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ABSTRACT

Five physiographic regions define offshore northeastern Australia: the platforms of
the Great Barrier Reef and the Queensland and Marion plateaus, and the basins of the
Queensland and Townsville troughs. Drilling off northeastern Australia will allow detailed
study of the evolution of these carbonate platforms and adjacent basins. Leg 133 will
-sample Oligocene to Holocene sediments at 12 sites along 2 transects. Specific objectives
are:

1. To define the sedimentary response to global sea-level change in the Late Cenozoic
and, in particular, the Quaternary.

2. To define the influences of paleochemistry, paleoclimate, and paleoceanography
on the initiation, growth, and demise of ¢ ate platforms, particularly the Great
Barrier Reef.

This information will have a substantial impact on our understanding of the
mechanisms and causes of natural climatic change.

Subsidiary objectives include the following:

1. To define slope-to-basin stratigraphic and facies variations on both sides of rift
basins.

2. To define the diagenetic history and processes operating on pure carbonate and
mixed carbonate/siliciclastic margins.

Leg 133 will leave Guam on 10 August 1990 and terminate in Townsville, Australia,
on 11 October 11 1990.

NORTHEAST AUSTRALIA - REGIONAL SETTING

The passive continental margin off northeastern Australia extends over a distance of
some 2000 km and an area of 930,000 km2, It comprises the coast and shelf ied by
the Great Barrier Reef and a number of carbonate-dominated marginal plateaus and troughs
(Fig. 1). This section describes the physiography and geology of this margin.

Onshore Geology

The coastal regions of Queensland are underlain by rocks of the Paleozoic Tasman
Fold Belt,'which extends from Tasmania in the south to Papua New Guinea in the north
‘(Brown et al.,-1968). The western border of the fold belt consists of Precambrian
hics which, in the north at least, are separated from the Paleozoic sediments to the
east by a major fault - the Palmerville Fault (Willmott et al., 1973) (Fig. 2).
"Geosynclinal" sedimentation commenced in the Early Devonian in the Hodgkinson Basin
and continued tlirough to the Carboniferous, interrupted by a number of orogenies.
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Relative to the width of the New England and Lachlan fold belts to the south, an extensive
area of the Tasman Fold Belt in northern Queensland appears to be absent. This has led to
the interpretation that the missing Middle-Upper Paleozoic rocks lie beneath the Queensland
Plateau (Ewing et al., 1970).

. Packham (1973) interpreted the development of the eastern Australian region in terms
of a stepwise easterly growth of the continent outward from the Precambrian nucleus by
development and accretion of Andean-type continéntal margins during the Ordovician-
Permian. The easternmost portion of the fold belt off southeastern Australia has since been
dismembered by seafloor spreading in the Tasman Sea during the Late Cretaceous.

The Mesozoic-Holocene geological history of Queensland is one of terrestrial to
marginal marine sedimentation in basins and troughs bordering the Queensland coast. A
major hiatus is present in all onshore basins separating Lower Cretaceous sediments from
upper Tertiary-Holocene terrestrial deposits, which infill depressions in the old land
surface. The only known possible Upper Cretaceous deposits are found in the offshore
Capricorn Basin (Ericson, 1976). A thick section of nonmarine sediments was deposited
during the early Tertiary in the Hillsborough Basin, and similar age sediments containing
oil shales are found near Gladstone (Fig. 2). In the Capricorn Basin this sequence is . -
unconformably overlain by upper Oligocene marginal-marine quartzose sands, which are in
turn overlain by a Miocene-Holocene marine calcareous shelf facies, including coral reefs.

Offshore Physiography

The area of interest for Leg 133 (Fig. 1) is the southwestern part of the Coral Sea,
seaward of the Great Barrier Reef. The main regional physiographic elements are the Great
-Barrier Reef and adjacent slope, the Queensland and Marion plateaus, the Queensland and
Townsville troughs, the Cato Trough, and the Capricorn Channel (Figs. 1, 2).

The continental shelf is dominated by the Great Barrier Reef and reaches a maximum
width of about 350 km in the southernmost part of the region at about 22°S. The shelf
break occurs at 100-200 m. The slope of the Great Barrier Reef is steeply dipping and
canyoned in the northern part of the area, particularly adjacent to the Ribbon Reefs marking
the outer reef edge north of Cairns; the slope decreases in the vicinity of Townsville and
becomes very gentle adjacent to the Marion Plateau.

The Queensland Plateau is the largest marginal plateau of the Australian continental
margin, being nearly twice as large as the Exmouth Plateau. The plateau is roughly
--triangular with its western margin striking north-northwest, its northeastern margin facing
the Coral Sea Basin and striking northwest, and its southern margin striking east-west.
The western and southern margins are both bounded by linear troughs. Many valleys and
. canyons lead from the plateau surface into the bounding troughs and the Coral Sea Basin.
The plateau surface lies at a depth of 1100 m, and away from reef areas is generally very
smooth and flat. It exhibits a very gentle northwest tilt, its surface being most deeply
submerged around Osprey Reef. ‘Fairbridge (1950) observed that the Queensland Plateau -
reefs grow from as much as 1500 m below sea level, well beyond the normal ecological - .
limit of reef growth, and this led him to suggest that the plateau had subsided to its present
dcgtl_xdﬁ'om an initial elevation close to sea level, with reef growth keeping pace with
subsidence.
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The Queensland Trough occupies the re; onbetweenthcconnnentalshelfandthe
Queensland Plateau between 14°S and 17°30'S, adjacent to the Great Barrier Reef. Its
western margin is much steeperﬂlannseastcmmargm,mth gradients up to 1:3 (at 15°S).
The trough has a smooth, flat floor that gently nsmthcnmthnm'thwestfmmabout :
1100 m at its junction with the Townsville Tmugh. the Osprey Embayment region
at a depth of about 300 m between the Queensland and Eastern lateaus The strike of the
'toughlsthatofthcdmnammcun'algmnoftheTasmanFoldBeltmnorthem =
Queensland (Hill and Denmead, 1960). ' ' ¥ 1o

The Townsville Trough has no clear relation to any known structure onshore, being
roughly perpendicular to the main Tasman Fold Belt trend. Falvey (1972) suggested that
part of the trough appears to be an offshore continuation of onshore Devonian to

erous trends. Mutter (1977) pointed out that it is equally possible that the trough
reflects trends such as those of the Mellish Rise to the east. The trough has a symmetric U-
shaped profile that is maintained over most of its length. At its eastern end, at about 154°E,
a bifurcation sends one branch south into the Cato Trough and the other winding sinuously
north into the Coral Sea Basin. Mutter (1977) speculated that sediment derived from the
Queensland Plateau or mainland Queensland oould reach the deep ocean floor via the
Townsville Trough.

The 77,000-km? area of the Marion Plateau lies directly east of the central Great
Barrier Reef and is bounded along its northern margin by the Townsville Trough and along
its eastern margin by the Cato Trough (Figs. 1, 2). The present plateau surface forms a
deeper water extension of the Australian continental shelf, with water depths ranging from
100 m along the western border to 500 m along the eastern margin. At present, reef
growth is restricted to Marion Reef on the eastern corner and Saumarez Reef at the
southeastern extremity of the plateau (Fig. 1). The plateau may be considered to extend

- south-of Saumarez Reef to include the Capricomn Channel area (Marshall, 1977). Its
eastern margin is formed by the slope leading down to the Cato Trough. This margin has a
moderate grade and is cut by numerous canyons.

Offshore Stratieraphic Control

The most important sources of stratigraphic control in the region are the industry and
scientific wells drilled at Anchor Cay, Michaelmas Cay, Aquarius 1, Capricorn 1A, Wreck
Island-1, and Heron Island, and at DSDP Sites 209, 210, and 287 (Fig 2).

The Anchor Cay No. 1 well was drilled to a depth of 3623.5 m (11,888 ft) by
Tenneco-Signal in 1969. Two major unconformities representing the late Oligocene and
the middle to late Miocene separate three carbonate sequences (i.c., temperate Eocene
limestones, subtropical upper Oligocene to lower Miocene limestones, and tropical upper
Miocene-Pliocene limestones). The Quaternary section is composed of mixed prograding
fluvioclastics and carbonates.

Wreck Island-1, in the Cagmnwm Basin, reached a total depth of 579 m after
_penetrating 31 m of siliceous vo lomerates. ‘The most significant result was the -
‘identification of Miocene carbonates andcﬂsucs -- proof of a Tertiary marine basin in the - -

area. Two industry exploration wells (Capricorn 1A and Aquarius 1) were drilled in the
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Capricorn Basin, adjacent to the southern Marion Plateau (Fig. 2). Basement consists of

Cretaceous volcanics in icorn 1A (at 1710 m) and indurated ?Paleozoic shale and

siltstone in Aquarius 1 (at 2658 m). In both wells, basement is overlain in turn by

Paleocene to mid-Oligocene basal polymictic conglomerate and arkosic red beds, by

shallow-marine glauconitic and carbonaceous sandstones, and by Miocene to Holocene

.. claystone and marl (Fig. 3) (Ericson, 1976). The most i deep-sea geological data
_-are the three drill sites of the Deep Sea Drilling Project (DSDP), drilled during Legs 21 and

~+ -30. DSDP Site'209 was drilled on the eastern Queensland Plateau in T428 m of water and-

- penetrated three lithologic units (Fig. 3). It bottomed in upper bathyal to neritic upper

mi_dd(lc Eocene glauconite-bearing biocla)stic and fmmi:;ifa'-ﬂch sedximt. 'I‘hcdoveﬂying
unit (uppermost middle to upper Eocene) is composed of terrigenous detritus an
foraminiferal ooze, indicating subsidence of the margin. A major hiatus represents the late
Eocene to late Oligocene and is probably the result of nondeposition and/or slight
submarine erosion. This was followed by further subsidence to the present mid-bathyal
depths and the deposition of almost pure foraminifer and nannofossil coze from the late
n01]11dgd(iccr?icl to the present, although with a period of nondeposition or erosion during the

e Miocene. -

The most important points to emerge from the data are:

1. The site clearly records the history of subsidence of the Queensland Plateau from
shallow water (neritic) in the late middle Eocene to the present depth at the site of
1428 m (mid-bathyal).

2. Sediments are dominantly foraminifer ooze throughout with terrigenous content in
the cores decreasing in the upper units, particularly in the middle to upper Eocene.

3. A major period of nondeposition or submarine erosion spans most of the
cOalriggcn:a:. After this hiatus the sedimentary regime is almost purely pelagic
ooze.

4. The effects of submarine current activity are well recorded.

The Eocene/Oligocene hiatus has been attributed to submarine erosion caused by
either a major change in circulation patterns following the final separation of Australia from
Antarctica in the early Eocene (Kennett et al., 1972), or by the commencement of a
significant equatorial circulation pattern (Taylor and Falvey, 1977). Winnowing is evident
in the post-hiatus sediments, suggesting bottom-current activity. Depositional patterns
(Mutter, 1977; Taylor and Falvey, 1977) also suggest the influence of currents on
sedimentation. '

DSDP Sites 210 and 287 in the central Coral Sea Basin penetrated essentially the
same lithologic sequences. The more complete section was intersected at Site 210. The
bottom part of the section is composed of lower to upper Eocene detrital clays and biogenic
pelagic sediment that accumulated above the foraminifer solution depth. - The clays are
thought to have been derived from high-grade hics and volcanics to the west
(Burns et al., 1973). Deposition was in ted in the late Eocene to early Oligocene by
an erosional/nondepositional hiatus that is of regional extent and was caused by a marine
bottom-water current (Kennett et al., 1972; Edwards, 1975). Mid-Oligocene nannofossil
oozes were deposited near the carbonate compensation depth and overlie the unconformity;
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these were followed by a late Oligocene to early Miocene period of nondeposition and/or
erosion. Overlying this unconformity is a lower-middle Miocene abyssal clay that indicates
deepening of the seafloor to below the carbonate compensation . The clays are
thought to have been derived from the Papuan area to the northwest (Burns et al., 1973).
During the late Miocene to late Pleistocene, turbidity cmrcnts_ti:Bg;iutod ed cycles of silt
and clay with the sediment again being derived from sources in a New Guinea.

Nearly 700 core and dredge stations have been occupied over the northeast Australian
margin, mostly by the Australian Bureau of Mineral Resources (BMR). They show that
the deep-water of the margin are currently receiving pelagic sedimentation. Some
areas near the Barrier Reef and near large reefs on the Queensland Plateau currently
receive reef-derived debris. The Coral Sea and the troughs between the Gulf of Papua, the
Eastern Plateau, and the Papuan Plateau receive terrigenous sediment at present, largely
deposited as turbidites. Along the slope of the Great Barrier Reef, low-sea-level
sedimentation is dominantly siliciclastic.

Tectonostratigraphic Framework

Townsville and Queensland Troughs

Structural style and seismic-sequence geometries determined from the 1985/87 BMR
and industry data are consistent with the following tectonic history:

Pre-Breakup Development - Jurassic to Early Cretaceous

In the Jurassic to Early Cretaceous the northeast Australian continental margin,
incorporating the present marginal plateaus and parts of Papua New Guinea, lay adjacent to
the Pacific Plate. Continental to marginal-marine sediments of this age were deposited
throughout the region in intracratonic downwarps (e.g., Laura Basin and the older part of
the Papuan Basin). One of these elongate troughs of “infrarift” basins may have extended
along the Queensland Trough and into the Townsville Trough to form the locus of future
rifting. During the Early to Late Cretaceous (pre-Cenomanian) and possibly during the
Late Jurassic (syn-rift phase), northwest-southwest extension resulted in the low-angle
normal faulting and block rotation that initiated the Townsville Trough rift basin.
Associated wrenching, and possible transtensional pull-apart basin development produced
the Queensland Trough. The tectonism was probably accompanied by uplift in adjacent
regions and by volcanism.

Continental Breakup - Late Cretaceous to Paleocene

In the Late Cretaceous, prior to the Paleocene-Eocene opening of the Coral Sea
Basin, a northeast-southwest extensional event was pmbabl‘y superimposed on the region,
resulting in reactivation and overprinting of the older basin-forming structures. During the
period of Cretaceous extension/rift tectonism, continental, marginal-marine, and perhaps
areas of very restricted shallow-marine sediments were deposited in developing half-
grabens of the Townsville Trough. From the Late Cretaceous to early Paleocene (late rift
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phase), movement on the normal faults continued, but at a y reduced level. Some of
the tilt blocks were capped and buried by late-rift-phase sediments, which exhibit flexural
drape and tlﬁnnin?owa the block corners. Increased marine influence in the Townsville
Trough probably followed Campanian breakup and seafloor spreading in the Tasman Basin
and Cato Trough. Restricted shallow-marine sediments were deposited in the center of the
Townsville Trough, grading to marginal-marine and continental sedimentation on its flanks
and on the adjacent emergent Queensland and Marion plateaus. '

Post-Breakup Subsidence - Paleocene to Oligocene

During the Paleocene to Eocene episode of seafloor spreading in the Coral Sea Basin
to the north, only minor reactivation and structuring occurred in the Townsville Trough,
enhancing flexural and compaction drape in the early post-breakup sediments. At this time,
partially restricted shallow-marine conditions probably existed in the trough, with paralic to
shallow-shelf environments on the trough margins. In post-middle Eocene time, slow
regional subsidence during the post-breakup sag phase of continental margin development
resulted in shallow-marine conditions being established on the Queensland and Marion
plateaus, although parts of both these features were probably still emergent until at least the
end of the Eocene. During the middle to late Eocene, the Townsville Trough received
neritic to deep-water high- and low-energy deposits, which probably consisted mainly of
terrigenous and calcareous turbidites. During the early Oligocene a widespread
unconformity resulted from the initiation of a significant equatorial circulation pattern over
the subsiding margin and basins, as reflected by a widespread unconformity (Taylor and
Falvey, 1977). In post-early Oligocene times, as a consequence of subsidence, pelagic
ﬁ' turbidites, and slump deposits became the major components of trough

mentation. '

Carbonate Platforms

The Great Barrier Reef

The major geological characteristics of the Great Barrier Reef are summarized in
schematic form in Figure 4. In the northern Great Barrier Reef and Gulf of Papua, the
occurrence of sul ace regefs are well documented by seismic data and drill holes
(Tanner, 1969; Tallis, 1975). Miocene reefs occur in the subsurface of the Gulf of Papua _
and Pliocene reefs and Miocene limestones containing algal rhodoliths occur at:the-northern™ -
end of the Great Barrier Reef (Marshall, 1983) in Anchor Cay 1. Seismic data acquired by
BMR (Davies et al., 1989) in the northern area confirm both the presence of buried reefs
and the existence of a thick reef section. Our seismic data indicate that a major reef
structure occurs in the continental-slope sequence on the western margin of the Pandora
Trough between Portlock and Boot Reefs. The data show that these modern reefs are
constructed on a more extensive Miocene and Pliocene reef complex as thick as 1.5 km.
Therefore, in the northern Great Barrier Reef and Gulf of Papua, seismic and drill-hole data
indicate that a reef sequence of varying thickness and age started to develop in the Miocene.

On the outer continental shelf of the central Great Barrier Reef region, the 250-300-m-
thick reef complex (Fig. 5) is composed of a series of reef slices separated by low-sea-level-
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generated unconformities (Davies, 1983; Symonds et al., 1983). The reef complex forms
only the uppermost part of a thick outer-shelf sequence that is dominated by prograding
fluviodeltaic and onlapping slope sediments overlying a rifted basement (Symonds et al.,
1983). The reef thickness and a tie to DSDP Site 209 in the Coral Sea indicate a probable
Pliocene age for initiation of reef growth in this region. A borehole on Michaelmas Cay
(Fig. 3) shows 100 m of (?)Pliocene-Pleistocene reef facies overlying siliciclastic
sediments.

The boreholes on Heron Island and Wreck Bay (Fig. 3) at the southern end of the
Great Barrier Reef show that less than 150 m of overlies guartzsmd,andthatreef
g;%\gh began in the Pliocene-Pleistocene (Lloyd, 1973; Palmieri, 1971,1974; Chaproniere
1 A

The principal conclusions derived from studies of the Great Barrier Reef carbonate
platform are that the reef sequence thins dramatically and the age of initial reef growth
becomes younger from nm: to south, The Great Barrier Reef is a mixed carbonate-
siliciclastic province, with reefs forming a discontinuous wedge largely enclosed within
terrigenous fluviodeltaic deposits.

Queensland Plateau

The Queensland Plateau (Fig. 2) is the largest marginal plateau of the Australian
continental margin, extending over an area of about 154,000 km2. It is one of the largest

- features of its type in the world and is approximately the same size as the Bahama Platform. .

Approximately half of the plateau surface lies above the 1,000 m isobath, with living reef
systems at or near t sea level forming 10% to 15% of the surface. The largest
modern reef complexes are Tregrosse and Lihou reefs, lying along the southern margin of
the plateau (Fig. 1). Both these complexes are nearly 100 km long from east to west and
50 to 25 km wide, respectively, from north to south. The other major areas of modern reef
growth are the Coringa, Willis, and Diana complexes, which are aligned north to south in
the center of the plateau, and the large isolated pinnacles of Flinders, Holmes,
Bougainville, and Osprey reefs, which lie along the western margin of the plateau (Fig. 1).
In addition, drowned reefs have been reported at least 25 different locations (Taylor,
1977; Mutter, 1977; Mutter and Kamer, 1980; Davies et al., 1989). Away from reef areas,
the plateau surface is generally smooth and slopes northward. A distinct terrace at
approximately 450 to 500 m depths occurs between Willis and Diana reefs, and also
between Tregrosse, Lihou, and Coringa reefs.

The major characteristics of the Queensland Plateau carbonate platform, as deduced
from analysis of extensive air-gun and sparker seismic data combined with sampling data,
are summarized on schematic sections across the plateau (Fig. 6). The ages of the
stratigraphic sequences visible on the seismic data have been deduced by correlation with
DSDP Site 209 (Burns et al., 1973), located on the northeastern margin of the plateau.

Basement on the Queensland Plateau is represented by a series of fault blocks,
composed probably of Paleozoic rocks, which form a basement surface that dips northeast
toward the Coral Sea Basin (Mutter, 1977; Taylor, 1977). Basement beneath the western
one-third of the plateau is progressively downfaulted toward the Queensland Trough (Fig.
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6). South of Tregrosse and Lihou reefs, the basement surface slopes gently south toward
the northern boundary fault of the Townsville Trough. Large parts of the basement surface
were exposed and planated during the Cretaceous-Oligocene. From the early Eocene, this
surface was progressively submerged and overlain, first by shallow-marine siliciclastic
sediments and then by deeper water pelagic sediments (Burns et al., 1973). A period of

.. nondeposition or submarine erosion occurred from the late Eocene until the late Oligocene
-+ The sedimentary sequence reflects constant gradual subsidence until the late Miocene, -

. followed by an increased subsidence rate until the present. ‘ :

Along the western margin of the Queensland Plateau, steep-sided pinnacles 1-2 km
across rise from depths of as much as 1,200 m to within 10 m of sea level. Dredged
samples indicate that the flanks of these features are composed of reefal framework
containing Miocene-Pliocene larger foraminifers (Davies et al., 1989). Seismic data show
that at least some of these pinnacles have developed on the raised comners of fault blocks.

In addition to the carbonate buildups on the plateau margins noted earlier, seismic
data indicate that a thick carbonate-platform sequence was deposited on the central part of
the plateau. At least two phases of separate but superi reef and periplatform facies
(QR1 and QR2; Fig. 6) form the core of the carbonate platforms. Dredge samples from
this complex on the southern slope of the Queensland Plateau between 1,000 and 1,300 m
depth consist of middle Miocene to Pliocene reefal material (Davies et al., 1989). The
presence of shallow-water sediments at these depths confirms that there has been unusually
rapid subsidence of the plateau since the middle Miocene. The deeper water areas between
reef complexes are the sites of hemipelagic sedimentation.

A terrace that occurs at 450 to 500 m depths represents the end of QR2 reef growth
(Fig. 6). A third, more restricted phase of reef growth (QR3) developed on this surface,” -
--with associated periplatform sedimentation in front of the reef. This reefal platform grew to
sea level, and, as a result of relative sea-level rise, now forms another terrace at
approximately 50 m depth.

The most recent reef complexes (QR4) developed on the 50-m terrace and are even
more restricted than previous phases. Descriptions of the modem coral faunas (Orme,
1977) suggest that the modern reefs are oceanic equivalents of high-energy reefs present in
the Great Barrier Reef. It is therefore likely that throughout their evolution, the different
phases of Queensland Plateau reef development have all been products of high-energy
oceanic conditions as a result of their exposed oceanic location.

Marion Plateau

Little detailed subsurface structure and facies distribution information exists for the
Marion Plateau (Mutter and Karner, 1980). The plateau is bounded on three sides by rifts:
the Cato Trough to the east, the Townsville Trough to the north, and a series of -south-

-oriented, narrow half-grabens that separate the plateau from the continent to,the west (Fail%. B
'6). During the Tertiary, siliciclastic shelf sediments prograded eastward across thesé half-
grabens and onto the western Marion Plateau. The most northern of these half-grabens

- to join the confluence of the Townsville and Queensland troughs. Therefore, the

Marion Plateau formed a separate marginal plateau during the early Tertiary. To the south,
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the Marion Plateau is from the Capricorn Basin by a northwest-trending basement
ridge (the Swains Reef High; see Fig. 2). '

The basement beneath the Marion Plateau is a planated surface that dips gently toward
the northeast. The only disruption to this surface occurs in the northeast corner of the
plateau, where a basement high forms the pedestal on which Marion Reef developed.

“Basement beneath the plateau margins is steeply downfaulted into the troughs to the north
and east. The slope sequences on the northemn and eastern margins of the plateau are both
onlapping and progradational. Small reef complexes overlie some of these progradational
sequences along the northern margin.

The basement surface was completely transgressed during the (?)early Miocene,
resulting in development of an extensive carbonate glatform (MRI; see Fig. 6). The top of
ﬁﬁsﬂplatform presently lies at 450 to 500 m depth. Shelf-edge barrier reefs (Fig. 6) and
platform reefs separated by lagoons and interreef areas (Fig. 6) can be identified over the
northwestern two-thirds of the platform. Barrier reefs formed a distinct rimmed margin
only along the northern edge of the plateau. The second phase of platform development
(MR2) was more restricted and was confined to the southern one-third of the platean. This
phase was initiated at a level considerably below the top of the earlier phase. The top of the
MR2 platform presently lies at 350 to 400 m below sea level. The third phase of reef
growth on the Marion Plateau (MR3) is represented by small platform areas that have

wn on the 350- to 400-m surface. Toward the southern Marion Plateau, part of the
t Barrier Reef overlies the third phase of carbonate platform growth. The final, very
restricted, phase of growth on the Marion Plateau (MR4) is represented by Marion and
Saumarez reefs. Therefore, the successive phases of carbonate platform growth have been
progressively more restricted in area (Fig. 6).

At present, the top of the Marion Plateau is swept by moderately strong currents with
the result that, away from the areas of modern reef growth, only thin hemipelagic
sediments are accumulating in restricted areas.

Subsidence

Quantitative subsidence data have been derived from geohistory analysis (Van Hinte,
1978; Falvey and Deighton, 1982) of Anchor Cay 1, DSDP Site 209, Capricorn 1A, and
Aquarius 1 gFig. 7). The subsidence data from these wells indicate that northeast Australia
has not subsided wholly as a result of uniform post-rift thermal cooling, but that
subsidence pulses have occurred at different times.

' The pre-Eocene portion of the subsidence curve for Anchor Cay 1, at the northern
end of the Great Barrier Reef (Fig. 6) , is not reproduced here, as it is difficult to ascertain
how much section has been removed at the major unconformity (Fig. 7A). The accelerated
subsidence of S0 m/m.y. that affected this region in the Miocene (25-5 Ma) increased to
140 m/m.y. in the Pliocene (Fig. 7A).
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DSDP Site 209 ides the only source of quantitative subsidence data for the
Queensland Plateau. subsidence history of the plateau at this site was characterized by
progressively increased rates of subsidence (Fig. 7B). An initial slow rate (20 m/m.y.)
was succeeded by a markedly increased rate (40 m/m.y.) after the middle Miocene (11 Ma).

' 'The geohistory curves for Aquarius 1 (Fig. 7C) and Capricorn 1A‘show similar ‘-
-subsidence patterns. A Cretaceous to mid-Oligocene (88-30 Ma) slow subsidence phase -
(20 m/m.y.) was succeeded by increased subsidence (75 m/m.y.) until the middle Miocene
(11 Ma). Decreased subsidence followed by uplift during the late Miocene and early
ll:l];occnc was succeeded by a final increased subsidence pulse (75 m/m.y.) from the mid-
ocene.

Plate Motion and Paleoclimate/Paleoceanography

H t (Duncan, 1981; Wellman, 1983) and magnetostratigraphic studies (Idnurm,
1985, 1986) provide a reconstruction of Indian-Australian Plate movement through the
Cenozoic. These studies show that since the end of the Eocene, when northeast Australia
was located between 20°S and 44°S, the region has moved almost directly northward to its
present location between 9°S and 24°S. On this basis the Cenozoic paleolatitudes for the
northeast Australia region may be determined (Fig. 8). This latitudinal motion would have
resulted in profound climatic changes along the east Australian shelf, particularly because
plate movement was essentially normal to developing climatic zones. Since surface-water
temperatures are critical to carbonate-platform development, we have examined data
primarily derived from geochemical and petrographic analyses of DSDP cores from the
western Pacific and produced a synthesis describing Cenozoic surface-water temperature
variability for the northeast Australian region (Fig. 9). This oceanic surface-water
temperature curve for northeast Australia allows us to draw the following conclusions:

1. Temperatures in the earliest middle Eocene were briefly warm enough for coral
reef growth. Corroboration is provided by the identification of early middle
Eocene larger foraminifers from the northwestern margin of the Queensland
Plateau (Chaproniere, 1984), indicating sea surface temperatures of 18°-27°C
(Murray, 1973).

2 '};Epemunsﬁ'omthclatcmiddle&omcwﬂmnﬁddle early Miocene were not
ucive to tropical carbonate-platform development. Climates at paleolatitudes
of 23°-46"S were probably temperate or cool temperate, and accordingly there
would have been no significant coral reef growth.

3. During the early Miocene, the northeast Australia region was bathed in surface
waters marginal for supporting coral reefs (i.e., probably comparable to those off
northern New South Wales and southern Queensland today). While some reef
growth may have been possible in the extreme north, it is most likely that prolific
growth throughout much of the northern region began with the initiation of
tropical climatic conditions in the early middle Miocene.

4. The late Miocene climatic cooling would have prevented extensive reef growth in
the southern part of the region, situated near the subtropical/tropical climatic

boundary.
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5. During the Pliocene, temperatures suitable for reef growth extended into the
southern parts of the northeast Australian province.

The paleoclimatic and m]:oceanogmphic data substantiate and refine the major
conclusions deduced from plate-motion studies. The consequences of this interpretation
~ are that the Great Barrier Reef tropical shelf carbonate facies are thinner and younger to the -
- 'south and overlie temperate facies (Davies et al., 1987); that reefs grew first in the north, -
gobably within the developing foreland basin; that this early reef growth was closely
llowed by reef growth on the Queensland and Marion plateaus; and that reefal
development occurred later in the central and southern Great Barrier Reef. Facies
diachroneity must be a fundamental factor in platform evolution where plate motion has
produced movement either toward or away from the tropics.

The above conclusions can be tested by a comparison of present-day facies variations
along the east Australian margin with the vertical facies sequence observed in cores from
the Gulf of Papua. The present-day sediment distribution on the east Australian outer
continental shelf is composed of three distinct facies (Marshall and Davies, 1978), which
contain a clear climate-related signature:

1. Tropical carbonate and clastic sediments, dominated by coral and Halimeda
debris, north of 24°S.

2. Subtropical rhodolith/encrusting foraminifer/bryozoan facies between 24°S and
chS'S. uﬁtl;&i&herms dominated by this association occurring over large parts of
€ outer .

3. Temperate, branching bryozoan/foraminifer/mollusc facies south of 28°S.

A similar facies sequence occurs vertically in the Borabi No. 1 drill hole (Fig. 3) in
the Gulf of Papua (Fig. 1). This sequence shows the development from a temperate open
shelf in the Eocene and Oligocene, to a subtropical shallow outer shelf in the early
Miocene, to a tropical reef-dominated shelf in the middle Miocene, and finally to a
fluvioclastic-dominated shelf in the Pliocene. The vertical carbonate facies variations
mirror those that occur laterally on the present-day shelf and that are clearly climate related.
Horizontal plate motion, with its attendant climatic and oceanographic effects, has therefore
glxergi 8% )fundamental control on the sedimentary evolution of northeast Australia (Davies et

Further refinements arise from a consideration of local physical and chemical
oceanographic factors. The sive development of the east Australian current would
have intensified from the early-middle Miocene (15-20 Ma), as the northern edge of the
Australian craton began to disrupt the strong equatorial current flow (Kennett et al., 1985).
Continuing northward plate motion, the elevation of New Guinea, and the closure of the
east Indonesian seaway in the late Miocene would have further restricted westerly current
flow and caused diversion of warm tropical waters to the south into the northeast Australia
region.
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Sea-Level Variation

The effects of sea-level variation on carbonate-platform development have been
established by detailed analysis of the nature and distribution of siliciclastic and carbonate
facies on the central Great Barrier Reef shelf.

High-sea-level deposition on the central Great Barrier Reef shelf occurred either as
progradation of prodeltaic sediments on the inner shelf, primarily concentrated on wave- -
dominated deltas; or as aggradation of the middle to outer shelf as a result of reef growth
and inter-reef sedimentation (Fig. 10A). Reef facies reflect both the high physical energy
of the system and the transgressive/stillstand history of the Quaternary sea-level rises
(Marshall and Davies, 1982, 1984; Davies, 1983; Davies and Hopley, 1983; Davies et al.,
1985). The reefs are composite features, composed of stacked reef facies that grew as a
consequence of successive high-sea-level growth phases, separated by unconformities
representing low-sea-level erosion. The high physical energy of the reef environment
restricted reef expansion to the leeward or backreef direction.

In the inter-reef areas on the middle to outer shelf, high-sea-level platform
aggradation is represented by bioherms (Davies and Marshall, 1985), biostromes, and a
sediment blanket of varying thickness (from <1 to 10 m) deposited on the previously
exposed shelf surface. This sediment blanket is composed of a lower, terrigenous (mud-
and quartz-rich; carbonate-poor), transgressive facies, and an upper, carbonate-rich (less
mud; little quartz), stillstand facies (based on studies in progress). At the present time,

_ after 10,000 yr of transgression and stillstand, there has been little high-sea-level )
progradation of coastal terrigenous facies onto the inner shelf. It seems likely that the
terrigenous/carbonate facies couplet that occurs over wide areas of the middle to outer shelf
is probably representative of high-sea-level sedimentation on the Great Barrier Reef
platform throughout most of the Pliocene-Pleistocene. '

Low-sea-level sedimentation occurred both as aggradation of fluvial sediments on the
middle to outer shelf (Fig. 10B), and as progradational shelf-edge deltas composed of
terrigenous sand and sandy mud beneath the outer shelf and upper slope (Fig. 5).

Periods of rising and high sea level in the central Great Barrier Reef were therefore
characterized by both reefal and inter-reef carbonate deposition, with restriction of
siliciclastic deposition largely to the inner shelf. In contrast, periods of falling and low sea
level were characterized by fluvial or shallow-marine siliciclastic deposition, with
siliciclastic progradation on the present upper slope. The marginal plateaus are essentially
isolated from terrigenous input, and accordingly their facies response to sea-level variation
must have been different. Although high-sea-level periods in these areas are also marked
by carbonate aggradation, low-sea-level periods are characterized by unconformities
representing exposure of the previous reef surfaces. This response to sea-level variation
can be used to interpret the evolutionary history of the Cenozoic sequences on the marginal
plateaus by attributing unconformities within the carbonate platforms to low-sea-level
episodes, and reef sequences to periods of high sea level. In the absence of a specific
Cenozoic sea-level curve for northeast Australia, the global sea-level curve proposed by
‘Haq and others (1987) can be used. On this basis, episodes of reef growth during the early

‘middle Miocene (QR1, MR1 -- see Fig. 6), the tmdgj e to late Miocene (QR2, MR2), the
Pliocene-Pleistocene (QR3, MR3), and the Quaternary (QR4, MR4) are separated by
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unconformities mprcseum} erosion during the late middie Miocene (1-2), latest Miocene (2-
3), and the Quaternary (3-4).

LEG 133 CRUISE OBJECTIVES
- Scientific drilling off the northeast Australian margin has two primary objectives:

1. To define the sedimentary response to global sea-level changes in the Late
Cenozoic and Quaternary. Two approaches will be applied through the study of
shelf- in progradational/onlap sequences and marginal-plateau reef
stratigraphy. Along the margins of the Great Barrier Reef, low-sea-level, shelf-
edge, deltaic, siliciclastic progradative and middle and top-of-slope fans alternate
with high-sea-level onlapping sequences and are overlain by high- and low-sea-
level aggradational couplets correlated to periods of reef growth. These
sedimentary sequences are cleaﬂa{ visible on seismic sections and drilling will

ide the ground truth essential for testing the major tenets of the global sea-
evel hypothesis. Sites on the upper slope close to the margin hinge will define a
shallow-water sea-level signal, whereas those on the lower slope and in the
Queensland Trough will define the related shelf-to-basin stratigraphy and deep-
water sea-level signature.

Sites proposed for the Queensland and Marion plateaus will drill into Miocene
- and Pliocene reefs, which grew in oceanic situations. An absolute gustatic sea-
*level fall of 150-200 m in the middle to late Miocene has recently been defined
from these reefs (Pigram et al., submitted).

2. To define the influence of paleochemistry, paleoclimate, and paleoceanography on
the initiation, growth, and demise of carbonate platforms, and the effect of
shifting from temperate to tropical latitudes (or vice versa) as a result of plate
motion, on the biological and lithological facies types (the "Darwin Point"; Grigg
and Epp, 1989) in an environment analogous to the Jurassic eastern margin of the
U.S.A. These objectives are best achieved in pure carbonates where the climatic
and oceanographic signatures are w&. Sites are proposed on the
Queensland and Marion plateaus aimed at the Neogene and Pliocene-Pleistocene
reefal and periplatform sequences. Sites in the adjacent troughs will define the
ﬁtﬁnship of facies to climate and oceanography throughout the late Paleogene

eogene.

In addition to the primary objectives, the drill sites have been chosen (1) to define the
slope-to-basin variations on both sides of a rift basin in order to evaluate facies and
stratigraphic models of passive-margin evolution; and (2) to define the diagenetic history of

contrasting mixed carbonate/siliciclastic and Elure carbonate in an environment
unde:s;tc;r;wd with respect to aragonite and high-magnesium calcite at relatively shallow
water S.

- Drill sites have been located along two transects: one oriented east-west across the . .
?;)eensland Trough (Fig. 11) and the other north-south across the Townsville Trough (Fig.
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Queensland Trough Transect

The schematic section in Figure 11 is based on a series of tied east-west seismic
profiles that extend across the Queensland Trough from the Great Barrier slope to the
western flank of the Queensland Plateau. The section illustrates the general structural style
of the trough and its margins. Shallow (1.7 s TWT) planated basement tilt blocks occur
beneath the western Queensland Plateau (CDP 200-1100) and are bounded by relatively
steep, wwt:l;l{ dipping rotational normal faults. Half grabens formed by these blocks
contain easm! dipping 7Upper Cretaceous syn-rift sections up to about 800 m thick. The
tilt blocks, and in some places the syn-rift section, were during the formation of the
Paleocene "breakup" unconformity, which corresponds to the commencement of seafloor
spreading in the Coral Sea Basin to the northeast. Beneath the eastern flank of the
Queensland Trough (CDP 1400-1700), the dip of the faults bounding the tilt blocks
switches to the east, and the corresponding syn- and pre-rift sections dip to the west.
Complex faulting beneath the eastern part of the trough (CDP 1700-2000) may be related to
wrenching and indicates that su'ike-sli]g;amvemt probably played an important part in the
develcgment of the trough. A large planated basement block in the center of the trough
(CDP 2000-2300) appears to be bounded by a major near-vertical fault on its eastern flank
and a series of smaller high-angle normal faults on its western flank that progressively
down-step basement to the west. This high can be identified on seismic data both north
and south along the strike of the trough. West of this high, sediment thickness could be as
much as 3000 m. In the center of the trough (CDP 2600-2900) another major half
containing ?Cretaceous pre- and syn-rift sections occurs at a depth of 3.1 s TWT. Both
this section and the underlying basement tilt block are planated by the Paleocene "breakup”
unconformity. The western flank of the high is formed by a complex vertical fault system.
Another planated basement high occurs beneath the western flank of the trough (CDP 3600-
3800) at a depth of 2.9 s TWT, and is bounded by high-angle faults. A broad anticline
formed by flexural and compaction drape over this block extends to quite high levels (upper
Miocene) within the section. The thickest sedimentary section within the trough occurs
beneath its western flank, where it may be over 4000 m thick.

Pre-Oligocene mounds or buildups occur on the flanks of highs beneath the western
part of the Queensland Trough, and are draped by the overlying Oligocene and upper
Miocene section. Similar buildups also occur on basement highs on the western margin of
the Queensland Plateau between sed Sites NEA-6 and -8. A major lower middle
Miocene buildup occurs on top of the large basement high in the center of the trough (CDP
2000-2300), associated with a substantial debris apron extending westward into the deeper
part of the trough. There is a marked change in depositional style across the upper middle
Miocene unconformity from essentially conformable sequences to onlapping basin-fill
sequences. On the western flank of the trough the Pliocene-Pleistocene section displays
strong downlapping character and thins eastward. The thickest part of this section occurs
in the prograding wedge beneath the slope of the Great Barrier Reef at Sites NEA-1 to -3.

.* - .The relatively thin Miocene and younger section covering the western Queensland -
- ‘Plateau (Site NEA-8) thins dramatically westward. The complexiz of the sequence ™ - -,
stratigraphy in the vicinity of Site NEA-6 is apparently a result of the interaction between
trough and plateau depositional processes.
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Townsville Trough Transect

Most of the schematic section in Figure 12 is based on two tied seismic profiles that
extend across the Townsville Trough from the Queensland Plateau in the north to the
Marion Plateau in the south. The northernmost part of the section in the vicinity of Site

~+NEA-10A is entirely schematic, and is based on aoombmauonofsc:snncproﬁlcs. The i,

- section illustrates the general structural style of the Townsville Trough laces Sites s
NEA-10A, -11, -13, and -14 within a regional structural and strnugraphm ignmcwu'k.

The northern margin of the Townsville Trough is underlain by a relatively flat

"basement" platform, which exhibits small-throw, down-to-the-north normal faults beneath
the southern Queensland Plateau. In places, southward-dipping reflectors occur within the
"basement" platform and may nt Paleozoic metasediments or pre-rift Mesozoic
section. On this section the so edge of the latform is basically a hinged margin that
dips into the Townsville 'I‘mugh and is associated only with minor down-to-basin faulting
(time 269.2100-2200). Large tilt blocks, some with eroded and planated corners, occur
beneath the main depocenter of the trough, which lsabout70kmw1dc Beneath the
northern part of the trough a large tilt block up to 12 km across (time 269.2150-2330) is
bounded by several relatively steep northward-dipping rotational normal faults. The half
graben to the south of this block contains a southward-dip plgg TUpper Cretaceous syn-rift
section up to about 1500 m thick. A switch in the direction of faulting occurs about a

complex fault zone (transfer fault/accommodation zone) beneath the oenta' of the trough

(umc 269.2330-2340). Fault blocks to the south of this zone are bounded by southward-
dipping normal faults, and this style extends beneath the northern flank of the Marion
Plateau. Thus on this schematic section the southern margin of the Townsville Troughis: -
also a hinged or dip-slope margin formed by northward-tilted "basement” blocks bounded
by southward-dipping rotational normal faults. The ?Upper Cretaceous syn-rift section is
considerably thicker beneath the southern part of the trough - up to 3000 m (1.6 s TWT)
thick. Broad anticlines related to flexural and compaction over tilt blocks, and the
edges of the bounding "basement” platforms, particularly on the Queensland Plateau side,
can in places extend to quite high levels (lower Miocene) within the section (e.g., time
269.2150-2230).

The sedimentary fill within the Townsville Trough can be broadly divided into three
main units: (1) an ?Upper Cretaceous syn-rift section, Whlch is restricted to the half
grabens (as described above); (2) a Paleocene-Eocene tEcast section, which
generally onlaps the syn-rift section and the flanks of the bounding "basement" platforms;
and (3) an ugycr Oligocene to Holocene section, which covers both the trough and the
adjacent platforms. The Paleocene-Eocene section is basically a basin-fill unit, which has a
relatively uniform, conformable reflection character throughout the trough. It can be up to
about 2000 m thick beneath the center of the trough. The overlying ?upper Oligocene to
Holocene unit is much more variable in reflection character, both across the trough and up
through the section. In the center of the trough, where it can be up to 2000 m thick, this
unit commonly contains chaotic, mounded, and channeled facies, particularly toward its .
~'base, suggesting that along-tmugh depositional processes have been important during post-
late Oligocene time. A possible lower Miocene shelf edge is evident beneath the southern
_ part of the Townsville Trough (day 270 194.26), and the top of the main shelf edge
sequence to nd to the base of the "debris" facies in front of the carbonate
platform at Site NEA-14. t is, the carbonate platform beneath the northern Marion
Plateau (~ CDP 24 on section) appears to have built up on the inner edge of a lower
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Miocene shelf. The post-platform facies in this area have a prominent downlapping
character and may correspond to a late Miocene-Pliocene period of current-controlled
contourite deposition. An apparently older (late Oligocene-early Miocene) of
carbonate platform development is evident th the southern slope of the Queensland
Plateau on the northern flank of the Townsville Trough (time 269.1740-1840), and Site
NEA-11 should intersect the distal facies shed into the trough in front of this platform. ‘On.
the schematic section, the southern edge of the oldest part of the carbonate platform that -
forms the base to the modern Tregrosse reefal platform is shown. The back-platform facies
cast of the western edge of a younger portion of this platform will be drilled at Site NEA-
i%\ This is illustrated conceptionally on the northern end of the schematic profile (Fig.

SITE OBJECTIVES
NEA-1
To determine the composition and origin of the most landward of the prograding and
:hggge.ding units beneath the upper slope terrace, and to define the sea-level signal within
NEA-2
To determine the composition and origin of the prograding and aggrading units

beneath the outer part of the upper slope. This hole, in conjunction with NEA-1, will
calibrate the abrupt seismic facies variations evident on the seismic lines.

NEA-3

To determine the nature of the most distal portions of the progradational and
aggradational units beneath the upper slope terrace. To determine the age and origin of the
eight seismic sequences at this site. This hole, in conjunction with NEA-1 and NEA-2,
will allow the investigation of a complete shelf-margin series of prograding units.
NEA-4

To define and evaluate the rc&atipnship between lower slope carbonate/siliciclastic fan
facies and the more proximal facies found at Sites NEA-1 to NEA-3, and to relate that to
the sea-level signature extracted from Sites NEA-1 to -3.
NEA-§

To obtain a complete basinal section for paleoceanographic history and to correlate
‘basin-fill response between the continental margin and the Queensland Plateau. - -

NEA-6

. To understand slope pmcesscsm an exclusivelg carbonate system and to determine
the age of the reef platform and timing of the onset of pelagic sedimentation. To determine
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the sea level, oounomuc and climatic control in the Pliocene-Pleistocene periplatform
sediments shedding the western margin of the Queensland Plateau.

NEA-8

'S .~To sample the periplatform sequence and to determine the sea level and climatic , )
sugnalsforoompansonmth&tes -1 to NEA-3. To determine the timing and mode of
origin of the uppermost reef horizons.

NEA-9A

To determine the composition and origin of the slope units immediately seaward of
the Neogene carbonates of the southern margin of the Queensland Plateau. To compare the
history and processes operative on the mixed carbonate/siliciclastic continental margin sites.

NEA-10A/1 and -10A/2

To determine the origin of platfonn—t? carbonates, the history of drowning, and the
paleoclimatic signal in the overlying periplatform ooze.

NEA-11

To obtain stratigraphic and age data to tie event stratigraphy in the Townsville
Trough. Furthermore, to obtain paleoclimatic data on the change from temperate to tropical
climates as Australia drifted north in the Neogene. To determine the age and origin of
carbonate deposition on the Queensland Plateau.

NEA-13

To determine the nature and age of the buildups on the northern edge of the Marion
Plateau, the minimum position and timing of the middle Miocene sea-level fall, and to
determine the cause(s) of demise of these buildups.

NEA-14

To establish the composition and age of the forereef, the downlapping and onlapping
sediments that overlie the platform, and to establish the cause and timing of the demise of
the platform. To establish the Eglueoclimatic history and the facies response to climatic
variation and the initiation of boundary-current activity. To determine the composition and
age of the pre-reef sediments.

DRILLING PLAN

o Sites als:lpxr)oved by the JOIDES Pollution Prevention and Safety Panel for drillingon ... ..
Leg 133 are shown in Tables 1 and 2. The site occupation schedule is shown in Table 3.

This schedule is designed noting (1) the need to drill the platform sequences before the

‘basin sequence in the Townsville Trough, and (2) the logistical advantage of coring the

western slope of the Queenslnnd Tmugh at the end of the cruise, thus reducing the transit

time to Townsville.
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Leg 133 is scheduled to depart from Guam on 10 Au st 1990 ions
will begin on 16 August at NEA-8. From there the ship 1, -
10A/2, -13, -14, -11, -6, -5, -4, -1, -2, and -3 (see Table 3). In aooo:danoe wnth JOIDES
policy, logging (i.e., 'the standard Schlumbergcr logs plus the formation microscanner, or
FMS) is cmenﬂ);glanned for all sites drilled >400 mbsf; in addition, selected logs will be
run at other sites of interest. Vertical seismic profiles (VSP) are scheduled for Sites NEA-2
and -11, and the wireline packer will be run at Sites NEA-10A/1 and -10A/2 (and possibly
also at Site NEA- 13). However, this program may need to be revised if more vertical
seismic profiling is considered necessary, drilling difficulties are encountered, and/or
additional water samples are required. In addition, a prototype of the Vibra Percussive
Corer (VPC) system, currently under development by the ODP Engineering and Drilling
Operations Department, will also be tested at one or more sites. The ship will arrive in
Townsville on October 11.

REFERENCES

Brown, D. A., Campbell, K. W., and Crook, K.A.W., 1968. The geological evolution of
Australia and New Zealand: Sydney (Pergamon Press).

Burns, R. E., Andrews, J. E,, et al., 1973. Init. Repts. DSDP, 21: Washington (U.S.
Govt. Printing Office).

Chaproniere, G.C.H., 1984. Oligocene and Miocene larger Foraminiferida from Australia
and New Zealand. Bull. Bur. Miner. Resour.. Aust., 188.

Davies, P. J., 1983. Reef growth. In Barnes, D. J. (Ed.), Perspectives on Coral Reefs:
Canberra (Australian Institute of Marine Sciences, Brian Clouston), 69-106.

Davies, P. J., and Hopley, D., 1983. Growth fabrics and growth rates of Holocene reefs
in the Great Barrier Reef. BMR J. Aust. Geol. Geophys., 8:237-251.

Davies, P. J., and Marshall, J. F., 1985. Morphology of Halimeda Banks. Proc. Sth
mmmmmmmm,m 5:1-8.

Davies, P. J., Marshall, J. F., and Hopley, D., 1985. Reef growth in relation to sea-level
rise. Proc, 5th Internat, Coral Reef Symp., Tahiti, 3:95-103.

Davies, P. J., Symonds, P. A., Feary, D. A,, and Pigram, C. J., 1987. Horizontal plate
g;osn?nmAll;e&)aﬂocychc factor in the evolution of the Great Barrier Reef. Science,

1989. The evolution of the carbonate platforms of northeast Australia. Soc.
Econ. Paleontol. Mineral., Spec. Publ., 44:233-258.

Duncan, R. A., 1981. Hotspots in the southern oceans -- an absolute frame of reference
for motion ot' the Gondwana oontmcnts In Solomon. S C Van der Voo, R., and

Chinnery, M. A. (Eds.), Quantitat
Tectonophysics, 74: 29-42,




Leg 133
Prospectus
Page 21

Edwards A.R., 1975. Southwest Pacific Cainozoic paleogeography and an integrated
sﬁ:lw paleocu'culatlon model. In Andrews, J. E., et al., Init. Repts. DSDP, 30:
gton (U.S. Govt. Printing Office), 667-684.

}':‘.11csm»n(.l:fl5 K., 1976. Capricorn Basin. InLeshe.R B., Evans.H. J andeght.C
Petroleutn). Australas, Insti, Mining and Metallurgy Monogr., 7:464-473. -

Ewing, J. L, Houtz, R. E., and Ludwig, W. J., 1970. Sediment distribution in the Coral
ea. .L_G_mhxa._ma., 75:1963-1972.

Fa:rgglg ‘(5)'-50 lW.. 1950. Recent and Pleistocene coralteefs of Australia. J. Geol.,

Falveé. D. A., 1972. The nature and origin of marginal plateaus and adjacent ocean basins
off Northern Australia [Ph.D. thesis]. Univ. New South Wales.

Falvey, D. A., and Deighton, 1., 1982. Recent advances in burial and thermal geohistory
analysis. APEA J., 22: 65-81.

Feary, D. A., Davies, P. J., Pigram, C. J., and Symonds, P. A., in press. Climatic
evolution and control on carbonate platform deposits in northeast Australia. Global and

Planet. Change.

Grigg, R. W., and Eapml) 1989. Critical depth for the survival of Coral Islands: effects
on the Hawaiian Archipelago. Science, 243:638-641.

Haq, B. U., Hardenbol, J., and Vail, P. R., 1987. Chronology of fluctuating sea levels
since the Triassic. S_ggnm. 235:1156-1166.

Hill, D., and Denmead, A. K. (Eds.), 1960. The geology of Queensland. J. Geol. Soc.
Australia, 7.

Idnurm, M., 1985. Late Mesozoic and Cenozoic palacomagnetism of Australia -- II.

Imphcauonsfor geomagnetism and true polar wander. Geophys. J. Roy. Astronom.
Soc., 83:419-433,

—, 1986. Late Mesozoic and Cenozoic palacomagnetism of Australia -- IIL. Bias-
corrected pole paths for Australia, Antarctica and India. Geophys. J. Roy. Astronom.
Soc., 86:277-287.

Kennett, J. P., et al., 1972. Australian-Antarctic continental drift, paleocirculation changes
and Ohgocenc deep-sea erosion. Nature, Physical Sciences, 239:51-55.

Kennett, J. P., Keller, G., and Srinivasan, M. S., 1985. Miocene planktonic forammlfeml
bxogeogmphyand eoceanographlc developmentofﬂaelnd g’amﬁc
Kennett, J. P. (Ed.), The Miocen an: raleoce :)
Mem. Geol. Soc. Ama' 163:197- 236




Leg 133

Prospectus
Page 22

Lloyd, A. R., 1973. Foraminifera of the Great Barrier Reef bores. In Jones, O. A., and
Endean, R. (Eds.), Bi (Vol. 1, Geol.): Academic
Press (New York), 347-366.

Marshall, J. F., 1977. Marine geology of the Capricorn Channel area. Bull. Bur, Min.
Res.. Aust., 163.

1983. The Pleistocene foundations of the Great Barrier Reef. In Baker, J. T.,
Carter, R. M., Sammarco, P. W., and Stark, K. P. (Eds.),
Bamm'_Rg_:f_ant. Townsville (James Cook University Press), 123-128.

Marshall, J. F., and Davies, P. J., 1978. Skeletal carbonate variation on the continental
shelf of eastern Australia. BMR J. Aust. Geol. Geophys., 3:85-92.

—,1982. Internal structure and Holocene evolution of One Tree Reef, southern
Great Barrier Reef: Coral Reefs, 1:21-28.

, 1984. Last interglacial reef growth beneath modern reefs in the southern Great
Barrier Reef. Nature, 307:44-46.

Murray, J. W., 1973,
(Heinemann).

Mutter, J. C., 1977. The Queensland Plateau. Bull. Bur. Min. Res.. Aust., 179.

Mutter, J. C., and Karner, G. D., 1980. The continental in off northeast Australia.
InHendcrson. R. A, and Stephenson, P. J. (Eds.), m&amm%gmm
N_thgas_tgm_.&um Brisbane (Geol. Soc. Aust., Queensland Div.), 47

Orme, G. R., 1977. The Coral Sea Plateau -- a major reef province. In Jones, O. A., and

Endean, R. (Eds.), Biology and Geology of Coral Reefs (Vol. 4): New York
(Academm Press), 267-306.

Packham, G. H., 1973. A speculative Pham:rozmc lnstory of the southwest Pacific. In
Coleman, P. J (Ed.), The Western Pa and At : al dea
thgmﬂ. Perth (Univ. Western Austraha Press), 369 3 : 7

Palmieri, V., 1971. Tertiary sublsé:rface biostratigraphy of the Capricorn Basin. Geol.
Survey Queensland Repts., 18.

1974. Correlation and environmental trends of the subsurface Tertiary
Capricorn Basin: Geol, Surv. Queensland Repts., 86.

Pigram, C. J., Davies, P. J., Feary, D., and Symonds, P. A., submitted. Absolute
magmmde of Miocene sea level fallfromthecarbonatcplatfamson the Marion
Plateau, Northeast Australia. Bull. AAPG.

-Symonds, P. A., Davies, P. J., and Parisi, A., 1983. Structure and stratigraphy of the --
central Great Barrier Reef. BMR J. Aust. Geol. Geophys., 8:277-291.




Leg 133
Prospectus
Page 23

'I‘nllés(i N. B., 1975. Development of the Tertiary offshore Papua Basin. APEA J., 15:55-
'I_‘annef‘. J.J., 1969. The ancestral Great Barrier Reef in the Gulf of Papua: U. N.
Economic Commission for Asia and the Far East. Mmmm:’ﬁm 41:283.

Taylor, L.W.H., 1977. The western Coral Sea: sedimentation and tectonics [Ph.D. -
dissert.]. University of Sydney.

Taylor, L.W.H., and Falvey, D. A., 1977. Queensland Plateau and Coral Sea Basin:
strangraphy. structure and tectonics. APEA J., 17:13-29.

Van Hinte, J. E., 1978. Geohistory analysis -- %icatidn of micropaleontology in
exploration geology. Bull. AAPG, 62:201-222.

Wellman, P., 1983. Hotspot volcanism in Australia and New Zealand: Cainozoic and mid-
Mesozoic. Tectonophysics, 96:225-243.

Willmott, W. F., Whitaker, W. G., Palfreyman, W. D., and Trail, D. S., 1973. Igneous
and mcmmorphxc rocks of Cape York Peninsula and Torres Strait. Bnll._BuL_M.Lm

Res.. Aust., 135.



Leg 133
Prospectus
Page 24

FIGURE CAPTIONS

Figure 1. Locality map showing the main bathymetric features of the northeast Australian
margin and the proposed Leg 133 drill sites. Bathymetry in meters.

Figure 2. Map showing the major structural features offshore of northeast Australia. The
location of exploration and other drill holes are shown as follows: BB = Borabi; P = Pasca;
AC = Anchor Cay; M = Michaelmas Cay; AQ = Aquarius-1; CP = Capricom-1A; W =
Wreck Island-1; H = Heron Island. Bathymetry in meters.

Figure 3. Summary lithostratigraphic logs from drill holes shown in Figure 2. A. Gulf of
Papua. B. Great Barrier Reef. C. Queensland Plateau. D. Capricorn Basin.

Figure 4. Schematic section showing the generalized structure and sedimentary geometry of
the Great Barrier Reef provinces. Note that MR 1 and MR2 refer to different phases of reef
growth beneath the Marion Plateau as shown in Figure 5. A. Northern province. B.
Central province. C. Southern province.

Figure 5. Carbonate-terrigenous facies geometry on the upper slope and outer shelf of the
central Great Barrier Reef. A. Sparker seismic record in the vicinity of Sites NEA-1 to -4
showing a submerged reef at the seabed (R) and siliciclastic prograding units (P2-P4). B.
Aquapulse seismic section showing the position of the outer shelf sequences, particularly

the two lower prograding units P1 and P2, with respect to underlying basement.

Figure 6. Schematic sections showing generalized structure and sedimentary sequences.
QR1 to QR4 and MR1 to MR4 denote phases of carbonate platform growth on the
Queensland and Marion plateaus. Symbols and legend as for Figure 4. A. Eastern Plateau.
B, C. Queensland Plateau. D, E. Marion Plateau.

Figure 7. Geohistory plots for wells in the northeast Australian region. Location of drill
holes is shown in Figure 2; summary logs appear in Figure 3. A. Anchor Cay-1 (northern
Great Barrier Reef). B. DSDP Site 209 (Queensland Plateau). C. Aquarius 1A (southern
Great Barrier Reef region).

Figure 8. Projected latitudinal movement of the northeast Australian region through the
Cenozoic, based on h t and paleomagnetic data. The northern bo corresponds to
Anchor Cay (latitude 9°30'S), and the southern boundary to Heron Island (latitude 24°S).

Figure 9. Envelope of surface-water temperature variation for the Great Barrier Reef region
throughout the Cenozoic, obtained from oxygen isotope data. M1 through M4 represent
stages of carbonate platform growth on the Marion Plateau (Feary et al., in press).

Figure 10. Schematic sections illustrating sea-level control on the structural and
sedimentary geometry of the shelf facies along the slope of the Great Barrier Reef in the
vicinity of Sites NEA-1 to -3. Note the predominance of siliciclastics in the low-sea-level
situation. A. High sea level. B. Low sea level.
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Figure 11. Schematic transect across the Queensland Trough compiled from BMR lines
75/037, 75/038, 75/039, 75/040, 75/041, and 75/042. :

Figure 12. Schematic transect across the Townsville Trough compiled from BMR lines
50/002, 75/007, 75/027, and 75/057.
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TABLE 1
LEG 133 DRILL SITES
Water Total
depth  penetration Time estimate (days)

Site Location (m) (mbsf) Drilling Logging Total

NEA-1 16°38.6'S 206 400 1.8 0.5 23
146°17.3'E

NEA-2 16°38.3'S 272 400 22 1.2 3.4
146°18.3'E

NEA-3 16°37.3'S 555 400 20 0.5 2.5
146°19.6E

NEA-4 16°25.3'S 960 400 24 1.1 3.5
146°12.7E

NEA-5 16°36.96'S 1638 1011 1.7 1.5 92
146°47.07E

NEA-6 16°26.7'S 1000 390 3.1 1.0 4.1
147°45.8'E

NEA-8 16°31.1'S 934 400 29 1.0 39
148°09.4'E

NEA-9Aa 18°03.7'S 739 500 35 1.1 4.6
150°02.6'E

NEA-10A/1  17°48.8'S 455 300 24 1.2 3.6
149°36.3'E

NEA-10A/2  17°50.0'S * 505 500 3.1 14 4.5
149°30.9°E

NEA-11 18°09.5'S 1005 700 54 14 6.8
149°45.5'E

NEA-13 19°12.0'S 426 250 22 0.7 29
150°00.6'E

- NEA-14 19°09.0'S 456 400 2.8 0.9 37

149°59.5°E

aNote that Site NEA-9A is of secondary priority and is not included in the drilling

schedule shown in Table 3.
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SITE LOCATIONS ON SITE SURVEY SEISMIC LINES
(APPROVED BY POLLUTION PREVENTION AND SAFETY PANEL)

Site Line/Part  CDP TD
NEA-1 43 L* 6391 400 mbsf
43 T 10107
NEA-2 43 g+ 5429 400 mbsf
43 T 10244
NEA-3 43 T* 10445 400 mbsf
NEA-4 45P1 A * 463 400 mbsf
46 Q 2380
NEA-4 (alt)  45P2E * 1084 400 mbsf
46 Q 2322

NEA-5 41 A 468
41 K* 5865 1011mbsf1
NEA-6 30 A * 798 390 mbsf2
39 C 2853
NEA-8 37 C* 3062 400 mbsf
NEA-9A 50 I* 3668 500 mbsf
50 M 5572
NEA-10A/1 57 C 1647
57 G* 4068 300 mbsf
NEA-10A2 57 1% 5802 500 mbsf
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NEA-11 30 E* 1235 700 mbsf
30 K 2235

NEA-13 27T A * 312 250 mbsf
27 M 4848

NEA-14 27 C 1028
27 Q* 6630 400 mbsf

Note: Asterisks (*) indicate site positions recorded as approved
in the minutes of the JOIDES Pollution Prevention and Safety
Panel (PPSP).

1Cleared by PPSP to 1100 mbsf.
2Cleared by PPSP to 400 mbsf.
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" TABLE3
LEG 133 - NORTHEAST AUSTRALIA
PROPOSED SITE OCCUPATION SCHEDULE
DATE TIME ON STATION TRANSIT
Leg 133 departs Guam - 10 August 1990
Transit Guam to NEA-8 6.5 days
Start drilling NEA-8: 16 August 3.9 days
Transit to NEA-10A/1: 20 August 0.5 days
Start drilling NEA-10A/1: 20 August 3.6 days
Start drilling NEA-10A/2: 24 August 4.5 days
Transit to NEA-13: 28 August 0.5 days
Start drilling NEA-13: 29 August 2.9 days
Start drilling NEA-14: 1 September 3.7 days
Transit to NEA-11: 4 September 0.5 days
Start drilling NEA-11: 5 September 6.8 days
Transit to NEA-6: 10 September 0.5 days
Start drilling NEA-6: 11 September 4.1 days
Transit to NEA-5: 15 September 0.75 days
Start drilling NEA-5: 16 September 9.2 days
Transit to NEA-4: 25 September 0.25 days
Start drilling NEA-4: 25 September 3.5 days
Transit to NEA-1: 29 September 0.5 days
Start drilling NEA-1: 29 September 2.3 days
Start drilling NEA-2: 3 October 3.4 days
Start drilling NEA-3: 7 October 2.5 days
Transit to Townsville 10 October 1.5 days
Arrive Townsville 11 October

Note: Transit times assume ship speed of 10 knots.
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SITE: NEA-1 PRIORITY: 1
POSITION: 16°38.6'S JURISDICTION: Australia
146°17.3E
WATER DEPTH: 206 m SEDIMENT THICKNESS: >2s TWT

PROPOSED DRILLING PROGRAM: APC/XCB to 400 mbsf (oriented cores).

?{I;:{(S}gﬂc RECORD: BMR Line 75/043 (part L), CDP 6391; Line 75/043 (part T), CDP

LOGGING: Limited standard Schlumberger suite.

OBJECTIVES: :

1. To determine the age and facies of the most proximal portions of the aggradational
and progradational units immediately in front of the present day Great Barrier Reef.

2. To determine the relationship between sea level and depositional facies in order to
extract the sea-level signature.

3. To determine the timing and factors controlling the initiation of reef growth on the
central Great Barrier Reef.

4. To understand the factors controlling the transition from progradative to aggradative
depositional geometries.

NATURE OF SEDIMENTS/ROCKS ANTICIPATED:
Pliocene-Quaternary siliciclastic and carbonate sediment (0-234 mbsf)
uppermost Miocene to Pliocene siliciclastic sediment (234-400 mbsf)
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SITE: NEA-2 PRIORITY: 1
POSITION: 16°38.3'S JURISDICTION: Australia
146°18.3'E
WATER DEPTH: 272 m SEDIMENT THICKNESS: >2 s TWT

PROPOSED DRILLING PROGRAM: APC/XCB to 400 mbsf (oriented cores); one water
sample (WSTP) every 100 m.

SEISMIC RECORD: BMR line 75/043 (part J), CDP 5429; Line 75/043 (part T), CDP
10244.

LOGGING: Standard Schlumberger suite; vertical seismic profile (VSP).

OBJECTIVES:

1. To determine the age and facies of the central portions of the aggradational and
progradational units immediately in front of the present-day Great Barrier Reef.

2. To determine the relationship between sea level and depositional facies in order to
extract the sea-level signature.

3. To determine the timing and factors controlling the initiation of reef growth on the
central Great Barrier Reef.

4. To understand the factors controlling the transition from progradative to aggradative
depositional geometries.

NATURE OF SEDIMENTS/ROCKS ANTICIPATED:
Pliocene-Quaternary interbedded siliciclastic/carbonate sediment (0-233 mbsf)
uppermost Miocene to Pliocene siliciclastic sediment (233-400 mbsf)
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SITE: NEA-3 ‘ PRIORITY: 1
POSITION: 16°37.3'S JURISDICTION: Australia
146°19.6'E
WATER DEPTH: 555 m SEDIMENT THICKNESS: >2 s TWT

PROPOSED DRILLING PROGRAM: APC/XCB to 400 m (oriented cores).
SEISMIC RECORD: BMR line 75/043 (part T), CDP 10445.
LOGGING: Limited standard Schlumberger suite.

OBJECTIVES:

1. To determine the age and facies of the most distal portions of the progradational units
in front of the present-day Great Barrier Reef.

2. To determine the relationship between sea level and depositional facies in order to
extract the sea-level signature.

3. To determine the timing and factors controlling the initiation of reef growth on the
central Great Barrier Reef.

4. To determine the nature of the deeper water condensed section equivalent to the
aggradational package deposited closer to shore.

NATURE OF SEDIMENT/ROCKS ANTICIPATED:
uppermost Pliocene-Quaternary interbedded siliciclastic and carbonate sediment with
slumps present (0-186 mbsf)
Pliocene siliciclastic sediment (186-326 mbsf)
uppermost Miocene to Pliocene siliciclastic mud (326-400 mbsf)
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SITE: NEA-4 PRIORITY: 1
POSITION: 16°25.3'S JURISDICTION: Australia
 146°12.7E |
WATER DEPTH: 960 m ‘ v SEDIMENT THICKNESS: >2 s TWT

PROPOSED DRILLING PROGRAM: APC/XCB to 400 mbsf (oriented cores); one water
sample (WSTP) every 100 m.

* SEISMIC RECORD: BMR line 75/045 Part 1 (part A), CDP 463; adjacent line 75/046 (part
Q), CDP 2380.

LOGGING: Standard Schlumberger suite.

OBJECTIVES:
1. To determine the age and facies of a lower slope fan in front of the present-day Great
Barrier Reef. -
2. By comparison with Sites NEA-1 to -3, to determine the sea-level signature
ed in lower slope facies.
3. To examine fan processes on the lower slope in a mixed siliciclastic/carbonate
depositional system.
NATURE OF SEDIMENTS/ROCKS ANTICIPATED:
Miocene-Quaternary interbedded siliciclastic and carbonate sands and muds
(0-400 mbsf)
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SITE: NEA-4 (alternate) PRIORITY: 2

POSITION: 16°25.6'S JURISDICTION: Australia
146°12.6'E

WATER DEPTH: 917 m SEDIMENT THICKNESS: >2 s TWT

PROPOSED DRILLING PROGRAM: APC/XCB to 400 mbsf (oriented cores); one water
sample (WSTP) every 100 m.

gl;:_)lghgngECORD: BMR line 75/045 Part 2 (part E), CDP 1084; line 75/046 (part Q),

LOGGING: Standard Schlumberger suite.

OBJECTIVES:

1. To determine the age and facies of a lower slope fan in front of the present-day Great
Barrier Reef.

2. By comparison with Sites NEA-1 to -3, to determine the sea-level signature
preserved in lower slope facies.

3. To examine fan processes on the lower slope in a mixed siliciclastic/carbonate
depositional system.

NATURE OF SEDIMENTS/ROCKS ANTICIPATED:
_ uppc(mnost Mios%cne-Quanunary interbedded siliciclastic and carbonate sands and muds
0-400 mb



GRAPHIC SUMMARY: SITE NEA 4 sed
edim.
K Depth Yelocily
Refleclors m) Age (km/sec) L ithalogy Palecenvironment Rate Comments
carbonate mud both coarser channel
lates! Pliocene 156 | drapedover pelagic ooze over 43 | deposits and fine
to Qualernary siliciclastic & lower slope fan grained 'levee’
carbonale sand lo deposits m/my | deposits should be
mud represenled
[113]
siliciclaslic & 35
Pliocene 1.56 carbonale sand o lower slope fan m/my
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1.86 L , 35
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mud
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SITE: NEA-5 PRIORITY: 1

POSITION: 16°36.96'S JURISDICTION: Australia
146°47.07E

WATER DEPTH: 1638 m SEDIMENT THICKNESS: >4 s TWT

PROPOSED DRILLING PROGRAM: First APC to 100 mbsf (oriented cores); second
APC/XCB to 400 mbsf; RCB from 400 to 1011 mbsf .

§§6I§MIC RECORD: BMR line 75/041 (part A), CDP 468; line 75/041 (part K), CDP

LOGGING: Standard Schlumberger suite.

OBIJECTIVES:

1. To derive the age and facies of basinal sediments.

2. To derive a sea-level signature in a deep-basin setting, and to relate this signature to
that obtained from a shelf-margin setting at Sites NEA-1 to -4.

3. To derive a high-resolution paleoceanographic record reflecting Late Cenozoic
climatic variation.

NATURE OF SEDIMENT/ROCKS ANTICIPATED:
middle Miocene to Holocene interbedded siliciclastic and carbonate pelagic sands and
muds (0-785 mbsf)
lower Miocene shallow-marine siliciclastic and carbonate sandstone and mudstone (785-
869 mbsf)
Oligocene to lower Miocene shallow-marine siliciclastic sandstone and mudstone (869-
1011 mbsf)



GRAPHIC SUMMARY: SITE NEA S ol
Velocily '

Age (km/sec) Lithology Palecenvironment Rate Comments
Pliocene o mixed siliciclaslic pelagic 34 _
Recent 1.6 and carbonale sand deep trough fill

and mud m/my
11112]
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and carbonate sand interaction of laleral
and mud m/my | @nd longitude supply
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Early Miocene 2.8 carbonale sandslone shallow mar ine
& mudslone m/my
0[,?69} ; siliciclastic 20
gocene 10 2.85 sandslone and shallow marine

Early Miocene m/my

mudslone
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SITE: NEA-6 PRIORITY: 1

POSITION: 16°26.7'S JURISDICTION: Australia
147°45.8'E

WATER DEPTH: 1000 m SEDIMENT THICKNESS: 365 m

PFI;OfPOSED DRILLING PROGRAM: APC/XCB to 266 mbsf; RCB from 266 to 390
mbsf.

g]BEgMIC RECORD: BMR line 75/039 (part A), CDP 798; line 75/039 (part C), CDP

LOGGING: Standard Schlumberger suite.

OBJECTIVES:

1. To determine the age and facies of upper slope deposits adjacent to a plateau-margin
reefal buildup.

2. To determine the paleoceanographic and paleoclimatic signal within a periplatform
system.

3. To understand slope processes in an exclusively carbonate depositional system.

4. To determine the composition and age of basement.

NATURE OF SEDIMENT/ROCKS ANTICIPATED:
Quaternary current-winnowed carbonate sand and mud (0-62 mbsf)
middle Miocene-Pliocene periplatform sands and muds, probably with a gravel
component and possibly containing gaps (62-266 mbsf)
uppermost Oligocene to lower Miocene carbonate sands and gravels in a debris apron
(266-365 mbsf)
Paleozoic(?) metasedimentary detritus (365-390 mbsf)



GRAPHIC SUMMARY: SITE NEA 6 Sedim.

epth Velocity
Reflﬁgnnrs 2 m) Age (km/sec) Lithology Paleoenvironment Rate Comments
currenl winnowed pelagic 21.0
Quater nary 1.55 | carbonate sand : 2contourite
and mud plaleau slope m/my
Aol nlerbedded ‘
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SITE: NEA-8 PRIORITY: 1

POSITION: 16°31.1'S JURISDICTION: Australia
148°9.4E

WATER DEPTH: 934 m SEDIMENT THICKNESS: 399 m

PROPOSED DRILLING PROGRAM: APC/XCB to 400 mbsf (oriented cores).
SEISMIC RECORD: BMR line 75/037 (part C), CDP 3062.
LOGGING: Standard Schlumberger suite.

OBJECTIVES:

1. To determine the age and facies of periplatform deposits adjacent to a plateau-margin
reefal buildup.

2. To determine the sea level, paleoceanographic, and paleoclimatic signal within a
periplatform system.

3. To understand plateau processes in an exclusively carbonate depositional system.

4. To determine the composition and age of basement.

NATURE OF SEDIMENT/ROCK ANTICIPATED:
uppermost Oligocene to Quaternary periplatform sands and muds, possibly with some
minor gravel beds (0-399 mbsf)
Paleozoic(?) metasedimentary detritus (399-400 mbsf)



GRAPHIC SUMMARY: SITE NEA 8

Sedim,
Ker Depth Yelocity
Refleclors m) Age (km/sec) Lithology Paleoenvironment Rate Comments
pelagic 21.0
Pliocene lo 1.55 sand and mud
Recenl plaleau ouler margin m/my | periplalform sedimenls
[62]
latesl Miocene | sand and mud as above 8
1 to Pliocene .6 m/my periplalform sedimenls
[138]
20 _
CaleMioesng 1.7 T periplalform sedimenls
sand and mud
[240) sand and mud with -
Middle Miocene | 1.8 gravel beds and
; m/my
possible hardgrounds
[292]
lalest 5
Oligocene to 2.0 gravel, sand and
Early Miocene mud m/my
[74P0(IJ] . low grade
£HSIA00Z010 metasediment basement
500
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SITE: NEA-9A PRIORITY: 2

POSITION: 18°03.7'S JURISDICTION: Australia
150°02.6'E

WATER DEPTH: 739 m SEDIMENT THICKNESS: 1100 m

PII{)OPOSED DRILLING PROGRAM: APC/XCB to 265 mbsf; RCB from 265 to 500
mbsf.

gg.‘;gMIC RECORD: BMR line 75/059 (part I), CDP 3668; line 75/059 (part M), CDP

LOGGING: Standard Schlumberger suite.

OBJECTIVES:

1. To determine the age and facies of periplatform and fore-reef sequences on the
margin of a carbonate platform complex.

2. To determine the late Miocene to Holocene paleoceanographic signal in the
periplatform ooze.

3. To establish the relationship between sea level fluctuations and bank-derived
carbonate facies.

4. To determine the late Cenozoic carbonate saturation history within the region?

5. To analyze the "backstepping" history of the shallow carbonate banks of the
Queensland Plateau.

6. To determine the diagenetic signal contained within periplatform sediments; in
particular, to establish the stability regimes of high-magnesium calcite and aragonite within
the platform-margin environment.

NATURE OF SEDIMENT/ROCK ANTICIPATED:
Pliocene to Holocene periplatform ooze (0-265 mbsf)
Miocene rudstone, wackestone, and packstone, fining upward (265-500 mbsf)
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SITE: NEA-10A /1 PRIORITY: 1

POSITION: 17°48.8'S JURISDICTION: Australia
149°36.3E

WATER DEPTH: 455 m SEDIMENT THICKNESS: 1500 m

PROPOSED DRILLING PROGRAM: APC/XCB to 200 mbsf; RCB from 200 to 300
mbsf; possible wireline packer.

igﬁlgMIC RECORD: BMR line 75/057 (part C), CDP 1647; line 75/057 (part G), CDP

LOGGING: Limited standard Schlumberger suite.

OBJECTIVES:

1. To determine the age and facies of periplatform and reef sequences toward the
margin of a carbonate platform complex.

2. To determine the Oligocene to Holocene paleoceanographic and paleoclimatic signal
in the reef and periplatform sequences.

3. To analyze the "backstepping" history of the shallow carbonate banks of the
Queensland Plateau. =

4. To establish the relationship between sea-level fluctuations and bank-derived
carbonate facies.

5. To determine the late Cenozoic carbonate saturation history within the region.

6. To determine the diagenetic signal contained within periplatform sediments; in
particular, to establish the stability regimes of high-magnesium calcite and aragonite within
the platform-margin environment.

NATURE OF SEDIMENT/ROCKS ANTICIPATED:
uppermost Miocene to Holocene periplatform ooze (0-64 mbsf)
upper Miocene carbonate gravel, sand, and mud (64-120 mbsf)
lower Miocene grainstone, packstone, and wackestone (120-300 mbsf)
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SITE: NEA-10A/2 : PRIORITY: 1
POSITION: 17°50.0'S JURISDICTION: Australia
149°30.9°E
WATER DEPTH: 505 m _ SEDIMENT THICKNESS: >1500 m

PROPOSED DRILLING PROGRAM: APC/XCB to 120 mbsf (oriented cores); RCB from
120 to 500 mbsf; possible wireline packer.

SEISMIC RECORD: BMR line 75/057 (part I), CDP 5802.
LOGGING: Standard Schlumberger suite. '

OBJECTIVES:

1. To determine the age and facies ofpmplatt‘ormandroefscquencesmwardthc
margin of a carbonate platform complex.

2. To determine the Oligocene to Holocene paleoceanographic and paleoclimatic signal
in the reef and periplatform sequences.

3.To analm the "backstepping" history of the shallow carbonate banks of the

4 To establish the relationship between sea-level ﬂuctuauons and bank-derived
carbonate facies.
5. To determine the late Cenozoic carbonate saturation history within the region.
6. To determine the diagenetic signal contained within periplatform sediments; in
, 10 establish the stability regimes of h:gh-magnesmm calcite and aragonite within
the platform-margin environment.

NATURE OF SEDIMENT/ROCKS ANTICIPATED:
Pliocene to Holocene periplatform ocoze (0-81 mbsf)
upperMiocenccarbonate gravel, sand, and mud (81-188 mbsf)
lower Miocene grainstone, packstone, and wackestone (188-500 mbsf)
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- SITE: NEA-11 ' PRIORITY: 1
- POSITION: 18°09.5'S JURISDICTION: Australia
149°45.5'E
WATER DEPTH: 1005 m SEDIMENT THICKNESS: 1500 m

PROPOSED DRILLING PROGRAM: First APC to 2&1 mbsf (oriented cores); APC/XCB
to 405 mbsf; RCB from 405 to 700 mbsf.

2S]23§§MICRECORD BMR line 75/030 (part E), CDP 1235 line 75/030 (part K), CDP

LOGGING: Standard Schlumberger suite; vertical seismic profile (VSP).

OBJECTIVES:

1. To determine the age and facies of a lower slope scquenccadjaccnttotthuoensland
- Plateau.
2. To understand the interaction between carbonate-platform-margin-dominated
. processes (€.g., sediment gravity flows) and trough pelagic and contourite-dominated
depositional processes, particularly as a function of sea level. -

3. To derive a high-resolution paleoceanographic record reflecting late Cenozoic
climatic variation.

NATURE OF SEDIMENT/ROCKS ANTICIPATED:
upper Miocene to Holocene periplatform gravel, sand, and mud (0405 mbsf)
lower to middle Miocene platform-debris-apron rudstone, wackestone, and packstone
(405-681 mbsf)
Oligocene(?) to lower Miocene shallow-marine siliciclastic sandstone and mudstone,
possibly with wackestone interbeds toward the top (681-700 mbsf)
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SITE: NEA-13 : PRIORITY: 1
POSITION: 19°12.0'S JURISDICTION: Australia
150° 0.6'E
WATER DEPTH: 426 m SEDIMENT THICKNESS: 2500 m

PROPOSED DRILLING PROGRAM: APC/XCB to 110 mbsf; RCB from 110 to 250
mbsf; possible wireline packer.

SEISMIC RECORD: BMR line 75/027 (part A), CDP 312; line 75/027 (part M), CDP
4848.

LOGGING: No logging currently planned.

OBJECTIVES:

1. Determine the minimum position and timing of the middle Miocene eustatic
highstand.

2. Determine the nature and age of two phases of carbonate platform growth, thereby
defining the paleoclimatic and paleoceanographic regimes at two times during the Neogene.

3. Determine the cause and timing of the demise of two phases of carbonate platform
accretion, as a key to understanding the controls on carbonate platform development.

4. Determine the nature and age of the sequence overlying the carbonate platforms, in
order to understand the paleoclimatic and paleoceanographic regime at a time when
carbonate platform facies were not deposited.

NATURE OF SEDIMENT/ROCK ANTICIPATED:
Pliocene/Pleistocene current-winnowed periplatform sediment (0-110 mbsf)
upper(?) Miocene to Pliocene in-situ and detrital carbonate mound facies, probably
warm subtropical to tropical (110-135 mbsf)
Major unconformity
uppertl)ot\_)ver to lower middle Miocene subtropical carbonate mound facies (135-250
mbs
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SITE: NEA-14 PRIORITY: 1

POSITION: 19°9.0'S JURISDICTION: Australia
149°59.5'E

WATER DEPTH: 456 m SEDIMENT THICKNESS: 2500 m

PROPOSED DRILLING PROGRAM: First APC to 55 mbsf (oriented cores); APC/XCB
to 295 mbsf; RCB from 295 to 400 mbsf.

gg?)MIC RECORD: BMR line 75/027 (part C), CDP 1028; line 75/027 (part Q), CDP

LOGGING: Standard Schlumberger suite.

OBJECTIVES:

1. Determine the cause and timing of the demise of the oldest phase of carbonate
platform accretion, as a key to understanding the controls on carbonate platform
development.

2. Determine the nature and age of the periplatform sequence deposited throughout
much of the Neogene, both during and between periods of carbonate platform growth. This
sequence will contain a record of the paleoclimatic and paleoceanographic factors
controlling carbonate platform development from the upper lower Miocene, including the
transition from subtropical to tropical climates.

NATURE OF SEDIMENT/ROCKS ANTICIPATED:
Pliocene-Pleistocene periplatform ooze (0-55 mbsf)
uppermost(?) Miocene to Pliocene periplatform sediment (55-295 mbsf)
Major unconformity
lower Miocene subtropical carbonate platform detritus (295-400 mbsf)



GRAPHIC SUMMARY: SITE NEA 14 '
Sedim.

Ke Depth Yalocily
Rsflecrors o m) Age (km/sec) Lithology Paleoenvironment Rale Comments
T3 : ;
P liocene to 1.60 mud/ooze pelagic - 27.5
Recent plaleau ouler marqgin m/my
0 o]
S TR AR H [SS]
- = '/
g " (101]
- H3
"™ b 2 g epoprgr Ve
"-L';':'.' 'm; “5‘_;;‘:::":’ Lale Miocene 1.80 mudstone/ lop of slope - 2;}.5 downlapping /
ik wackeslone adjacenl lo carbonate Ay onlapping
and platform margin contourile
[178] package
Pliocene
[295)
rudslone/ carbonale plalform
. debri ]
Early Miocene 2.50 wackeslone/ el
packstone

L8 obeq



SITE NEA 14
MIGRATED STACK

LINE 75/027

PART C

88 obed

“—HORIZON 1

HORIZON 3 ==

HORIZON 7

HORIZON 9

— HORIZON 12 L AN AN T

TS PART | PART O PART K PART H 1 1l km 1
I | I [ [
cop S8 1008 1108 lElEIB 13'50 1400 1 S‘BB IGIBB copP
DOOD. HHMH 257.II 110 257.}1 B 25?.|1 130 257.11149 257.‘1 158 2‘57.l1209 DOD. HHHH
“m NORTH - SOUTH e
Site NEA-14
Pty i3 S N At M e WATER BOTTOM
o ? B A b whe B AL A e —— e =~ i
: AN AN A atd £ we AW pARSIRLETE — B e —— e =
WATER BOTTOM i e Y — = = e —— e HORIZON 1|
— o el — = — e A e et

- 2 —_— HORIZON 15

——— [IORIZON 14

— iy
-

'—. (R




Leg 133
Page 89

SCIENTIFIC PARTICIPANTS
OCEAN DRILLING PROGRAM LEG 133

Co-Chief Scientist:

Staff Scientist/Sedimentologist:

Sedimentologist:

Sedimentologist:

Sedimentologist:

Sedimentologist:

Peter J. Davies

ggouinu t):t'&'Mizwfalll Rt;soume
Geophysics

P.O.ongx'S‘Is i

Canberra, 2601

Ausj:alia

Judith A. McKenzie
Geological Institute, ETH
Zentiem 8092

Zurich, Switzerland

Amanda Palmer Julson

(l)%n Drilling Program

Texas A&M Umv Rcsearch Park
College Station, Texas 77845-9547

Thomas C. Brachert

Institut fiir Paléontologie
Loewenichstrasse 28

D-8520 Erlangen

Federal Republic of Germany

Dix
t. of Geology
Univ. of British Columbia
6339 Stores Rd.
Vancouver, British Columbia
V6T 2B4
Canada

Dept. of Geology & Geophysi
L. ogy YSICS
Rice University

P.O. Box 1892
Houston, Texas 77251

David A. Feary

Bureau of Mineral Resources
GPO Box 378

Canberra 2601

Australia



Leg 133
Prospectus
Page 90

Sedimentologist:

Sedimentologist:

Sedimentologist:

Sedimentologist:

-Sedimentologist:

Sedimentologist:

Sedimentologist:

Craig R. Glenn

Dy bf omawﬁl Geophysi
t. 0, ySICS

gggoluln, Hawgayii 96822

Kenji Konishi

of Earth Sciences
Faculty of Science
1-1 Marunouchi
Kanazawa, Ishikawa, 920
Japan

José Manuel Martin
to de Estratigrafia
Y Paleontologia
LLA.GM. Univ. Granada-C.S.I.C.
Campus de Fuentenueva s.n.
18002 Granada

Spain

Lucien F. Montaggioni

Centre de Séd. et Paléontologie
Université de Provence

Place Victor Hugo

13331 Marseille Cedex 3
France

Daniel Miiller

ETH Ziirich
Geologisches Institut
ETH - Zentrum
CH-8092 Zurich
Switzerland

Christopher J. Pigram
Ausm;?l’;n National University
Geology D t

P.O. Box 1

Canberra, ACT 2601
Australia

Keith F. Watts

University of Alaska
Dept. of Geol. & Geophysics
Fairbanks, Alaska 99775



Paleontologist (foraminifers):

Paleontologist (foraminifers):

Paleontologist (foraminifers)
Paleontologist (nannofossils):

Paleontologist (nannofossils):

Paleomagnetist:

Paleomagnetist:

Physical Properties Specialist:

Leg 133
" Page 91

Christian G. Betzler
Institut und Museum fiir
und Paliiontologie
Si tr. 10
D-7400 Tiibingen
Federal Republic of Germany

University of Edi
Grant Institute of Geo.
's Bldgs., West Mains Road
EH.‘S 3w Edmbm‘gh
United Kingdom

TO BE NAMED

]S:;)la:fan o?a:mcr "
Oceanography

Tcxas A&M University

College Stauon, Texas 77843

Wuchang Wei
The Florida State University

Tﬁahgssee,olglgn?glao

Donald F. McNeil
RxsenstielSchoolofMaﬂneand
Division of Marine Geology &

Geoguckenbacka Causeway

" Miami, Florida 33149-1098

%hmz of CathSan Cruz
niversity ta
Earth Sciences

Santa Cruz, California 95064

Min-Pen Chen
Inst. of Oceanography
National Taiwan mversity
Taipei 10764
Taiwan
Republic of China



Leg 133
Page 92

Physical Properties Specialist:

Inorganic Geochemist:

Inorganic Geochemist:

Organic Geochemist/Petroleum Geologist:

Geophysicist:

Logging Scientist: |
LDGO Logging Scientist:
LDGO Wireline Packer Specialist:

Schlumberger Engineer:

John Ladd

Ocean Drilling Program

National Science Foundation
1800 G Street, N.-W., Room 609
Washington, D.C. 20550

Alexandra Isern

University of Rhode Island
gmdumSchgolomemphy
arra tt Bay Campus

N ganml:t.R!z’odlslslam:l
02882-1197

Peter K. Swart

University of Miami, RSMAS
Marine Geology and Geophysics
Miami, Florida 33149

Jean-Pierre Crumiére
Laboratoire de Sédimentologie
Université Claude Bernard
27-43 Bd du 11 Novembre

F 69622 Villeurbanne

France

Philip A. Symonds

Bureau of Mineral Resources
G.P.O. Box 878 '
Canberra A.C.T. 2601
Australia

Peter D. Jackson

British Geological Survey
K:irtwonh. Nottingham
United Kingdom

Richard D. Jarrard
Lamont-Doherty Geological

Observatory
Palisades, New York 10964

Erich Scholz
Lamont-Doherty Geological
Palisades, New York 10964
Steve Kittredge
Schlumberger Corpus Christi

1745 North Padre Island Drive
Corpus Christi, Texas 78408 -



Leg 133

Prospectus
Page 93
Operations Superintendent: Eugene Pollard
0 D .l]l
1000 Di Dnv! e

Texas A&M Univ. Research Park
College Station, Texas 77845-9547

Visiting Development Engineer: Jack Pheasant

OoeanDnl]mg Dlﬁm

Te.xas A&M Univ. Research Park
College Station, Texas 77845-9547

Laboratory Officer: Burney Hamlin
Ocean Dirilling P
1000 Di Drive
Texas A&M Univ, Research Park
College Station, Texas 77845-9547

Asst. Lab. Officer: Joe Powers
000 Discovery Dngvc
Tacas A&M Univ. Research Park
College Station, Texas 77845-9547

Curatorial Representative: Gretchen Hampt
Ocean Drilling Program
1000 Di Drive
Texas A&M Univ. Research Park
College Station, Texas 77845-9547

Computer System Manager: Edwin Garrett
0 Drilling
1000 Discovery Drive
Texas A&M Univ. Research Park
College Station, Texas 77845-9547

- Yeoperson: Jo Claesgens
1000 Di - Dri '
scovery Drive
Texas A&M Univ. Research Park
College Station, Texas 77845-9547

Photographer: John Tenison
Ocean Drilling
1000 Discovery Drive
Texas A&M Univ. Research Park
College Station, Texas 77845-9547



Leg 133
Page 94

Chemistry Technician:

Chemistry Technician:

Electronics Technician:

Electronics Technician:

Electronics Technician:

Marine Technician:

Marine Technician:

Marine Technician:

Scott Chaﬁey

Ocean Drilling

1000 Di Pﬁ.zg:m

Texas A&M Univ, Research Park
College Station, Texas 77845-9547

Valerie Clark

Ocean Drilling Program

1000 Di Drive

Texas A&M Univ. Research Park
College Station, Texas 77845-9547

Roger Ball

Ocean Drilling Program

1000 Discovery Drive

Texas A&M Univ. Research Park
College Station, Texas 77845-9547

Jim Briggs

Ocean Drilling

1000 Di Drive

Texas A&M Univ. Research Park
College Station, Texas 77845-9547

. David Erickson

0 Drilling
1000 Di Drive

Texas A&M Univ. Research Park
College Station, Texas 77845-9547

Daniel Bontempo

Ocean Drilling

1000 Discovery Drive

Texas A&M Univ. Research Park
College Station, Texas 77845-9547

Joe De Morret

Ocean Drilling

1000 Discovery Drive

Texas A&M Univ. Research Park
College Station, Texas 77845-9547

Kazushi "Kuro" Kuroki

?&%nmbdlling E“ive

Texas A&M Univ. Research Park
College Station, Texas 77845-9547



Maine Technician:

Marine Technician:

Marine Technician:

Marine Technician:

133
Prol;;gecms
Page 95

0 Drilling

1000 Discovery Drive

Texas A&M Univ. Research Park
College Station, Texas 77845-9547

Frank Peerdeman

Bureau of Mineral Resources
Geology & Geophysics

P.O. Box 378

Canberra, 2601

Australia

Joan Pe:ry )
1000 - Drxw:.i
Texas A&M Univ. Research Park

College Station, Texas 77845-9547

Ahmet Tandircioglu

Ocean Drilling ng:am

1000 Di Drive

Texas A&M Univ. Research Park
College Station, Texas 77845-9547






