8. SITE 592: LORD HOWE RISE, 36°S!

Shipboard Scientific Party?

HOLE 592

Date occupied: 25 December 1982

Date departed: 27 December 1982

Time on hole: 46.5 hr.

Position: 36°28.40'S; 165°26.53'E

‘Water depth (sea level; corrected m, echo-sounding): 1088 m
Water depth (rig floor; corrected m, echo-sounding): 1098 m
Bottom felt (m, drill pipe): 1099

Penetration (m): 388.5

Number of cores: 41

Total length of cored section (m): 388.5

Total core recovered (m): 340.12

Core recovery (%): 87.5

Oldest sediment cored:
Depth sub-bottom (m): 388.5
Nature: Nannofossil chalk
Age: Middle late Eocene (Kaiatan Stage of New Zealand)
Measured velocity (km/s): 1.807 km/s at 383 m
Shear strength: 350 g/cm? at 353 m;
greater values below

Basement: Not reached

Principal results: Site 592, drilled on the southern Lord Howe Rise
(36°28.40'S; 164°26.92'E) in relatively shallow water (1088 m from
sea level), consists of one hole cored continuously with the hydrau-
lic piston cored (HPC) from 0 to 234.9 m sub-bottom and then
with the extended core barrel (XCB) from 234.9 to 388.5 m. The
section recovered consists of a single lithostratigraphic unit that
varies from foraminifer-bearing nannofossil ooze (chalk) to nan-
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nofossil ooze (chalk). The age of the section is from middle late
Eocene (42 m.y.) to Quaternary. The bottom of the hole consists of
83.5 m of Paleogene ooze and chalk ranging in age from the late
Eocene to the early Oligocene (35 m.y. ago). The regional uncon-
formity of the southwest Pacific separates the lower Oligocene sed-
iments from immediately overlying middle lower Miocene sediments
18.5 m.y. old. The section is represented by a section of high-quali-
ty cores with almost complete recovery from the middle Miocene
to Quaternary using the HPC, and a less complete but still excel-
lent section recovered at greater depths using the extended core
barrel. A paleomagnetic polarity stratigraphy has been identified
down to the late Gauss Chron (2.5 m.y. ago).

The section has been divided into five subunits: Subunit 1A
represents a veneer (0.0-0.3 m) of pale orange to pinkish gray fora-
minifer-bearing nannofossil ooze within the oxidized zone near the
seafloor. Subunits IB to IE are differentiated by degree of lithifica-
tion. There is good foraminifer preservation in the Neogene and
Oligocene, whereas the nannofossils are only well preserved in the
late Neogene and Oligocene. Radiolarians are present in small
amounts only in the Eocene. The biostratigraphic sequences seem
to be complete except for that part missing in the regional uncon-
formity. Sedimentation rates range from lowest values (7 m/m.y.)
in the late Eocene to highest value (92.5 m/m.y.) in the late early
Pliocene. In general, sedimentation rates are much lower at Site
592 than in sites both to the north and south.

Of particular interest at this site is a fine complete boundary
section between the Eocene and the Oligocene in Cores 592-36 and
592-37. The hiatus present in all other South Pacific sites except
Site 277 in the subantarctic area south of New Zealand is not found
at Site 592. A distinct lithologic change occurs near the level of ex-
tinction of Globigerinatheka index, which is the foraminifer mark-
er for the boundary in south temperate latitudes. The late Eocene is
represented by nannofossil chalks containing siliceous microfossils
such as radiolarians and sponge spicules, the Oligocene by surpris-
ingly soft nannofossil ooze lacking biosiliceous materials. The sec-
tion provides good opportunities for high-resolution stratigraphy
across the boundary.

Volcanic ash layers or altered laminae occur in the Quaternary,
early late Miocene (10 m.y.), and through the Paleogene.

Good benthic foraminifer and ostracode assemblages occur
throughout much of the sequence and exhibit changes at a number
of levels associated with paleoceanographic events.

BACKGROUND AND OBJECTIVES

Site 592 (SW-2) is located near the southern end of
Lord Howe Rise, about 60 km north of Site 207 (Fig. 1),
and was selected from the Glomar Challenger Leg 21 pro-
file recorded at 1900 hr., 15 December 1971.

Site 207 was located in an area of thin (360 m) sedi-
ment cover overlying a basement high composed of rhy-
olite. At Site 207, the upper 142 m of sediment cover
consists of a thin middle Miocene to Quaternary sequence
of foraminifer-nannofossil ooze, which is unconform-
ably underlain by siliceous calcareous and calcareous ooz-
es of Eocene age. The Neogene sediments clearly were
winnowed at Site 207, judging by the low sedimentation
rates and relatively high proportion of foraminifers. The
basement high upon which Site 207 is located had fo-
cused bottom currents during the Cenozoic.

487



SITE 592

34°8

K, AN

162° 163° 164° 165° 166° 167° 168°E

)

Figure 1. Regional bathymetry (fathoms) around Site 592, after Mam-
merickx et al., 1974. Glomar Challenger Leg 90 track shown; heavy
portion locates water gun seismic profile illustrated in Fig. 2.

Since the primary objectives of Leg 90 were related to
paleoceanographic history, rather than to basement prob-
lems, a site was chosen in an area of thick (600 m) sedi-
ment cover close to Site 207. The seismic profile (Fig. 2)
shows that this location is represented by relatively trans-
parent sediments that probably are not complicated by
bottom current activity.

Site 592 was proposed by the JOIDES Paleoenviron-
mental Panel as a secondary objective because it lies in
the same cool-temperate water mass as Leg 29, Site 284.
Precruise calculations indicated that there would be time
for only one site located in the cool-temperate water mass.
Since Site 284 was in thicker Neogene sediments, it was
designated the primary site (SW-2). However, the discov-
ery during Leg 90 of spectacularly high rates of calcare-
ous biogenic sedimentation during the Pliocene in the
area of Sites 590 and 591 (about 31°S) led to much in-
terest in determining if these are of local nature or if
they extend further south to the area of Site 592. We had
already determined that such high sedimentation rates

do not seem to occur in the northern Lord Howe Rise
area (Site 588).

A total of only two days could be budgeted toward
the drilling of Site 592. Nevertheless, we believed that if
we managed to determine sedimentation rates for the
Pliocene Epoch only it would be a successful use of the
two days assigned for this experiment. A total of two
days on the site would allow time for only one HPC
hole and perhaps a short sequence using the extended
core barrel.

The objectives for drilling Site 592 were much the same
as for the other sites drilled near the crest of Lord Howe
Rise. In particular, a sequence was needed for the fol-
lowing studies:

1. To compare and contrast rates of calcareous bio-
genic sedimentation between other Lord Howe Rise sites
and Site 592, in an area with much less evidence of win-
nowing than at Site 207.

2. To provide another late Neogene sequence inter-
mediate in latitude between Sites 590 and 593. This should
help in cross-latitudinal correlation.

3. To provide another Neogene sequence of shallow-
er-water benthic foraminifers for studies of possible north-
south biogeographic differences in assemblages at simi-
lar water depths. There are few data available to show
whether faunas within the same intermediate water mass-
es exhibit changes with changing latitude. The general
assumption is that little biogeographic change does oc-
cur within the same deeper-water masses in the oceans.

4. To provide a longer Neogene and perhaps Paleo-
gene sedimentary record than was available at Site 207.

OPERATIONS

Site 591 to Site 592

A combination of good average speed between sites,
very few mechanical breakdowns, little time lost waiting
on weather, and no drilling problems all combined at
this point in the voyage to indicate that operations were
well ahead of schedule. Continued use of the XCB and
continuation of the excellent vessel speed was expected
to further improve the schedule. Given all this, enough
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Figure 2. Water gun seismic profile (Glomar Challenger) near Site 592; bandpass filter 40-160 Hz.
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extra time was anticipated to allow coring contingency
Site SW-3.

The vessel made its way south to the chosen site coor-
dinates without incident. The beacon (16.0 kHz, D.L.)
was dropped on the first pass at 1416 hr., 25 December
1982.

Site 592 (SW-3): Southern Lord Howe Rise

The operating plan for the site was to obtain a good
piston-cored sequence through the Neogene sediments
to refusal and then to deploy the XCB, in order to test it
under modified operational practices and, if possible, to
core into stiffer sediments as far as the Oligocene/Eo-
cene boundary. The time on site was to be limited to 48
hr.

Although weather conditions were not good, the ves-
sel was able to be positioned with her bow into the pre-
vailing wind and swell so that positioning in automatic
with tolerable roll and pitch was relatively easy.

A combination XCB/variable length (VL) HPC bot-
tom-hole assembly was made up as before and run to
the height chosen for the mud line core attempt. Hole
592 was spudded at 2035 hr. with a VLHPC mud line
core (Table 1), which established the water depth to be
1099.7 m by drill pipe measurement.

A rig floor failure of a small threaded connection
caused the loss of the lower portion of the Kuster orien-
tation tool pressure case just prior to running in for the
second piston core. This was the only weather-related

Table 1. Coring summary, Site 592.

Depth from Depth below
Darte drill floor seafloor Length Length
Core  (Dec. (m) (m) cared recovered  Percentage
No. 1982) Time Top Bottom Top Bottom (m) (m) recovered

1 25 2105 1099.7-1104.2 0.0-4.5 4.5 4.45 98.8
2 25 2230 1104.2-1113.8 4.5-14.1 9.6 9.52 99.1
3 25 2330 1113.8-1123.4 14.1-23.7 9.6 9.41 98.0
4 26 0025 1123.4-1133.0 21.7-313 9.6 5.43 98.2
5 26 0100 1133.0-1142.6 33.3-42.9 9.6 9.54 9.3
6 26 0145 1142.6-1152.2 42.9-52.5 9.6 9.31 97.0
7 26 0225  1152.2-1161.8 52.5-62.1 9.6 9.32 97.0
8 26 0310 1161.8-1171.4 62.1-71.7 9.6 9.01 93.8
9 26 0355 1171.4-1181.0 71.7-81.3 9.6 9.30 96.9
10 26 0450 1181.0-1190.6 81.3-90.9 9.6 9.50 98.9
11 26 0535 1190.6-1200.2 90.9-100.5 9.6 8.02 833
12 26 0610 1200,2-1209.8 100.5-110.1 9.6 9.71 100 +
i3 26 0700 1209.8-1219.4 110.1-119.7 9.6 B.59 9.4
14 26 0745 1219.4-1229.0 119.7-129.3 9.6 9.70 100 +
15 26 0815 1229.0-1238.6 129.3-138.9 9.6 9,18 95.6
16 26 0500  1238.6-1248.2 138.9-148.5 9.6 9.69 100+
17 26 0930 1248.2-1257.8 148.5-158.1 9.6 8.48 88.3
18 26 1015 1257.8-1267.4 158.1-167.7 9.6 9.66 100+
19 26 1100 1267.4-1277.0 167.7-177.3 9.6 8.76 91.2
20 26 1150 1277.0-1286.6 177.3-186.9 9.6 9.68 100+
21 26 1235 1286.6-1296.2 186.9-196.5 9.6 5.60 100+
22 26 1330 1296.2-1305.8 196.5-206.1 9.6 9.42 98.1
2 26 1420 1305.8-1315.4 206.1-215.7 9.6 .69 100+
24 26 1520 1315.4-13280  215.7-225.3 9.6 9.08 94.5
25 26 1615 1328.0-1334.6 225.3-234.9 9.6 2.77 100+
26 26 1735 1334.6-1344.2 23492445 9.6 9.50 9.9

27 26 1845 1344.2-1353.8  244.5-254.1 9.6 0.0 0
28 26 2145 1353.8-1363.4 254.1-261.7 9.6 9.58 99.8
29 26 2240 1363.4-1373.0  263.7-273.3 9.6 8.67 90.3
30 26 2340 1373.0-1382.6  273.3-2829 9.6 844 87.9
i1 27 0010 1382.6-1392.2 282.9-292.5 9.6 7.94 827
32 27 0100 1392.2-1401.8  292.5-302.) 9.6 8.03 836
33 7 0140 1401.8-1411.4 302.1-311.7 9.6 7.05 T4.4
34 27 0205 1411.4-1421.0 311.7-321.3 9.6 6.31 65.7
35 27 0300 1421.0-1430.6 321.3-330.9 9.6 813 4.6
36 27 0510 1430.6-1440.2 330.9-340.5 9.6 4.78 79.6
37 27 0600 1440.2-1449 8 340.5-350.1 9.6 5.44 56.6
38 27 0645 1449 8-1459.4 350.1-359.7 9.6 9.05 94.2
9 27 0730 1459.4-1469.0 359.7-369.3 9.6 5.52 57.5
40 27 0830 14659.0-1478.6 169.3-378.9 9.6 6.83 71.1
41 27 0910 1478.6-1488.2 178.9-388.5 9.6 9.03 94.0
388.5 340.12 87.5

SITE 592

mishap at the site. Fortunately the plan had been to de-
ploy the Kuster tool starting with the third core so the
tool itself was not installed at that time.

Piston coring with the 9.5-m VLHPC using two shear
pins continued smoothly despite blustery weather. Full
stroke was achieved on all cores. Core quality was not
up to normal VLHPC standards, mainly because of the
vessel’s significant heave. At the 25th VLHPC core, an
overpull of 25,000 Ib. was required while inching the
tool free, Piston coring was then terminated and the sink-
er bars were changed in preparation for XCB coring.
The first XCB was deployed without problems and re-
covered a good core. The second XCB was initially stuck
at the top of the BHA, and then jarred loose.

It was clear that the XCB latch was still causing prob-
lems, so the remainder of the hole was cored by running
the XCB in on the wire line. One other XCB barrel,
Core 592-36, did become stuck. It was dislodged by ham-
mering with the deplugger barrel on the wire line. Core
592-36 suffered some disturbance as a by-product of the
unjamming procedure.

The hole was cored to its full scientific objective plus
two or three extra cores and was terminated to allow the
pipe to be pulled and the ship to get under way within
the original 48-hr. time limit.

LITHOSTRATIGRAPHY

Site 592 consists of one hole cored continuously with
the HPC from 0-234.9 m sub-bottom and then with the
XCB from 234.9-388.5 m sub-bottom. Although the hole
was cored continuously, recovery is not complete and
decreases below 240 m sub-bottom in the rotary-cored
sequence. Cores 592-29 to 592-33 are moderately dis-
turbed by drilling and are broken into separated biscuits.
The sequence recovered consists of one lithostratigraph-
ic unit that varies from foraminifer-bearing nannofossil
ooze (chalk) to nannofossil ooze (chalk). The unit is di-
vided into five subunits (Table 2). Subunit IA (0-0.3 m)
is distinguished from Subunit IB by its very pale orange
to pinkish gray color. This uppermost part of the site,
which corresponds to Subunit IA in most other sites
drilled during Leg 90, is the oxidized zone of the sedi-
ment section. The upper part of Subunit 1B, between
0.3 and 33.3 m, is marked by alternating layers ranging
in color from pale olive to white and very light gray

Table 2. Lithostratigraphy at Site 592.

Lithological Sub-bottom
subunits Cores depth (m) Description Age

1A 1 0-0.3 Very pale orange to pinkish  late Quaternary
gray foraminifer-
bearing nannofossil
ooze

IB 1-29 0.3-273.3  White to light gray fora- late Quaternary to
minifer-bearing nanno- early Miocene
fossil ooze to nanno-
fossil voze

Ic 30-33  273.3-305.8  White to very light green- early Miocene
ish gray foraminifer-
bearing nannofossil
chalk to nannofossil
chalk

1D 33-37  305.8-350.1  White to very light gray early Oligocene (o
nannofossil ooze late Eocene

1E 38-41  350.1-388.5  White 1o very light gray late Eocene

nannofossil chalk
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(Cores 592-1 to 592-4; Pleistocene to upper Pliocene).
White to very light gray dominate frem 33.3 to 302.1 m.
Subunit IC (273.3-305.8 m ) is a chalk. The sediment
from 305.8-350.1 m sub-bottom (Subunit ID), just be-
low the early Miocene/early Oligocene unconformity, is
an ooze. The white to very light colored sediment se-
quence contains numerous pale green laminae (Fig. 3).
The lower part of Subunit ID is marked by a chert nod-
ule surrounded by a 15-cm-thick layer of lithified lime-
stone. The transition zone between Subunits ID and IE,
from an ooze to a firm recrystallized chalk, occurs be-
tween 350 and 369 m. Light gray to medium gray blebs,
pockets, and laminae are rare to occasional in Cores
592-1 to 592-16 and 592-22 to 592-37, and moderate in
592-17 to 592-21 and 592-38 to 592-41.

Calcareous nannofossils are the dominant component
(about 75%) of the entire sediment sequence. Foramini-

A Recovery
(in Lithologic
Core black) units

fers vary from less than 5 to 25% (Fig. 4). Beds contain-
ing numerous 1-4-cm-sized molluscan (Ostrea) fragments
occur in Section 592-34-3. Chert nodules are present in
Cores 592-36-3 and 592-41-5. Noncarbonate components
occur only in trace abundances (Fig. 4): volcanic glass
and pyrite occur throughout the entire sequence, where-
as quartz, feldspar, and heavy minerals are found only
occasionally. Biogenic opal is absent except at the top of
Core 592-1 and in the Eocene section (Cores 592-37 to
592-41), where radiolarians and sponge spicules occur in
trace amounts (Fig. 4).

Some pale olive intervals in the upper part and some
grayish green to pale green pockets in the lower part of
the sediment sequence are characterized by more com-
mon volcanic glass (Fig. 4). The pale olive intervals in
the Quaternary-upper Pliocene sediments and the pale
green laminae in the lower Oligocene-upper Eocene sed-
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Figure 3. A. Summary of core recovery and lithostratigraphic units at Site 592. B. Laminae of vol-

canic ash(?) observed in core at Site 592.
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iments (Fig. 3) may represent periods of increased vol-
canic ash supply.

Bioturbation is rare in the upper part of the sequence
(Cores 592-1 to 592-30). Burrows are occasionally ob-
served as pale olive to yellowish gray mottles and blebs.
Cores 592-31 to 592-41 are moderately bioturbated with
Zoophycos, Planolites and Chrondrites all evident.

PHYSICAL PROPERTIES

Site 592 provided 388 m of sediment recovery. The
standard suite of gravimetric, acoustic velocity, and shear
strength measurements was performed at prescribed in-
tervals and the continuous scanning GRAPE apparatus
was employed on selected cores (see Introduction for de-
tails of specific methods). A full discussion of the physi-
cal properties results for Site 592 is presented by Morin
(this volume).

The GRAPE porosity results (points) are plotted ver-
sus depth in Figure 5A. These data were derived directly
from the GRAPE wet-bulk densities by assuming a grain
density of 2.691 g/cm3. A mean porosity is determined
across each meter of depth and these averages are plot-
ted as the solid line. Porosity does not show the usual
signs of gradual decline with increasing lithostatic load,
but remains relatively constant over several hundred me-
ters (90-290 m).

The results of the compressional wave velocity and
shear strength measurements performed on split cores,
parallel to bedding, are shown in Figure 5B and C, re-
spectively. Both graphs show a coincident increase in each
property at a depth of approximately 260 m, followed
by an equally sharp decline at 290 m. This spike corre-
sponds to the onset of chalk at the former depth, fol-
lowed by a reintroduction of calcareous ooze. The ooze
layer quickly undergoes a transition to chalk again at a
depth of approximately 320 m. This behavior is reflect-
ed in increases in the matrix modulus properties at the
appropriate depth. Below 355 m, the sediment shear
strength is beyond the range of the miniature vane shear
apparatus.

The GRAPE porosity data are combined with the com-
pressional velocity results in order to develop a relation-
ship between porosity and velocity (Fig. 5D). A similar
analysis yields a relationship between porosity and shear
strength (Fig. SE). The shear strength is seen to rise sharp-
ly as a declining porosity approaches 52%. The velocity
data are also correlated with the GRAPE wet-bulk den-
sity profile, and a record of acoustic impedance versus
depth is established (Fig. 5F). Fluctuating values of im-
pedance at a depth of about 300 m correspond to the
ooze-to-chalk transitions observed at this level.

SEISMIC STRATIGRAPHY

Figure 6A illustrates a portion of the shipboard water
gun seismic profile collected during the approach to Site
592. Figure 6B is a line-drawing of the profile. Three
acoustic units have been identified (A, B, and C) and
these are compared in part with the lithology of the site
(lithostratigraphic Units IA-IE).

Acoustic Unit A incorporates a relatively transparent
zone with numerous laterally continuous low-amplitude
reflectors. In the region of Site 592 these reflectors are

SITE 592

parallel to the sediment/water interface, suggesting that
the area is not undergoing erosion. About 90 km to the
north, however, upper reflectors of Unit A have been
truncated by erosion over a broad basement high.

Acoustic Unit B marks a zone of parallel reflectors
with somewhat higher amplitude. These reflectors are
parallel to those of Unit A.

Acoustic Unit C incorporates a well-defined series of
relatively high amplitude parallel reflectors. Subtle trun-
cation of reflectors immediately below the top of Unit C
by base of Unit B, visible immediately north of Site 592
(Fig. 6B), suggests minor erosional truncation of strata
at the upper limit of Unit C. In addition, all reflectors
of Unit C can be seen to onlap the strong basement re-
flector when traced to the north.

Acoustic basement in the region is very smooth.

Lithostratigraphic Units IA, IB, IC and ID comprise
a visually monotonous sequence of foraminifer-bearing
nannofossil ooze to nannofossil ooze, ranging in age from
Quaternary to the late Eocene. Within this section, gra-
dational boundaries between ooze and chalk occur at
about 272 and 345 m sub-bottom. The upper chalk ho-
rizon actually reverts to ooze at 306 m sub-bottom be-
fore becoming chalky again between 345 m and the bot-
tom of the hole. A distinct hiatus was shown to exist at
306 m sub-bottom, separating the late early Miocene from
the early Oligocene. Below this a continuous sequence
was cored across the Oligocene/Eocene boundary.

In matching the lithology with the seismic profile at
Site 592 we tentatively assume an interval velocity of
1700 m/s, averaged from shipboard velocimeter measure-
ments. Comparisons suggest that the boundary between
acoustic Units A and B does not coincide with the onset
of chalkiness, as hypothesized at earlier sites. Rather, it
appears due to a subtle and undetermined change in
acoustic impedance which is not obvious from the li-
thology or physical properties. The strong reflector mark-
ing the upper limit of Unit C may be correlated with the
top of lithostratigraphic Unit 1C, at which level chalk is
first observed. This level also coincides with the low-an-
gle truncation surface already described.

Lithostratigraphic Unit ID, an ooze which is sand-
wiched between two chalk horizons (IC and IE), appears
to correlate with a slightly more transparent zone within
acoustic Unit C, and the top of lithostratigraphic Unit
IE appears to match a strong reflector within acoustic
Unit C.

BIOSTRATIGRAPHY

Site 592 was drilled on the southern end of the Lord
Howe Rise, at latitude 36°28.40'S, longitude 165°26.35'E
in a water depth of 1088 m below sea level; this is just
north of DSDP Site 207, drilled on Leg 21. The nanno-
fossil preservation and planktonic foraminiferal zones
of Site 592 are shown in Figure 7.

The preservation and abundance of planktonic fora-
minifers were good for the Neogene and Oligocene but
deteriorated in the Eocene; the benthic foraminifers are
well preserved down to the upper Miocene, then deterio-
rate in the lower Miocene, improve in the Oligocene,
and again deteriorated in the upper Eocene. Nannoplank-
ton preservation is good for the Quaternary and Plio-

491



SITE 592

Dominant lithology

Trace 1
< 5% rare

5—25% common
25—50% abundant
>50% dominant

Biogenic components

Nonbiogenic components

Authigenic components

Core-Section
(level in cm)
Foraminifers
Nannofossils
Radiolarians
Diatoms
Sponge
spicules
Silicoflagellates
Fish debris
Quartz
Feldspars
Heavy minerals

volcanic glass

Dark

volcanic glass
Recrystallized

micronodules
silica

Glauconite
Clay minerals
Unidentified
Palagonite
Zeolites
Amorphous
iron oxides
Fe-Mn

Pyrite
Carbonate
(unspecified)
Carbonate
rhombs

=ITight

ww|n|n

=W~

03

--l
n
n

I
| o|na|Pofpafro] ==

(s3]
wn

8

,
1
1
:
1
===

— e = =] =]

Figure 4. Smear slide summary, Site 592.

cene but deteriorates in the Miocene, and is better below
the unconformity in the Oligocene, but again deterio-
rates in the Eocene.

Radiolarians were found to be present only in the Pa-
leogene deposits, whereas diatoms and silicoflagellates
were missing throughout. Shell fragments were noted in
Core 592-34, and a more complete specimen from Sec-
tion 4 was identified as Ostrea sp.

In terms of planktonic foraminiferal zones, the un-
conformity at Site 592 occurs between the lower part of
the Globigerinoides trilobus Zone and the upper part of
the Globigerina angiporoides Zone (i.e., between 18-19
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and 31-32+ m.y. ago). In terms of nannoplankton zones,
the unconformity occurs between the NN2 and NP22
Zones (i.e., between 19.5 and 35 m.y. ago).

The major boundary of interest at Site 592 is the Eo-
cene/Oligocene boundary and, following the practice in
New Zealand, this was placed at the extinction of Globi-
gerinatheka index, which was noted in Section 592-36-3
between 90 and 64 cm. According to the nannoplank-
ton, the boundary at the extinction of Discoaster saipa-
nensis is in Core 592-37-2, between 5-6 and 33-34 cm.
A similar sequence of extinctions for the two taxa was
recorded at DSDP Site 277, drilled south of New Zealand.
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Figure 4. (Continued).

Planktonic Foraminifers

Zones

The following zones were identified at Site 592; the
zonal boundary markers are shown below:
Globorotalia truncatulinoides Zone
L. A. G. tosaensis
Globorotalia truncatulinoides-G. tosaensis Zone
1. A. G. truncatulinoides
Globorotalia inflata Zone
I. A. G. inflata

* Unidentified

Globorotalia crassaformis Zone

1. A. G. crassaformis
Globorotalia puncticulata Zone

I. A. G. puncticulata
Globorotalia sphericomiozea Zone

L. A. G. conomiozea
Globorotalia conomiozea Zone

I. A. G. conomiozea
Globorotalia miotumida Zone

L. A. N. continuosa
Neogloboguadrina continuosa Zone

L. A. G. mayeri
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Globorotalia mayeri Zone
1. A. G. mayeri
Orbulina suturalis Zone
1. A. O. suturalis
Praeorbulina glomerosa curva Zone
I. A. P glomerosa
Globorotalia miozea Zone
I. A. G. miozea
Globigerinoides trilobus Zone
UNCONFORMITY —
Globigerina angiporoides Zone
L. A. G. brevis
Globigerina brevis Zone
1. A. G. brevis
Subbotina linaperta Zone
L. A. G. aculeata

Globorotalia aculeata Zone

The missing zones represented by the unconformity,
in descending order, are Globigerina connecta Zone; G.
woodi Zone; G. dehiscens Zone; G. euapertura Zone;
G. angiporoides Zone (upper part only).

There were a few problems in recognizing some of the
zones in the more northern sites; for example, the Glo-
borotalia tosaensis Zone was not detected in the late Pli-
ocene. The best explanation for its absence below the
first appearance of G. fruncatulinoides is that G. tosa-
ensis evolved from G. crassaformis to the north of Site
592 and later spread southward with G. truncatulinoi-
des; there is no hiatus.

The N. continuosa Zone is based on the range of the
zonal marker after the extinction of G. mayeri. It is not
a satisfactory zone because N. continuosa is rare and it
is not known whether the extinction level is diachronous.
The G. fohsi s.1. Zone was not recognized at Site 592
because Fohsella species are missing at this site.

Faunas

The planktonic foraminifers are abundant and well
preserved from the Pleistocene to the Oligocene, but there
is a marked deterioration in preservation in the late Eo-
cene.

The Neogene faunas indicate temperate conditions with
a few incursions of warmer water from the north; such
warm incursions were detected in Samples 592-6,CC,
592-8,CC, 592-10,CC, 592-16,CC, and 592-17,CC. Be-
cause of the cooler-water conditions none of the follow-
ing taxa were found: Pulleniatina, Globorotalia menar-
dii, Sphaeroidinella dehiscens, Catapsydrax dissimilis,
and C. stainforthi: G. margaritae is rare. The cooler-wa-
ter species G. conica was present in the G. mayeri Zone;
its northern paleogeographic limit is probably close to
Site 592.

The Paleogene faunas are similar to those found in
New Zealand and Victoria, Australia. The relatively low
diversity in some of the late Eocene samples is due main-
ly to poor preservation, but the low diversity in the Oli-
gocene is due to the cool-water conditions which pre-
vailed at that time.

Unconformity and Major Boundaries

The unconformity between the Globigerina angipo-
roides Zone and the Globigerinoides trilobus Zone is a
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regional hiatus and was first detected in the Tasman Sea
by the scientists of DSDP Leg 21 (Burns, Andrews, et
al., 1973). The uppermost samples below the unconfor-
mity contained both Globorotalia munda and Chilo-
quembelina cubensis, Globorotaloides testarugosa, and
Globigerina ampliapertura, which suggests that this is
in the upper part of the G. angiporoides Zone. The ex-
tinction of C. cubensis slightly later in the late Oligo-
cene has been dated by Berggren (1972) at about 30 m.y.

The lowermost lower Miocene above the unconformi-
ty is within the Globigerinoides trilobus Zone, above the
local extinction of Catapsydrax dissimilis. An estimated
age for this part of the zone is about 18-19 m.y. ago
(Berggren et al., in press).

The unconformity at Site 592 is closer in stratigraphic
position to that at Site 206 than to Site 207 drilled dur-
ing Leg 21 (Fig. 8). This unconformity could be related
to the initiation of the Circum-Antarctic Current, which
occurred at about 29-30 m.y. ago (Jenkins, 1974; Ken-
nett et al., 1972).

Other major boundaries noted include the following:

Pliocene/Pleistocene: first occurrence of Globorota-
lia truncatulinoides;
extinction of G. conomiozea;
extinction of Globigerinatheka

index (in Section 592-36-3,

between 64 and 90 cm).

Miocene/Pliocene:
Eocene/Oligocene:

Benthic Foraminifers

Benthic foraminifers were examined in the fraction
> 63 pm from all core catchers taken at Site 592. Several
additional samples were studied in Cores 37 and 36 across
the Eocene/Oligocene boundary. Benthics are well pre-
served in the top of the section down to Core 23 (Globo-
rotalia miotumida Zone), in which recrystallization be-
comes evident and faunal diversity drops markedly. Pre-
servation worsens slightly through the lower Miocene,
but improves in the lower Oligocene (Cores 592-33 to
592-36). Uppermost Eocene sediments resemble those of
the lower Miocene, except that a large and diverse fora-
miniferal fauna was recovered.

Throughout the section, benthic faunas are dominated
by species of the genera Cibicidoides, Cibicides, and Bo-
livina. Also common are Melonis barleeanum, Sigmoi-
lopsis schlumbergeri, and, in the Paleogene, species of
Anomalinoides. The number of New Zealand endemic
species increases in the Paleogene, including such forms
as Vaginulinopsis hochstetteri, Cibicidoides molestus, and
Rotaliatina sulcigera. In the Neogene, species named in
New Zealand are less frequent and are the same as those
found at Site 591 farther to the north.

Hole Hole Hole
592 207 206

‘ 31—-32 my. | rm 40my. |

Figure 8. Comparison of unconformities in the Tasman Sea.



Downslope transport of shallower-water materials does
not appear to be common at this site; exceptions are
Cores 592-4, 592-22 and 592-23, which contain uncom-
mon specimens of large, abraded, shallow-water species
of Spiroloculina and Ammonia.

Typical Eocene faunas (Cores 592-41 and 592-36) con-
tain abundant benthic individuals; common species are
C. molestus, Uvigerina bortotara (= U. spinicostata, U.
havanensis, and U. rippensis), C. io, A. semiteres, Stilo-
stomella nuttali, and Globocassidulina subglobosa. Va-
ginulinopsis spp. are present in all Eocene samples, but
disappear at the Eocene/Oligocene boundary, which is
located between Cores 592-36-3, 88 cm and 592-36-2,
119 cm. Species common for the first time above the
boundary include the spinose stilostomellids, Valvuline-
ria sp., Sphaeroidina bulloides, C. lobatulus and the bo-
livinids. The more ornate cibicidids, with limbate su-
tures, become less common above the boundary.

Lower Oligocene faunas (Cores 592-36 to 592-33) re-
semble those of the upper Eocene, except for the larger
proportions of A. semiteres, C. io, Cibicides lobatulus,
and the striate bolivinids.

Lower to middle Miocene sediments are the least well
preserved, but are better than those at the other sites
drilled during Leg 90. The faunas are considered disso-
lution-residue faunas, but are relatively large and con-
tain increased percentages of orbulinids from the Globi-
gerinoides trilobus to the Orbulina suturalis Zone (Cores
592-32 to 592-28). Above this level a new fauna, still the
result of dissolution, is marked by the abundant pres-
ence of Bolivina anastomosa (Cores 592-27 to 592-21,
Globorotalia mayeri-G. miotumida zones).

The last change in benthic faunas of the Miocene oc-
curs in the lower G. conomiozea Zone (Core 592-15),
when there is an increase in the abundance of miliolids
which is possibly due to better preservation and when
Anomalina semipunctata first appears. These events oc-
cur earlier in Site 592 than in sites to the north.

A major change in sedimentation and in the diversity
and abundance of benthic faunas occurs in the lower Plio-
cene G. sphericomiozea-G. puncticulata interval (Cores
592-11 and 592-10). Through the remainder of the sec-
tion the abundance of benthics increases dramatically,
diversity is consistently higher, but few new forms are
found.

At the G. crassaformis/G. inflata change, which is
considered to represent in the Northern Hemisphere the
change to glacial conditions, the faunas change in two
ways. First, Cibicides lobatulus increases dramatically
in abundance and dominates all faunas through the re-
mainder of the Pliocene and Quaternary. The numbers
of other cibicidids and of the bolivinids also increase
markedly. In addition, there is an increase in the propor-
tion of uvigerinids, and a change in the types of uvigeri-
nids from a Uvigerina hispida-U. hispido-costata assem-
blage below, to one dominated by the U. peregrina plex-
us, including forms tending to U, mediterranea and, in
one sample, U spinulosa. These morphotypes were not
seen at the more northerly sites.

The U. peregrina plexus then disappears during the
G. tosaensis interval, when miliolids again become more
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common in the benthic faunas; but it reappears in the
Quaternary (Cores 592-2 to 592-1).

Calcareous Nannoplankton

Core-catcher samples and sufficient additional sam-
ples to determine zonal boundaries were examined for
calcareous nannoplankton. All of the zonal indicators
are present with the exception of Helicosphaera amplia-
perta and Sphenolithus pseudoradians. The upper bound-
ary of the Helicosphaera ampliaperta Zone (NN4) is de-
termined instead by the first occurrence of Discoaster
exilis, and the Isthmolithus recurvus Zone/Sphenolith-
us pseudoradians Zone (NP19/NP20) are combined. Cal-
careous nannoplankton are abundant throughout the sec-
tion at Site 592. Preservation is good in the Quaternary
and Pliocene. In the Miocene, preservation deteriorates
from moderate to poor, and in particular most of the
discoasters are heavily overgrown. A major unconform-
ity between the early Miocene (~19.5 m.y.) and early
Oligocene (~35.0 m.y.) is based upon the absence of
Zones NN1 to NP23. In the lower Oligocene, preserva-
tion is somewhat improved, but is poor again in the up-
per Eocene, where most specimens are overgrown by
calcite.

Quaternary

The presence of Emiliania huxleyi in Samples 592-
1-1, 3-4 cm and 592-1-3, 3-4 cm places these samples in
the late Pleistocene Emiliania huxleyi Zone (NN21). Sam-
ple 592-1,CC, above the last occurrence of E. ovata in
Sample 592-2-1, 3-4 cm, is placed in the late Pleistocene
Gephyrocapsa oceanica Zone (NN20). The interval from
Samples 592-2-1, 3-4 cm to 592-3-1, 3-4 cm, above the
last occurrence of Calcidiscus macintyrei in Sample 592-
3-2, 2-3 cm, is placed in the upper subzone of the early
Pleistocene E. ovata Zone (NN19b). The lower subzone
of this zone (NN19a) includes Samples 592-3-2, 3-4 cm
(the last occurrence of C. macintyrei), and 592-3-3,
3-4 cm.

Pliocene

The presence of Discoaster brouweri and the absence
of D. pentaradiatrus in Samples 592-3-6, 3-4 cm to 592-
4-1, 3-4 cm places these samples in the late Pliocene Dis-
coaster brouweri Zone (NN18). Sample 592-4-2, 3-4 cm
includes both D. brouweri and D. pentaradiatus and is
placed in the late Pliocene D. pentaradiatus Zone (NN17).
The addition of D. surculus in Samples 592-4-3, 3-4 cm
places the interval from this sample to Sample 592-6-3,
3-4 cm in the late Pliocene D. surculus Zone (NN16).

The interval from the last occurrence of Reticulofe-
nestra pseudoumbilica in Samples 592-6,CC to 592-8-5,
3-4 c¢m is placed in the early Pliocene Reticulofenestra
pseudoumbilica Zone (NN15). The interval from the last
occurrence of Amaurolithus tricorniculatus in Sample
592-8,CC to the first occurrence of D. asymmetricus in
Sample 592-13,CC is placed in the early Pliocene D. asym-
metricus Zone (NN14).

The boundary between the early Pliocene Zones NN12
and NN13 cannot be determined because Ceratolithus
rugosus is not present at this site. Therefore the interval
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from Samples 592-14-1, 3-4 ¢m to 592-14,CC, above the
last occurrence of D. quinqueramus, is placed in the com-
bined NN12/NN13 Zone.

Miocene

The co-occurrence of Amaurolithus primus and D.
quinqueramus in Samples 592-15-1, 3-4 cm to 592-17,CC
places these samples in the upper subzone of the late
Miocene D. quingqueramus Zone (NN11b). The lower sub-
zone of this zone (NN11a) includes Samples 592-18-1,
3-4 cm to 592-19-1, 3-4 cm. The interval between the
first occurrence of D. quinqueramus and the last occur-
rence of D. hamatus (Samples 592-19-3, 3-4 cm to 592-
20,CQ) is placed in the late Miocene D. calcaris Zone
(NN10). The range of D. hamatus, Samples 592-21-1,
3-4 cm to 592-22,CC, defines the middle Miocene D.
hamatus Zone (NN9). The first occurrence of Catinas-
ter coalitus in Sample 592-23-1, 3-4 ¢cm places this sam-
ple in the middle Miocene Catinaster coalitus Zone (NN8).
The interval below the first occurrence of C. coalitus,
Sample 592-23-3, 3-4 c¢m, to the first occurrence of D.
kugleri in Sample 592-24,CC, is placed in the middle
Miocene D. kugleri Zone (NN7).

The middle Miocene D. exilis Zone (NN6) includes
Samples 592-25-1, 3-4 cm to 592-28-1, 3-4 cm, above
the last occurrence of Sphenolithus heteromorphus. The
middle Miocene Sphenolithus heteromorphus Zone (NN5)
includes Sample 592-28-3, 3-4 cm, the last occurrence
of 8. heteromorphus, to the first occurrence of D. exilis
in Sample 592-29-3, 3-4 cm. Samples 592-29-5, 3-4 ¢cm
to 592-31-3, 3-4 cm, above the last occurrence of S. be-
lemnos in Sample 592-31-5, 3-4 c¢m, are placed in the
early Miocene Helicosphaera ampliaperta Zone (NN4).
The interval from Samples 592-31-5, 3-4 cm to 592-32-
3, 3-4 cm, above the last occurrence of Triguetrorhab-
dulus carinatus in Sample 592-32-5, 3-4 cm, is placed in
the early Miocene S. belemnos Zone (NN3).

An unconformity exists between Samples 592-33-3,
5-6 cm and 70 cm. All of the early Miocene Triguetro-
rhabdulus carinatus Zone (NN1) and possibly part of
the overlying D. druggii Zone (NN2) as well as all of the
late and middle Oligocene Zones (NP23 to NP25) and
part of the early Oligocene H. reticulata Zone (NP22)
are missing.

Oligocene

The interval from Samples 592-33-3, 70 cm to 592-
34,CC is placed in the early Oligocene H. reticulata Zone
(NP22). The early Oligocene Ericsonia subdisticha Zone
(NP21) includes Samples 592-35-1, 3-4 cm to 592-37-2,
5-6 cm.

Eocene

The last occurrence of D. saipanensis in Sample 592-
37-2, 33-34 cm and the first occurrence of Isthmolithus
recurvus in Sample 592-41,CC places this interval in the
combined late Eocene Isthmolithus recurvus-S. pseudo-
radians Zone (NP19/NP20). Sample 592-40,CC to 591-
41,CC contain reworked species from the late middle and
early upper Eocene such as Neococcolithus dubius and
Chiasmolithus solitus, similar to the approximate inter-
val at Site 593. The presence of abundant Zygrhablithus
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bijugatus and some Braarudosphaera bigelowi in the late
Eocene-early Oligocene indicates shallow-water condi-
tions during that interval.

Radiolaria, Diatoms, and Silicoflagellates

In Site 592, Radiolaria are present only in part of the
late Eocene. Samples available for radiolarian studies
range from Section 592-37-1 to 592-40-5. Well-preserved
radiolarian faunas are present in Sections 592-40-4, 592-
40-3, 592-40-2, 592-40-1, 592-39-4, and 592-39-3. Very
rare specimens are present in Cores 592-37-4 and 592-
37-3. Cores 592-37-1 and 592-37-2 contain only some frag-
ments.

As radiolarian assemblages are different in tropical
and polar areas, dating of temperate-latitude sediments
by the use of either the low-latitude or high-latitude ra-
diolarian biostratigraphy is often unsuccessful. Fortu-
nately, late Eocene radiolarian assemblages from Site 592
are not very different from tropical faunas and thus the
classic biostratigraphy of Riedel and Sanfilippo (1977)
can be used.

Radiolarian abundances were roughly estimated from
the density of radiolarians on strewn-slides, from counts
of 2000 to 5000 well-preserved shells for each sample.

The classification used in this report is after Riedel
(1967) except for the taxonomy of Trissocyclidae and Lop-
hophaenidae, which is from Petrushevskaya (1971). Some
new morphotypes need to be described. A large number
of morphotypes have been encountered, but only 39 well-
known forms are tabulated (see Caulet, this volume).

Only one radiolarian zone is recognized in Site 592:
the Cryptoprora ornata Zone in Sections 592-39-3 to
592-40-4. The C. ornata Zone, top of the former Thy-
rsocyrtis bromia Zone Riedel and Sanfilippo, emended
by Maurrasse and Glass (1976) and Saunders et al. (in
press), is the uppermost radiolarian zone of the Eocene.

Since no radiolarian forms were found from the Theo-
cyrtis tuberosa Zone of early Oligocene age, the Eocene/
Oligocene radiolarian boundary cannot be located at Site
592.

Late Eocene radiolarian assemblages from Site 592
are similar to tropical faunas but lack some typical mor-
photypes like the Lithocyclia group. Other tropical spe-
cies like Thyrsocyrtis bromia appear to be rare and re-
stricted to the upper part of the radiolarian zone. How-
ever, their skeletons are somewhat different from the
tropical forms. Tests of Cyclampterium(?) milowi are
frequent but the test outline is narrower in the mid-lati-
tude assemblages. Some forms like Lychnocanoma am-
phitrite and Lithapium mitra are more frequent than in
tropical assemblages. As shown by Chen (1975), high-
latitude radiolarian assemblages ‘““are similar to but less
diverse than the late middle Eocene to late Eocene low-
latitude assemblages previously described by Riedel and
Sanfilippo (1971) and Foreman (1973).”

Petrushevskaya (1975) reported that Eocene radiolar-
ian faunas from the South Pacific sector of the South-
ern Ocean (DSDP, Leg 29) are more similar to the Cali-
fornian Eocene assemblages than those from the Carib-
bean. This is also the case for Eocene radiolarians from
Site 592.



The preservation of the tests is good only in Sections
592-40-2, 592-40-3 and 592-40-4, where the diversity of
morphotypes is higher and diatoms are more abundant.
In Sample 592-39-3 the siliceous fraction is represented
only by broken radiolarian tests. In Samples 592-37-3
and 592-37-4, the number of the forms found is low and
their state of preservation poor.

It may be concluded that the deposition of radiolari-
ans and other siliceous microfossils ceased at Site 592
before the very end of the late Eocene and that rework-
ing processed are responsible for the rare latest Eocene
siliceous accumulations occurring near the Eocene/Oli-
gocene boundary.

Silicoflagellates have not been found in the Site 592
material.

PALEOMAGNETISM

Sediments from this site were characterized by a thin-
ner and less prominent surficial high-intensity zone and
generally very high directional scatter. A magnetic po-
larity stratigraphy can be traced back to about 3 m.y. ago.

Both the HPC and the XCB cores were subsampled
at three specimens per section. Kuster-tool orientation
data was obtained for only 25% of the HPC cores re-
covered. Laboratory NRM and low-field susceptibility
measurements have been completed on most specimens.
Hole mean statistics are:

Geometric mean intensity (uG) —-0.056
Scalar mean inclination (+ s.d.) —5.8 £41.9°
Axial dipole inclination -55.9°

Mean angular difference between repeats  10.2° (20 repeats)

The sediments gave very weak low-field magnetic sus-
ceptibilities (less than a few pG/Oe) which were predomi-
nantly negative—that is diamagnetic (Table 3). Pure dia-
magnetic materials do not retain a magnetic remanence.
However, in sediments such as these, the diamagnetism
of the bulk of the material could easily swamp a weak
positive-susceptibility contribution from grains capable
of retaining a magnetic remanence.

The usual high-intensity, oxidized zone occurs at the
top of the section, but here it was weaker (—0.03 to 1.0
pG) and thinner (~3 m) than at previous sites. Below
this zone intensities showed considerable scatter, gener-
ally within the range 0.01 to 0.1 pG, which is indicative
of very variable conditions of sedimentation. An excep-
tion to this rule is a region of higher intensity (~ 1.0 uG)

Table 3. Magnetic susceptibilities at Site 592.

Core-Section
(level in cm) Depth Susceptibility
592-1-1, 25 0.25

Very weak negative (diamagnetic)
592-29-1, 27 264.45

Very weak positive
592-30-1, 25 273.55

Very weak negative (diamagnetic)
592-30-6, 25 281.05
592-31-1, 44 283.34

Very weak positive
592-32-4, 77 297.77

Very weak negative (diamagnetic)
592-41-6, 75 387.15

SITE 592

from Cores 592-29 through 592-32, spanning the early
Miocene and the start of the middle Miocene. The onset
of this region is gradual, but its termination at the top
of Core 592-29 is abrupt. It probably correlates and has
a similar origin to the high-intensity zones observed in
the middle Miocene at Sites 588 and 593, although it is
less pronounced.

Relatively high intensity spikes in Hole 592 are noted
in Table 4.

The upper sediments were difficult to subsample with-
out causing distortion. This is reflected in an increase in
directional scatter, but is not sufficient to mask the po-
larity stratigraphy, which could be traced down to the
end of the Gauss Chron about 3 m.y. ago (Fig. 9). Be-

Table 4. Magnetic intensity
spikes in Hole 592.

Core-Section Depth  Intensity

(level in em) (m) (uG)
2-6, 75 12.75 0.264
12-2, 25 102.25 1.754
12-5, 25 106.75 0.876
13-1, 75 110.85 2.449
15-1, 25 129.55 0.236
15-3, 75 133.05 0.260
16-1, 25 139.15 0.302
16-1, 125 140.15 0.355
17-5, 25 154.75 0.921
18-2, 25 159.85 1.042
18-4, 125 163.85 0.291
19-4, 25 172.45 0.368
20-3, 75 181.05 0.490

26-4, 125 240.65 0.981
34-2, 75 315.45 0.580
35-1, 75 322.05 0.452
38-4, 25 354.85 1.480
40-4, 75 374.55 1.027

Boundary Sub-bottom
Chron (:9: ) (Core-Section, depth s"““;;’;:‘;‘-‘)“ rate
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Figure 9. Magnetic polarity stratigraphy for the upper part of Site 592.
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SITE 592

low this (apart from the higher-intensity zone just men-
tioned), directions were more scattered than for previous
sites, with a high percentage of intermediate directions.
The scatter is particularly bad between 100 and 190 m
sub-bottom depth. Since the laboratory measurements
were repeatable (mean angle between repeats = 10.2°),
this cannot be attributed to instrumental noise and must
be an intrinsic property of the sediments. It is not yet
known if the scatter can be reduced by AF cleaning,

SEDIMENTATION RATES

Sedimentation rates are calculated as outlined for the
previous sites, but the intervals used are subdivided where
necessary, especially in the Pliocene and late Miocene
(Fig. 10).

The late Eocene sedimentation rate (7.0 m/m.y.; nan-
noplankton Zones NP19/NP20) in indurated calcareous
sediments with trace amounts of siliceous material (ra-
diolarians, sponge spicules, volcanic glass) seems simi-
lar to that of the early Oligocene. In the early Oligocene
(Zones NP21 and NP22), the sedimentation rate is 19.0
m/m.y. in a calcareous ooze, calculated on the basis of
two datum levels.

The sedimentation rate drops in the early to middle
Miocene interval (Zones NN2 top to NN7 top) to 13.6
m/m.y. in a foraminifer-bearing nannofossil ooze.

For the late Miocene (nannoplankton Zone NN11) it
drops further to 7.5 m/m.y., and then increases again to
24.8 m/m.y. during the early Pliocene. In the late early
Pliocene (Zones NN14 and NN15) a major increase of
the sedimentation rate occurs, to 92.5 m/m.y., similar
to the even higher value at Site 591. In the late Pliocene
(Zones NN16 to NN18) it decreases again, and calcu-
lated on the basis of four datum levels is 21.2 m/m.y.
Finally, in the Quaternary the sedimentation rate is re-
duced to only 9.8 m/m.y.

Compared with Site 591, there is a considerable drop
in the sedimentation rate throughout the Miocene to
Recent, although the rate is still high in the late early
Pliocene.

SUMMARY AND CONCLUSIONS

Site 592 is located near the southern end of Lord Howe
Rise at 36°28.4'S, 165°26.53'E, at a water depth of
1098 m. Although Site 592 (originally SW-2) was assigned
as a secondary objective during Leg 90, it was possible
to budget two days for drilling at this location. Of par-
ticular interest was the determination of calcareous bio-
genic sedimentation rates during the Neogene to com-
pare and contrast with sites both to the north and south.
The coring would also provide another valuable site for
the north-south paleoceanographic traverse to study both
surface and intermediate water mass changes through
the Neogene.

Site 592 is located about 60 km north of Site 207,
which was located in an area of thin (360 m) sediment
cover overlying a basement high composed of rhyolite.
At Site 207, the upper 142 m of sediment cover consists
of a thin middle Miocene to Quaternary sequence of
foraminifer-nannofossil ooze that is unconformably un-
derlain by siliceous calcareous and calcareous oozes of
Eocene age. At Site 207 the Neogene sediments clearly
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were winnowed, judging from low sedimentation rates
and the relatively high proportion of foraminifers. The
basement high upon which Site 207 is located focused
bottom currents during the Cenozoic.

Since the primary objectives of Leg 90 were related to
paleoceanographic history, rather than basement prob-
lems, a site was chosen in an area of thicker (600 m) sed-
iment cover, but still close to Site 207.

Site 592 consists of one hole cored continuously with
the HPC from 0-234.9 m sub-bottom and then with the
XCB from 234.9-388.5 m sub-bottom (Fig. 11). Although
the hole was cored continuously, recovery is not com-
plete and decreases below 240 m sub-bottom (middle Mio-
cene) in the rotary-cored sequence. The core quality is
generally excellent.

The recovered section consists of a single lithostrati-
graphic unit that varies from foraminifer-bearing nan-
nofossil ooze (chalk) to nannofossil ooze (chalk) (Fig.
11). The section ranges in age from the Quaternary to
middle late Eocene (42 m.y. ago). A paleomagnetic po-
larity stratigraphy has been identified down to the late
Gauss Chron (2.5 m.y.). The lower part of the section
consists of 83.5 m of Paleogene ooze and chalk ranging
in age from the late Eocene to the early Oligocene (35
m.y.). The regional unconformity of the southwest Pa-
cific separates the lower Oligocene sediments from im-
mediately overlying middle lower Miocene sediments 18.5
m.y. old. Calcareous nannofossils are the dominant com-
ponent (about 75%) throughout the entire sediment se-
quence. Foraminifers vary from less than 5 to 25%. Beds
containing numerous 1-4 cm-sized molluscan (Ostrea)
fragments occur in the early Oligocene (Section 592-34-
3). Noncarbonate components occur only in trace abun-
dances: volcanic glass, pyrite, and clay minerals occur
throughout the sequence, whereas quartz, feldspar, and
heavy minerals are found only occasionally. Biogenic opal
is absent except for the late Quaternary and the Eocene,
where radiolarians and sponge spicules occur in trace
amounts.

The induration of the sediment varies from a soft ooze
at the top of the sequence to a firm ooze near 250 m
(earliest middle Miocene), to a chalk near 273.3 m (early
Miocene) sub-bottom. The early Oligocene sediment from
305.8-250.0 m, below the regional unconformity, is an
ooze. The lower part of this sequence, near 334.4 m, is
marked by a chert nodule within a 15-cm thick layer of
lithified limestone. The ooze grades downward between
350 and 369 m into a firm recrystallized chalk contain-
ing a high abundance of micrite (5-25%) (latest Eocene).

The section has been divided into five subunits: Sub-
unit IA represents a veneer (0 to 0.3 m) of pale orange to
pinkish gray foraminifer-bearing nannofossil ooze with-
in the oxidized zone near the seafloor. Subunits IB to IE
are differentiated by degree of lithification. There is good
planktonic foraminifer preservation in the Neogene and
Oligocene, but the benthic foraminifers and the nanno-
fossils are well preserved only in the late Neogene and
Oligocene. Radiolarians are present in small amounts
only in the Eocene. The biostratigraphic sequences seem
to be complete except for that part which is missing in
the regional unconformity. Sedimentation rates range from
lowest values (7 m/m.y.) in the late Eocene to highest
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values (92.5 m/m.y.) in the late early Pliocene. In gen-
eral, sedimentation rates are much lower at Site 592 than
in sites both to the north and south.

Of particular interest at this site is a fine, complete
boundary section between the Eocene and the Oligocene
in Cores 592-36 and 592-37. The hiatus present in all
other South Pacific sites except Site 277 in the subant-
arctic area south of New Zealand is not found at Site
592. A distinct lithologic change occurs near the level of
extinction of Globigerinatheka index, which is the fora-
minifer marker for the boundary in south temperate lat-
itudes. The underlying upper Eocene is represented by
nannofossil chalks containing siliceous microfossils such
as radiolarians and sponge spicules, whereas the Oligo-
cene is represented by surprisingly soft nannofossil ooze
lacking biosiliceous materials.

The extinction of G. index is noted in Section 592-36-
3 between 90 and 64 cm. According to the nannoplank-
ton record, the boundary at the extinction of Discoaster
Saipanensis is in Section 592-37-2, between 5-6 and 33-
34 cm. A similar sequence of extinctions for the two taxa
was recovered at DSDP Site 277, drilled south of New
Zealand (Kennett, Houtz, et al., 1975).

The hiatus separating the early Oligocene from the
early Miocene (at 592-33-3, 70 cm) is of considerable in-
terest because it represents the regional unconformity that
occurs throughout much of the Tasman Sea (Burns, An-
drews, et al., 1973; Kennett et al., 1972). The range which
this hiatus represents differs depending upon whether
evidence supplied by planktonic foraminifers or calcare-
ous nannofossils is used.

In terms of planktonic foraminiferal zones the un-
conformity is between the lower part of the Globigeri-
noides trilobus Zone and the upper part of the Globi-
gerina angiporoides Zone. The uppermost samples be-
low the unconformity contain both Globorotalia munda
and Chiloguembelina cubensis, Globorotaloides testaru-
gosa, and Globigerina ampliapertura, which suggest that
this is in the upper part of the G. angiporoides Zone.
The extinction of C. cubensis slightly later in the late
Oligocene has been dated by Berggren (1972) at about
30 m.y. ago.

The lowermost lower Miocene above the unconformi-
ty is within the Globigerinoides trilobus Zone, above the
local extinction of Catapsydrax dissimilis. An estimated
age for this part of the zone is about 18-19 m.y. (Berg-
gren et al., in press). Thus the planktonic foraminifers
suggest an age range for the hiatus of about 13 m.y.
(i.e., between 31-32 and 18-19 m.y. ago). The calcare-
ous nannofossils, on the other hand suggest a range of
15.5 m.y. (between NP22 at 35 m.y. ago and NN2 at
19.5 m.y. ago).

A few pale olive intervals in the upper (Quaternary)
and middle parts (early late Miocene) and some grayish
green to pale green pockets in the lower part (Paleogene)
of the sediment sequence are marked by more common
volcanic glass. These intervals may represent episodes of
increased volcanic explosivity in the source regions.

Paleoenvironmental History of Site 592

The middle to late Cenozoic sedimentary section at
Site 592 represents deposition in a relatively simple pe-
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lagic environment near the southern end of Lord Howe
Rise. Deposition was in middle bathyal depths that seemed
to change little during the Cenozoic. The biogenic sedi-
mentary material is by far dominated by calcareous nan-
nofossils with an admixture of foraminifers. Terrigenous
sediments are insignificant in this isolated setting and
are restricted to eolian clay and volcanic ash which is ei-
ther disseminated or occurs as distinct layers. Siliceous
biogenic material is almost absent except in the Eocene,
where it forms a noticeable fraction. Temperate faunas
and floras dominate throughout, with little warm-water
influence.

There may have been mild current activity on the sea-
floor at Site 592 during much of the Cenozoic, since the
section is relatively thin and the seismic profiles show a
marked thinning of the sequence toward the crest of the
Rise at this latitude. Maximum thickness here is only
200 m.

During the late Eocene, calcareous oozes were depos-
ited with trace amounts of radiolarians, sponge spicules,
and reworked material. Numerous altered volcanic ash
layers indicate a high amount of explosive volcanism in
the region. The benthic foraminifers show a high degree
of endemism, including forms such as Vaginulinopsis
hochstetteri, Cibicidoides molestus, and Rotaliatina sul-
cigera.

Deposition continued uninterrupted across the Eo-
cene/Oligocene boundary (foraminifers indicate it to be
in 592-36-3, between 90 and 64 cm). There is no sign of
any hiatus. Important planktonic microfossils become
extinct at or close to the boundary. The extinction of the
important marker species Discoaster saipanensis occurs
slightly earlier (Section 592-37-2) than Globigerinatheka
index (592-36-3). Siliceous microfossils disappear from
the sediments at the same level as the extinction of G. in-
dex. The replacement of oozes lacking biosiliceous com-
ponents by those containing such components is very
common in the oceanic sedimentary record. This is tied
to a major drop of about 2000 m in the calcite compen-
sation depth at the Eocene/Oligocene boundary and re-
lated geochemical changes, seemingly at all depths, in
the ocean basins. A number of changes in the benthic
foraminifers occurred at this time, including the disap-
pearance of Vaginulinopsis. Species that become com-
mon at the boundary include the spinose stilostomellids,
Valvulineria sp., Sphaeroidina bulloides, Cibicidoides lo-
batulus, and the bolivinids. Others that become less com-
mon are the more ornate cibicidids with limbate sutures.

The change in sedimentation that occurred at the
boundary provided a distinctly different diagenetic po-
tential which eventually led to the formation of chalk
for the Eocene sediments, whereas those of earliest Oli-
gocene age remained very soft ooze. Sedimentation rates
increased to 19 m/m.y. in the early Oligocene, probably
as a result of increased productivity and preservation.
The early Oligocene assemblages are typically temperate
and exhibit low diversity, which is related to cool ocean-
ic temperatures. Ostrea (oyster) beds were laid down dur-
ing one brief interval. Explosive volcanicity continued
actively, as in the late Eocene. Early Oligocene benthic
foraminifers remained much the same as those of the
late Eocene except for larger proportions of Anomali-
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noides semiteres, Cibicidoides io, Cibicides lobatulus,
and the striate bolivinids.

During the middle Cenozoic, bottom currents inten-
sified in the region and created a major hiatus (592-33-3,
70 cm) between lower Oligocene and lower Miocene sed-
iments. This represents a break in sedimentation of 14
to 15.15 m.y. The hiatus represents an extension of the
major, regional hiatus of the southwest Pacific (Burns,
Andrews, et al., 1973; Kennett et al, 1972). The ages of
the major event or events that created the erosion are
not known clearly but they are centered in the early to
middle Oligocene. Erosion in some areas seems to have
commenced at the Eocene/Oligocene boundary and to
have continued into the early Miocene. At Site 592, with-
in the Oligocene-early Miocene, erosion did not cut back
as far as the Eocene/Oligocene boundary, which was pre-
served. Kennett et al. (1972) have speculated that the Tas-
man Sea-Coral Sea area was a major conduit for north-
ward-moving bottom waters until the late Oligocene, at
about the time that deep circum-Antarctic circulation
began and bottom-water flow was diverted away from
the Lord Howe Rise region.

Sedimentation recommenced at Site 592 about 19 m.y.
ago in the late early Miocene. By this time, explosive
volcanism had virtually disappeared from the immedi-
ate region, judging by a near absence of altered volcanic
ash layers, except for a few minor, pale green layers in
the early late Miocene. Although there was much vol-
canism in New Zealand during the Neogene, Site 592 is
located upwind, with less opportunity for volcanic ash
deposition. Sedimentation rates through the early and
middle Miocene remained much the same as they had
been in the early Oligocene, about 13 m/m.y. However,
by the latest Miocene they were reduced to 7.5 m/m.y.

The Neogene benthic foraminifers develop much less
endemic characteristics. Most species are known from
the broader oceanic sphere. The early Miocene assem-
blages exhibit increased percentages of robulinids, and
during the late Miocene there is a marked increase in
Bolivina anastomosa. The latest Miocene exhibits an in-
crease in the abundance of miliolids and the spectacular
benthic form Anomalina semipunctata first appears.
These events occur earlier at Site 592 than in sites to the
north.

The Pliocene is again marked by much higher sedi-
mentation rates, the highest for this section during the
Cenozoic. Early early Pliocene rates are 24,8 m/m.y. Late
early Pliocene rates are a remarkable 92.5 m/m.y. and
late Pliocene, 21 m/m.y. Volcanic ash layers are absent
from the Pliocene sediments.

During the late Pliocene at the Globorotalia crassa-
Jormis/G. inflata turnover, which is considered to be the
time of change to glacial conditions, the faunas change in
two ways. First, Cibicides lobatulus increases dramati-
cally in abundance and dominates all faunas through
the remainder of the Pliocene and Quaternary. The num-
bers of other cibicidids and of the bolivinids increase
markedly also. In addition, there is an increase in the
proportion of uvigerinids, and a change in the types of
uvigerinids from a Uvigerina hispida-U. hispido-costata
assemblage below, to one dominated by the U. perigrina
plexus, including forms tending to U. mediterranea, and
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in one sample, U. spinulosa. These morphotypes were
not seen at the more northerly sites.

The U. peregrina plexus then disappears during the
G. tosaensis interval, when miliolids again become more
common in the benthic faunas; it reappears in the Qua-
ternary (Cores 592-2-1).

The Quaternary, as in a number of other sites, is
marked by much lower sedimentation rates of nearly 10
m/m.y. This is perhaps due to increased winnowing which
is related to stimulated oceanic circulation. Several dis-
tinct, pale olive ash layers probably represent major vol-
canic events in New Zealand to the east. The Quaternary
record terminates with a late Quaternary (0 to 0.3 m)
pale orange to pinkish gray foraminifer-bearing nanno-
fossil ooze. This represents the zone of oxidation at the
sediment/water interface that occurs at almost all of the
sites cored during Leg 90.
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