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Funny-looking things: Interesting features seen on seismic data

Overbank sediment waves in the southern Taranaki Basin, New Zealand

Clayton Silver' and Heather Bedle'

Abstract

In the southern Taranaki Basin, a thick stratigraphic
sequence of late Miocene age is well imaged by modern
3D seismic data. Within this sediment package, the evo-
lution of multiple deepwater channel systems are pre-
served and interpreted. Anomalous features located
between channel complexes are identified in both
map-view and vertical sections. Extracting selected seis-
mic attributes along interpreted horizons and using in
context geologic knowledge suggests these anomalous
features are overbank sediment waves resulting from
overbank sedimentation. Alternate interpretations are
also presented, such as slump scarps and progradational
clinoforms. The evidence aims at improving our identi-
fication of these deepwater depositional elements.

Summary

This region of the southern Taranaki Basin contains
a remarkably complete stratigraphic record of large-
scale progradation that occurred in the mid-Miocene
through the present day. During this time, falls in rela-
tive sea level combined with hinterland uplift resulted
in an increase in sediment transport to a sediment-
starved Taranaki Basin. This led to the deposition of
the southern equivalents of the Mount Messenger For-
mation (MMF). The Mount Messenger depositional sys-
tem is characterized by channel complexes located on
the base of the slope to the lower slope, with predomi-
nately transported fine-grained sands and silt (Rotzien
et al., 2014). These multistoried, fine-grained deepwater
channels transported eroded sediment from the newly
uplifted South Island toward the Taranaki Basin in a
southeast-northwest trend (Holt and Stern, 1994; King
and Thrasher, 1996; Rotzien et al., 2018; Kroeger et al.,
2019). We analyzed the Hector-3D survey, located due
north of the South Island in the southern Taranaki Basin
(Figure 1a). The Kiwa-1 well was tied to the seismic
data, and formation tops were updated. Revised biostra-
tigraphy was incorporated for age dating (Strong and
Wilson, 2002). The study interval is within the latest
Miocene, and paleobathymetry data indicate that the
study interval was at bathyal conditions near the base
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of a slope (Figure 1c¢) (Strong and Wilson, 2002). Two
horizons were interpreted: Horizon B corresponds to
the top of the MMF. Horizon A was the most coherent
reflector in the lower MMF (Figure 1d). To image how
the system evolves through time, nine proportionally
spaced stratal slices were generated (Figure 1d). Calcu-
lated volume attributes were subsequently extracted
along horizons A and B and the nine stratal slices.
Because the environment of deposition is near the
base of slope, flow confinement is reduced by minimal
levee development due to the lack of sediment availabil-
ity, which can result in unconfined sediment transport
between channel complexes. Flow stripping preferen-
tially removes the less dense, finer grained sediment
from the top of the turbidity flow and forms these sedi-
ment waves in the overbank region between channel

University of Oklahoma, School of Geosciences, Norman, Oklahoma 73019-0390, USA. E-mail: clayton.j.silver-1@ou.edu (corresponding au-

thor); hbedle@ou.edu.

Manuscript received by the Editor 13 January 2020; revised manuscript received 17 October 2020; published ahead of production 11 November
2020; published online 05 February 2021. This paper appears in Interpretation, Vol. 9, No. 1 (February 2021); p. C11-C15, 4 FIGS.
http://dx.doi.org/10.1190/INT-2020-0011.1. © 2020 Society of Exploration Geophysicists and American Association of Petroleum Geologists

Interpretation / February 2021 C11

W) Check for updates


http://crossmark.crossref.org/dialog/?doi=10.1190%2FINT-2020-0011.1&domain=pdf&date_stamp=2021-02-05

Downloaded 03/10/21 to 68.97.44.172. Redistribution subject to SEG license or copyright; see Terms of Use at https://library.seg.org/page/policies/terms
DOI:10.1190/INT-2020-0011.1

complexes (Posamentier, 2003). Curvilinear discontinu-
ities are observed throughout the study interval on hori-
zon A, and they are present through stratal slice 3 (SS3)
(Figure 2). These anomalies in the interchannel region
are indicative of overbank sediment waves. Sediment
waves are present in the interpreted base of the study
interval, the purple horizon A, and they are visualized

through SS3 (Figure 1d). These are indicative of uncon-
fined sediment transport, likely associated with over-
bank sedimentation.

Expression in seismic data
The sediment waves are present throughout the
studied interval in the interchannel regions when
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Figure 1. (a) Regional map displaying the study area location. (b) Horizon B ERS surface attribute showing the location of the
Kiwa-1 well and inline 1403 in yellow. The sediment transport direction is to the northwest. (c) Well-log suite from the Kiwa-1 well
with the corresponding time stratigraphy. (d) Vertical seismic display of IL 1403 showing the formation tops, interpreted horizons,

and generated stratal slices.
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viewed in map view. To illuminate these features, a
suite of volume attributes was generated and extracted
along the interpreted horizons and stratal slices: rela-
tive acoustic impedance, spectral decomposition, and
energy ratio similarity (ERS), a coherency attribute
(Figure 2). The relative acoustic impedance is extracted
along horizon A and is corendered with ERS (Figure 2a).
This attribute was selected because when viewed in the
vertical section, the slump scarp reflectors have a some-
what weak, but distinct, amplitude contrast with the
overlying and underlying reflectors indicated by the
gray arrows in Figure 3b. Although the relative acoustic
impedance provides no quantitative measurements, it
still captures the relative trend of the boundary changes
between the sediment waves. Alternating bands of neg-
ative values (red) to neutral values (green) define the
sediment waves in the map view (Figure 2a). By coren-
dering the ERS attribute, the channel edges are sharp-
ened and the sediment waves are well-defined. The
spectral decomposition was computed to enhance
the visualization of the slump scarps

as the amplitude data are decomposed

Sediment waves are also widespread throughout SS3
(Figure 3a). When viewed in cross section, the sediment
waves are characterized by an undulating top reflector
with shingled, downlapping internal reflectors indi-
cated by the gray arrows. Sediment waves also origi-
nate from channel complexes, and they decrease in
thickness away from the channels. Flattening the seis-
mic data on horizon B removes postdepositional tilting
and provides better lateral relationships in cross sec-
tion (Figure 4b). The sediment waves have similar
geometries to prograding clinoforms, but the internal
shingles within the sediment waves suggest that these
formed through accretion, rather than progradation.

Alternate interpretations

Possible alternate interpretations include prograding
clinoforms and slump scarps. Differentiating between
overbank sediment waves and clinoforms can be very
difficult because they have similar overall geometries
(Figure 4b and 4c). This is an example of how the dep-

into their spectral components (Partyka a)
et al., 1999). Individual frequency cubes
were generated and blended using a red-
green-blue (RGB) blending scheme, and
then they were flattened on horizon B
(Figure 2b). The sediment waves have
varying responses in the frequency do-
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of the decreasing amount of sediment
available and a decrease in depositional
energy as the sediment transport dis-
tance increases. Using the three attrib-
utes above, sediment waves are
mapped across horizon A (Figure 2d).
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It is important to note that these anamo-
lies do not cross channel complexes,
suggesting that they were either present
before or during formation of the chan-
nel complexes. tures.

Figure 2. Volume attributes extracted along horizon A. The sediment transport
is from right to left. (a) Relative acoustic impedance, (b) RGB spectral decompo-
sition blend, (c) ERS, and (d) sketch interpreting some of the major channel fea-
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Figure 3. (a) Spectral decomposition blend
extracted along SS3. Note the widespread oc-
currence of sediment waves. (b) Arbitrary seis-
mic amplitude display located by the yellow
line in (a). The sediment waves are character-
ized by shingled, downlapping reflectors origi-
nating from a channel at the right of the image.

Figure 4. (a) Uninterpreted flattened ampli-
tude cross section. (b) Sediment wave inter-
pretations. The undulating reflector on the
top is interpreted as the top of the waves, with
inclined downlapping internal reflectors with
minor internal shingles present. (¢) Prograding
clinoform interpretation. Inclined reflectors
progressively build downdip and downlap
onto the underlying boundary.
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ositional model that the interpreter has in mind can influ-
ence the interpretation that will be made because not ac-
counting for the nearby channels could result in
interpreting the feature as clinoforms. In addition, as
the paleo water depth is estimated to 1600 m, clinoform
development is unlikely to occur in such an environment.
The gamma ray log within the study interval in the Kiwa-1
well also lacks the traditional coarsening-upward parase-
quences of progradational clinoforms (Figure 1c). Slump
scarps are also another plausible interpretation because
slump scarps are a common feature in lower slope/base
of slope deepwater settings. However, if these were to be
anomalies related to slope failure, it would be indicative
of a widely unstable slope with large-scale mass transport
deposits (MTDs) nearby. However, no evidence of MTDs
are observed within the Hector-3D survey or in the sur-
rounding seismic data. The quantity and spacing of the
anomalies further argues against the MTD interpretation
because slump scarps are typically more isolated.
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