow shoe. Three heat flow measure-
ments and one pore water sample were taken on the first
run of the tool. After the tool was redressed, a second
run was made, and one heat flow measurement and one
pore water sample were taken. All heat flow measure-
ments were successful, but the first pore water sample
was taken in the drill string when the sample valve opened
too early. The bit cleared the mud line at 1415 hr. on 18
March, and it was on deck at 2245 hr.

C/C 000°
15?12 16%22

Beacon
drop

Figure 3. Glomar Challenger water gun profile across Site 598; track line shown in Figure 2.
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Table 1. Coring summary, Hole 598.

Date Depth from Depth below  Length Length
(Mar. Time drill floor seafloor cored recovered  Recovery
Care  1983)  (hr) (m) (m) (m) (m) (%)
1 17 2005 3703.4-3709.6 0-6.2 6.2 6.21 100
2 17 2148 3709.6-3719.2 6.2-15.8 9.6 9.45 98
k 17 2245 3719.2-3728.8 15.8-25.4 9.6 895 93
4 17 2350 3728.8-3738.4 25.4-35.0 9.6 8.07 84
5 18 0108  3738.4-3748.0 35.0-44.6 9.6 8.42 88
6 18 0230  3748.0-3748.2 44.6-44.8 0.2 0.15 75
7 18 0415  3748.2-37531.8 44.8-50.4 5.6 0 0
8 18 0700  3753.8-3755.8 50.4-52.4 2.0 0.04 2
Total 52.40 41.29 78.8
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Figure 4. Lithologic column at Hole 598. Color value is a measure of
“lightness” used in Munsell soil color charts and all core descrip-
tions.
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LITHOLOGY

Description of Sediments

The sediment column at Site 598 has two lithologic
units (Fig. 4). The division is based on the extent of dia-
genesis and lithification. Unit I, clay-bearing to clayey
nannofossil ooze, is very similar to Unit II at Site 597,
except that the dominant microfossils at Site 598 are dis-
coasters. The sediments at Site 598 span the time period
from 0 to approximately 15 Ma, whereas the nannofos-
sil oozes of Site 597 span the time period from 14 Ma to
28.3 Ma. The Site 598 Unit I sediments have undergone
little postdepositional modification except for CaCO,
dissolution and (probably) SiO, dissolution. The sedi-
ments are unconsolidated oozes to the base of the unit.
In contrast, the few pieces recovered of Unit II are well
consolidated chalks and limestones.

Unit I: Clay-Bearing to Clayey Nannofossil Ooze
(0.0 to 44.6 m)

The Unit I sediments typically contain between 45
and 85% nannofossils, 1 to 4% foraminifers, 15 to 55%
clays and RSO (red brown to yellow brown semiopaque
oxides; Quilty et al., 1976), and traces of volcanic glass,
micronodules, and opaque minerals. Like the sediments
from Site 597, the unit lacks siliceous microfossils and
appears to contain almost no continental detritus. The
index of refraction of the dispersed volcanic glass is dis-
tinctly higher than at Site 597, indicating that the glass
has a different source. The RSO is consistently darker in
color at Site 598 than at Site 597; the sediment colors
are therefore somewhat darker in shade for the same
carbonate content. The opaque fraction consists of mi-
cronodules, oxide coatings on foraminifers, and large
RSO. There are consistently more opaques at Site 598
than at Site 597. The calcareous fraction shows evidence
of dissolution, which increases downcore in Unit I; the
dissolution is the only sign of early diagenetic modifica-
tion of the sediment.

Sedimentation rates increase dramatically downcore,
from about 0.5 m/m.y. in Core 598-1 to about 8 m/m.y.
in Cores 598-4 and -5. Zeolites are present in the more
slowly deposited sediments in Cores 598-1, -2, and -3
(Fig. 5). Despite the increased sedimentation rate, clay
and RSO content (presumably hydrothermally derived)
tends to increase downcore (Figs. 4 and 5). The more
slowly accumulating sediments of Core 598-1 (0.0 to 6.4
m, 0.0 to 6.7 Ma) are marked by the large-scale alterna-
tion of dark and lighter-colored bands approximately
equal in thickness (30 to 90 cm). Cycles of similar time
length can be seen at the bottom of Core 598-3 and in
Cores 598-4 and -5 (about 20.0 to 44.6 m BSF, or 13 to 16
Ma), but because of the higher sedimentation rate the
alternating layers extend over meters rather than tens of
centimeters. In contrast, Core 598-2 and the first three
sections of Core 598-3 (6.4 to 20.0 m BSF, 6.7 to 13 Ma)
are marked by a monotonic darkening in color from red-
dish yellow to dark reddish brown with no evidence of
color banding. In this interval clay and RSO content do
not correlate well with the change in color.

Cores 598-4 and -5 (25.4 to 44.6 m, 13.6 to 16.0 Ma)
contain thin layers rich in foraminifers every 1 to 2 m
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Figure 5. Smear slide summary, Hole 598.
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throughout the two cores. The grain size of a few of the
larger layers fines upward, suggesting that all these lay-
ers may represent the basal layers of small turbidities.
The two cores are also marked by thin repetitious color
banding. Irregular dark layers from 1 to about 20 cm
thick are spaced 20 to 40 cm apart, beginning in Cores
598-4 and continuing to the base of the unit (Fig. 6).
These layers may be reworked material, as at Site 599
(Rea and Janecek, this volume), climatically controlled
carbonate dissolution cycles, or discrete dilutions of car-
bonate with RSO, as a result of increased hydrothermal
activity at the rise crest.

Unit II: Nannofossil Chalk and Limestone (44.6 to
52.4 m)

The change from the oozes of Unit I to the chalk and
limestone of Unit II occurs abruptly at 44.6 m. HPC
Core 598-6 was blocked from stroking out to its full ex-
tension. The obstruction is apparently a resistant layer
that occurs near the top of the interval that would have
been cored by the HPC (44.6 to 56.6 m). Core 598-6, al-
though only 15 cm long, probably represents nearly to-
tal recovery of the sediments cored. It consists of a drill-
ing breccia of yellowish brown clay and foraminifer-
bearing nannofossil chalk, and it is similar in color and
composition to the turbidite portion of Core 598-5.

Core 598-7 had no recovery; Core 598-8, drilled with
the XCB, recovered two pieces of nannofossil limestone.
The pieces in Core 598-8 also resemble the basal layers
of turbidites in Core 598-5, although they are more com-
pletely lithified than the drilling breccia pieces in Core
598-6. Because of the low recovery of this unit we know
very little about its lithology. Of the 5.8 m drilled in
Core 598-7, 5 m were drilled rapidly, however; thus, the
unit might consist of at least two lithified layers with a
thick intermediate layer of soft sediments.

Discussion

The abrupt change in the lithification of the recov-
ered sediments at the Unit I/Unit II boundary may be
the result of epigenesis of hydrothermal alteration. The
transition is similar in some respects to the abrupt ap-
pearance of chert 12 m above basement in Hole 504B.
Because the heat flow at Site 598 is low at present, the
lithification would have to have occurred at some time
in the past. A comparison of X-ray diffraction analyses
of the noncarbonate fraction of the limestone and the
Unit I sediments provides support for this hypothesis.
The Unit I noncarbonate fraction is X-ray amorphous,
whereas the dissolution residue of the limestone from
Core 598-8 exhibits distinct smectite peaks that suggest
the presence of at least some hydrothermally induced
sediment diagenesis.

The amount of the noncarbonate fraction, presum-
ably hydrothermally derived, did not change significantly
upsection, even though sedimentation rates dropped by
at least a factor of 5. The uniformity of the noncarbon-
ate fraction is most likely the result of the change through
time of the hydrothermal input to the sediments, which
should have been much greater near the rise axis (i.e.,
the basement).
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Planktonic foraminifers and calcareous nannofossils
were present in all the cores from Site 598 and indicated
that the sediments were Pliocene to latest early Miocene
in age (the foraminifers indicated a slightly older age
than the nannofossils). No siliceous microfossils were
present. Thin carbonate turbidites and displaced fossil
assemblages in the lower part of the hole indicated some
sediment reworking. Some minor hiatuses may also be
present.

The foraminifers indicated that approximately the top
1.5 m of sediments (Core 598-1) belonged to the early
Pleistocene (Zone N22; Blow, 1969). Sample 598-1,CC
contained lower Pliocene and Miocene foraminifers; how-
ever, the nannofossils indicated a late Miocene age and
placed the Pliocene/Miocene boundary within Section
598-1-4 approximately 4.7 m BSF. Foraminifer and nan-
nofossil age determinations indicate Sample 598-2,CC
to be middle to late Miocene in age (Zones N15, Blow,
1969; and CN7, Okada and Bukry, 1980). The nanno-
fossil zonations indicate that the upper/middle Miocene
boundary occurs between Samples 598-2-4, 140-150 cm
and -2-6, 56-57 cm.

Preservation is moderate in the upper sediments but
deteriorates downward to about 23 m BSF as dissolution
increases. The nannofossils that occur in the sediments
below this depth are commonly mostly overgrown with
secondary calcite, and preservation is moderate to poor.

Hag’s (1984) correlation of paleomagnetic ages with
the nannofossil zonation scheme of Okada and Bukry
(1980) suggests that the sediments overlying basement
are between 14.2 and 17.0 Ma in age (Zone CN4/3).

Planktonic Foraminifers

The sediments at Site 598 contained abundant plank-
tonic foraminifers of latest early Miocene to Pleistocene
age (Fig. 7). Preservation was moderate to poor (Table 2).

Section 598-1-1 (1.4 to 1.5 m BSF) is Pleistocene in
age (Zone N22; Blow, 1969), as indicated by the pres-
ence of Globorotalia truncatulinoides and Globigerinoi-
des fistulosus. The presence of G. fistulosus suggests that
this section may lie within the lowermost Pleistocene near
the Pliocene/Pleistocene boundary. Sample 598-1,CC,
at 6.2 m BSF, is within lower Pliocene Zone N19 as de-
termined by the range limits of Sphaeroidinella dehis-
cens (rare), Sphaeroidinellopsis seminulina kochi (com-
mon), Globigerina nepenthes (rare), and Globoquadri-
na venezuelana (rare to few). Several species that range
from latest Miocene through Pliocene are also present:
S. paenedehiscens, Globorotalia crassula, G. crassafor-
mis, G. tumida, G. tumida flexuosa, Globigerinoides ex-
tremus, G. ruber, and G. conglobatus. Sample 598-2,CC
(15.8 m BSF) is within Zone N15 (uppermost middle
Miocene). This sample contains unusually great abun-
dances of Globigerina nepenthes and its immediate evo-
lutionary ancestor, G. druryi; the overlapping of the rang-
es dates the sample as Zone N14 to N15. The lack of
Globorotalia siakensis, the extinction of which occurs at
the top of Zone N14, places the sample within Zone
N15. The species association in Sample 598-3,CC (25.4
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Figure 7. Foraminifer and nannofossil zonations, Hole 598.

m BSF) is similar to that in Sample 598-2,CC, but the
presence of probable G. siakensis places the sample within
Zone N14. There appear to be a few reworked older spe-
cies in this sample as well.

Lower middle Miocene foraminifers are found in Sam-
ple 598-4,CC (35.6 m BSF), with common S. seminulina
kochi, few S. disjuncta, and rare G. peripheroacuta, in-
dicating a zonal age spanning Zones N10 and N11.

The lack of Orbulina spp. in the lowermost samples,
Samples 598-5,CC (44.6 m BSF) and -6,CC (44.8 m BSF)
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Table 2. Foraminifer zonation, abundance, and preservation, Hole

598.

Core- Depth Zone
Section (m) assignment Abundance Preservation
1-1 1.4-1.5 N22 Abundant Moderate to poor
1,CC 6.2 N19 Abundant Poor

2,CC 15.8 N15 Common to abundant  Poor

3,CcC 254 N14 Common to abundant  Poor

4,CC 35.6 N10-N11 Common to abundant  Poor

5,CC 44.6 N8 Few to common Poor to moderate
6,CC 44.8 N8 Few Poor to moderate

dates these samples as early Miocene. The presence in
Sample 598-5,CC of Globigerina brazieri, S. seminulina
seminulina, Globigerinoides parawoodi, Globigerina con-
necta, and Catapsydrax parvulus indicates a zonal age
of N7 to N8. Sample 598-6,CC contains abundant Glo-
bigerinoides sicanus in association with rare Globigerina
connecta, G. brazieri, and Globigerinoides parawoodi,
indicating a zonal age of N8; this zone indicates that the
bottom of the hole has an age between 16.0 and 17.2 Ma.

Nannofossils

The sediments recovered at Site 598 contain Neogene
calcareous nannofossils that range in age from the ear-
ly/Miocene boundary to the Pleistocene. Most of Oka-
da and Bukry’s (1980) zones and some of their subzones
from CN15 through CN4/3 can be recognized.

Sample 598-1-1, 5-6 cm contains upper Pleistocene
nannofossils within Zone CN14/15. (The sample was not
examined for the presence of Emiliania huxleyi, which
marks the C14/15 boundary, because of the species’ small
size.) Preservation is good and fossils are abundant. The
assemblage consists mainly of Gephyrocapsa oceanica,
Gephyrocapsa spp., Ceratolithus cristatus, Helicopon-
tosphaera carteri, and Cyclococcolithina leptopora. Spec-
imens of Discoaster brouweri, D. pentaradiatus, D. sur-
culus, D. variabilis, and C. macintyrei are reworked.

The discoasters present in Sample 598-1-1, 140-150 cm
(1.5 m BSF) indicate a late Pliocene age (Zone CN12).
This age is somewhat doubtful because the foraminifers
indicate a Pleistocene age (Zone N22). A Pleistocene age
for the nannofossil assemblage cannot be ruled out be-
cause forms similar to the genus Gephyrocapsa are com-
mon to abundant, although they lack the distinctive cen-
tral bar characteristic of the genus (possibly as a result
of dissolution). If Gephyrocapsa species are present, the
abundant discoasters also present must be assumed to
be reworked. Other forms present are those listed above
for Sample 598-1-1, 5-6 cm (except for those belonging
to the Gephyrocapsa genus) and Pseudoemiliania lacu-
nosa, Ceratolithus rugosus, and D. tamalis.

Sample 598-1-3, 56-57 cm and 140-150 cm (3.5 and
4.5 m BSF) are placed in the lower Pliocene Amauro-
lithus tricorniculatus zone (Zone CN10). Preservation is
good to moderate within the interval, although it deteri-
orates with increasing depth, as attested to by the increas-
ing dissolution of the placoliths and their lower abun-
dance. The assemblage is dominated by discoasters, with
some specimens of A. tricorniculatus, A. primus, Retic-
ulofenestra pseudoumbilica, Sphenolithus spp., and C.
rugosus (rare, noted only in Sample 598-1-3, 56-57 cm).



That Triguetrorhabdulus rugosus is common only in Sam-
ple 598-1-3, 140-150 cm (at 4.5 m BSF) may help to
subdivide the zone (CN10A).

That Sample 598-1,CC contains the first observed A4.
primus places it and Sample 598-1-4, 56-57 c¢cm in the
upper subzone (CN9B) of the D. quinqueramus Zone.
Samples 598-2-1, 56-57 cm through -2-2, 140-150 cm
(6.8 to 9.1 m BSF) are placed within the D. berggrenii
Subzone, CN9A. The family Ceratolithaceae is absent,
and D. surculus is rare. Discoasters dominate the assem-
blage, although D. quinqueramus and D. berggrenii are
difficult to identify. D. hamatus and D. neohamatus are
also present, but they are assumed to be reworked. Pres-
ervation is moderate; most placoliths show the effects of
advanced dissolution.

D. neohamatus is slightly more abundant in Samples
598-2-3, 56-57 cm and -2-4, 56-57 (9.8 and 11.3 m BSF),
and this sediment is placed within the D. neorectus Sub-
zone, CN8B. D. neorectus was not present, but this up-
per subzone of the D. neohamatus Zone was assigned
because of the absence of both D. surculus and Catinas-
ter coalitus.

The last upsection occurrence of C. coalitus in Sam-
ple 598-2-4, 140-150 cm (12.1 m BSF) was used as the
upper boundary of the D. bellus Subzone, CN8A. C.
coalitus was few to common in abundance, and D. bel-
lus was easier to identify and more numerous. Other
species present include C. calyculus, Triquetrorhabdu-
lus rugosus, D. braarudii, D. variabilis, D. challengeri,
D. brouweri, and D. neohamatus. Few placoliths are pres-
ent, and preservation is poor to moderate.

The nannofossils found in Samples 598-2-5, 56-57 cm
through -2,CC (12.8 to 15.8 m BSF) are similar to those
in the above subzone, but D. hamatus is also present.
The sediment is therefore placed within the D. hamatus
Zone, CN7. D. hamatus is still rare, however.

Sample 598-3-1, 56-57 cm (16.3 m BSF) is assigned
to the C. coalitus Zone, CN6. C. coalitus has its first
occurrence upsection in this interval, and D. exilis and
Coccolithus miopelagicus have their last occurrences.

Nannofossils in and below Sample 598-3-4, 56-57 cm
(20.7 m BSF) are noticeably different from samples above.
Placoliths start to dominate the assemblage, predomi-
nantly Cyclicargolithus floridanus, and the effects of dis-
solution are less pronounced. Reticulofenestra pseudo-
umbilica, Cyclococcolithina macintyrei, C. leptopora, and
Coccolithus pelagicus are also present. Discoasters are
overgrown, and few fine-rayed forms are present. Pres-
ervation is moderate and decreases to poor, with increas-
ing overgrowth, as depth increases.

Samples 598-3-2, 56-57 cm through -4-3, 56-57 cm
(17.8 to 28.9 m BSF) were placed within the D. exilis
Zone, CNS5. Forms included in this interval are Cyclicar-
golithus floridanus, R. pseudoumbilica, Coronocyclus
sp., Coccolithus miopelagicus, D. exilis, D. braarudii,
and D. deflandrei. Cyclicargolithus floridanus has its
last occurrence, which may indicate the boundary be-
tween Subzones CN5A and CN5B Sample 598-3-4, 56-
57 cm.

The first downsection occurrence of S. heteromorphus
in Sample 598-4-4, 56-57 cm (30.4 m BSF) places sed-
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iments deposited from this depth down to basement
(52.4 m BSF) within the S. heteromorphus Zone, CN4.
Sediments directly above basement (Samples 598-5,CC
and -6,CC) may have been deposited within the Helico-
sphaera ampliaperta Zone, CN3. However, H. ampli-
aperta, which defines the zone, was not found in any
sample. Poor preservation makes the identification of
the discoasters difficult, but most are presumed to be D.
deflandrei. The moderate increase in their abundance in
Samples 598-5,CC and -6,CC could be interpreted as
the CN4/CN3 boundary.

SEDIMENTATION RATES

Sedimentation rates for Site 598 (Fig. 8) were calcu-
lated by using the depths of the zonal boundaries as de-
termined from the nannofossil biostratigraphy (Fig. 7).
The zonal boundary depths were determined by assum-
ing that they lay halfway between the data (sample
depths). The ages are the paleomagnetic ages assigned
to the zones by Haq (1984). A general decrease in depo-
sition rate upcore is indicated (Table 3, Fig. 8). The rate
is highest in the early middle Miocene, decreasing sig-
nificantly in the interval from approximately 10.7 to
12.0 Ma. The rate increases somewhat between 8 and
11 Ma (2.5 to 3.0 m/m.y.) and decreases thereafter to
rates less than 2 m/m.y. The Pleistocene is characterized
by low sedimentation rates (0.5 m/m.y.).

PHYSICAL PROPERTIES

At Hole 598, the physical properties of the sediments
were measured on one sample per section, except in a
few soupy sections. Wet bulk density, porosity, compres-
sional sonic velocity, thermal conductivity, and forma-
tion factor were all measured within the same 5- to
10-cm interval of each section. The techniques used are
described in the Physical Properties section of the Site
597 chapter (this volume) and in the references given
there. All measurements were made at atmospheric pres-
sure and ambient temperature (25 to 26°C).

The measurement results are listed in Table 4 and plot-
ted in Figure 9. The results show little deviation about
the mean (i.e., the standard deviations are small): 1.52
+ 0.04 g/cm? for wet bulk density, 72.2 + 4.1% for po-
rosity, 1.51 + 0.01 km/s for sonic velocity, and 2.13 =+
0.16 for formation factor.

The results contrast with those at Hole 597A, where
there was a distinct gradient in the physical properties in
the upper 10 m (below that depth the physical properties

Table 3. Sedimentation rates, Site 598.

Depth Age Sedimentation

interval (m) (Ma) rate (m/m.y.)
0-1.0 0-1.9 0.5
1.0-4.7 1.9-5.4 1.1
4.7-6.4 5.4-6.7 1.3
6.4-9.0 6.7-8.1 1.9
9.0-12.4 8.1-9.2 3.1
12.4-16.0 9.2-10.7 24
16.0-17.0 10.7-12.0 0.8
17.0-29.7 12.0-14.2 5.8
29.7-52.4 14.2-17.0 =8.1
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Figure 8. Sedimentation rates, Hole 598. Zonal boundaries were used for calculating sedimentation rates.
Boundaries were placed halfway between data (sample depths) except where the nannofossil assemblage
seemed to indicate proximity to the zonal boundary.

were relatively constant). Because Site 597 lies below the
carbonate compensation depth (CCD) and Site 598 is
near the CCD, the contrasting downhole pattern of phys-
ical properties support the hypothesis we formulated at
Hole 597A that the gradients in the upper 10 m of that
hole were due to carbonate dissolution. The mean val-
ues of wet bulk density and sonic velocity at Hole 598
are within the standard deviations of their mean values
below 10 m at Hole 597A. However, the mean porosity
at Hole 598 is significantly higher (and formation factor
therefore lower), possibly as a result of the younger age
of the sediment and lower degree of compaction. The
grain density at Hole 598 was exceptionally high (about
3 g/cm? corrected for salt); grain density at Hole 597A
was about 2.7 g/cm3, possibly because of a higher pro-
portion of the denser Mn- and Fe-rich hydrothermal sed-
iment component.

INTERSTITIAL WATER STUDIES

Procedures and Results

Ten interstitial water samples were obtained from Hole
598 by routine squeezing techniques. In addition, one
successful in situ water sample was obtained from Hole
598A at 35.4 m BSF.

106

At this site we used 15°C as the routine sample squeez-
ing temperature, although some samples were squeezed
at room temperature (about 25°C). As shown by com-
parison with the in situ values (Table 5 and Fig. 10),
temperature-of-squeezing effects were noticeable in the
Mg2+ and K+ data, but no trends were obscured by this
effect. The Ca2* values were lower at 15°C, but we be-
lieve that squeezing at 25°C will give more “realistic”
values (see the discussion of the Site 597 interstitial wa-
ter chemistry, this volume). Silica concentrations are rel-
atively high with respect to the in situ values; thus, the
silica profile reflects trends rather than absolute values.
Our evidence confirms that sulfate, chloride, and nitrate
are unaffected by the temperature of squeezing (Table 5).

The alkalinity data (plotted on a large scale in Fig. 10)
show great scatter, but there may be a very slight in-
crease with depth.

As at Site 597, a distinct gradient in dissolved calci-
um is present; it can be best explained by carbonate dis-
solution. The dissolution process appears to be restrict-
ed to about the upper 20 m of sediments. The transport
along this calcium gradient of about 1 mM/10 m would
lead to a flux of 1 mol Ca2+/cm? per 10 m.y., or about
100 g CaCO;. In a sediment with 70% porosity and
70% CaCOj; content, this flux would represent removal



Table 4. Sediment physical properties, Hole 598.

Uncorrected Corrected
for salt for salt
Sub-
bottom  Wet bulk Grain Grain Sonic Acoustic
depth densitg Porosity densi? Porosity  densi velocity impedance Formation
Core  Section {m) (g/cm3) (o) (g/cm) (") (g/cm?) (km/s) (Gg/m? - 5) factor
1 i 0.27 1.46 73.5 2.74 76.2 3.05
1 0.77 1.44 75.8 2.82 1.520 2.19 2.03
2 .27 1.47 76.0 2.97 78.3 3.36 1.495 2.20 237
3 77 1.57 68.3 2.81 70.8 3.05 1.507 2.37 2.27
4 5.27 1.60 64.3 2.68 66.6 2.86 1.541 2.47 2.28
2 1 6.97 1.56 65.4 2.62 67.8 2.82 1.534 2.39 2.10
4 11.47 1.56 65.5 2.64 67.9 2.83 1.515 2.36 2.16
5 12.97 1.53 66.7 2.58 69.1 2.78 1.501 2.30 2.20
6 14.47 1.52 61.9 2.36 64.1 2.51 1.513 2.30 2.22
3 1 16.57 1.55 66.1 2.62 68.5 2.82 1.517 2.35 2.27
2 18.07 1.55 68.1 2.72 70.5 2,95 1.515 2.35 2.50
3 19.57 1.51 69.4 2.08 71.9 292 1.518 2.29 1.99
4 21.07 1.52 68.8 2.65 713 2.88 1.516 230 2.03
5 22.57 1.51 71.1 2.76 73.7 3.03 1.512 2.28 2.02
6 24.07 1.51 68.4 2.61 70.8 1.84 1.514 2.29 2.09
4 1 26.17 1.47 75.0 2.88 77.7 3.23 1.506 2.21 2.01
2 27.67 1.54 68.3 2.69 70.8 2.92 1.518 2.34 2.25
3 29.09 1.53 70.2 2.79 72.8 3.05 1.510 2.31 2.15
4 30.67 1.57 66.3 2.68 68.7 2.89 1.522 .39 2.33
5 32.17 1.47 73.6 2.717 76.3 3.09 1.504 2.21 1.91
5 1 35.77 1.50 73.2 2.87 75.8 3.18 1.503 2.25 1.97
2 37.27 1.50 71.9 2.1 74.5 3.06 1.502 2.25 1.99
3 38.77 1.51 72.1 2.83 74.8 12 1.505 2.27 2.02
4 40,27 1.54 70.6 2.84 73.1 311 1.514 233 210
5 41.77 1.44 77.6 2.95 80.4 3.37 1.505 2.17 1.90
1.52 273 72.2 2.99 1.513 2.13
+0.04 1.13 +4.1 +0.19 +0.010 +0.16
Wet bulk c;ensity Porosity Sonic velocity Formation Wl der;sity
(g/cm*) (%) {km/s) factor (g/em”)
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Figure 9. Physical properties, Hole 598,
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Table 5. Interstitial water chemistry, Site 598,

Sub-
bottom
Core- depth Alkalinity, Ca Mg K Cl S04 NO3 NHy SiO; S
Section (m) pH  (megdm™ 3) (mM) (mM) (mM) (mM) (mM) (M) (EM) (@EM) (%)
Haole 598
1-1 1.5 7.84 2.56 10.29 51.75 11.0 548 28.5 38.0 1.5 216 35.2
1-3 4.5 7.76 2.57 10.36 51.9 10.7 551 28.5 38.5 2.5 214 34.9
2-2 9.1 7.90 2.605 10.54 51.58 553 27.0 42,0 B.5 240 34.9
2-4 10.7 8.05 2.n 10.75 514 10.0 550 28.0 43.5 3.5 271 36.3
3-2 18.7 7.81 2.66 10.81 50.9 11.7 548 28.7 38.5 1.5 263 352
34 21.7 7.85 2.71 10.85 51.2 11.0 554 41.0 2.0 276 35.2
4-2 28.3 7.15 2.63 10.78  50.6 12.0 555 39.0 L5 286 35.2
4-4 31.3 7.83 2.795 10.80 51.5 11.5 551 28.5 42.5 1.5 298 35.2
5-2 38.0 7.75 2.565 10.89 50.9 11.0 552 40.2 1.5 310 35.8
5-4 41.0 7.84 2.685 11.07 503 11.5 554 26.7 42.0 1.0 338 35.8
Hole 598A
In situ 2 35.4 11.05 56.4 11.5 555 28.0 42.5 1.5 210 35.5

of about 2 m of sediment by CaCO, dissolution within
the sediments in addition to that at the sediment/water
interface.

Dissolved ammonia shows a possible peak at about
10 m depth, where there is also a slight peak in nitrate.
The nitrate concentration remains constant below about
15 m, however.

Magnesium decreases downhole, but the in sity sam-
ple suggests that the decrease is an artifact of sampling.
Potassium increases downhole in both the squeezed and
in situ samples.

Dissolved silica shows a gradual increase with depth
that may represent a slight downhole increase in such si-
liceous phases as volcanic glass and palagonite.

Conclusions

As at Site 597, no significant diagenetic reactions oc-
cur at Site 598 that affect the concentration of the ma-
jor constituents. Dissolved calcium is a notable excep-
tion; its concentration increases with depth as the result
of carbonate dissolution.

Nutrient concentrations (especially nitrate) indicate
the absence of any significant biochemical processes in-
volving nitrate production (or consumption) below about
15 m.

HEAT FLOW

Four temperature measurements were made in Hole
598A (Fig. 11) by using the Von Herzen VLHPC tem-
perature tool. The Barnes/Uyeda/Kinoshita pore wa-
ter/heat flow sampler was run simultaneously with the
VLHPC tool by using a special connecting subassembly,
but the pore water/heat flow device was damaged and
failed to obtain a temperature value.

The uppermost temperature measurement, at 6.2 m
depth, is unreliable because the HPC was unstable in
the sediment. The lower three measurements (at 15.8,
25.4, and 35.0 m) are all reliable. The temperature mea-
surement at 15.8 m is higher than the measurement at
25.4 m. We do not know why, because most disturbances
due to operations, such as excessive pumping while wash-
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ing the tool into position, tend to lower the temperature
measurement, not increase it.

A temperature gradient of 0.078°C/m was calculated
from the water temperature at the mud line and the two
deepest temperature measurements. Thermal conductiv-
ity was measured on every section of core recovered from
Hole 597 but was not reduced at sea. We will assume a
value of 0.95 W/mK. The heat flow resulting from our
measured temperature gradient and our assumed ther-
mal conductivity is 74 mW/m?. This value is lower than
the theoretically determined value of 132 mW/m?2 for
crust aged 15 Ma.

SUMMARY AND CONCLUSIONS

QOur primary objective in drilling at Site 598 was to
document middle to late Miocene pelagic and hydrother-
mal sedimentation at a location on crust generated at
the East Pacific Rise. The Pleistocene to latest early Mi-
ocene sediments recovered record calcareous pelagic sed-
imentation at the site and indicate that there was a much
higher flux of hydrothermal material during the latter
portion of the Miocene than exists now.

Lithologic Section at Hole 598

Two sedimentary units were recovered at Hole 598.
Unit I is 44.6 m of clay-bearing to clayey nannofossil
ooze. The clay fraction contains common RSO through-
out the unit; the unit also contains trace amounts to a
few percent of foraminifers, volcanic glass and palago-
nite, zeolites, micronodules, and opaque grains. The oozes
of Unit I are unusually dark in color for their carbonate
content; they range from shades of brown through very
dark brown even though carbonate content averages about
60%. A cyclicity of coloration is present on a scale of
tens of centimeters in the upper part of the section and 1
or 2 m in the lower part of the section. At the sedimen-
tation rates for the respective parts, these cycles have a
periodicity of hundreds of thousands of years.

The lower third of Unit I contains a few thin fora-
minifer-rich sandy layers that display a fining-upward
size gradation and were interpreted as turbidite layers.
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Figure 11. Temperature versus depth, Hole 598A. The line shows the
calculated temperature gradient of 78°C/m. Bars show 99% confi-
dence estimates on means.

In Core 598-5 there are also a number of darker layers 1
to 20 cm thick and spaced tens of centimeters apart that
have reasonably sharp contacts. It is not clear that these
layers represent distal turbidites but they appear to re-
cord episodes of bottom-current-modified pelagic depo-
sition.

Unit II, 44.6 to 52.4 m BSF, is a partially indurated
sediment. Recovery was very low and consisted of pieces
of yellowish brown clay and foraminifer-bearing nanno-
fossil chalk. The sediment was similar in color and com-
position to the foraminifer-bearing turbidites of Unit 1.
The drilling records suggest that softer layers may be in-
terspersed with more resistant ones in this unit. Hole
598 bottomed in a nannofossil limestone at 52.4 m BSF.

The sediments at Hole 598 range in age from Pleisto-
cene (the top 1 m) to latest early Miocene. The Mio-
cene/Pliocene boundary is at about 4.7 m depth, and
the late/middle Miocene boundary is at about 12.4 m.
The basal nannofossil zone is CN4/3, which spans the
time from 14.2 to 17 Ma (Okada and Bukry, 1980). Rates
of sedimentation determined from the nannofossil bio-
stratigraphy increase from about 1 m/m.y. during the
late Miocene to Pleistocene to 3.1 m/m.y. in the late
middle Miocene to late Miocene and 8.1 m/m.y. in the
early middle Miocene.

Measurements of physical properties of the sediments
of Unit I indicate a sonic velocity of 1.51 km/s, an av-
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erage porosity of about 71%, and a grain density of
2.72 g/cm3. The last two values indicate that the sedi-
mentary mass accumulation rates corresponding to the
three linear sedimentation rates are 0.08, 0.24, and 0.64
g/cm? per 103 yr., respectively. The inferred hydrother-
mal component (RSO) of the middle and upper Mio-
cene sediments ranges from about 20 to 40% of the to-
tal, suggesting a mass flux of this component at Hole
598 of 50 to 200 mg/(cm? x 103 yr.) for about 7 Ma af-
ter crustal formation at the spreading center. This time
span can be converted to distance from the Miocene
East Pacific Rise axis, and the calculated fluxes can be
compared with modern values. The results of this exer-
cise indicate that Miocene hydrothermal deposition
from 8 to 16 Ma was a factor of 2 to 4 higher than
present hydrothermal fluxes. It is not clear to what ex-
tent the accumulation rate has been affected by rework-
ing due to bottom currents over this interval.

Downhole Experiments at Hole 598A

We drilled Hole 598A for the sole purpose of con-
ducting downhole experiments (we did not recover any
sediment). This course of action both minimized the dis-
turbance of the sediment recovered from the cored hole
and permitted us to take downhole temperature and in
situ pore water samples at positions determined only by
the specific requirements of that information. Four in-
hole temperature measurements and a mudline calibra-
tion temperature measurement were made with the Von
Herzen heat flow shoe fitted to the VLHPC barrel. These
data indicated a heat flow value of 74 mW/m?2.

We lowered the Barnes/Uyeda/Kinoshita pore water/
heat flow sampler into the hole twice. We recovered one
good in situ pore water sample at 35.4 m BSF and one
sample of pipe water. Analyses of the interstitial water
chemistry of both squeezed and in sifu samples reveal
no evidence of fluid advection through the sediments,
although Ca2?* shows a dissolution-related gradient in
the upper 20 m.
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=l lam T 54-101 em: Brown [1.5YR 54} 2 Cpl 175 AT 580
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B gy . 126150 cm: Brown [7.5Y R 4/4) B i 1 Toxturs:
ol | 150155 em: Yellowish brown (10 R 6/4] -'I'.L'I'.L"'- . Sand 2 - -
B B s S e i it 60-85 - ]
A A | Cors Catchar: CLAY.BEARING NANNO OOZE o e S B 4 H Ciay 15 - 50
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SITE 698 HOLE CORE 4 CORED INTERVAL 265.4-35.0m
SITE 598 HOLE CORE 3 CORED INTERVAL 15.8-254m o
g FOSSIL - u:‘.ma:rn; .
« |E CHARACTER §L: w|B) 22 E B GRAPHIE LITHOLOGIC DESCRIPTION
8 |zul2]2 H gl 2 GRAPHIC LITHOLDGIC DESCAIPTION 15 |E § HEE | E | umoLoay &
i EHEE G| E | umower LIES, $°E"|§ HEEE H
w3 |EN|Z 2 E Hl s & = = |z [ g ;
| |2 HE £ =z | £ = |3
18 (B35 E 5 o
= == B I i i B Fiepel Ty i | Section 1: NANNDFOSSIL CLAY TO CLAYEY NANNO.
T H Section 1) CLAY-BEARING TO CLAYEY NANND DOZE * B | 1
Foa Bmng it ryech trown (S R) °5_.::..|_:.|_ 2 0180 em: Dark redidish brown (10YR 3/3)
it i s P P
3 AL o . Saction 2: CLAYEY NANNO DOZE W I== g TE | . i AR MR S
¥ AT i 0140 em: Durk reddish brawn (YR 3/d) SO Pl T, paeiiicenieitiay YR 37
gl Ll n_-"_;!'ﬂ;.l.'..._h._ 66—108 cm: Raddish brown (5YR 4/4)
I-D:__L_l__l__l__‘_ (=] Section 3: CLAY BEARING NANND O0ZE :-L.-'-J..-I—-A.— | H‘ 108—107 em; Yetlowish red {5YR 5/8)
e oS B | 0150 cen: Darke reddish brown (SYR 3/4) e e N 107-140 crn: Redeiah brown (YR 4/4)
s e Mgl ey o -
i Wt Section &t CLAY-BEARING NANND OOZE EJ-J-"—'— o !H . R — ey
r Ay 0140 o Fuddint beowen, (SYR44) P i 072 em: Dusky rod (26YR 3/2)
iy ld T e T | 7275 em: Yellowish red (5YR 5761
4 | Section §: CLAY-BEARING TO CLAYEY NANNO DOZE T 25160 ton: Dutky rod (2.5YR N3]
== [ 07 cm; Daek reddish braven (SYR 314) 2 0
o2 R, 718 cm: Yaligwish red (YR 4/6) ipateg el " Section #: CLAY-BEARING TO CLAYEY NANND ODZE
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e g;mﬂgn S T | 18-27 em: As 018 cm
3 ol Ciay ~A0 AR #0508 I 27-30 cm: As 16-18 £m
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SITE 588 HOLE CORE_§ CORED INTERVAL _ 35.0—44.6m SITE 538 HOLE CORE CORED INTERVAL 44.6-44.8 m
L)
2 FOSSIL ]
« |§ |_cuaracren « |3 CHARAETER
R EMAE |l B g |= z| w
o H ! 215 GRAPHIC oy .?I 2 =
EFEHEE 5| & | wmolosy HIRHOLOGIC BERCATION A E § gl | Snanic, LITHOLOGIC DESCRIPYION
wsS |3 H 4| % g u3|58|2 g B
= § ] @ E =7 |E ; w E g
" = § § g H E- = g ; ; E g E E §
& £ (g H
I = Fl =
. ca | _ |m|ee cc o e ¢
2 ™ = H “COMPLETLY BANDED CORE™ $ 3 DAILLING BRECCIA OF CLAY AND FORAM.BEARING
o L = -] NAKNOFOSSIL CHALK, yellowish boown {10Y A 66}
—ki_*i‘_z il Section 1: CLAYEY NANNOFOSSIL O0ZE i
1 1 -l Wl Grades from dark yallowish brown to very dark brown
E L SMEAR SLIDE SUMMARY (%)
::_-—"—'.—.c:'!';'- |' i (1DYA 4/4 10 7.5YR 2.5 to 373) s
L -
Bl Bl W Section 2! CLAYEY NANNOFOSSIL DOZE TO NANNO-
P Tyt Easge Texture:
e | H FOSSIL GLAY _ Sand 10
= || Completiy banded, but average color is dark brown ok )
Tt LI BrRzl Clay 30
£ S | l{ 4683 em: Turbidive Composition:
=t =l i i 15
-"__‘_-_::_‘_‘ Section 3 CLAY-BEARING NANNOFOSSIL OOZE V:um qlass T
i iy _J.- | Average color is derk brown to daek reddish brown Carbongte unspec. 16
# (e ! i‘ﬂ . 175 1o 5YR 3/2) Fovaminiters 15
.:l::L—_L— = | i! 86, 7073, and 132 cm: Turbidite lyen Cale. nannolosils 40
-
g o 15
=] | " Section 4: CLAYEY NANNOFOSSIL OOZE e
| i Averags color i dark reddich brawn (5YR 220
-
_.I.J:-J-:"j:' F li Section 6: CLAYEY NANWOFOSSIL OOFE, dark reddish NOTE: Core 7, 44 B—BD.4 m: no recovery.
e il = i brown (§YR 25/2) grading to dark reddish brown
S oo iy iy {5YR 3/3)
..-..L.:L_I.-_I__. | g .
3 g el Ty Section 6: NANNOFOSSIL CLAY SITE 598 HOLE CORE_8 ERV 452
L-J.--#_I'_-‘-‘- ! l . Dark reddish brown (BYR 2/21 1o dark reddish brown CORED.INY: AL B0 Am
i il (YR a2 - gossiL
S i | g 5 |2 P
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b e o N I 015 em: Dark brown [7.5YA 3/2) gE EHE 18 | ifrowey LITHOLOGIC DESCRIPTION
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