10. SITE 594: CHATHAM RISE!

Shipboard Scientific Party?

HOLE 594

Date occupied: 3 January 1983

Date departed: 5 January 1983

Time on hole: 52 hr.

Position: 45°31.41'S; 174°56.88'E

Water depth (sea level; corrected m, echo-sounding): 1204
Water depth (rig floor; corrected m, echo-sounding): 1214
Bottom felt (m, drill pipe): 1211

Penetration (m): 505.1

Number of cores: 53

Total length of cored section (m): 505.1

Total core recovered (m): 299.72

Core recovery (%): 59.3

Oldest sediment cored:
Depth sub-bottom (m): 505.1
Nature: Nannofossil ooze
Age: Late early Miocene
Measured velocity (km/s): 1.646 at 487 m

Basement: Not reached

HOLE 59%4A

Date occupied: 6 January 1983
Date departed: 7 January 1983
Time on hole: 29 hr., 40 min.
Position: 45°31.41'S; 174°56.88'E

! Kennett, 1. P., von der Borch, C. C., et al., Init. Repts, DSDP, 90: Washington (U.S.
Govt, Printing Office).

James P. Kennett (Co-Chief Scientist), Graduate School of Oceanography, University
of Rhode Island, N RI 02882; Christor C. von der Borch (Co-Chiel Scientist),
School of Earth Sciences, Flinders University of South Australia, Bedford Park, South Aus-
tralia 5042; Paul A. Baker, Department of Geology, Duke University, Durham, NC 27708;
Charles E. Barton, Grad School of O hy, University of Rhode Island, Narra-
gansett, R1 02882 Bureau of Mineral Resources, Geology, and Geophysics,
P.O, Box 378, Canberra, A.C.T., Australia); Anne Boersma, Microclimates, Inc. “ 404 RR1,
Stony Point, NY 10980; Jean-Pierre Caulet, Lab ire de Géologie, Musé Ni ] d"His-
toire Maturelle, 43 Rue Buffon, 75005, Paris, France; Walter C. Dudlcy, s Natund Sciences
Division, College of Arts and Sciences, University of Hawaii at Hilo, Hilo, Hawaii 96720;
James V. Gardner, Pacific-Arctic Branch of Marine Geology, U.S. Geological Survey, 345
Middlefield Rd., Menlo Park, CA 94025; D. Graham Jenkins, Dep of Earth Sci
Open University, Walton Hall, Milton Keynes, MK7 6AA, Buckinghamshire, United King-
dom; William H. Lohman, Marathon Oil Co., Denver Research Center, P.O. Box 269, Little-
ton, CO 80160; Erlend Martini, Geologisch-Paldontologisches Institut, Johann-Wolfgang-
Goethe Universitiit, Senckenberg-Anlage 32-34, D-6000 Frankfurt am Main, Federal Republic
of Germany; Russell B. Merrill, Deep Sea Drilling Project A031, Scripps Institution of Ocean-
ography, La Jolla, CA 92093 (present address: Ocean Drilling Project, Texas A&M University,
College Station, TX 77843-3469); Roger Morin, Department of Earth and Planetary Sci-
ences, Massachusetts Institute of Technology, Cambridge, MA 02139 (present address: U.S.
Geological Survey, Denver Federal Center, Denver, CO 80225); Campbell S. Nelson, Depart-
ment of Earth Sciences, University of Waikato, Private Bag, Hamilton, New Zealand; Chris-
tian Robert, Laboratoire de Géologie Marine, Centre Universitaire de Luminy, Case %01,
13288 Marseille Cedex 09, France; M. S. Srinivasan, Department of Geulugy. Banaras Hindu
University, Varanasi 221 005, India; Riidiger Stein, Geologisch-Pala isches Institut,
Universitdt Kiel, 2300 Kiel, Federal Republic of Germany (present address: Institute of Petro-
leum and Organic Geochemistry (ICH-5), Kernforsch lage Jillich GmbH, P.O. Box 1913,
5180 Jiilich, Federal Republic of Gi ); Akira Ta i, Department of Earth Sciences,
Faculty of Science, Toyama University, Gohuku 3190, Toyama 930, Japan.

Water depth (sea level; corrected m, echo-sounding): 1204
Water depth (rig floor; corrected m, echo-sounding): 1214
Bottom felt (m, drill pipe): 1211

Penetration (m): 639.5

Number of cores: 26

Total length of cored section (m): 249.6

Total core recovered (m): 161.55

Core recovery (%): 64.7

Oldest sediment cored:
Depth sub-bottom (m): 639.5
Nature: Siltstones (turbidites)
Age: Miocene
Measured velocity (km/s): 2,106 at 622 m

Basement: Not reached

HOLE 594B

Date occupied: 7 January 1983

Date departed: 7 January 1983

Time on hole: 8 hr., 8 min.

Position: 45°31.41'S; 174°56.88'E

Water depth (sea level; corrected m, echo-sounding): 1204
Water depth (rig floor; corrected m, echo-sounding): 1214
Bottom felt (m, drill pipe): 1212.2

Penetration (m): 42.9

Number of cores: 5

Total length of cored section (m): 42.9

Total core recovered (m): 34.18

Core recovery (%): 79.6

Oldest sediment cored:
Depth sub-bottom (m): 42.9
Nature: Hemipelagic ooze
Age: Quaternary
Measured velocity (km/s): 2.106 at 622 m

Basement: Not reached

Principal results: Site 594 is located at the southern margin of the
Chatham Rise east of the South Island of New Zealand, in a water
depth of 1204 m at a position of 45°31.41'S, 174°56.88'E. The
site lies in the subantarctic water mass immediately south of the
Subtropical Convergence, and is the southernmost of the series of
sites forming a north-south transect. It is situated in a transitional
region between oceanic and terrigenous influences, thus differing
from all other sites on the southwest Pacific transect.

Site 594 consists of three holes cored to a maximum sub-bot-
tom depth of 639.5 m. Excellent core recovery was obtained from 0
to 207.5 m sub-bottom depth (Holocene to latest Miocene), using
the HPC to about 130 m in Holes 594 and 594A. The remaining
section was rather poorly recovered using the XCB.

The section from the latest early Miocene to the Holocene con-
tains unconformities in the middle late Miocene, over the Mio-
cene/Pliocene boundary, in the middle Pliocene, and in the latest
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SITE 594

Pliocene. A paleomagnetic stratigraphy has been identified down
to the late part of the Gauss Chron (about 2.5 m.y. ago).

The sequences are assigned to two lithostratigraphic units, the
lower one of which is subdivided into two subunits.

Unit [, of earliest Pliocene to Quaternary age, consists of an al-
ternating sequence of pelagic and hemipelagic lithofacies, gener-
ally defined by bluish gray and greenish gray sediment, respectively.

The pelagic lithofacies consists mainly of blue gray foramini-
fer-bearing nannofossil ooze, foraminifer- and clay-bearing nan-
nofossil coze, or foraminifer-bearing clayey nannofossil ooze.

The hemipelagic lithofacies consists of a variety of sediment in-
tergrades between a clay- and silt-bearing nannofossil coze and a
nannofossil-bearing clayey silt; this greenish-gray lithofacies com-
monly diatom- and sponge spicule-bearing, rarely foraminifer-bear-
ing.
The contact between Units I and I is gradational over several
meters, but is recognized by the change from the interbedded pe-
lagic and hemipelagic facies of Unit I to a pelagic facies of Unit I1.
Unit II, of late early Miocene to earliest Pliocene age, is mainly a
foraminifer-bearing nannofossil ooze (chalk) to nannofossil ooze
(chalk). The ooze/chalk transition occurs at about 66 m in Hole
594,

Subunit IIA, of middle Miocene to earliest Pliocene age, is a
light gray foraminifer-bearing nannofossil ooze that grades down
into a nannofossil coze and continues to about 466 m sub-bottom
depth in Hole 594.

Subunit 1B, of late early to middle Miocene age, is a light gray
nannofossil chalk with occasional interbeds of olive gray silt-bear-
ing clayey nannofossil chalk below 534 m sub-bottom in Hole
594A; these are interpreted as turbidite layers.

Site 594 was well located to monitor the changing influences of
terrigenous and pelagic sequences through the Neogene. The first
influx of hemipelagic sequences during the late Neogene occurred
about 6 m.y. ago, replacing a completely calcareous pelagic facies
containing no significant terrigenous components. This dates the
beginning of the Kaikoura Orogeny, when the New Zealand (south-
ern) Alps were uplifted along the Alpine Fault.

Dated much earlier, about 17 m.y. ago, was a tectonic episode
evidenced by the deposition of the clay turbidites of Subunit IIB.
The upper part of the turbidite sequence forms a distinctive reflec-
tor which shows at about 600 m sub-bottom in the seismic profiles.
The deposition of the turbidite sequence possibly coincided with
major strike-slip motion along the Alpine Fault sector of the Indi-
an/Pacific plate boundary. The volcanic ash layer sequences at this
and other sites are probably also related to the associated volcanic
activity. The two tectonic episodes were separated by about 10 m.y.
of vertical tectonic quiescence during which pelagic calcareous sed-
iments (Subunit [1A) were deposited.

Site 594 has much paleoceanographic potential. There is a use-
ful biostratigraphic sequence of subantarctic elements from the
middle Miocene to the Holocene, although this is broken in places
by unconformities. Both calcareous and siliceous microfossil groups
are well represented. The calcareous nannoplankton are typical
cold-water assemblages and largely lack the warm-water forms so
useful in biostratigraphic zonation. Considerable microfossil re-
working, particularly of foraminifers, was associated with the ear-
ly middle Miocene turbidites.

The latest Miocene to Holocene sequence of oscillations be-
tween dark hemipelagic and lighter pelagic biogenic sediments is
climatically related. The pelagic episodes mark climatic warmings
and high sea levels (interglacials). These have little biosiliceous sed-
iment, less calcareous dissolution, and warmer-water planktonic
foraminifer faunas. The hemipelagics mark cooler (glacial) epi-
sodes when low stands of sea level led to major sediment bypassing
over the continental shelves and to the deposition of terrigenous
materials in the basins surrounding New Zealand. These episodes
exhibit cold planktonic foraminiferal faunas, rich siliceous micro-
fossil assemblages, and much carbonate dissolution. Intergrades
occur between the two extremes. Twenty-five major hemipelagic
depositional episodes are recorded in the upper 200 m (6 m.y. ago
to ?7), although unconformities represent part of this sequence. The
oldest hemipelagic episode coincides with the well-known Kapitean
(Messinian) regression.

A distinct increase in radiolarian abundances occurs during the
late Miocene. This may have been in response to the important pa-
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leoceanographic changes which may have led to the development
of the Subtropical Convergence.

BACKGROUND AND OBJECTIVES

Southern Chatham Rise

Site 594 is located at the southern margin of the Chat-
ham Rise east of the South Island of New Zealand (Fig.
1). The site lies in the subantarctic water mass immedi-
ately south of the Subtropical Convergence, and is the
southernmost of a series of sites forming a north-south
transect. It is situated in a transitional region between
oceanic and terrigenous influences, thus differing from
all other sites on the transect. It is located on a relatively
flat, smooth seafloor, underlain by what appears to be a
simple seismic stratigraphy of parallel reflectors (Fig. 2).

The primary scientific objectives for Site 594 were to
obtain a high-resolution stratigraphic sequence from the
Quaternary to the late Paleogene using the hydraulic pis-
ton corer (HPC) and extended core barrel (XCB). Multi-
disciplinary studies on the cores were expected to assist
in understanding middle to late Cenozoic paleoceano-
graphic and paleoclimatic history, biogenic evolution,
and diagenesis. In addition, the site lies downwind from
New Zealand and was expected to contain a valuable
record of volcanism in the form of tephra layers. The lo-
cation of Site 594 in subantarctic waters provided an ad-
ditional opportunity, not available in higher-latitude sites
of the transect, to study what should be distinct oscilla-
tions between glacial and interglacial episodes. Griggs et
al. (1983), in studies of the late Quaternary using con-
ventional piston cores, demonstrated that such oscilla-
tions are well represented in the region. Interglacial epi-
sodes are marked by a rich planktonic foraminiferal as-
semblage of southern temperate character, glacial episodes
by a planktonic foraminiferal assemblage of distinctly
subantarctic character, accompanied by noticeable abun-
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Figure 1. Regional bathymetry (fathoms) around Site 594, after Mam-
merickx et al. (1974). Glomar Challenger Leg 90 track shown;
heavy portion locates water gun seismic profile illustrated in Fig. 2.
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Figure 2. Water gun seismic profile (Glomar Challenger near Site 594; bandpass filter 40-160 Hz).

dances of mica and siliceous biogenic components in-
cluding radiolarians, diatoms, and spicules, and show-
ing clear evidence of dissolution. Site 594 was, there-
fore, expected to supply data on carbonate cycles and
carbonate dissolution. The relative abundance of sili-
ceous components was expected to allow studies of the
biostratigraphy and paleoenvironments of these orga-
nisms, which occur only in minor amounts in the more
northerly sites of the Leg 90 transect. Finally, it was
hoped that the site would contain evidence of ice-rafting
in the late Neogene, since ice-rafted erratics from Ant-
arctica occur on the Chatham rise (Cullen, 1976).

OPERATIONS

Site 593 to Site 594

The transit between the final two sites provided some
of the most pleasant weather and the finest scenery of
the voyage. From Site 593 northwest of New Zealand
the ship sailed through Cook Strait between New Zea-
land’s North and South Islands and then south to Site
594 close to the Chatham Rise. The site was approached
directly along the Eltanin 43 survey line and the beacon
was dropped at 1449 hr., 3 January, on the basis of a
good seismic profile. The 603.9-mi. trip was completed
in 2 days, 12.6 hr., at an average speed of 10.0 knots.

Site 594 (SW-1): Chatham Rise and Bounty Trough

The PDR depth was questionable since the location
of the site was almost exactly on the border between two
adjacent watermass areas listed in Matthews’s Tables.
The combination variable length (VL) HPC/XCB bot-
tom-hole assembly was made up and run to 1208.1 m
for the first mudline attempt and a successful core with
5.95 m recovery was achieved (Table 1); thus the water
depth was set at 1211.8 m. Later inspection of the first
core showed it to be unusually firm and some suspicion

was raised as to whether or not it contained the actual
mudline.

In some upper sections of the piston coring sequence,
recovery was poor because the core catcher failed, but
the problem was rectified by Core 594-11. Piston coring
quickly reached its limit with a mangled core liner and a
barrel requiring to be washed over at Core 14. The XCB
was then rigged and deployed and immediately cut a full
core of exceptionally undisturbed quality. More XCB
cores followed as the formation changed from firm blue
gray hemipelagic sediment to primarily pelagic, with ooze
beginning at about 210 m BSF. At 300 m a strong sili-
ceous element began to emerge and core recovery fell
off correspondingly.

Problems with the XCB latch continued to be a mild
nuisance and resulted in little or no recovery in Cores
17, 22, 32, and 33.

As coring approached 500 m BSF, the weather began
to deteriorate rapidly. Fifteen-foot swells and 40-50 knot
winds plus a threatening weather prognosis left no choice
but to pull the pipe in the interest of safety and termi-
nate the hole. The pipe trip was completed successfully
and the bit arrived on deck at 2035 hr., 5 January.

After a 9.5-hr. wait, the weather had improved no-
ticeably. This and more recent weather charts showed
that the severe prognosis chart received earlier had been
badly in error. Therefore, starting at 0100 hr., 6 January,
the pipe was again run in to take the repeat piston core
sequence, to use the XCB to spot-core those intervals
lost in the initial hole, and to attempt to continue from
the termination point of Hole 594 to reach the scientific
objectives somewhere between 500 and 800 m BSF.

Hole 594A

The same BHA was run and the hole was spudded at
0435 hr., 6 January. The bit was quickly washed to 41.3 m
BSF to help bury the bumper subs as soon as possible,
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SITE 594

because weather conditions were still questionable. The

Table 1. Coring summary, Site 594. upper five piston cores taken in the first hole were very
pp P
T Dadcing. oot complete, so that missing the interval the second time
cory: (0 e Wi Lmah Ak was a reasonable expediency. Nine 9.5-m VLHPC cores
No. 1983) Time Top Bowtom Top Bottom (m) (m) recovered were then takcl'l, with excellent recovery on all.

Hole 594 The bit was next washed to 149.9 m BSF and the
R T e a—— T XCB deployed to take a core which was missed in Hole
2 El 2130 1217.7-1227.3 5.9-15.5 9.6 B.87 92.3 1
Y3 b ol gelds M AW L .594' This procedure was repeated to recover the 9.6 m
43 210 1236912465 25.1-347 9.6 8.84 92.0 interval starting at 197.5 m BSE. The XCB was then

g
L 4 0000 1246.5-1256.1 34.7-44.3 9.6 9.60 100 .
€ 4 05 IBelS3 M35l 26 529 1 used as a wash barrel and the bit was washed to 495.5 m
8 4 o5 12531289 @571 96 17 184 BSF to commence continuous XCB coring to the Eo-
L] 4 0250 1284.9-1294.5 73.1-82.7 9.6 8.99 9.6 - =
0 4 DS 1294513041 82.7-923 9.6 2.69 28.0 cene objective.
2 4 o 13 oINS se 740 70 XCB coring proceeded to 639.5 m BSF through car-
i3 4 0535 1323.3-13329  111.5-121.1 9.6 7.74 80.6 1 1d1 in-
A R AL R - bonate chalk and interbedded turbidites. Cores were in
IS 4 0750 13425-1352.0 13071403 9.6 9.64 100+ teresting but only the turbidite sequences were relatively
16 4 0830 1352.1-1361.7 140.3-149.9 9.6 9.54 9.3 . . . .
17 4 0915 1361713713 149.9-159.5 9.6 0.0 0.0 undisturbed. The firm sediment tended to jam in the
18 4 1010 1371313809 159.5-169. 9. B.56 B9. . .
19 4 1058 109905 1911787 96 955 %94 cutting shoe, keeping recovery totals low. The hole was
X d hE e B w aw B terminated in Miocene sediments, when fossil preserva-
22 4 1330 1409.7-1419.3 197.9-207.5 9.6 0.0 o 1 1
T .4 hE bty w0 W tion had decreased too far to be of further analytical
24 4 1525 1428.9-1438.5 217.1-226.7 9.6 B.79 9 value‘
25 4 1555 1438.5-1448.1 226.7-236.3 9.6 B.06 B4
26 4 1650 1448,1-1457.7 236.3-245.9 9.6 7.15 T4
2 4 1745 1457.7-1467.3 245.9-255.5 9.6 7.62 T
ig 4 1820 1467.3-1476.9 255.5-265.1 9.6 T.05 73 Ho‘e 594B
4 476.9- 1486, L1-274. X . . -
B 4 M0 l4sesieel ZeTites 58 4 4 The bit was pulled to the mudline and the ?._S-m
Y 4 ok erany A . o 2 VLHPC was again rigged. Time and weather conditions
33 4 2235 1515.3-1524.9 303.5-313.1 9.6 0.30 3 3 1 1 1
N 4 BE Pk amesre e o J allowed the top five piston cores previously missed to be
I e s “ taken before leaving the site. The hole was spudded at
yoo5 o ::;;:;-:;g;:; ;:::?-;::fi :}; ;f:: 2 1052 hr., 7 January, with a mudline core which con-
39 & 0400 15729-1582.5 36113707 9.6 116 3 tained as a bonus one arm of an Ophiuoroid (brittle
D 4 B iy wame e s v star). Water depth was e.stabli_shed to be 1212.2 m. The
8 a3 o4 gLy aeass a6 a1 # five cores were taken with dispatch and the pipe was
44 5 0730 1620.9-1630.5  409.1-418.7 9.6 1.99 2
# 3 Ik msieed edian (66 (s 2 pulled for the final time on this voyage.
46 5 1) b1 1640.1-1649.7  428.3-437.9 9.6 2.95 31
47 5 1010 1649.7-1659.3  437.9-4475 9.6 1.62 17
48 5 1040 1659.3-1668.9  447.5-457.1 9.6 319 3 LITHOSTRATIGRAPHY
¥ 3 19 lmiims: e 9e  asm o Site 594 consists of three holes (Fig. 3) cored to a
o f DA ocebllban diesase 36 om0 maximum sub-bottom depth of 639.5 m. Hole 594 was
# B ROLMEY esiNar 194 . continuously cored with the HPC from 0 to 130.7 m
505.1 299.72 8.3 ot
sub-bottom and continued to a total depth of 505.1 m
Hole 5944 H
with the XCB. HPC recovery was about 73%, and XCB
Wash 1211.8-1253.1 0.0-41.3 =
. . BRRARL MY . e g recovery was 79% from 130.7 to 293.9 m sub-bottom,
26 025 12627-12123  509-60.5 96 902 9 but only 36% from 293.9 to 505.1 m. Hole 594A was
3 6 0700 1272.3-1281.9 60.5-70.1 9.6 B.16 85.0 . .
4 6 0750 1281.9-1291.5  70.1-79.7 9.6 9.21 95.9 washed down to 41.3 m, contmuously cored with the
.5=1301. .7-89, K v *
6 6 oo 1WLIDI0T  was s sa 20 HPC from 41.3-127.7 m, and then washed with the XCB
§ 6 s I0rinee 10esiEl 96 &4 78 from 127.7-149.9 m and 159.5-197.9 m. Cores were taken
¥ RS- MO DRAEES BkNRT 98 L2 L from 149.9-159.5 and 197.9-207.5 m, thereby giving close
R & 5 MgnY BeEEE e 2R to complete core recovery from 0-207.5 m sub-bottom
16 1355 1409714193 19792005 9.6 7.57 79.0 depth (Holocene to latest Miocene). Below 207.5 m Hole
HI Wash .
12 :a 1845 1707.3-1716.9  495,5-505.1 9.6 2.12 2.0 594A was washed to 495.5 m and thereafter continu-
l6 6 s Imesimel Surss e 708 150 ously cored with the XCB to a total sub-bottom depth
ls & oz imsramsy smeses  ve  bes 0 of 639.5 m (late early Miocene), but recovery over this
17 & 2305 1755.3-1764.9 543.5-553.1 9.6 6.35 66,1 1
7 & IS Dughmay Wmedan s % g4 last !nterval was geml:rally low (44%). Hole 594B was
19 7 0100 174517841 S627-5723 9.6 2.3 24.6 continuously cored with the HPC from 0 to 42.9 m sub-
20 T 0200 1784.1-1793.7 572.3-581.9 9.6 87 4.3
g ? 0300 1793.7-1803.3  SB1.9-591.5 9.6 2.60 27.0 bottom. These cores were not opened.
7 3= ] E . X A E . . .
37 NS IBZoasms  siielo] 96 28 297 The recovered sequence at Site 594 is assigned to two
2 1 up fusiel ander 2 o M lithostratigraphic units (I and II), the second of which is
& e IMLAeL [Gaely e 0 ad 24 further subdivided into Subunits ITA and IIB (Fig. 3).
W e s Divisions are based primarily on differences in composi-

Hole 5948 tion as reflected in color changes, as well as degree of
1 b 110 1212.2-1216.7 0.0-4.5 4.5 4.50 100 ithifi 1
2 7 1142 1216.7-1226.3 4.5-14.1 9.6 8.36 87 hthlflc_anon (T_able 2)' = 5
3007 120 1226312389 141237 96 3.78 ] Unit I consists of an alternating sequence of pelagic
4 7 1300 1235.9-1245.5 23.7-33.3 9.6 8.61 o0 A . . . . .

5 7 1335 1245.5-1255.1  33.3-429 9.6 8.9 88 and hemipelagic lithofacies generally defined by bluish
29 Mg 9.6 gray and greenish gray sediment, respectively. Pelagic-

hemipelagic cycles range in thickness from 0.5 to 10 m.
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Figure 3. Summary of core recovery and lithostratigraphic units at Site
594 (recovery in black).

SITE 594

Table 2. Lithostratigraphy at Site 594.

Lithologic Sub-bottom
unit Cores depth (m}) General lithology Age
1 1-18 0.0-169.1  Alternating bluish gray foraminifer-  late Quaternary to
IA-10A 41.3-159.5 bearing nannofossil coze and earliest Plio-
1B-5B 0.0-42.9 greenish gray nannofossil- cene
bearing clayey silt
Ina 19-49 169.1-466.7  Light to very light gray foramini- Earliest Pliocene

11A 197.9-207.5 fer-bearing nannofossil ooze to to early middle

nannofossil coze. Miocene

1B 50-53 466.7-505.1 Very light gray nannofossil chalk Early middle
12A-26A  455.5-639.5 with occasional interbeds of Miocene to

olive gray sili-bearing clayey late early

nannofossil chalk Miocene

Mote: A, B indicate cores from Holes 594A, B, respectively.

Contacts between lithofacies are completely gradation-
al, subtle color variations between the end-member blu-
ish gray and greenish gray colors. Bioturbation is mod-
erately intensive throughout the unit and color mottling
by burrowing is especially well defined across and with-
in the color gradation between lithofacies. Sediments are
soft but stiff throughout.

The pelagic lithofacies consists mainly of foramini-
fer-bearing nannofossil ooze, foraminifer- and clay-bear-
ing nannofossil ooze, or foraminifer-bearing clayey nan-
nofossil ooze. It is light bluish gray (5B 7/1) to medium
bluish gray (5B 5/1), less commonly light gray (N7). The
intensity of blueness appears to increase with increased
clay content. Sediments are massive, with common mot-
tles and hues in pale olive (10Y 6/2) tones. Streaks and
blebs of dark gray (N4) pyritized sediment are scattered
throughout. The lithofacies is dominated by calcareous
nannofossils, with rare to common foraminifers and clay
minerals, and trace and rare amounts of quartz, feld-
spars, mica, and biogenic siliceous components that in-
clude sponge spicules, diatoms, and radiolarian fragments
(Fig. 4). Other minor detrital grains include volcanic glass,
ferromagnesium minerals, pyrite, and glauconite.

The hemipelagic lithofacies consists of a variety of
sediment intergrades between a clay- and silt-bearing nan-
nofossil ooze and a nannofossil-bearing clayey silt; the
lithofacies is commonly diatom- and sponge-spicule-bear-
ing, rarely foraminifer-bearing. It is greenish gray (5G
6/1) to dark greenish gray (5G 4/1), with common pale
olive (10Y 6/2) to light gray (N7) burrow mottles and
scattered dark gray (N4) pyritized spots. Dominant com-
ponents are varying quantities of calcareous nannofos-
sils, clay minerals, and silt-sized grains of quartz, feld-
spar, and mica (Fig. 4); occasionally the content of nan-
nofossils drops to rare. Foraminifers and siliceous bio-
genic components are rare to common. Trace to rare
quantities of volcanic glass, heavy minerals, and pyrite
occur, and minor amounts of glauconite persist. Com-
pared to the pelagic lithofacies, the sediment is relatively
enriched in both terrigenous silt and clay and in biogen-
ic siliceous components, notably sponge spicules and
diatoms, and relatively depleted in both foraminifers and
nannofossils (Fig. 4).

Distinctive, thin, light olive gray (5Y 6/1) vitric ash
beds were observed in Unit I at 36.5, 103.8, and 121.0 m
sub-bottom depth in Hole 594 and at 112.0 and 157.5 m
sub-bottom depth in Hole 594A. A New Zealand source
is most likely.
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Figure 4. Smear slide summaries, Site 594. Asterisk indicates insoluble residue.

The contact between Units I and II is gradational over
several meters but is recognized by the change from in-
terbedded pelagic and hemipelagic facies of Unit I to a
pelagic facies of Unit II. The major lithofacies of Unit
II is a foraminifer-bearing nannofossil ooze (chalk) to
nannofossil ooze (chalk). The ooze/chalk transition oc-
curs at about 470 m sub-bottom depth and forms the
basis for separating the two subunits of Unit II. The
nannofossil chalk below 533.8 m sub-bottom depth in-
cludes conspicuous olive gray interbeds of silt-bearing
clayey nannofossil chalk.

Subunit IIA is a very light to light gray (N8 to N7)
foraminifer-bearing nannofossil ooze that grades down
into a nannofossil ooze by 245 m sub-bottom depth. Oc-
casional yellowish gray (5Y 8/1) hues and burrow mot-
tles, rare pale purple (5P 6/2) pyritized blebs and streaks,
and scattered dark gray (N4) pyrite specks are superim-
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posed on the predominantly massive sediment. Calcar-
eous nannofossils dominate the components and fora-
minifers are generally common above 245 m sub-bottom
depth but they form only trace to rare amounts below
this level. Biogenic siliceous remains persistently occur
throughout in trace to rare abundances and several of
the slightly darker gray (N6 to N7), thin interbeds are
sufficiently enriched in these components to be diatom-
and sponge spicule-bearing nannofossil oozes. Terrige-
nous material, including quartz, feldspar, mica, and clay
minerals, is present in only rare to trace abundances and
generally decreases in content with depth. Small concre-
tionary nodules and blebs of pyrite, chert, and possibly
celestite occur in rare abundances and are sometimes as-
sociated with burrow structures. Bioturbation is mod-
erate to very intensive throughout, but is difficult to
evaluate in several sections composed of almost totally
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Figure 4. (Continued).

featureless nannofossil ooze, from about 300 m sub-
bottom depth down to the ooze/chalk transition mark-
ing the boundary with Subunit IIB at about 466 m sub-
bottom.

Subunit IIB comprises very light gray (N8) nannofos-
sil chalk which includes interbeds of olive gray (5Y 4/1),
silt-bearing, clayey nannofossil chalk below 533.8 m sub-
bottom. The nannofossil chalk is rarely foraminifer-bear-
ing, and exhibits progressive recrystallization of its bio-
genic carbonate grains with depth, especially below about
550 m sub-bottom. Flaser-like bedding is first observed
at about the same depth. The flasers become more pro-
nounced and begin to resemble stylolites at about 600
m. Distinctive pale to dark green (5G 7/2 to 10G 4/1)
laminae, often in composite sets, occur commonly in
the subunit. The laminae may represent altered volcanic

glass, although some clearly cross-cut burrow structures,
and their exact origin is uncertain. Bioturbate structures
are well preserved, with many examples of Zoophycos,
Chondrites, and Planolites traces depicted in yellowish
gray (5Y 8/1) to light gray (N7) tones. They are domi-
nated by calcareous nannofossils with common micas
and clay minerals, rare foraminifers, and occasional quartz
and feldspar grains. Biogenic siliceous components are
also more conspicuous than in the intervening light gray
nannofossil chalks, and some olive gray beds are sponge-
spicule- and silt-bearing clayey nannofossil chalks. Tex-
tures range from medium to very fine silt at the base of
beds to clay-dominated at the top. Habitat stratification
is pronounced in the infaunal burrow types in the thick-
er beds in the upper portion of units, with Planolites be-
tween 0 and about 5 cm, Chondrites below to depths of
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Figure 4. (Continued).

10 ¢cm, and finally Zoophycos, to depths of 15 to 20 cm.
The sedimentary structures indicate these sediments are
turbidite deposits.

Discussion

Site 594 is a 640-m-thick sequence of pelagic nanno-
fossil oozes (chalks) and hemipelagic silts and clays of
late early Miocene through late Quaternary age. The up-
ward stratigraphic succession (Table 2) from alternating
pure and impure chalks (Subunit 1IB) to alternating pe-
lagic carbonate oozes and hemipelagic muds (Unit I) can
be broadly interpreted in terms of changing tectonic tem-
po on the New Zealand landmass as well as paleoclimat-
ic changes.

The nannofossil chalks in Subunit IIB are the sedi-
mentary record of normal oceanic pelagic conditions in
the late early to early middle Miocene. The interbedded
clay- and silt-rich chalk-turbidites suggest that tecton-
ism and erosion in the New Zealand region was suffi-
ciently active to supply large volumes of fine terrigenous
sediment to the area of Site 594. Accumulation rates for
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late early Miocene sediments at Site 594 probably ex-
ceeded 50 m/m.y. Significantly, major strike-slip mo-
tion was occurring along the Alpine Fault sector of the
Indian/Pacific plate boundary at this time, and thick se-
quences of early Miocene flysch are characteristic of co-
eval sedimentary sequences in New Zealand (Carter and
Norris, 1976; Nelson and Hume, 1978). The thin, pale
green layers of probably altered ash in the chalk may
have originated from explosive arc volcanism associated
with the early Miocene inception of the Indian/Pacific
plate boundary in its present form through New Zea-
land (Ballance, 1976). There is paleontological evidence
for considerable reworking of microfaunas in the purer
chalks of Subunit IIB.

The relatively homogeneous, pure nannofossil oozes
of Subunit ITA record a period of less intensive uplift in
the New Zealand region with virtually no terrigenous
sediment influx at Site 594 for the remainder of most of
the Miocene. Thin intervals within the subunit that are
relatively enriched in diatoms, sponge spicules, and/or
foraminifers may correspond to periods of accelerated
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Figure 4. (Continued).

seafloor winnowing. These intervals increase in abun-
dance within the upper levels of Subunit ITA at the same
time as fine terrigenous material begins to reappear in
more than trace amounts. Thin interbeds of clay-, silt-,
and foraminifer-bearing nannofossil ooze occur below
the transition into Unit I and may herald a fundamental
change in both New Zealand tectonics and the global
climatic regime about 5 to 6 m.y. ago.

The sudden increase in abundance of fine terrigenous
sediment at the bottom of Unit I and its continued abun-
dance throughout the unit are interpreted as indicating
rapid uplift of the New Zealand Alps along the Alpine
Fault Zone since about 6 m.y. ago. The inception of this
orogenic phase, the Kaikoura Orogeny in New Zealand,
coincides with the transition from Units II to I sedi-
ments. Unit I is characterized by a large number of os-
cillations between greenish gray hemipelagic and bluish
gray calcareous biogenic facies. The former is enriched
in terrigenous silt, clay, and fine sand, as well as biosili-
ceous components, whereas the latter is mainly a fora-
minifer-bearing nannofossil ooze. At least 25 major hemi-
pelagic sediment episodes have occurred during the last
5 m.y. and numerous intermediate or lesser events are

also recorded by color alternations. These sedimentary
cycles are largely interpreted as resulting from sea level
oscillations, the hemipelagic facies being deposited dur-
ing glacial low stands of sea level.

PHYSICAL PROPERTIES

The initial 200 m consist of a hemipelagic sequence
with gradually increasing bulk density, shear strength,
and sonic velocity. Beyond this depth, alternating sequenc-
es of pelagic and hemipelagic sediments produce errat-
ic physical properties records. Porosity results depict no
consistent pattern until the 500-m level in Hole 594A,
where this properly decreases sharply. Sonic velocity val-
ues increase beyond this depth and show large variations
between measurements obtained through the light-col-
ored chalk and those determined from the darker, ir-
regular layers of turbidite deposits. Although the shear
strength results are quite variable, it was possible to con-
tinue taking measurements down to a depth of 470 m
before the sediment became too lithified and exceeded
the capability of the miniature vane shear apparatus.

Physical properties data are shown in Figure 5.
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SEISMIC STRATIGRAPHY

Figure 6A illustrates part of the shipboard water gun
seismic profile collected during the approach to Site 594.
Figure 6B is an annotated line drawing of the profile,
and Figure 7 is the Eltanin seismic Profile E-43 used for
site selection. Site 594 lies immediately south and off-
structure from a high region in the acoustic basement.
This high region is draped by an anticlinal structure de-
veloped within the sediment blanket.

Unfortunately, because of the proximity of the high,
acoustic horizons are somewhat confused immediately
below the drill site. Only two acoustic Units, A and C,
can be tentatively recognized there, overlying acoustic
basement which is at about 1 s sub-bottom. However, a
gently dipping regional reflector, Reflector X (Fig. 6B),
can be seen to separate two zones of regional signifi-

cance, and an additional acoustic unit, Unit B, forms a
tongue above this reflector. Selection of acoustic units
immediately below Site 594, therefore, has necessarily
been influenced by the regional seismic profile.

Acoustic Unit A, about 0.32 s thick, comprises a se-
ries of relatively high amplitude, closely spaced, parallel
reflectors. North of the northern limit of Figure 6, this
unit thins out and appears to onlap Reflector A (Fig. 7).

Acoustic Unit B, best seen in Figure 6B, wedges out
to the north near the northern limit of the figure. This
unit is more transparent than A, but contains diffuse re-
flectors.

Acoustic Unit C at Site 594 encompasses a zone acous-
tically more transparent than Unit A. Like Unit B, it
contains a series of coherent reflectors. However, the ba-
sal portion of C, immediately overlying basement, ap-
pears more transparent, with less coherent reflectors.
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Figure 5. (Continued).

Site 594 was drilled to a total depth of 639.5 m. The
sediments have been assigned to two lithologic units,
Units I and II. Unit II is subdivided into Subunits ITA
and IIB.

Unit I comprises an alternating sequence of pelagic
and hemipelagic ooze of Pliocene to Quaternary age.
Unit IIA is a foraminifer-bearing nannofossil ooze (chalk)
to nannofossil ooze (chalk), and IIB is a nannofossil
chalk with graded olive gray interbeds of silt-bearing clay-
ey nannofossil chalk. The ooze/chalk boundary occurs
at a sub-bottom depth of about 466 m in Hole 594.

An interval velocity of 1600 m/s is assumed for this
site, based on averaged shipboard velocimeter measure-
ments. Comparison of this lithologic sequence with the
seismic profile is difficult in the immediate vicinity of
Site 594 because of the problems mentioned earlier. How-
ever, if comparisons are made with the profile a few
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miles north of the site, it is apparent that acoustically
stratified Unit A incorporates part of lithostratigraphic
Unit I and the upper portion of I1A. The wedge-shaped
acoustic Unit B presumably corresponds with part of
the pelagic ooze lithologic Unit I1A. Reflector X, by this
reasoning, may correspond with the top of lithostrati-
graphic Unit IIB, marking the upper level of the silty
turbidite and chalk sequence cored toward the bottom
of the hole.

BIOSTRATIGRAPHY

Site 594 is located on the southwestern side of the
Chatham Rise in 1204 m of water; the Subtropical Con-
vergence lies just to the north of the site. The nanno-
fossil and planktonic foraminiferal zones are shown in
Figures 8 and 9.
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The planktonic foraminifers exhibit low species di-
versity and at certain levels also low numbers of speci-
mens. Preservation is generally good from Pleistocene
to lower Miocene but deteriorates in the middle and lower
Miocene. Calcareous nannoplankton exhibit low diver-
sity throughout; preservation is moderate to good in the
Pliocene-Pleistocene and moderate to poor in the Mio-
cene. In the few well-preserved samples of the section,
benthic foraminifers are abundant and generally well pre-
served; however, breakage is common throughout the
section. Both benthic and planktonic foraminifers are
recrystallized in the lower Miocene.

Radiolarians, diatoms, and silicoflagellates occur
throughout the cored section; sponge spicules are very
common in the coarse fractions.

Radiolarians are moderately well preserved, and be-
cause equatorial and high-latitude faunas are mixed the
zonation uses zones from both regions. There is a signif-
icant change in Core 21 and above, where antarctic and
subantarctic species become dominant.

Diatoms are best preserved in the middle to late Mio-
cene and are present throughout in the sequence youn-
ger than the early Miocene. The diatom assemblages sug-
gest that since the Miocene the site has been located be-
low the subantarctic water mass. Diatom datums have
been correlated with magnetostratigraphy established else-
where.

Many planktonic foraminiferal markers are present in
the Pleistocene to late middle Miocene, but in the early
middle and late early Miocene there were some difficul-
ties in recognizing established zones. The problems are
due to (1) the sporadic occurrence of index species such
as Orbulina suturalis and the lack of others, including
Praeorbulina glomerosa and Globigerinoides trilobus; and
(2) massive reworking of early Miocene faunas in Cores
594-50 to 594-53 and in 594A-12 to 594A-20. Another
problem involved the late appearance of some zonal mark-
ers including Globorotalia truncatulinoides and G. in-
flata because of the position of the site in the subantarc-
tic water mass.

Most zonal indicators of the calcareous nannoplank-
ton are absent or extremely rare and the zones were part-
ly determined by using auxiliary species.

Silicoflagellates were examined in all core-catcher sam-
ples; it was possible to place them within the zonation
established during Leg 38 by Martini and Miiller (1976).

Planktonic foraminiferal studies indicate alternations
of cold and warm periods in the Pliocene-Pleistocene.
These cold and warm faunas could be explained by as-
suming north-south fluctuations of the Subtropical Con-
vergence over Site 594; currently the Convergence is sit-
uated north of the site.

Benthic faunas are depleted but indicate the presence
of warmer bottom waters in the late early Miocene, and
an episode of cool and corrosive waters in the early late
Miocene.

Four unconformities were detected, mainly by diatom
evidence, in the upper Miocene through Quaternary. In
ascending order, they were located in (1) Core 24, (2)
Core 20, (3) Core 16, and (4) Core 11.

SITE 594

Planktonic Foraminifers

Zones

The following zones were identified at Site 594; the
zonal boundary markers are shown below:
Globorotalia truncatulinoides Zone
I.A. G. truncatulinoides
Globorotalia inflata Zone
1L.A. G. inflata
Globorotalia puncticulata Zone
L.A. G. sphericomiozea
Globorotalia sphericomiozea Zone
L.A. G. conomiozea
Globorotalia conomiozea Zone
I.A. G. conomiozea
Globorotalia miotumida Zone
L.A. G. mayeri
Globorotalia mayeri Zone
L.A. G. peripheroronda
Globorotalia peripheroronda Zone
L.A. G. conica
Globorotalia conica Zone
I.A. G. conica
Praeorbulina glomerosa curva Zone
1.A. P. glomerosa curva
Globorotalia miozea Zone
The position of the site in subantarctic waters appears
to have affected the faunas from the early Miocene to
the Quaternary. Consequently, the zonal scheme is dif-
ferent from that at temperate-water Site 593; also, the
boundaries of some zones at Site 594 could be higher
and/or lower than at Site 593. For example, the initial
appearance of G. truncatulinoides at Site 594 is within
the late Pleistocene, as in other subantarctic areas.
Specimens of the evolutionary lineage of Orbulina
are very rare at this site and it was not possible to iden-
tify properly the O. suturalis Zone. Similarly, because
of the lack of Globigerinoides it was not possible to
identify the G. trilobus Zone. Consequently, another set
of zones, in ascending order, were established for Site
594: Globorotalia miozea, Praeorbulina glomerosa cur-
va, G. conica, and G. peripheroronda.

Paleobiogeography

The planktonic foraminiferal faunas were reasonably
well preserved from the Pleistocene through to the mid-
dle Miocene, where they deteriorated; they improved
again in the lower Miocene. The species diversity is
lower throughout, with low numbers of species; at cer-
tain horizons there is marked dissolution, as for exam-
ple in the early Pliocene Sample 594-16,CC. In Samples
594-42,CC and 594-43,CC there was a low number of
species and specimens which coincided with a massive
influx of radiolarians.

The faunas of the Pleistocene through Pliocene ap-
pear to show alternating cold and warm episodes; the
cold-water intervals are indicated by lower species diver-
sity, whereas warmer waters supported such additional
species as Orbulina universa, Globorotalia crassaformis,
and Globigerinatella aequilateralis. One possible expla-
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nation is the latitudinal fluctuations of the Subtropical
Convergence, which are probably associated with gla-
cial-interglacial oscillations.

Benthic Foraminifers

Benthic foraminifers were examined from all core catch-
ers from Hole 594 and in Samples 594A-12,CC to 594-
26,CC. Throughout the entire section, only five to six
samples are considered to contain undissolved benthic
faunas. In the majority of the samples benthics are dis-
solved, broken, or have disappeared. In general, the larger
the percentage of radiolarians or mica in a sample, the
fewer the benthics and the worse their preservation.

In general the benthic faunas resemble those of Sites
592 and 593; cibicidids, uvigerinids, and Oridorsalis are
common in most samples. Ehrenbergina, Osangularia,
Bolivina, and, below the Pliocene, Bulimina are rarely
found. In the best-preserved samples, specimens are very
large, with the exception of a few species such as Pleu-
rostomella alternans, which becomes both smaller and
rarer at these southerly sites. Unlike at other sites, fau-
nas at Site 594 often demonstrate unusually high domi-
nance of one or two species at specific times. These in-
clude a pulse of Nuttalides umbonifera in the upper Mi-
ocene, of Cibicides wuellerstorfi in the lower Miocene,
and of shallow-water angulogerinids and bolivinitids in
the Quaternary and lower Pliocene.

Despite the poor preservation of the benthics through
much of the Miocene, two important changes take place.
The first, in the lower to middle Miocene (594A-16 to
594A-18,CC), involves a marked increase in the num-
bers of C. wuellerstorfi, accompanied by a loss of uvi-
gerinids and the first and only appearance of Osangula-
ria bengalensis, a species rare in the southern sites of
this traverse. These faunal changes may reflect a late
early Miocene warming and a decrease in nutrients at
the bottom, or the positioning of the site near the Sub-
tropical Convergence, which carries warmer, surface wa-
ters to greater depths.

In the upper Miocene (594-36 to 594-38,CC, lower
Globorotalia miotumida Zone) there is a large increase
in the abundance of N. umbonifera accompanied by im-
portant changes in the radiolarian assemblages. N, um-
bonifera is generally associated with Antarctic Bottom
Water and corrosive bottom water. The benthic faunas
suggest that there was an intense cooling pulse and/or
an increase in the corrosiveness of the bottom-water en-
vironment at this site in the early late Miocene.

Because of poor preservation, the Miocene/Pliocene
boundary could not be detected by changes in the ben-
thic foraminifers. Varying faunas suggesting glacial-in-
terglacial fluctuations began in the early Pliocene G. punc-
ticulata Zone and intensified during the Pliocene and
Pleistocene. Two general faunal assemblages are recog-
nized. The first is associated with hemipelagic sediment
and siliceous fossils, and contains opaque benthics, sev-
eral of which are typical of shallow-water environments.
Shallow-water costate to striate angulogerinids suggest
anoxic conditions in the source areas. The second as-
semblage type, associated with decreased percentages of
mica, sponge spicules, and radiolarians and an increase
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in planktonic foraminifers, contains clearer fossils. These
tend to be transparent in the Quaternary. The faunal
content resembles assemblages during the Pliocene and
Pleistocene at Sites 592 and 593. However, there is a
large influx of Bulimina aculeata in these faunas during
the Pliocene G. inflata Zone (594-6 to 594-8,CC).

Calcareous Nannoplankton

Hole 594

Core-catcher samples from 53 cores were examined
for calcareous nannoplankton. Species diversity is low
throughout the section and preservation ranges from mod-
erate to good in the Pleistocene and Pliocene and mod-
erate to poor in the Miocene. Most zonal indicators are
absent. Based upon a few auxiliary zone-determining spe-
cies, the following zonation was established.

The occurrence of Emiliania huxleyi in Samples 594-
1-1, 3-4 cm to 594-6-1, 25-26 cm places this interval in
the late Quaternary Emiliania huxleyi Zone (NN21).

Samples 594-6-3, 3-4 cm to 594-7-1, 3-4 cm are above
the last occurrence of E. ovata in Sample 594-7,CC and
are placed in the late Quaternary Zone NN20. Samples
594-7,CC to 594-11-3, 3-4 cm, above the last occurrence
of Calcidiscus macintyrei in 594-11-5, 3-4 cm, are placed
in the upper subzone of the lower Pleistocene E. ovata
Zone (NN19b). The next marker observed is Reficulofe-
nestra pseudoumbilica, whose last occurrence is in Sam-
ple 594-18-3, 3-4 cm. Therefore, Samples 594-11-5, 3-4
cm to 594-18-1, 3-4 cm are in Zones NN16/19a. Zone
NN15 includes Samples 594-18-3, 3-4 cm to 594-20-5,
3-4 cm, above the last occurrence of Amaurolithus tri-
corniculatus in Sample 594-20,CC. Samples 594-20,CC
to 594-23-5, 3-4 cm are placed in the combined Zones
NN12/NN14. The occurrence of Discoaster quinquera-
mus in Samples 594-23,CC and 594-26-5, 3-4 cm places
this interval in the late Miocene Discoaster quinquera-
mus Zone (NN11).

Samples 594-26,CC to 594-28-3, 3-4 cm, above the
last occurrence of D. hamatus in Sample 594-28-5, 3-4
cm, are placed in the late Miocene D. calcaris Zone
(NN10). Discoaster hamatus occurs in Samples 594-28-5,
3-4 cm to 594-29,CC, which places this interval in the
middle Miocene D. hamatus Zone (NN9).

The interval from Sample 594-30-1, 3-4 cm to 594-42-3,
3-4 cm, the first occurrence of D. kugleri, is placed in
the combined Zones NN7/NN8. The boundary between
NN7 and NNS8 is based upon the first occurrence of Cat-
inaster coalitus, which is not present at Site 594. Sam-
ples 594-42,CC to 594-53,CC are placed in the middle
Miocene Discoaster exilis Zone (NN6).

Hole 594A

Samples 594A-1,CC to 594A-12,CC are repeats of the
section drilled at Hole 594. Samples 594A-13-3, 3-4 cm
to 594-15-3, 3-4 cm, above the last occurrence of Sphe-
nolithus heteromorphus in Sample 594A-15,CC, are
placed in the middle Miocene Discoaster exilis Zone
(NN6). Samples 594A-15,CC to 594-26,CC are placed in
the middle Miocene Sphenolithus heteromorphus Zone
(NN5). Reworked Oligocene and possibly early Miocene



species are present in many of the samples from this
hole as well as Hole 594,

Silicoflagellates

Silicoflagellates occur throughout the Quaternary to
Miocene sequence and are associated with sponge spic-
ules and a few endoskeletal dinoflagellates. They form,
however, only a minor component of the predominantly
calcareous sediments.

Silicoflagellates only were investigated in detail in acid-
treated core-catcher samples from Holes 594 and 594A.
The assemblages found can be laced without difficulty
in the northern high-latitude silicoflagellate zonation used
during Leg 38 (Martini and Miiller, 1976). Samples 594-
6,CC to 594-16,CC belong to the Distephanus speculum
Zone. Samples 594-18,CC to 594-20,CC seem to repre-
sent the early Pliocene Distephanus boliviensis Zone, al-
though the nominate species was not found. In Samples
594-21,CC and 594-31,CC, Mesocena circulus was noted;
consequently these samples are placed in the late middle
to late Miocene Mesocena circulus Zone. In Sample
594-35,CC Corbisema triacantha was found, indicating
the presence of the late early to early middle Miocene
Corbisema triacantha Zone. The lowest sample of Hole
594 (594-53,CC) also contains C. trigcantha, which in
this sample is still associated with M. diodon. Thus
these samples also belong in the C. triacantha Zone, as
does Sample 594A-20,CC, because of the first occur-
rence of M. diodon. Samples 594A-21,CC to 594A-
25,CC were barren of siliceous fossils.

Reworked Eocene silicoflagellates were found in most
samples studied. In addition, in Sample 594-24,CC re-
worked Eocene diatoms (7riceratium barbadense) were
noted.

Radiolarians

Radiolarians are rare throughout the cores recovered
at Site 594, and moderately to well-preserved faunas are
encountered in all cores.

Stratigraphic correlation of Neogene radiolarians at
Site 594 is difficult because of the scarcity of siliceous
material, the great dilution by terrigenous material, and
changes of paleoenvironments. Because warm water and
polar assemblages are mixed, zonations proposed for both
regions have been employed.

Sections 594-1-1 to 594-6-4 contain a typical late Qua-
ternary (less than 400,000 yr.) antarctic radiolarian as-
semblage that can be assigned to the Antarctissa denti-
culata Zone or Zone NR1. Common species include A.
denticulata, A. strelkovi, Theocalyptra davisiana, and
Rhizosphaera antarctica.

Sections 594-7-2 to 594-8-1, below the last appear-
ance of Stylatractus universus in 594-7-2, are placed in
Zone NR2 (Quaternary). The next marker observed was
Phormostichoartus pitomorphus, whose last occurrence
in Section 594-9-4 puts Sections 594-9-4 to 594-11-5 in
Zone NR3/NR4 (early to middle Pleistocene) (the two
zones are not distinguished because warmer-water spe-
cies are missing).

Clathrocyclas bicornis (Hays) occurs sporadically be-
tween Sections 594-11-6 and 594-14-2. This occurrence
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is interpreted as reworking, because A. denticulata and
Theocalyptra bicornis Popofsky were first found in Sec-
tion 594-12-3. Thus Sections 594-11-6 to 594-14-4 are
placed in Zone NR4.

The last consistent occurrence of C. bicornis (Hays)
in Section 594-15-2 is used to mark the top of the Pli-
ocene. Rare radiolarians occur in Section 594-15-2 to
594-20-3. Typical Pliocene species like Pseudocubus ve-
ma occur sporadically. Because of the poor preservation
and scarcity of markers the interval between Sections
594-15-2 and 594-20-3 remains unzoned.

Sections 594-20-4 to 594-27-1, below the first occur-
rence of Antarctissa ewingii and above the first appear-
ance of Stichocorys peregrina, are placed in the Sticho-
corys peregrina Zone (late Miocene). In the best pre-
served samples, forms like Anthocyrtidium ehrenbergii
and Hexacontium hootsi indicate warmer conditions. Re-
worked specimens of Eocene to middle Miocene age oc-
cur in Sections 594-23-1 to 594-26-4.

The next markers observed were Didymocyrtis ante-
penultima and Diartus hughesi, whose first appearances
are tabulated in Section 594-31-5. Thus, Sections 594-
27-4 to 594-31-5 are placed in the Didymocyrtis antepe-
nultima/D. penultima Zone. The D. penultima and D.
antepenultima zones are amalgamated because the spe-
cies D. penultima was not found in the radiolarian as-
semblages. Moreover, the base of the D. penultima Zone,
which is also recognized in tropical areas at the top of
the range of Diartus hughesi, cannot be located in Site
594 because the last occurrence of D. hughesi is tabu-
lated in the S. peregrina Zone. It is possible that D.
hughesi as well as Didymocyrtis laticonus and D. ante-
penultima have different ranges in the mid-latitude sedi-
ments. Close examinations of numerous specimens show
distinct morphological differences from tropical forms
(see Caulet, this volume).

Sections 594-31-6 to 594-37-1 contain poorly preserved
and rare radiolarian assemblages. Barren levels occur
sporadically throughout this interval, which cannot be
related to a well-defined zone.

Most radiolarian species recognized in the samples
below 594-37-1 are well known in the tropical assem-
blages of the Diartus petterssoni Zone (middle Miocene).

The most significant transition in the radiolarian fau-
na is observed between Cores 594-23 and 594-21. In Core
21 and above, most temperate or warm-water radiolar-
ians have disappeared. Radiolarian abundances are great-
ly reduced and antarctic or subantarctic species become
more dominant. Their occurrence suggests a northward
migration of the Antarctic Convergence.

Diatoms

Diatoms are abundant to sparse in most processed
samples from Site 594, except in Cores 594A-22 through
594A-26a, which are barren. In general, diatom preser-
vation is best (fair to moderate) and diversity highest in
the middle to upper Miocene. Although Pliocene-Qua-
ternary preservation is fair and diversity low, the entire
sequence contains sufficient marker species for reliable
age determinations. Reworked Eocene and Oligocene dia-
toms are common throughout both holes.
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Zonation and Sediment Age Determinations

No single zonal scheme could be employed for the en-
tire middle Miocene-Quaternary. Migration of the Sub-
tropical Convergence, which lies directly north of the
site, has resulted in a shift in the predominance of sub-
antarctic/antarctic to subtropical species through time.
As a result, the zonal schemes employed herein are the
antarctic/subantarctic zonations of Weaver and Gom-
bos (1981) and Ciesielski (1983) and the mid-latitude zo-
nations of Barron (1980, 1981).

The diatom assemblage suggests that the subantarctic
water mass has prevailed at the site since the Miocene;
therefore, the antarctic/subantarctic zonation of Ciesi-
elski (1983) was used successfully in zonation of the en-
tire Pliocene-Quaternary. The mixed occurrence of ant-
arctic to mid-latitude index species in the middle to late
Miocene precludes the use of a single zonal scheme for
this interval. A new regional zonation is required for
Site 594, utilizing the existing high to mid-latitude spe-
cies, is given in Ciesielski (this volume). For the purpose
of this site report, middle to late Miocene diatom zones
are temporarily referred to as zonal equivalents of Bar-
ron’s (1980, 1981) mid-latitude diatom zonation. It should
be noted that correlations to Barron’s zonation are ten-
tative and incomplete because some index species are
missing at Site 594.

In spite of difficulties in correlating with existing zonal
schemes, Site 594 was reliably correlated to magneto-
stratigraphy by the identification of diatom datums which
have been intercalibrated with magnetostratigraphy else-
where or have been dated radiometrically. Table 3 lists
these microfossil datums, their stratigraphic position,
and their approximate age based upon direct correlation
to magnetostratigraphy, citing diatom zones or zonal
equivalents. The locations of major stratigraphic bound-
aries at Site 594, as determined by the application of
all microfossil groups, are as follows (A indicates Hole
594A cores):

Boundary Core-Section
Pliocene/Pleistocene 14,CC-15-2
early Pliocene/late Pliocene 16,CC-10A-2

(unconformable boundary)
Miocene/Pliocene 20-5-20-2
(unconformable boundary)
middle Miocene/late Miocene 38,CC-37,CC

early Miocene/middle Miocene 21,CC-20,CC

Unconformities

Four unconformities were detected within the upper
Miocene through Quaternary of Holes 594 and 594A.
The interval represented by each is noted here, with the
evidence from Table 3. It is important to note that the
Miocene/Pliocene boundary and the early/late Pliocene
boundary fall within disconformities.

1. Chronozone 8-Chronozone 7, ~8.3-6.5 m.y. ago:
close proximity of FAD of H. karstenii s.1. (Chronozone
6) in Core 24 to LAD of D. hughesii (basal Chronozone
8 or upper Chronozone 9) in Core 26.

2. Upper Chronozone 5-lower Gilbert Chronozone
below the Sidufjall Subchronozone, ~5.4-4.5 m.y. ago
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Table 3. Major biostratigraphic and magnetostratigraphic datums ob-
served in Holes 594 and 594A (diatoms and radiolarians).

Occurrence of
datum in hole
(Core-Section,
Datum interval in cm) Age of datums (m.v.)
LAD Stylatractus universus 7-1 to 6-4 425,000 yr.
Brunhes/Matuyama boundary 11-5, 75-77 730,000 yr.
Matuyama Chronozone disconformity ~11-5 ~1.6-~0.74
LAD Clathrocyclas bicornis (Hays) 11-6

Last consistent C. bicornis 15-2 to 14-2 71.8
LAD Cascinodiscus kolbei 15-2 1o 13-5 1.89
LAD Cosmiodiscus insignis 16-2 to 15-5 2.50
FAD Theocalyptra davisiana 16-4 2.8-2.6
LAD Coscinodiscus vulnificus 16-2 10 15-5 2.2
LAD Nitzschia weaveri 10A-2 to 16-5 2.64

upper Gilbert-upper Gauss Chrono- 10A-2 1o 16-5 ~3.85-2.70
zone disconformity

FAD Nitzschia weaveri 10A-5 10 10A-2  3.88
LAD Stichocorys peregrina 19-1 4.6-4.4
last consistent Mesocena diodon 20-2 10 19-5 4.45

20-5 to 20-2 ~54t0 ~4.5

Chronozone 5-lower Gilbert discon-
formity

LAD Cosmiodiscus insignis f. trian- 20-5 to 20-2 5.4
gula
LAD Asteromphalus sp. 1

FAD C. insignis {. triangula

21-5 10 21-2 ~5.6
23-2t0 11A-5  late Chron 6 (~6.0)

FAD Nitzschia reinholdii 23-5 1o 23-2 early Chron (~6.4)
Last consistent Mesocena circulus 23-5 10 232 early Chron 6 (~6.4)
FAD Hemidiscus karstenii f. 1 24-5 1o 24-5 mid to early Chron 6
Chronozone 8-Chronozone 7 26-2 1o 24-5 ~8.5-6.5

disconformity (exact location of hiatus not yet determined)

LAD Diartus hughesi —— 10 26-2 ~8.5
FAD Stichacorys peregrina — 1o 27-1 ~8.5
LAD Thalassionema hirosakensis 29 1o 28-5

LAD Lithodesmium reynoldsii 301029 ~Chron 9/Chron & boundary

LAD Cyriocapsella japonica —— 10 31-2 ~8.7

FAD Asteromphalus sp. | 31-5 10 31-2 ~8.7

FAD D. hughesi ——to 31-5 ~8.7

FAD Didymaocyrtis antepenultima —_— 0 31-5

Last consistent Denticulopsis lauta 35-5 10 35-2 late Chron 9 (~8.7-8.5)

Last common Denticulopsis dimor- 39-] 1o 38-1 10.2
pha
LAD Nitzschia denticuloides 44-1 1o 43-1 early Chron 10
FAD Denticulopsis dimorpha 46-2 to 45-2 1.1
LAD Coscinodiscus lewisianus 52-2 10 51-1 late Chron 13 (~12.5-12.6)

18A-]1 to 17A-2  late Chron 14 (—12.8)
19A-2 1o 18A-1  earliest Chron 14 (~13.37)
19A-2 to 1BA-1  mid Chron 15 (~14.37)
19A-2 to 18A-1

LAD Denticulopsis nicobarica
FAD Denticulopsis praedimorpha
FAD Denticulopsis hustedtii

FAD Brunia mirabilis

Note: A indicates cores from Hole 594A.

(Miocene/Pliocene boundary disconformity): LAD of
C. insignis f. triangula (mid to upper Chronozone 5) im-
mediately below last constant M. diodon (~4.5 m.y.) in
Core 20.

3. Upper Gilbert Chronozone above the Cochiti Sub-
chronozone to upper Gauss Chronozone, ~3.85-2.7
m.y. ago: FAD of N. weaveri (~ 3.88 m.y.) immediately
below LAD of N. weaveri (~2.64 m.y.).

4, Mid to upper Matuyama Chronozone, ~1.6-0.74
m.y. ago: occurs entirely within the C. elliptopora/A.
ingens Zone; however, the disconformity is substantiated
by the LAD of C. bicornis (Hays) (about 1.8 m.y.) im-
mediately below the Brunhes/Matuyama boundary as
noted by Barton and Bloemendal (this volume).

PALEOMAGNETISM

The two most notable paleomagnetic results were the
location of the Brunhes/Matuyama boundary at 99 m
sub-bottom depth, and the surprisingly low intensities
of magnetization, given the higher terrigenous input at
this site.



HPC cores from Holes 594 and 594A were sampled
at 50 cm intervals. The XCB cores from Hole 594A were
sampled at 150 cm intervals. Absolute orientations were
obtained for only four cores from Hole 594. Laboratory
NRM and low-field magnetic susceptibility measurements
have been completed for most of Hole 594 (Table 4).
The relatively high negative mean inclination is largely
due to the preponderance of normal directions during
the Brunhes.

Alternating peaks and troughs in magnetic suscepti-
bility occur within the first 12 cores (0-108 m sub-bot-
tom depth). Depths of the most prominent peaks are
shown in Table 5 and generally coincide with higher in-
tensities of magnetization. These variations have not yet
been carefully compared with the lithologic variations
during the Quaternary. However, it was noted that in the
upper part of the sequence, where the alternating dark,
fine-grained and light, coarser-grained sediments are most
pronounced, the darker-colored sediments are charac-
terized by higher NRM. Deeper in the sequence this con-
trast in NRM disappears well before the color zonations
disappear. This suggests that gradual diagenesis of mag-
netic minerals of terrigenous origin is occurring on a
time scale on the order of 10° yr.

No very thin, surficial, high-intensity layer was found
in Hole 594. The general pattern of intensity variations
is also shown in Hole 594. The general pattern of inten-
sity variations is also shown in Table 4. A region of uni-
formly high intensity during the Miocene which was ob-
served at previous sites was also not present.

A magnetic polarity stratigraphy based on NRM re-
sults for Hole 594 is presented in Figure 10. There is
convincing evidence that the Brunhes/Matuyama bound-
ary occurs within Core 594-11. Below this, the interpre-
tation is less certain. A possible alternative to the il-
lustrated (preferred) scheme is to assign the top of the
Gauss Chron to the depth where the top of the Olduvai
Subchron is illustrated. The Olduvai Subchron would
then replace the Jaramillo in the figure. However, this
interpretation is in poorer agreement with the diatom
and radiolarian stratigraphy and is less probable. Below
the top of the Gauss, directions are too scattered for po-

Table 4. Preliminary NRM and magnetic susceptibility data for

Hole 594.
Geometric mean intensity 0.072 uG
Scalar mean inclination (+ 1s.d.) -20.7° + 38.4°
Axial dipole inclination —63.8°

Mean angle between repeats 15.4° (34 repeats)

NRM intensity variation
0-10m High (0.1 to 10 uG, typically)

10-200 m Intermediate (~0.1 pG)
200-350 m Low (0.01 to 0.1 pG)
Below 350 m Medium to low (0.01 to 0.3 uG)

Susceptibility variation
0-108 m Alternating peaks and troughs

0-30 m Intermediate (5 to 25 uG Oe ™~ 2
typically)
30-179 m Low (1 to 10 uG Oe ™ 1
179-184 m Very low (0 to 1 4G Oe 1)
184-399 m Weak diamagnetic
399-488 m Low (0 to 2 uG Oe ™ 1)
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Table 5. Prominent peaks in magnetic
susceptibility, Hole 594.

Core-Section  Sub-bottom  Susceptibility

(level in cm) depth (m) (uG Oe~ ])
1-4, 025 4.75 41.3
2-2, 125 B.65 29.6
3-3, 075 19.25 239.2
4-1, 125 26.35 64.2
4-3, 025 28.35 249.2
15-1, 025 130.95 11.2
16-2, 075 142.55 11.2
46-2, 025 430.05 10.3
Boundary Sub-bottom
Confidence | Chron t::;! (Core-Section depth ’“'";,'“T,:z‘_’," ok
level In cm) (m)
7
2 / 135.7 to
s 136.4
& %/
2] 11-5.75 99.05
SR g'” 115,125 | 98,55
AR o @r\_ 13-5, 75 118.25
0.98 13-5,125 11875
14-1,25 12135 4:';;“ ard
14-1,125 122.35 1 I
g
3 i Z/ 18-1.25 140.55
k| |

B 16-1,75 141.05
188 16-5, 75 147.05 |
165125 | 14755 31te 1

N 323
18-5,75 166.25 vl I

18-5,125 166.75

247

Gauss

E\

Confidence leval

@ High
@ Medium
D Low

Figure 10. Magnetic polarity stratigraphy for Hole 594.

larity intervals to be resolved with any degree of confi-
dence. There are some fairly long intervals with a pre-
dominantly normal inclination bias, which is indicative
of partial secondary overprinting during the Brunhes
Chron—probable because viscous remanence built up in
fine-grained iron monosulfides.

Results of partial AF demagnetization tests conduced
on the Glomar Challenger on three sediment samples
from the Brunhes Chron are summarized in Table 6. A
viscous component amounting to 10 to 20% of the nat-
ural remanence was detected. The resuits show that these
upper sediments preserve a stable primary remanence
which dominates the NRM. As in previous sites, there is
a strong case for arguing that the deterioration of the
paleomagnetic record with depth is caused by a combi-
nation of very gradual diagenetic alteration of primary
magnetic minerals (in a sulfur-rich environment) and
compaction effects. In materials with a sufficiently large
number of uniformly distributed magnetic grains, grad-
ual compaction into a closer-packed structure will cause
dispersion of the directions of remanence of individual
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Table 6. Summary of progressive AF demagnetization da-
ta for three samples within the upper, long normal
zone, Hole 594.

Core-Section  Sub-bottom Stable range

(level in cm) depth (m) Jp (0G) (Oe) Al
1-4, 75 5.25 3.686 0-600 +15°
5-4, 75 39.95 1.194 0-400 +15°
63,75 48.05 0.970 0-400 +12°

Note: Jy = NRM intensity, Stable Range is the range of peak de-
magnetizing field within which only small changes in direc-
tion occur, Al is the inclination change in this stable range.

grains without changing the statistical mean direction.
The magnitude of the resultant magnetization will, of
course, be less. When the density of magnetic grains
falls to sufficiently low values, statistical averaging of
the dispersed directions will no longer give the original
mean, and the resultant directions of magnetization of
specimens will become scattered.

As noted in the paleomagnetic report for Site 591,
there was a marked decrease in magnetization after stor-
age by a factor of two to three. Repeat measurements
conducted on board the Glomar Challenger showed that
most of these decays occur during the first 36 hr. of
storage. The problem is a serious one which requires de-
tailed investigation.

SEDIMENTATION RATES

Sedimentation rates are calculated upon the diatom
and radiolarian datum ages provided in Table 3. The
ages of the datums have been determined by intercali-
bration with magnetostratigraphy elsewhere. In most
cases, the stratigraphic level of the datum is known only
within certain depth limits, and hence the midpoint is
used in the plot (Fig. 11).

Sedimentation rates were high (76-78 m/m.y.) during
much of the middle and late Miocene during deposition
of foraminifer-bearing nannofossil ooze and nannofos-
sil ooze. Unlike nearly all of the sites drilled further
north during Leg 90, rates at Site 594 (~30-40 m/m.y.)
were relatively low during the latest Miocene and Plio-
cene, an interval punctuated by 3 disconformities. Rates
of deposition began to increase dramatically at the base
of the Pleistocene, were high during the early Pleisto-
cene (late Matuyama chron; 89 m/m.y.) and even higher
(avg. 138 m/m.y.) during the last 700,000 yr. (Brunhes
Chron). Therefore, there are three broad, stratigraphic
intervals marked by differing rates of sedimentation: in-
termediate rates during much of the middle and late Mi-
ocene, lowest rates during the latest Miocene and Plio-
cene, and highest rates during the Pleistocene.

SUMMARY AND CONCLUSIONS

Site 594 is located at the southern margin of the Chat-
ham Rise east of the South Island of New Zealand, in
a water depth of 1204 m at a position of 45°31.41'S,
174°56.88'E. The site lies in the subantarctic water mass
immediately south of the Subtropical Convergence, and
is the southernmost of a series of sites forming a north-
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south transect. It is situated in a transitional region be-
tween oceanic and terrigenous influences, thus differing
from all other sites on the southwest Pacific transect. It
is located on a relatively flat, smooth seafloor, under-
lain by what appears to be a simple seismic stratigraphy
of parallel reflectors.

Site 594 consists of three holes cored to a maximum
sub-bottom depth of 639.5 m. Excellent core recovery
was obtained from 0 to 207.5 m sub-bottom depth (Hol-
ocene to latest Miocene) using the HPC to about 130 m
in Holes 594 and 594A. The remaining section was rath-
er poorly recovered using the XCB.

The section extends from the latest early Miocene to
the Holocene and is cut by at least four unconformities.
A paleomagnetic stratigraphy has been identified down
to the late part of the Gauss Chron (about 2.5 m.y. ago).

The sequences are assigned to two lithostratigraphic
units, the lower one of which is subdivided into two sub-
units (Fig. 12). Divisions are based mainly upon differ-
ences in composition that are clearly revealed in the col-
or changes.

Unit I, of earliest Pliocene to Quaternary age, con-
sists of an alternating sequence of pelagic and hemipe-
lagic lithofacies generally defined by bluish gray and
greenish gray sediment, respectively. Pelagic-hemipelag-
ic cycles range in thickness from 0.5 to 10 m. Contacts
between lithofacies are completely gradational, subtle var-
iations in color between the bluish gray and greenish
gray end-members.

The pelagic lithofacies consists mainly of blue gray
foraminifer-bearing nannofossil ooze, foraminifer- and
clay-bearing nannofossil ooze, or foraminifer-bearing clay-
ey nannofossil ooze. The lithofacies is dominated by
calcareous nannofossils, with rare to common foramini-
fers and clay minerals, and trace and rare amounts of
quartz, feldspars, mica, and biogenic siliceous compo-
nents that include sponge spicules, diatoms, and radio-
larian fragments.

The hemipelagic lithofacies consists of a variety of
sediment intergrades between a clay- and silt-bearing nan-
nofossil ooze and a nannofossil-bearing clayey silt; this
greenish gray lithofacies is commonly diatom- and sponge-
spicule-bearing, and rarely foraminifer-bearing. Domi-
nant components are varying quantities of calcareous
nannofossils, clay minerals, and silt-sized grains of quartz,
feldspar, and mica. Foraminifers and siliceous biogenic
components are rare to common. Compared to the pe-
lagic lithofacies, the sediment is relatively enriched in
both terrigenous silt and clay and in biogenic siliceous
components, notably sponge spicules and diatoms, with
relative depletion of both foraminifers and nannofos-
sils. A few volcanic ash layers are present.

The contact between Units I and II is gradational over
several meters, but is recognized by the change from in-
terbedded pelagic and hemipelagic facies of Unit I to a
pelagic facies in Unit II. Unit II, of late early Miocene
to earliest Pliocene age, is mainly a foraminifer-bearing
nannofossil ooze (chalk) to nannofossil ooze (chalk).
Separate ooze and chalk subunits are defined, the ooze/
chalk transition occurring at about 466 m in Hole 594.

SITE 594

Subunit IIA, of early middle Miocene to earliest Pli-
ocene age, is a light gray foraminifer-bearing nannofos-
sil ooze that grades down into a nannofossil ooze near
245 m sub-bottom depth. Calcareous nannofossils dom-
inate the components; foraminifers are generally com-
mon above 245 m but form only trace to rare amounts
below this level.

Subunit IIB, of late early to early middle Miocene
age, is a light gray nannofossil chalk with occasional in-
terbeds of olive gray silt-bearing clayey nannofossil chalk
below 534 m sub-bottom; these are interpreted as turbi-
dite layers. Below 467 m sub-bottom depth (early mid-
dle Miocene), distinctive pale to dark green laminae oc-
cur commonly in the subunit. The laminae may repre-
sent altered volcanic glass.

The turbidite interbeds range in thickness from a few
to 90 cm, have sharp erosional bases, are normally grad-
ed, and have burrowed gradational tops that grade up-
ward into overlying chalk. They are dominated by cal-
careous nannofossils with common micas and clay min-
erals, rare foraminifers, and occasional quartz and
feldspar grains. Textures range from medium to very
fine silt at the base of beds to clay-dominated at the top.
There is a pronounced habitat stratification in the in-
faunal burrow types in the thicker beds in the upper por-
tion of units, with Planolites between 0 and about 5 cm,
Chondrites to depths of 10 cm, and Zoophycos to
depths of 15 to 20 cm in the beds.

Site 594 has much paleoceanographic potential. There
is a fine biostratigraphic sequence of subantarctic ele-
ments from the middle Miocene to the Holocene. Both
calcareous and siliceous microfossil groups are well rep-
resented. The calcareous nannoplankton assemblages are
typical of cold water and largely lack the warm-water
forms so useful in biostratigraphic zonations. Consider-
able microfossil reworking, particularly with respect to
foraminifers, was observed associated with the early mid-
dle Miocene turbidites.

The latest Miocene to Holocene sequence of oscilla-
tions between dark hemipelagic and lighter pelagic bio-
genic sediments is climatically related. The pelagic epi-
sodes mark climatic warmings and high sea levels (in-
terglacials). These have little biosiliceous sediment, less
calcareous dissolution, and warmer-water planktonic for-
aminifer faunas. The hemipelagics mark cooler (glacial)
episodes when low stands of sea level led to major sedi-
ment bypassing over the continental shelves and the de-
position of terrigenous materials in the basins surround-
ing New Zealand. These episodes exhibit cold-water plank-
tonic foraminiferal faunas, rich siliceous microfossil
assemblages, and much carbonate dissolution. Intergrades
occur between these two extremes. Twenty-five major
hemipelagic episodes have occurred during that interval
represented by sediments in the last 6 m.y. The oldest
coincides with the well-known Kapitean (Messinian) re-
gression.

A distinct increase in radiolarian abundances occurs
during the latest Miocene in response to the important
paleoceanographic changes then; perhaps it is related to
the development of the Subtropical Convergence.
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SITE 584 HOLE CORE 12 CORED INTERVA 101.8-11156m SITE 594 HOLE CORE 13 CORED INTERVAL 111.5-121.1m
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g FOSSIL $ FOSEIL
§ g _|cuAnA(‘rEn « |E |_cHaracten
z,l2]1 z| e e z| @
gul=]d 8l = =] H o) &
E i g Bl e | dnaes, LITHOLOGIC DESCRIPTION %5 HHE § £ & | Shocosy LITHOLOGIC DESCRIPTION
3|EMN|2 S|EN|z "
o HHHITEEE A AHHHH B s
L -] g g < L 5 2 E g
S |8 F : EHEHE ¥
A= .i*. SR ] s
=3 =4 | | Burrows 3271 FORAMINIFER, CLAY. AND SILT-BEARING NANNO- 5 T4 | saan FORAMINIFER., SILT- AND CLAY-BEARING NANND-
T FOSSIL OOZE, bhish gray (58 5/1 10 58 7/1), 301t ta firm, ‘_ — FOSSIL DOZE, bluish gray (5B 7/1 to 58 5/1) ta very light
o b . z = 3
05 et [ | -iE' F~5G4n  sa7n-  masive with extemive pale olive (10Y 6/2} and other H -E 0'5—_& 0¥ Wﬁﬁ i o Tight gray (N8 ar N7J, stift, massive with colos mottling
1 -T‘.T..,_ zl= Burrows BN color burrow mottling, scattered pyrite ap-:kf, slternating I; 1 _C . and hues in palu ofive [10Y B/2) tones, extensive bumowing
:"'.QT:L.‘I'_;_A o= with NANNOFOSSIL CLAYEY SILT, gieenish gray [5G 3 e 7& _— especially avident scrom coloe boundaries, scattered pyrite
1.0 Y, Bl } [0y 62 411 to 5G 61) with much local color variation dus prin - 1014 (N&), slisrnating with SPONGE SPICULE-BEARING
l—_l_-'_.i i“ cipally to burrow matties with pale olive (10Y 6/2) hues, - CLAYEY SILT, grvenish gray (5G 4/1 to 6G §/1), stit,
) —ns 5871 Fare pyvite (N4 oo NE). T | iovien manive with hues and burraw mettling of pale olive (10Y
o o :]% E osas o 5 g 6/2) color, seatterad pyrita (NA),
o = o Ld E
t"'_n_"' ol oven 5B 71ty SMEAR SLIDESUMMARY: " s Mgy 1| F-seun scene
] o S [ 1oy 6 f,’a‘ i,' & ] o, - —5G4n  NIB SMEAR SLIDE SUMMARY:
- M = i Mgy 5G4 1,70 2,70 3.36 5,18
g [ Mg bbb Tenture - _|__L_| ~ D o " "
= =1 S a A — -
" i L = b 1 ferover seen G AR 2| el f‘ e Tentura:
- ] F=—N# Compaition: ] [, ==, 4 ) R Sand - = R
5 = = NE Quart, L 3 St K si A ¢ ¢t ¢
3 -1 1 bl . e ———— Clay A D o o
£ z|E ] Fl Fosen Faldipar A C = 44 UL [even i
z |z m FH [eae Mica T R . Ty 58 7/1 10 NT Cnegiokian;
£ b L | seen Moo ibiii. ¥ T ~— o gl = N Cusitz e & © =&
. 8 = [N b o e Tt 4 E Feldspar ¢ ®mR © €
3 ] K 10762 hue Ghauconite A | E' et HE = e Mica cE ¥ R -
3 » = Na Pyrite =, ¥ w T T | — N4, BGY /1 Heawy mngess T T T -
. z 56 8141 Fowemiothets ¢ n - b == 1l [~seven Clay A €C €© ¢
3 o Cale. rannotomsis © A . 3 A M e hrena  Volanegs T - - -
] = [T5GY 6/ layer Diitoms T T § E: o ey Glauconite L
-] q L Radiolarlars I E 2 e § [over gt L
= Spongspicules R R 2 3 F‘ ol :
. \ s £ 5 = 10 B2 Cale nannofomsits A D A A
7 h L| I W4 56 61 g G 81 Cne: o o 3B 8
‘.L.-I-.A- B’ H % 4 :._ ;; T - e X =
] N = N4 pyrite . TN 585w Spongespicuss C© R R R
] J_..L Ik == bl pyrite 4 7 5871
- L s o - J_'i_l. EB TN i B i_ I
a@ i e By S|a =
= - " i g — 5G4/
L . L - 4 ‘
£ P 24140 it = | I K,
- L 10Y 6/2 hues E _
“ ala = 5G4 ] = i: [+ N6 + 10V 672 hun
2 — G 4N
. o= | s@en
+ ] — _’;_ I
iy gl gl Bl l— 10¥ 62 b
2 Ty i e
=1%ls = ] LE L
HIE- i L
g =T -4-"_4- :{‘_ N4 sBSA
H o [N [ e
£ B i = -[r ~=
a . - | turtown
2 — - 585
A E r:':'_L“' _J_.L BY &/
) v el Sl b= 10% /2
& bl Wiy i f=— 5851
3 _,.'.'!:__L_l_ -y 4 i NT-8
e Lo UYL
E L 56 471 with
B0 6/1 huey
E
EE = N4
£
] 7 e
A cC

P6S ALIS



989

65 LIS

594 16 CORED INTERVA 140.3—-148.9 m
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SITE 594 HOLE CORE 19 CORED INTERVAL  169.1-178.7m SITE 594  HOLE CORE 20 CORED INTERVAL _ 178.7-188.3m
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SITE 594 HOLE CORE 49 CORED INTERVA 457, 1-466.7 m SITE 594 HOLE CORE_ 51 CORED INTERVAL  476.3-485.9 m
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SITE 694 HOLE A CORE 3 CORED INTERVA 60.5-70.1m SITE 584 HOLE A CORE 4 CORED INTERVAL 70.1-79.7 m
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SITE 504 HOLE A CORE 7 CORED INTERVAL 8B8-108.5m SITE 594 HOLE A CORE &8 CORED INTERVAL 108.5-118.1m
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