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Three-dimensional architecture of shelf-building sediment drifts in the offshore Canterbury Basin, New Zealand
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1. Introduction

The eastern margin of the South Island of New Zealand (Fig. 1A) is part of a continental fragment, including the Campbell
Plateau, Chatham Rise, and Bounty Trough, that rifted from Marie Byrd Land in Antarctica beginning at about 80 Ma
(Molnar et al., 1975). The Canterbury Basin is located at the landward edge of the continental fragment and underlies the
present-day onshore Canterbury Plains and offshore continental shelf. Despite its proximity to a major plate boundary,
represented by the Alpine Fault, the offshore Canterbury Basin has been an area of relative tectonic stability since
late Cretaceous rifting. Tectonic activity has been mainly limited to subsidence in the central part of the basin. Seismic
profiles show little or no Cenozoic faulting (Browne and Field, 1988), but localized igneous centers of late Eocene to
Oligocene and Miocene ages are present (Coombs et al., 1986). Basin stratigraphyrecords a large-scale (80 m.y.)
transgressive-regressive cycle (Fig. 1B). The Onekakara, Kekenodon, and Otakou groups were deposited during the
regional transgressive, highstand, and regressive phases of this cycle, respectively. The regressive phase occurred in
response to increasing rates of sediment supply that began with the mid-Cenozoic development of transpression at the
Alpine Fault and grew as the amount of convergence at the plate boundary increased. This sediment influx was deposited
as the progradational Otakou Group, which incorporates the sediment drifts described in this paper (Fig. 1). Offshore
exploration wells Clipper (Hawkes and Mound, 1984) reveal the strata of the Otakou Group to be predominantly
terrigenous silt with intermittent intervals of fine to very fine-grained sand and mud.

Numerous, seismically-defined, channel-like features occur within the Neogene prograding sediment prism in the offshore
Canterbury Basin (D1-D11; Fig. 1). The features lie near the seaward ends of paleo-foresets and were interpreted as
sediment drifts by Fulthorpe and Carter (1991), who proposed that the shelf edge prograded by accretion of successive
drifts. This work also implied that the current-eroded surface formed along the paleoslope, might be a sequence boundary
analogous to those of Vail et al. (1977). However, the interpretations were based on low-resolution, widely spaced
commercial multichannel seismic (MCS) profiles, which provide only a two-dimensional perspective on drift development.
New, high-resolution (frequencies up to 300 Hz) MCS profiles (R/V Maurice Ewing cruise EW00-01; Fig.1, shaded area)
reveal the three-dimensional (3-D) geometries of these drifts for the first time. The enhanced vertical resolution

(~5 m in the upper 1 s) allows reinterpretation of the significance of drift-bounding unconformities as diachronous
surfaces distinct from sequence boundaries.

2. Sediment drift geometries and classification

The channel-like features and associated mounded geometries within the Otakou Group, near the seaward ends of
paleo-foresets, are interpreted as sediment drifts (Fig. 1, 2) because: 1) they are subparallel to the paleo-shelf edge and
present-day coastline; 2) consistent (northwestward) onlap on dip profiles and southwestward onlap on strike profiles
indicate that the sediment bodies in all cases migrated landward; 3) associated mounded morphologies are similar to
those of migrating sediment drifts described in the North Atlantic (McCave and Tucholke, 1986). The drifts are inferred to
have been deposited by a northeastward-flowing current analogous to the modern Southland Current, which affects
most of the slope to a water depth of ~800 m (Morris et al., 2001).

Two types of current deposits occur within the offshore Canterbury Basin: elongate drifts and sediment waves. The
elongate drifts are the largest features and dominate the stratigraphy in parts of the Otakou Group (Miocene to Present).
Elongate drifts comprise mounded main bodies with prominent moats along their landward flanks (Fig. 2). The
Canterbury Basin elongate drifts are unusual in their proximity to paleoshelf edges and their upward growth into
shelf water depths (~200 m or less). Sediment waves are less important volumetrically and occur mainly at relatively
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shallow burial depths (<500 m beneath the sea floor) in the northern part of the survey area. Sediment waves are
also locally preserved basinward of elongate drifts.

2.1. Elongate drifts

Eleven distinct elongate drifts (D1 to D11) are mapped within the offshore basin (Fig. 1). Internal reflections within
elongate drifts downlap basinward and onlap the paleoslope (Fig. 2). Within the main body of each drift, reflection
amplitudes tend to increase vertically from the base to the central part of the deposit, followed by a decrease toward the
top of the drift (Fig. 2). Elongate drifts can be divided into two categories, simple and complex, based on their
internal architecture and morphology.

2.2. Simple Elongate Drifts

Early simple drifts (D1-Dé) occur beneath horizon C4 (Fig. 3) and are of middle Miocene age (>15-11.5 ma). D1-Dé6 evolved
in the southwestern part of the EW00-01 survey area and, internally, comprise simple, asymmetric (on dip profiles)
mounds. The height of the slope increased through time, from ~ 300 m in the early Miocene to about 900 m at present, as
the shelf prograded and aggraded. Early simple drifts are therefore relatively small, <400- m thick, averaging

80-100 m, 10- to 28- km long (along-strike) and several km wide (down-dip). The height of the drift mound in its active
phase was less than its preserved thickness. The vertical distance between moat thalweg and coeval drift crest is one
measure of this active drift height (Fig. 2). Early simple drifts are the most deeply buried (>1300 m) of the drifts and have
therefore experienced the most post-depositional compaction. Their apparently simple geometries could therefore be
partly a consequence of compaction deformation and degraded seismic resolution with depth.

Late simple drifts (D10-D11) are late Miocene to Recent in age. They are the largest drifts, up to 1000 m thick,

>55-km long, and 20-km wide. The zone of drift development migrated northward and eastward; these largest and
most recent drifts therefore underlie the northeastern part of the EW00-01 grid. D10 and D11 are characterized by
well-developed moats, and semi-symmetric to symmetric drift mounds. Because of their size and shallow burial depths,
late drifts are well imaged seismically and display the most complex internal structures. Vertically, late simple drifts
exhibit three component seismic facies, a base, a core, and a crest (Fig. 2), which may represent three different phases
of drift development. The base facies is characterized by chaotic reflections indicating erosional scour and filling.
Formation of the drift base may involve slide /slump deposits at the toe of slope. Reflections within the overlying core
are undulatory, with small (10-30 m high, 500-1000 m wide) waves/drift mounds separated by narrow (10-40 m wide)
troughs/channels. The moat develops adjacent to the paleoslope as the largest of these channels. Erosion of the
paleoslope is common. Multiple small mounds and waves coalesce to form the crest phase. The drift is fully mature with a
well-developed moat displaying landward-dipping and aggrading, high-amplitude reflections and, usually, a single drift
mound with mainly continuous reflections.

2.3. Complex Drifts

Complex drifts (D7-D9, Fig. 4) developed between the periods of early and late simple drift deposition. They are therefore
of intermediate thickness (>550 m for drift D8 and >650 m for the central zone of drift D9) and length (40-60 km).
Drifts D8, and the lowermost part of D9 (D9-1, Fig. 4A) have multiple, laterally displaced crests, indicating rapid lateral
shifts by the core of the current, possibly in response to relative sea-level change, modulated by paleoslope

inclination and orientation. The identification of such multicrested drifts, together with the observation that more
than one drift was commonly active simultaneously, show that flow pathways were more complex than previously
recognized. Complex drift D9 is a multistage deposit. It comprises a base drift, D9-1, upon which two smaller drifts,
D9-2, and D9-3 (20-33 km long, <170 m thick), are vertically superimposed. Near its southern end, it resembles a large,
simple elongate drift. Here, the moats of D9-1, D9-2, and D9-3 display a retrogradational stacking pattern, migrating
northwestward (landward), while remaining in close lateral proximity (Fig. 4C). To the north, D9-1, D9-2, and D9-3 are
separated by surfaces of erosional truncation and are more easily distinguished (Fig. 4A, B). In addition, the vertical
stacking pattern of D9-1, D9-2 and D9—3 has changed from retrogradational to progradational and the lateral separation of
successive moats increases. These progradational and retrogradational stacking patterns may result from variations in
the rate of sediment supply.
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3. Chronostratigraphic significance and three-dimensional evolution of sediment drifts

Six chronostratigraphic horizons (C1-C6, > 15 Ma - ~ 9 Ma; Fig. 5), defined mainly by seismic onlap and truncation, are
mapped within the middle Miocene-Recent section (Fig. 3). Clipper exploration well provides biostratigraphic age control.
These structures are cut by the erosional unconformities at the landward side of drift moats showing that moat
unconformities are diachronous. Structure maps of surfaces C1-Cé (Fig. 4) reveal several aspects of the 3-D geometries and
evolution of the drifts: 1) more than one drift was active simultaneously; 2) in addition to the main moats, subsidiary,
transverse moats developed on the crest of drift D5; 3) elongate drifts are neither parallel, nor perpendicular, to
paleoshelf edges; 4) a pronounced increase in slope inclination from C1-Cé occurred in the southwestern part of the survey
grid, which ultimately created the modern slope configuration, with slope inclination in the northern part of the grid
of only 2.2°, in contrast to 5° in the south. These maps provide an indirect method of estimating the water depths in
which drifts developed. The travel time to the paleoseafloor at the southern (deepest) end of each moat is a measure of
the depth to the area near the paleoslope toe where each drift initiates. The difference in traveltime between this
point and the slope break at the landward side of the moat is a measure of the relief of the prograding sediment prism,
adjacent to which the drift forms. This relief is 300 to 500 ms for early drifts D5-D8 and 550 to 650 ms for late drifts
(D9, D10). Traveltime-depth conversion and decompaction yields relief of ~300 to ~500 m. We further assume that the
slope break is identical with the paleoshelf edge. Water depths at paleoshelf edges are unknown, but probably fell
within the range from 0 m to ~ 150 m. The water depths in which the drifts developed, therefore, probably ranged
from ~300 to ~750 m. Such water depths are smaller than the final thicknesses of the drift deposits (up to 1000 m,
without decompaction) because the drift continued to develop during the period covered by two or more time horizons
(Fig. 5) while accommodation space increased, mainly as a result of sediment loading.

4. Controls on drift development and evolution (Fig. 6)

Shelf relief, and the water depths in which drifts initiated (~ 300 to ~ 750 m), increased through time while the drifts
progressed from simple (D1-D6) to complex (D7-D9) and back to simple (D10-D11). For all types, drift thickness differs from
shelf relief. However, drift thickness and evolution are related to shelf relief. Small, simple drifts (D1-D4) formed
when shelf relief was low. In this setting, a relatively small change in sediment supply or relative sea level may result in
abandonment and filling of the main moat and termination of the drift. Such drifts are short-lived (~ 2 My; Fig. 5).
High shelf relief favors formation of large drifts (D10-D11). Once the drift base has formed, small changes in sediment
supply or sea level are less likely to affect moat development. Thes large drifts are stable and long-lived (> 7 My, Fig. 5).
Complex drifts D8 and D9 are transitional types. Moderate shelf relief may allow changes in external forcing to cause
moat bifurcation (D8) or moat migration (D9) without terminating the drift. Climatic events may also influence the
development of complex drifts. Drifts D8 and D9 are cut by unconformities with ages from ~ 14.5 - 9 Ma. This period
encompasses three major southwest Pacific cooling events (14.5-13 Ma, 12.5-11.5 Ma, and 11-9 Ma; Kennett and

Borch, 1986, Fig. 5). The origin of complex drifts D8 and D9 may be linked to enhanced changes in sea level, current
strength and sediment supply caused by these climatic changes.

5. Conclusions

The Neogene shelf/slope prism in the Canterbury Basin was formed by a combination of conventional clinoform
progradation and the accretion of large, elongate sediment drifts. The drifts are inferred to have been formed by a
northward flowing current analogous to the present Southland Current. Eleven drifts (D1-11) have been recognized and
mapped within the early Miocene to Recent shelf sediment prism. Drift deposition was initiated in the southwestern
part of the EW00-01 seismic grid and the locus of drift activity migrated northeastward. Most drifts are classified as simple
drifts, with a well-defined moat, sub-parallel to paleoshelves, and a large drift mound basinward of the moat. Their
internal seismic facies (base, core and crest) reflect increasing confinement and intensification of the current, initially
by Coriolis deflection and later by physical confinement within the moat as the adjacent drift aggrades. The
unconformities created by paleoslope erosion at the landward edges of moats can be diachronous.

The succession of simple drifts is broken by a period of complex drift deposition. The period of complex drift deposition

occurred when shelf relief was intermediate. Shelf relief may have been sufficient for the drifts to sustain changes in
sea level and sediment supply without the drift being terminated, but low enough so that the changes influenced moat
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development by causing bifurcation or migration. In addition, climatic cooling at this time may have enhanced changes in
sea level, current intensity and sediment supply, thereby contributing to complex drift formation.
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Fig. 1. Location and geological setting of Canterbury Fig. 2. Simple elongate drift D10 on dip diction
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Fig. 5. Correlation of unconformities with periods of activity of sediment drifts and DSDP
Site 588 oxygen isotopic record (Kennett et al., 1986). C1-Cé are chronostratigraphic surfaces
used by this paper, while surfaces U1 - U14 are updated sequence boundary interpretations.
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Fig. 6. 3-D Schematic representation of the development of the Canterbury Basin sediment drifts.
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