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ABSTRACT

New seismic refl ection profi les have been 
interpreted to shed more light on the Neogene 
deposition in Bounty Trough, an aborted 
rift characterizing the eastern New Zealand 
continental margin. Two major processes 
infl uencing the deposition were identifi ed. 
Magmatic activity led to the formation of 
basement highs, which deform the sedimen-
tary sequences up to early and middle Mio-
cene. The origin of the magmatism unfortu-
nately cannot be solved with the new data 
presented here. It is diffi cult to say whether 
the magmatic activity is an on-going process. 
Drape structures in the youngest sedimen-
tary unit argue against this. The Oligocene–
Miocene represents a period of major change. 
Bottom current activity then took over as the 
most important depositional process. Strong 
cooling events in the late Miocene resulted 
in modifi cation in the oceanographic regime 
east of New Zealand. This led to the forma-
tion of channels, sediment drifts, and sedi-
ment waves. At least since the Miocene, bot-
tom current activity has been the dominating 
depositional process.

Keywords: Bounty Trough, seismic refl ection 
profi les, basement highs, Neogene magmatic 
activity, bottom current activity, sediment drift.

INTRODUCTION

Bounty Trough, located on the eastern New 
Zealand continental margin (Fig. 1), constitutes 

a rift feature, which is bounded on the North by 
the Chatham Rise and on the South by the Camp-
bell Plateau (Carter, 1988; Carter et al., 1994; 
Carter and Carter, 1996). Two N-S–oriented 
basement steps, the Inner and Outer Sills, divide 
Bounty Trough into three subbasins: the Inner 
Bounty Trough, the Middle Bounty Trough, and 
the Outer Bounty Trough (Carter et al., 1994, 
1996). Davy (1993) defi ned those steps slightly 
differently as two zones of increased seafl oor 
gradient (D1 and D2 in Fig. 1). Furthermore, he 
observed that zone D1 coincided with a change 
in strike direction of magnetic anomalies. The 
axis of Bounty Trough is occupied by one of the 
world’s major deep-sea channel systems (Carter 
et al., 1994) and has been found to be the main 
transport path for terrigenous sediments from 
the South Island (McCave and Carter, 1997). 
Thus Bounty Trough acts as an archive for both 
the tectonic and climatic evolution of South 
Island, the adjacent Southern Ocean, and its 
eastern continental margin.

Inner Bounty Trough is underlain by block-
faulted basement, which is interpreted to have 
originated as late Paleozoic to early Mesozoic 
oceanic crust (Carter et al., 1994; Carter and 
Carter, 1996). They interpreted rifting to have 
taken place along a previously established zone 
of basement weakness. Bounty Trough is thus 
interpreted as a rift within the eastern New 
Zealand continental margin before the start 
of spreading on the SW Pacifi c section of the 
mid-Pacifi c Rise (Carter, 1988; Davy, 1993). 
This theory is supported by Davy (1993), who 
concluded that the Cretaceous rifting followed 
trends that were inherited from Permian back-
arc and/or oceanic crust formation. Sutherland 
(1999) observed a number of magnetic features 
in both Inner Bounty Trough and Middle Bounty 
Trough. The Inner Bounty Trough anomalies he 
correlated with structurally controlled igneous 

basement. He further won’t rule out that the 
anomalies in Middle Bounty Trough are also the 
result of Cretaceous igneous activity.

While the tectonic origin of Bounty Trough 
is under strong discussion and several theories 
have been put forward, studies of the deposi-
tional environment have mainly concentrated 
on the head of Bounty Trough, where the Otago 
Fan gives information on the terrigenous sedi-
ment supply, and the Bounty Fan, where detailed 
information on the development of the Antarc-
tic Circumpolar Current and the Deep Western 
Boundary Current can be gathered. Carter et al. 
(1994) presented in-strike lines across the Mid-
dle Bounty Trough. We here analyze two new 
seismic lines across the strike of Middle Bounty 
Trough and hence will address the climatic, 
oceanographic, and tectonic processes, which 
fi lled the aborted rift and shaped the sedimen-
tary sequences. We will present evidence for a 
change in the main depositional process, which 
may be representative in general for the south-
ern Pacifi c in the Neogene.

DATA ACQUISITION AND PROCESSING

In 2003 the Alfred Wegener Institute for Polar 
and Marine Research (AWI), in collaboration 
with the Institute for Geological and Nuclear 
Science (GNS), collected two seismic refl ection 
profi les across the Middle Bounty Trough during 
RV Sonne cruise 169 (Fig. 1). For the western line 
AWI-20030002, a cluster of six Sercel G-guns™ 
with a total volume of 48 l (frequencies up to 
150 Hz) was used as the seismic source, while 
three Sercel GI-guns™  (total volume the 2.2 l; 
frequencies up to 500 Hz) generated the seismic 
signal for the eastern line AWI-20030011. The 
data were received with a 180-channel streamer 
(2300 m long, Sercel Seal™ system). The data 
of line AWI-20030002 were recorded with a 
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sampling rate of 4 ms, and a sampling rate of 1 
ms was used for recording line AWI-290030011. 
The two seismic profi les were gathered with 
different acquisition parameters because line 
AWI-20030002 was gathered primarily as a 
crustal study (see Grobys et al., 2007) and the 
shots were recorded simultaneously with the 
streamer and ocean bottom seismometers, while 
line AWI-20030011 was set up to study the 
sedimentary sequences. Processing of the data 
comprised sorting (50 m common depth point 
[CDP] interval for line AWI-20030002; 25 m 
CDP interval for line AWI-20030011), a detailed 
velocity analysis to image the subsurface topog-
raphy (every 50 CDPs), multiple suppression 
via a Radon transform fi ltering method, a spik-
ing deconvolution to eliminate the bubble (a 
reverberation of the source signal), corrections 
for spherical divergence and normal moveout, 
application of streamer corrections, stacking, 
and migration. An Omega-X migration was car-
ried out both in time and depth domain (Yilmaz, 
2001). This method allows vertical variations 
in velocity and is accurate for large dips (≤85°, 
Yilmaz, 2001). The stacking velocities, which 
were converted into interval velocities using 
Dix’s formula, were used to set up the veloc-
ity fi eld used for the migration process and the 

embedded conversion from time to depth. The 
vertical resolution in time is a function of the 
recorded wavelength, which in turn is a function 
of the recorded frequency (Yilmaz, 2001). The 
recorded frequency is limited by the Nyquist 
frequency predetermined by the sampling rate. 
Having used temporal sampling rates of 4 ms 
for line AWI-2003002 and 1 ms for line AWI-
20030011 during recording, the sampling rates 
in depth are 4 m and 1 m, respectively, using a 
velocity of 2000 m/s for the conversion.

To complement our data set, industry data 
and profi les acquired by GNS were made avail-
able to us for the interpretation.

STRATIGRAPHIC CONCEPT

Our seismic lines did not cross the locations 
of Deep Sea Drilling Project (DSDP) Leg 90 Site 
594 and Ocean Drilling Program (ODP) Leg 181 
Site 1122 (Fig. 1). Thus a direct tie of our seismic 
data to geological information was not possible. 
But a correlation with the seismostratigraphic 
concept developed by Carter et al. (1994) and 
Carter et al. (1999) led to the identifi cation of 
four key refl ectors. This identifi cation is based 
on similarities in refl ection characteristics of 
both the seismic horizons and units.

The oldest identifi able refl ector is interpreted 
as the top of the basement (Fig. 2). The refl ec-
tion shows a strong amplitude, in general a good 
continuity with a rough, rugged topography and 
forms the top of a layer, which can be resolved 
only in a few places. We observe a few strongly 
dipping internal refl ections that can be traced for 
a few kilometers. They overlap and are super-
posed to form subparallel-stratifi ed sequences. 
In character, those refl ections are not unlike 
those associated with lava fl ows in extensional 
volcanic provinces (e.g., Uenzelmann-Neben et 
al., 1999). The basement was not drilled in either 
DSDP or ODP sites. Hence nothing is known 
about the age of the basement. But both Carter 
et al. (1994) and Carter et al. (1999) assume the 
basement to be of oceanic origin.

The unit on top of the basement, unit D, 
shows a number of internal refl ections, which 
are much stronger in the upper 200–300 m 
(Fig. 2 and Table 1). The unit shows a thickness 
between 200 m and 600 m. According to Carter 
et al. (1994) and Carter et al. (1999), unit D 
comprises the postrift sedimentary cover and is 
of Cretaceous to Paleocene age. The top of unit 
D is formed by a strong, slightly rugged refl ec-
tor (Fig. 2). It shows good continuity and is cor-
related with refl ector W of Carter et al. (1994). 
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Figure 1. Satellite-derived predicted bathymetric (Smith and Sandwell, 1997) map of the eastern New Zealand (inset map) and the Bounty 
Trough. The locations of Deep Sea Drilling Project (DSDP) Site 594 and Ocean Drilling Program (ODP) Site 1122 are included. The dotted 
line shows the trace of the Bounty Channel. The white lines and italic numbers refer to the parts of lines AWI-20030002, AWI-20030011, 
Hunt-A143, and Hunt-A141 displayed in Figures 2, 3, and 7. BF—Bounty Fan; BT—Bounty Trough; CP—Campbell Plateau; CR—
Chatham Rise; CS—Chatham Sill; D1 and D2—bathymetric steps according to Davy (1993); HP—Hikurangi Plateau; IBT—Inner Bounty 
Trough; IS—Inner Sill; MBT—Middle Bounty Trough; NI—North Island; OBT—Outer Bounty Trough; OF—Otago Fan; OS—Outer 
Sill; SI—South Island; VB—Veryan Bank. Line 137/141/143 is from Davy (1993). The inset map shows the paths of the Antarctic Circum-
polar Current (dot-dashed), a local gyre (bold), and the Southland Current (dashed). 
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Unfortunately, this refl ection was not drilled at 
Site 594. Refl ector W has been assigned a tenta-
tive age of Paleocene by correlation to explora-
tion drill holes on the nearby Canterbury Shelf 
and Great South Basin (Carter et al., 1994).

Unit C, on top of refl ector W, is 200–400 m 
thick and shows strong internal refl ectors in 
the upper part (Fig. 2 and Table 1). The lower 
part of the unit tends to acoustic transparency. 
This unit has been assigned an age of Eocene 
to Oligocene by Carter et al. (1994). The top of 
unit C is formed by a strong continuous refl ec-
tion, which locally shows erosion (e.g., Fig. 2, 
CDPs 3500–3750, 3900–4400, 5700–6000, 
7100–7800, 8000–8700, and 9300–10,000). 
Because of its erosive character we correlate 
this refl ector with refl ector X of Carter et al. 
(1994). They assumed refl ector X to represent 
the Marshall Paraconformity (Table 1), a wide-
spread feature throughout the New Zealand Pla-
teau and beyond (Fulthorpe et al., 1996). This 
paraconformity may have resulted from a mid-
Oligocene sea-level fall and increased current 
activity (e.g., the evolving Antarctic Circum-
polar Current) as a result of the opening of the 
Tasman gateway (Carter et al., 1994; Fulthorpe 
et al., 1996). ODP Leg 181 showed the latter to 
be more likely (Carter et al., 1999).

Unit B shows strong continuous internal 
refl ections in the lower part and weaker, but 
still continuous internal refl ectors in the upper 
part (Fig. 3). This change in refl ection ampli-
tude is very distinct and may be correlated with 
refl ector X′ of Davy (1993) (Fig. 2). Further-
more, onlaps onto this horizon can be observed 
(Fig. 2, e.g., CDP 6400 and 6100) indicating 
not only a change in sedimentation environment 
but also a period of erosion or nondeposition. 
Davy (1993) considered this refl ector to mark 
the Oligocene–Miocene boundary. Unit B was 
drilled at DSDP Leg 90 Site 594 and found to 
be of mid-Oligocene to late Miocene (>8.5 Ma) 
age (Shipboard Scientifi c Party, 1986). Unit B is 
200–600 m thick on our lines, it thins toward the 
east, and is absent at ODP Leg 181 Site 1122 on 
the Bounty Fan (Carter et al., 1999) (Table 1).

A continuous refl ection of medium strength, 
which we correlate with refl ector Y of Carter et 
al. (1994), forms the top of unit B. This refl ec-
tion shows strong evidence of erosion cut-
ting repeatedly into unit B (e.g., Fig. 2, CDPs 
3800–3950 and 5700–6650). The overlying 
unit A shows onlap onto this refl ection (Fig. 2, 
CDPs 5000–5700 and 8700–9700). Refl ector Y 
was penetrated at DSDP Leg 90 Site 594 and 
found to be of late Miocene age (8.5–6.5 Ma) 
(Shipboard Scientifi c Party, 1986).

The youngest unit A shows strong parallel 
refl ections. This unit drapes and onlaps refl ec-
tor Y and unit B (Fig. 2). Unit A comprises the 
levees of Bounty Channel (Carter and Carter, 
1988) and it is up to 600 m thick. Unit A was 
drilled at DSDP Leg 90 Site 594 and found to be 
of late Miocene (6.5 Ma) to Recent age (Ship-
board Scientifi c Party, 1986) (Table 1). At ODP 
Leg 181 Site 1122 unit A was found to comprise 
sediments of mid-Miocene (16.7 Ma) to recent 
age (Carter et al., 1999). This discrepancy in 
age may be a result of additional sediment 
transported to Site 1122 via the Deep Western 
Boundary Current, which cannot be detected 
within Bounty Trough.

OBSERVATIONS

Basement Structures

The seismic data show an up to 2000-m-thick 
accumulation of well-stratifi ed sediments within 
the Middle Bounty Trough (Figs. 2 and 3). The 
stratigraphic concept suggests that the sediments 
date back to the Cretaceous.

The basement itself is characterized by sev-
eral highs. Line AWI-20030002 shows two 
uparching structures, which originate in the 
basement (Fig. 3, CDPs 3600–4700). Here, the 
top basement refl ector is disrupted and not con-
tinuous. It shows a strong refl ection amplitude 
where traceable. The bodies forming the highs 
show a very low internal signal-to-noise ratio 
implying homogeneous material. The anticlines 
are separated by a ~12-km-wide depression. The 

uparching structures are 12–25 km in width at 
their base and ~200 m high. Seismic interval 
velocities increase from below 3900 m/s within 
sedimentary units D to A to more than 5700 m/s 
for the basement (Fig. 4B, bluish-greenish col-
ors v

int
 <3900 m/s, orange color v

int
 >5700 m/s). 

The uparching structures observed in the seismic 
data can be identifi ed in the velocity data as well 
(Fig. 4B). Thus we infer that the basement highs 
represent igneous material, akin to the basement 
material. This is supported by a P-wave veloc-
ity model inferred from wide-angle/refracted 
data along line AWI-20030002 (Grobys et al., 
2007). The sedimentary units D and C follow 
the basement highs in their morphology (Figs. 3 
and 4A, CDPs 3600–4700). The basement highs 
do not show a base refl ection. A leveling of the 
morphology of the highs cannot be observed in 
the sediments, nor do we observe an infi ll of 
the depression. The sediments do not onlap the 
highs. Only slight changes in the thickness of the 
unit appear. No smoothing of the features nor 
signifi cant decrease in horizon dip can be seen in 
the younger units. In general, refl ector W is easy 
to trace and only partly disrupted over the base-
ment highs (Fig. 4A, CDPs 3800–3900, 3950–
4050, and 4450) and at their fl anks (Fig. 4A, 
CDPs 4180 and 4550). Refl ector X is more dif-
fi cult to trace and shows stronger disruption over 
the basement highs (Fig. 4A, CDPs 3800–3900, 
4000–4080, 4200–4300, and 4450). Especially 
CDPs 4000–4080 and 4450 show erosional 
character (Fig. 4A). Refl ector Y shows a good 
continuity across the basement highs and is easy 
to trace. This refl ector appears to be affected by 
erosion especially above the basement highs, 
and the unit thins toward the highs (Fig. 4A). 
We observe strong erosion in the younger part of 
unit B. Those characteristics all point to synsedi-
mentary and/or post-sedimentary deformation 
rather than sediment drape.

Line AWI-20030011, located farther east, 
shows a signifi cant basement high immediately 
north of the Bounty Channel (Figs. 2 and 5A, 
CDPs 4300–4800). The high is ~10 km wide 
at its base and ~600 m high. Again, we observe 

TABLE 1. SEISMOSTRATIGRAPHIC CONCEPT FOLLOWING CARTER ET AL. (1994) AND CARTER ET AL. (1999)
Reflector or unit Character Age Thickness Origin
Top basement Strong amplitude, good continuity, rugged 

topography 
oceanic 

Unit D Internal reflections Cretaceous–Paleocene 200–600 Post-rift sediments 
Reflector W Good continuity Paleocene 
Unit C Strong internal reflections, lower part 

transparent 
Eocene–Oligocene 200–400

Reflector X Strong, continuous, local erosion Mid-Oligocene Marshall 
Paraconformity 

Unit B Strong internal reflections in lower part, upper 
part weaker, change ≡ reflector X’ 

Mid-Oligocene–late 
Miocene (>8.5 Ma) 

200–600

Reflector Y Continuous, medium strength, strong 
evidence of erosion 

Late Miocene (8.5–6.5 Ma) 

Unit A Strong parallel internal reflections, onlap onto 
unit B 

Late Miocene (6.5 Ma)–
Recent

Up to 600 m 
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an uparching in the high seismic velocities 
>5700 m/s (Fig. 5B, bluish-greenish colors v

int
 

<3900 m/s, orange color v
int

 >5700 m/s) indicat-
ing igneous material for the basement high. The 
sedimentary units up to unit B follow the mor-
phology of the basement high. Across the high, 
the sedimentary units thin: from ~550 m, unit 
D thins to 220–300 m above the high, unit C 
thins from ~300 m to 200–280 m, and unit B 
shows a thinning from ~580 m to 100–300 m. 
Units D–B do not onlap the basement high, but 
we observe onlap of unit A onto unit B (Figs. 2 
and 5A, CDPs 3800–4300 and 4700–5400). 
Refl ector Y shows strong erosion via truncation 
of the internal refl ectors at the top. We observe 
both toplap and lateral truncation at the top of 
unit B. Younger refl ections onlap refl ector Y 
characterizing it as an unconformity. Refl ector 
Y shows small-scale topography (Fig. 2, CDP 
5200–7000) with small depressions fi lled by 
unit A. Only the uppermost, youngest part of 
unit A covers the basement high and hence is 
slightly deformed.

In the northern part, line AWI-20030011 
shows another basement high (Figs. 2A and 6, 
CDPs 7500–9000). In contrast to the one near 
the Bounty Channel and the two highs on line 
AWI-20030002, the topographic effect of this 
basement high is nearly compensated for by unit 
D sediments. The oldest sediments of unit D 
show onlap onto the high, and the morphology 
has already been leveled by sediments of unit D. 
Unit C only slightly images the high, and it is no 
longer detectable in unit B. Hence, we conclude 
that this high was formed pre-sedimentary.

Farther in the east, line Hunt-143 shows two 
smaller basement highs, one with fl ow struc-
tures toward the north (Fig. 7A). A deformation 
of the sediments due to those highs is not detect-
able in the sedimentary units. Line Hunt-141 
shows another basement high in the northern 
part of the Bounty Trough (Fig. 7B). The north-
ern high on line AWI-20030011 shows onlap of 
the sedimentary horizons in unit D and a level-
ing effect in units C–A, although the morphol-
ogy of the high still can be seen in the seafl oor 
topography.

Sedimentary Sequences

Sedimentation of units D and C appears to have 
been relatively undisturbed. With a few excep-
tions (Fig. 2, CDPs 4300–5100; Fig. 3, CDPs 
3700–4600) unit D drapes over the basement 
topography and fi lls the depressions between 
smaller local basement highs. We observe onlap 
onto the basement (Fig. 2, CDPs 7500–8000 
and 8200–8700; Fig. 7A, CDPs 8600–9800; 
Fig. 7B, CDPs 5000–5600 and 6500–7100) 
as well as reductions in unit thickness across 

basement highs (Fig. 2, CDPs 5400–5800 and 
6900–9200; Fig. 7A, CDPs 5900–7100). For 
unit C, thickness variations as well as leveling 
and onlap onto unit D can be observed (Fig. 2, 
CDPs 5000–6000; Fig. 7B, CDPs 5000–7000). 
We observe a drape and smoothing-out of base-
ment structures except for those mentioned 
above. Both refl ectors W and X show a small-
scale topography with lateral and toplap termi-
nation of internal refl ectors indicating erosion. 
Above the observed basement highs, refl ectors 
W and X are disrupted (Figs. 2 and 3).

We observe a distinct change in refl ectiv-
ity within unit B: strong internal refl ections in 
the lower part, weaker refl ectivity in the upper 
part. Carter et al. (1994) correlated this change 
with the transition from the Kekenoden group, 
corresponding to the maximum fl ooding plat-
form, to the Otakou group, representing nono-
rogenic progradation. Within the lower unit B 
we can identify two distinct sedimentary bod-
ies (Fig. 5A, CDPs 4850–4900; Fig. 8, CDPs 
9300–10,200; Fig. 9, CDPs 4500–5000). Those 
sedimentary bodies show an asymmetric geom-
etry with both a steep and a gentle fl ank. Trans-
parent layers alternate with continuous strong 
refl ections (Fig. 8). Internal refl ections are trun-
cated abruptly (Figs. 8 and 9). Those character-
istics correspond to the ones reported for sedi-
ment drifts (Uenzelmann-Neben, 2001; Stow 
et al., 2002). Both sediment drifts appear to be 
patched onto the slope of Chatham Rise (Fig. 8) 
and the doming related to the basement high in 
the central Bounty Trough (Fig. 9). Hence, the 
sediment drifts are considered to belong to the 
group of channel-related patched drifts. The 
internal refl ections of upper unit B show onlap 
onto the drifts.

Upper unit B shows a number of small-scale 
faults (black lines in Figs. 2 and 3). These are 
interpreted as the result of differential compac-
tion due to rapid sediment deposition. Within 
this part of the unit we also observe a sedimen-
tary body characterized by a mounded geometry 
and subparallel internal refl ections (Fig. 2, north 
of CDP 5700; Fig. 3, north of CDP 4500). We 
can interpret both transparent layers and strong 
refl ectors (Fig. 8). On the basis of those refl ec-
tion characteristics, we identify this sedimen-
tary body as another sediment drift. We observe 
a moat between this drift and the rise toward 
Chatham Rise and a number of channels (Fig. 2, 
CDPs 5000–5350, 5400–5600, and 6900–7000; 
Fig. 8, CDPs 10,100–10,200) and infi ll struc-
tures. Levees or overbank deposits in connec-
tion with the channels cannot be identifi ed. The 
upper part of unit B is missing across the base-
ment highs on line AWI-20030002 (Figs. 3 and 
4A, CDPs 3800–4700). The lateral and top ter-
mination of the internal refl ectors against refl ec-

tor Y indicates erosion. Unit A then drapes over 
this structure.

A number of acoustically transparent bod-
ies can be observed in unit B (Fig. 5A, CDPs 
4000–4180, 4250–4350, 4450–4500, and 
4800–4950). Those show no internal refl ections 
and a rather chaotic structure.

Refl ector Y, which forms the top of unit B, 
shows evidence for strong erosion. Unit A 
onlaps this refl ector and fi lls and drapes over 
its topography. In places, sediment waves can 
be observed (Fig. 10, CDPs 5900–6400) both 
in refl ector Y as well as in sediments of unit 
A. Unit A comprises the levees of the Bounty 
Channel (Carter and Carter, 1988). No indica-
tions for the channel at its present location can 
be found in unit B.

TECTONIC IMPLICATIONS

We observe two types of basement highs: (1) 
those for which topographic relief is preserved 
in overlying sedimentary units—at least up to 
unit B, and (2) those for which the topography 
has been rapidly erased by drape. There are 
several possible origins of the basement highs: 
(1) pre-sedimentary basement block faulting as 
a result of Cretaceous rifting, (2) Tertiary igne-
ous intrusions along Cretaceous faults, and (3) 
Neogene salt or mud diapirism. If the basement 
highs were pre-sedimentary, the sedimentary 
units would show a drape. We would expect 
features such as onlap of the sedimentary hori-
zons onto the highs, a leveling and/or smooth-
ing of the morphology of the highs, a decrease 
of the dips of internal refl ections, and/or infi ll 
in depressions between highs. We observe 
onlap onto the basement highs, a leveling and/
or smoothing of the morphology of the highs, 
and variations in the thickness of the sedimen-
tary units as well as a drape of the sedimentary 
units across the highs for a few basement struc-
tures on lines AWI-20030011 (Figs. 2A and 6, 
CDPs 7500–9000), Hunt-143 (Fig. 7A, CDPs 
8000–10,100), and Hunt-141 (Fig. 7B, CDPs 
5000–7400). We hence interpret those basement 
highs as pre-sedimentary.

We do not recognize any of the expected fea-
tures for the other basement highs observed on 
lines AWI-20030002 (Fig. 3, CDPs 3600–4700) 
and AWI-20030011 (Fig. 2, CDPs 4300–4800). 
There, we observe disruption of both basement 
and sedimentary refl ectors and only slight varia-
tions in thickness of the sedimentary units D, C, 
and B. The morphology of the sedimentary units 
follows the basement morphology. This points 
to a post-sedimentary deformation. Since unit B 
(middle Oligocene–late Miocene) is affected as 
well, we propose that this process took place in 
the middle to late Miocene.
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Diapirism could result in deformed 
sequences. However, salt diapirism would 
require a salt basin in Bounty Trough for which 
there is no evidence. Furthermore, a salt diapir 
would not originate in the basement (Stewart et 
al., 1996; Selly, 1997), as the observed struc-
tures do, and should show a distinct negative 
gravity anomaly. We observe positive gravity 
anomalies of 20–25 mgal across the basement 
highs in question (Fig. 11, green to yellow-red 
colors) (Smith and Sandwell, 1997). The grav-
ity high across the basement highs located on 
line AWI-20030002 (Fig. 3, CDPs 3600–4700) 
was investigated by Gobys et al. (2007) (their 
Fig. 16). They used a high-density body in the 
lower crust to model the gravity anomaly. This 
lower crustal, high-density body was ascribed to 
a mafi c intrusion, which can also be observed in 
the velocity model of Grobys et al. (2007) (their 
Figs. 15 and 16) and correlates with magnetic 
anomalies. Mud diapirism requires rapid sedi-
mentation rates leading to overpressure in the 
sequence and hence fl uid and mud expulsion. 
No indications for extremely high sedimenta-

tion rates in sedimentary unit D or older were 
found. Therefore, we rule out mud or salt diapirs 
as the origin of the highs.

Magnetic data show an anomaly (−150 nT) 
over the high on line AWI-20030011 immedi-
ately north of Bounty Channel (Davy, 2005, 
personal commun.). Magnetic anomalies are 
not that well defi ned for the other highs (bold 
circles in Fig. 12), but other magnetic features 
do not show up in the magnetic structures map 
either, e.g., the volcanics at the Otago and Banks 
Peninsulas (bold squares in Fig. 12). However, 
since the seismic velocities of the highs resem-
ble those of the basement (Figs. 4B and 5B), 
we conclude that the highs represent igneous 
material. Furthermore, the structure of the base-
ment highs (tall, upright seismic dead zones, 
upturned host rocks, and uplifted overburden) 
qualifi es them as vertical intrusions (Lee et al., 
2006). The areal distribution of the magmatic 
structures indicates that the intensity decreases 
toward the east. The locations of the structures 
correlate with positive anomalies in the satel-
lite gravity map (Fig. 11) (Smith and Sandwell, 

1997). Unfortunately, this does not apply to the 
Inner and Outer Sills, and is ambiguous for the 
Chatham Sill, although the Chatham Sill was 
associated with submarine activity in late Mio-
cene and Pliocene times (Carter et al., 1994).

Other Miocene and Pliocene intraplate vol-
canics (Veryan Bank, Mernoo Bank, and Urry 
Knolls) are nearby (Fig. 11) (Wood et al., 1989). 
Additionally, Davy (1993) observed a number 
of intrusions in the area between 179° E and 
179° W. Carter et al. (1994) traced back the 
top of the youngest affected sequence, refl ec-
tor Y, to a tectonic (volcanic and folding) origin 
and related it with (1) the eruption of alkaline 
volcanics at Banks and Otago Peninsulas, (2) 
late Miocene tectonism und unconformity cut-
ting in eastern Otago, (3) intrusive volcanism 
along the southern slopes of Chatham Rise, the 
Urry Knolls, and south of Chatham Island, (4) 
a change in direction of plate motion along the 
Alpine transform at ca. 10–8 Ma from domi-
nantly strike-slip to strongly transpressive, and 
(5) erosion as a secondary effect to shape refl ec-
tor Y due to an intensifi cation of major bottom 
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current activity on the shelf and slope of the 
head of Bounty Trough at ca. 12 Ma.

Following the arguments of Carter et al. 
(1994), we conclude that the basement highs 
observed in our seismic data are related to late 
Miocene magmatic activity. The source for the 
magmatic material remains an enigma. Dredged 
volcanic samples from the eastern New Zealand 
continental margin, Banks and Otago Peninsulas 
have been analyzed with respect to their age and 
geochemistry, and most samples were found to 
be younger than 40 Ma (Werner, 2005, personal 
commun.; Hoernle et al., 2006). Neither age 
nor spatial pattern could be identifi ed. Werner 
(2005, personal commun.) and Hoernle et al. 
(2006) found three types of sources (a high-µ 
[HIMU]-type mantle source, an enriched mantle 
[EM]-type source, and a mid-ocean ridge basalt 
[MORB]-type mantle source, which plays a 
minor role) in the formation of the Cenozoic 
magmas, and rule out a simple formation by 
mantle plumes or extensional tectonics. Instead, 
they suggest that the fi rst-order cause of melting 
is decompression melting of upwelling astheno-
sphere in the garnet stability fi eld, triggered by 
the removal (detachment) of different parts of 

the subcontinental lithosphere keel throughout 
the Cenozoic.

Finn et al. (2005) and references therein dis-
cuss a slab detachment model. The subducting 
slab is detached and defl ected horizontally. This 
slab is gravitationally unstable and capable of 
triggering episodes of mixing and whole mantle 
fl ow. They suggest that the continental alkaline 
magmatism observed in Australia and New 
Zealand has its origin in this process starting 
ca. 55 Ma. Two subduction zones around New 
Zealand may be considered: the Hikurangi Pla-
teau subduction and the Australian Plate sub-
duction. The subduction of the Australian Plate 
under the South Island is too young. It began 
ca. 14 Ma and thus cannot have had an effect at 
40 Ma. The subduction of the Hikurangi Plateau 
under the Chatham Rise has been an ongoing 
process since the late Cretaceous (Wood and 
Davy, 1994). Today, the plateau is subduct-
ing beneath the North Island. This redirected 
subduction may constitute the origin of a slab, 
which triggered episodes of melting beneath 
eastern New Zealand.

On the basis of our seismic data alone we 
cannot decide which process of the two pre-

sented (decompression melting versus detached 
slab) is the one actually active east of New Zea-
land. Still, both models propose an ongoing 
magmatism without the feasibility to predict 
future locations of eruptions and/or intrusions. 
This characterizes the eastern New Zealand con-
tinental margin as unstable.

SEDIMENTARY REGIME

We have seen that except for a few loca-
tions (Fig. 2, CDPs 4300–4800; Fig. 3, CDPs 
3600–4700), sedimentary units D and C mainly 
drape the basement topography (expressed 
via onlap and a leveling) and fi ll depressions 
between smaller highs. Both refl ectors W and 
X show erosion. Refl ector X has been corre-
lated with the Marshall Paraconformity (Carter 
et al., 1994). Fulthorpe et al. (1996) suggested 
this paraconformity to have been a result from 
increased current activity, e.g., due to the evolv-
ing Antarctic Circumpolar Current.

Increased current activity is also documented 
in the deposition of the sediment drifts observed 
in lower unit B at the slope of Chatham Rise 
(Figs. 5A, 8, and 9), the northern basement high 
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on line AWI-20030002 (Figs. 5A, 8, and 9), and 
the basement high north of Bounty Channel 
(Figs. 5A, 8, and 9). Those drift structures, their 
location and type (patched-drift; Reeder et al., 
2002; Stow et al., 2002) point toward a bottom 
current that had its path in the central Bounty 
Trough, north of today’s Bounty Channel. This 
implies that the fl ow of bottom water was not as 
restricted and/or more variable than today’s fl ow 
through Bounty Channel. A paleochannel would 
be an indication for a restricted paleobottom 

current. The depression between two basement 
highs on line AWI-20030002 may be considered 
to represent this paleochannel (Fig. 3, CDPs 
4700–5500), but we don’t observe a typical ero-
sion cutting deep into the older layers. The older 
units C and D show the same topography and 
a consistent thickness across the high-depres-
sion-high structure, which rather indicates a 
deformation. No levees or overbank deposits 
can be identifi ed, and the depression shows no 
infi ll in either unit B or unit A. Further more, 

there is no indication of a paleochannel on line 
AWI-20030011, which is located slightly down-
stream from line AWI-20030002 (Figs. 1 and 2). 
Small-scale faulting indicates rapid deposition 
for especially the younger part of unit B. Levees 
or overbank deposits in connection with the 
channels cannot be observed; hence we cannot 
identify a location for a paleo-Bounty Channel.

We observe a larger sediment drift within 
upper unit B with a moat at the slope toward 
Chatham Rise (Figs. 2 and 3). This change in 
drift structure and distribution from two smaller 
drifts at the trough fl anks to a larger one more in 
the center indicates a reorganization of bottom 
current fl ow from the center to the northern and 
southern rim of the trough at roughly the Oligo-
cene–Miocene boundary, thus eroding the moat 
at the Chatham Rise slope and starting to cut 
Bounty Channel. The chaotic zones in the vicin-
ity of today’s Bounty Channel (Fig. 5A) may be 
interpreted as infi lling drifts (Damuth and Olsen, 
2001) and may hence show old, abandoned and 
fi lled locations of Bounty Channel.

Fulthorpe and Carter (1991) as well as Lu 
et al. (2003) observe sediment drifts in early 
Miocene to Recent sediments of the Canterbury 
Basin, which in part form the shelf and slope of 
the head of Bounty Trough. They see the ori-
gin of those drifts in interaction of the South-
land Current and a local gyre associated with 
the Subantarctic Front (SAF) (Fig. 1). The gyre 
originates in the Antarctic Circumpolar Current 
and, where it breaks off to the east, leaks across 
Campbell Plateau. The gyre then recirculates 
clockwise around the head of Bounty Trough. 
The sediment drifts in the Canterbury Basin 
show that the Miocene and Pliocene hydrau-
lic regime was at least as active as the present 
Southland Current (Lu et al., 2003). Lu et al. 
(2003) assume that drift formation was linked to 
enhanced changes in sea level, current strength, 
and sediment supply caused by two major cool-
ing events (12.5–11.5 Ma and 11–9 Ma), which 
were identifi ed in the southwest Pacifi c (Kennett 
and van der Borch, 1986).

The occurrence of channels, erosion, sediment 
drifts, and sediment waves in unit B observed 
in our data most likely is related to the same 
oceanographic and climatic changes Lu et al. 
(2003) identifi ed in their data and documents the 
strong infl uence that current regime has had on 
the depositional environment in Bounty Trough 
at least since the Miocene. The sediment drifts 
in the lower part of unit B even point to bottom 
current activity already in Oligocene times, as 
demonstrated also for shallow marine sections 
in onland New Zealand by Carter et al. (1996).

Sediment waves observed in upper unit B 
and unit A show a migration toward the north. 
This indicates that their buildup is related to 

Figure 12. Sketch map of magnetic features (shaded) around New Zealand. The bold 
lines show the locations of our seismic lines and the bold circles the locations of the 
observed basement highs. Additionally, the magmatic structures at Veryan Bank 
(VB), Otago Peninsula (OP), and Banks Peninsula (BP) are marked by bold squares. 
The dashed lines show the 3000 m and 4000 m water depth contours. Modifi ed from 
Sutherland (1999). NCB—New Caledonia Basin; SFB—South Fiji Basin.
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east- setting bottom current fl ow (Viana, 2001). 
Assuming the major fl ow is directed through 
Bounty Channel, we also can infer eastward-
directed bottom current fl ow of signifi cant 
intensity within the main Bounty Trough.

CONCLUSION

The depositional environment of Bounty 
Trough was subject to more than one infl uence 
in the Neogene. In our seismic data we could 
identify two major processes that shaped the 
sedimentary sequences: magmatic activity and 
bottom current activity.

We have found strong indications for mag-
matic activity commencing in Miocene times. 
This resulted in deformation of sedimentary 
sequences D to B observed by us for the Middle 
Bounty Trough. We link this observation to wide-
spread magmatic activity as presented by Wood 
et al. (1989) and Hoernle et al. (2006). Unfortu-
nately, our data can only describe the occurrence 
of magmatic features and cannot shed light on 
the origin of the magmatic material.

The second major process shaping the sedi-
mentary units is bottom current activity. The 
sediments of unit B (middle Oligocene–late 
Miocene) show the fi rst signs of this process 
(strong erosion, channels, infi ll structures, 
sediment drifts, and sediment waves). Unit A 
is further affected by it. The oldest signs for 
the Bounty Channel were identifi ed in unit B. 
Oligocene–Miocene was thus a period of major 
modifi cations in sedimentation processes from 
magmatic to rather current controlled. Major 
cooling events in connection with the glaciation 
of Antarctica in Miocene times led to modifi ca-
tions in the oceanographic regime east of New 
Zealand. Our new seismic data clearly docu-
ment the effect of this reorganization.

Bounty Trough represents a good example of 
the impact that the modifi cations in climate and 
oceanographic regime during the Oligocene–
Miocene had on the depositional environment. 
In particular, a former predominantly magmati-
cally shaped depositional system changed into a 
current controlled regime.
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