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Abstract

The morphological changes of deep-water channels have an important influence on the distributions of channel
sand reservoirs, so it is important to explore the morphological change process of deep-water channel for the
exploration and development of deep-water oil and gas. Based on a typical sinuous Quaternary channel (Channel I)
in the Taranaki Basin, New Zealand, a variety of seismic interpretation techniques were applied to quantitatively
characterize the morphological characteristics of the Channel I, and the relationships between the quantitative
parameters and the morphological changes of the Channel I, as well as the controlling factors affecting those
morphological changes, were discussed. The results are as follows: (1) in the quantitative analysis, six parameters
were selected: the channel depth, width, sinuosity, and aspect ratio (width/depth), the channel swing amplitude
(λ) and the channel bend frequency (ω);  (2) according to the quantitative morphological parameters of the
channel (mainly including three parameters such as channel sinuosity, ω and λ), the Channel I was divided into
three types: the low-sinuous channel (LSC), the high-sinuous channel (HSC), the moderate-sinuous channel
(MSC). U-shaped channel cross-sections developed in the LSC, V-shaped channel cross-sections developed in the
HSC, including inclined-V and symmetric-V cross-sections, and dish-shaped channel cross-sections developed in
the MSC; (3) the morphological characteristics of the LSC and MSC were related to their widths and depths, while
the morphology of the HSC was greatly affected by the channel width, a change in depth did not affect the HSC
morphology; (4) the morphological changes of the Channel I were controlled mainly by the slope gradient, the
restricted capacity of the channel and the differential in fluid properties.
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1  Introduction
Deep-water channels are an important part of deep-water

sedimentary systems (Deptuck et al., 2007; McHargue et al., 2011;
Zhao et al., 2018a), and have become popular research objects in
the field of deep-water petroleum exploration (Mutti and Nor-
mark, 1987; Deptuck et al., 2003; Mayall et al., 2006; Posamentier,
2003; Janocko et al., 2013; Alpak et al., 2013; Xu et al., 2017;
Malkowski et al., 2018; Lowe et al., 2019). Deep-water channels,
which develop in continental slopes or abyssal plains, are driven
by gravity flows, traction currents or other fluids, and exhibit a
variety of external morphologies, can be used as sediment depo-
centers and as conduits for transporting terrigenous sediment to
abyssal basins (Dott, 1963; Khripounoff et al., 2003; Pichevin
et al., 2004; Wynn et al., 2007; Kolla, 2007; Biscara et al., 2011; Yao
et al., 2018). Since the discovery of deep-water channel systems,
many researchers have carried out various studies focusing on
the morphological changes of deep-water channels (Reimchen
et al., 2016; Zucker et al., 2017), their filling processes (Gee et al.,

2007) and architectures (Tek et al., 2022), and the processes by
which deep-water channels migrate and evolve (Deptuck et al.,
2003; Labourdette, 2007).

Compared with estuarine channels, channels in bay areas,
and continental channels, deep-water channels develop differ-
ently in certain ways. For example, deep-water channels are
found mostly in deep water environments, while the other three
types of channels are mostly found in shallow water or surface
environments. Furthermore, the channels in bay areas have the
same plane morphology as sinuous deep-water channels, but the
causes of their sinuosity differ: the sinuosity of the former chan-
nel type is related mainly to the erosion degree of the fluid and
the existence of slump blocks, which hinder the lateral migration
of the channels and therefore affect the channel morphology
(Gabet, 1998), while the sinuosity of the latter channel type is re-
lated mainly to factors such as the fluid properties and seafloor
slope (Abreu et al., 2003; Mayall et al., 2006). Moreover, the plane
morphology of both estuarine channels and deep-water chan-  
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nels is changeable, but the development of estuarine channels is
affected not only by natural factors but also by human activities:
in contrast, human factors often have more intense and direct
impacts on estuarine channels than on deep-water channels (Dai
et al., 2013; Mei et al., 2018; Zhou et al., 2020). In other words,
deep-water channels are generally not directly affected by hu-
man activities and are often influenced by natural factors (Gee
and Gawthorpe, 2006). Therefore, regardless of the types of chan-
nel, its morphological changes are a major focus of research.

During the 21st century, with the rapid development of deep-
sea exploration and geophysical technology, quantitative ana-
lyses of deep-water channels have become important yet diffi-
cult points of research (Hudson and Kesel, 2000; Gee et al., 2007;
Straub et al., 2011; Gamboa and Alves, 2015; Qin et al., 2016; D’
Alpaos et al., 2017). Babonneau et al. (2002) and Liu et al. (2012),
along with other researchers, measured the quantitative geomet-
rical parameters of deep-water channels, including their depth,
width, and sinuosity. The effects of quantitative geometrical
parameters on the morphological changes of the channels were
subsequently analyzed (Niyazi et al., 2018).

The classification of the channel morphology has become a
research hotspot. Accordingly, many studies have been conduc-
ted on this topic. According to the sinuosity of deep-water chan-
nels, their morphological types can be roughly divided into
straight (Peakall et al., 2000; Gee et al., 2007), relatively straight
(Reimchen et al., 2016), and either high sinuosity or low sinuos-
ity (Clark et al., 1992; Clark and Pickering, 1996; Wynn et al., 2007;
Babonneau et al., 2010; Harishidayat et al., 2015; Li et al., 2017b).
In addition, scholars have proposed a variety of views on the
definition of the sinuosity of different morphological channels.
For instance, Clark and Pickering (1996) proposed that a sinuous
channel is one whose sinuosity exceeds 1.50, whereas Wynn et al.
(2007) suggested that the minimum sinuosity of a sinuous chan-
nel should be 1.20. In contrast, Reimchen et al. (2016) reported
that the sinuosity of a relatively straight channel is 1.00–1.05, that
of a low sinuosity channel is 1.05–1.20, and that of a high sinuos-
ity channel is greater than 1.20. However, previous analyses of
the morphological changes of channels focused too much on dis-
cussing the channel sinuosity and thus failed to comprehens-
ively analyze the influences of various channel morphological
parameters on their morphological changes.

Therefore, this study takes a Quaternary deep-water channel
in the Taranaki Basin, New Zealand as the research object. Based
on seismic interpretation techniques, various channel paramet-
ers are measured, the correlations between various parameters
are comprehensively analyzed, and the morphological changes
of the Channel I are explained. In addition, a quantitative analys-
is is performed to quantify the relationships between the mor-
phological changes of the Channel I and their quantitative para-
meters and to finally explore the main factors controlling those
morphological changes. This paper aims to develop approaches
that are usable for employing seismic data to study the geomor-
phology of other basins elsewhere in the world.

2  Geological setting
New Zealand’s Taranaki Basin has a complex tectonic history

(Fig. 1). Its current tectonic morphology is related to the evolu-
tion of the Pacific-Australian plate boundary (Carter and Norris,
1976; Sutherland, 1999; King, 2000). Following its initial develop-
ment in the Cretaceous, the basin evolved into a passive margin
from the late Cretaceous to the Paleogene. The rapid and con-
tinuous supply of sediment from the eastern and southern uplif-

ted hinterlands led to accumulation at the bottom of the basin
and the formation of slopes (Masalimova et al., 2016). These sedi-
ments are known to be associated with volcaniclastic material
originating from offshore volcanoes in the northern section of the
basin, as well as the large-scale transport of sediment (King and
Thrasher, 1996; Giba et al., 2013).

With the formation and development of the modern plate
boundary, the proportion of clastic material is increasing. In ad-
dition, the Neogene was characterized by the uplift of the New
Zealand landmass in response to compression across the plate
boundary, which resulted in renewed erosion and the influx of
large quantities of clastic sediments into most basins. Until the
end of the Miocene, clastic sedimentation may have played a
leading role in the development of large basin floor fans and
channel systems (Uruski, 2008).

New Zealand’s Taranaki Basin extends into the northwestern
deep-sea area (Fig. 1a) and the basin area measures approxim-
ately 300 000 km2 (Stagpoole et al., 2002). The basin is filled with
Cretaceous to Quaternary sediment deposits (Fig. 1d), with some
of the sediment exposed on the shores of the Taranaki Peninsula
and the northernmost extent of the South Island. These areas are
considered to be new exploration areas with an extremely low
level of present exploration, as only a few shallow ocean drilling
wells are currently located in the surrounding water. On a global
scale, the Taranaki Basin is an ultra-deep-water frontier field and
is considered to have major potential for deep-water oil and gas
exploration and development in the future (Higgs et al., 2010).
Relatively low-lying landform shoals, including the Lord Howe
Uplift and Challenger Heights, are located west and southwest of
the study area, while the West Norfolk Ridges are located east
and northeast of the study area (Uruski, 2010; Li et al., 2017b)
(Fig. 1a).

3  Database and methodology

3.1  Seismic data
We analyzed the publicly available Romney 3D seismic sur-

vey, which was acquired by Anadarko New Zealand between Oc-
tober 23 and December 6, 2011 and processed by ION Geophys-
ical in February 2013 (NZP&M Petroleum Report available from
www.nzpam.govt.nz) (Li et al., 2017b). The area of the 3D seis-
mic data covering a depth of more than 1 000 m in the study area
is approximately 1 700 km2. The center of the study area is loc-
ated at 38°00′45.22′′S, 172°38′09.29′′E. The time-migrated seismic
data volume has a vertical sample interval of 4 ms and a hori-
zontal bin size of 25 m×25 m. In addition, according to the spec-
trum analysis results, the dominant frequency in the shallow sed-
iments is close to 35 Hz, and the seismic velocity in the seawater
was determined to be approximately 1 600 m/s. The vertical res-
olution of the data is approximately 11 m, which successfully sat-
isfies the requirements of this study (Li et al., 2017b).

3.2   Methodology
Based on the high-resolution three-dimensional (3D) seismic

data collected in the study area, some seismic interpretation
techniques, such as seismic cross-section analysis, seismic attrib-
ute extraction (e.g., variance and root mean square (RMS) amp-
litude) (Li et al., 2017a), and the combination of qualitative and
quantitative analysis methods, were used to analyze the morpho-
logical characteristics of the channels.

During the research process, the top interface of the Quatern-
ary was first tracked and interpreted using seismic interpretation
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software. The seismic variance attribute, which accurately re-
flects the morphological characteristics of submarine channels,
was extracted to determine the external morphological charac-
teristics of the Channel I. Then, based on the external morpho-
logy of the channel, the channel sinuosity was calculated as the

ratio of the channel true length to the straight length (Fig. 2a), the
amplitude of channel swing is defined as the vertical distance
between the vertex of channel target bend and the straight line
formed by the vertex of two adjacent bends.

In this study, 66 seismic cross-sections were obtained along
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Fig. 1.   Location maps of the study area. a. Deep-water Taranaki Basin situated in western New Zealand (after Li et al. (2017b)); the
location of the 3D seismic study area is represented by the white rectangle. b. Variance map of the study area obtained from 3D
seismic data that clearly shows the overall morphology of the Channel I. c. Bathymetric map of the area where the Channel I is located.
d. Chronostratigraphy, generalized facies, and relative sea level relationships spanning the north−northwestern to south−southeastern
regions of the Taranaki Basin (after Rotzien et al. (2014)). FM: formation.
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the Channel I from upstream to downstream. The shape of each
seismic cross-section was identified based on the seismic reflec-
tion characteristics. The characteristics and types of the Channel
I morphology were then analyzed. Based on the seismic cross-
sections, various quantitative characteristic parameters of the
deep-water channel were calculated. Regarding the measure-
ments of the various quantitative characteristic parameters, the
seismic cross-sections perpendicular to the provenance must be
accurately interpreted under the constraints of the stratigraphy
sections. First, the top and bottom interfaces (the top interface
indicates the highest levee ridge position of the channel, the bot-
tom interface indicates the deepest position at the bottom of the
channel), and bilateral boundaries of the Channel I on the seis-
mic cross-sections were determined (Zhao et al., 2018a; Li et al.,
2019). Then, the distances between the left and right sides of the
channel were measured to obtain the channel width (Niyazi et al.,
2018) (Fig. 2b). The vertical distance between the top-bottom in-
terfaces of the Channel I was calculated as the channel time
depth (TWT), and a seismic velocity of 1 600 m/s was used to cal-
culate the true depth (Fig. 2b). The seafloor slope gradient was
defined as the ratio of the height differences of the channel sec-
tions to the straight-line distances of the channel sections, which
were obtained by taking the arctan function of the values (Fig. 2c).

4  Results

4.1  Characteristics of the quantitative parameters of the Channel I
This research study conducted a quantitative analysis of a

deep-water channel (Channel I) in the Taranaki Basin, New Zeal-
and. The selected quantitative geometrical parameters included
the channel width, depth, aspect ratio (width/depth), and sinu-
osity (Fig. 3).

It was found that in addition to large changes in sinuosity
(Fig. 3b), there were also large differences in the channel width at
various stages of channel development. The maximum channel
width was determined to be 580.58 m, and the development posi-
tion was mainly in the upper middle section; the minimum chan-
nel width was 37.37 m, and the development position was mainly
in the lower section (Fig. 3d). Subsequently, these parameters
were statistically classified to highlight the optimal value of each
parameter (Fig. 4).

The sinuosity of the Channel I was further divided into three
sections: 1.0 to 1.2, 1.2 to 1.5, and 1.5 to 4.0. The numbers of stat-
istical samples were 9, 8, and 12, which accounted for 31.1%,
27.5% and 41.4%, respectively, of the total number of samples
(Fig. 4a). The sinuosity of the Channel I was mainly high (1.5–4.0).

The width of the Channel I was divided into six sections: 0 m
to 100 m, 100 m to 200 m, 200 m to 300 m, 300 m to 400 m, 400 m
to 500 m, and greater than 500 m. The numbers of statistical
samples were 3, 28, 20, 10, 3, and 2, and the percentages were de-
termined to be 4.5%, 42.5%, 30.4%, 15.1%, 4.5%, and 3.0%, re-
spectively. The main body of the Channel I was within 100 m to
400 m wide (Fig. 4b).

The depth of the Channel I was divided into four sections: 0 m
to 10 m, 10 m to 20 m, 20 m to 30 m, and greater than 30 m. The
numbers of statistical samples were 20, 28, 14, and 4, respect-
ively, which accounted for 30.3%, 42.4%, 21.2%, and 6.1%, re-
spectively, of the total number of samples (Fig. 4c).

The aspect ratio of the Channel I was divided into four sec-
tions as follows: 0 to 10, 10 to 20, 20 to 30, and greater than 30.
The numbers of statistical samples were 10, 33, 12, and 11, and
the corresponding percentages were 15.2%, 50.0%, 18.2%, and
16.6%, respectively (Fig. 4d).

4.2  Plane geometrical morphology characteristics of the Channel I
The Channel I in this study was oriented SE−NW overall. The

seismic variance attribute of the Channel I was extracted to re-
flect the overall morphological characteristics of the Channel I
(Fig. 5a). Various sinuous shapes of the Channel I were observed
in the seismic variance attribute maps, with some channel sec-
tions displaying a relatively straight morphology. In addition, the
sinuosity of the Channel I was measured, with the sinuosity ran-
ging between 1.0 and 4.0. Previous studies classified channel
types according to different ranges of channel sinuosity (Clark
et al., 1992; Posamentier, 2003; Reimchen et al., 2016). In this
study, in addition to referring to the channel sinuosity applied by
our predecessors, we propose two other parameters, the channel
bend frequency (ω) (the number of channel bends within the
same distance) and the swing amplitude of channel (λ).

Combined with the measurement results of the quantitative
channel parameters and the map of the plane morphology of the
Channel I, the sinuosity of the Channel I was divided into three
intervals, 1.0–1.2, 1.2–1.5 and 1.5–4.0 (Figs 3b and 4a). Then, the
straight length of each channel section and the number of chan-
nel bends were measured in the three intervals (the number of
bends counted by ω is not uniform with the previous statistical
samples of the sinuous of the Channel I, because the sinuosity of
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Fig. 2.   Schematic drawing showing the methods adopted in this
study to identify and measure the morphological parameters of
the deep-water channel. a. Plan view showing the morphological
parameters  including  the  channel  true  length  (TL),  channel
straight  length  (SL),  and  the  swing  amplitude  of  channel,  in
which the sinuosity was calculated as the ratio of the channel TL
to the SL. b. Cross-sectional view showing the method adopted to
measure the channel’s width and depth. c. Stereogram showing
the method used for measuring the slopes of the seafloor. α: sea-
floor slope gradient, in which the calculation formula of the sea-
floor slope gradient was as follows: α=arctan (H/L).
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multiple bends in the Channel I is close to 1, so multiple bends
are considered as a large bend when calculating the sinuosity),
and ω was obtained. Within the channel sinuosity range from 1.0
to 1.2, the straight line distance of the channel was 5.7 km and the
number of channel bends was 3 (Fig. 5b), so ω was 0.53; within
the channel sinuosity range from 1.5 to 4.0, the straight line dis-
tance of the channel was 10.9 km and the number of channel
bends was 24 (Fig. 5c), so ω was 2.20; and within the channel
sinuosity range from 1.2 to 1.5, the straight line distance of the
channel was 12.8 km, and the number of channel bends was 15
(Fig. 5d), so ω was 1.17.

Meanwhile, λ was measured (Fig. 5e). Within the channel
sinuosity range from 1.0 to 1.2, the number of channel bends is
small, and the swing amplitude varies little, with a maximum of
596.81 m, minimum of 395.72 m and average of 512.47 m. Within
the channel sinuosity range from 1.5 to 4.0, the swing amplitude

of the channel varies very much, with a maximum of 1 050.23 m,
minimum of 296.10 m and average of 675.49 m. Within the chan-
nel sinuosity range from 1.2 to 1.5, the swing amplitude of the chan-
nel bends is basically consistent, with a maximum of 525.10 m,
minimum of 357.00 m and average of 424.80 m.

The analysis result (Table 1) reveals that both sinuosity and ω
show constantly increasing trends. With increasing sinuosity, A-
D, A-W and A-λ show trends of first decreasing and then increas-
ing. In contrast, the aspect ratio of the Channel I first increased
and then decreased. Thus, sinuosity, ω and λ can be used as the
main parameters to determine the morphology of the Channel I,
while A-D, A-W, and the aspect ratio are auxiliary parameters.

Therefore, combined with sinuosity and ω, when the sinuos-
ity of the channel is between 1.0 and 1.2, ω is less than 1.0, and λ
varies little, the channel conforming to this condition can be
defined as the low-sinuous channel (LSC) (Fig. 5b). Similarly, the
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channel with a sinuosity between 1.2 and 1.5, ω between 1.0 and
2.0 and λ tends to be consistent, can be defined as a moderate-
sinuous channel (MSC) (Fig. 5c), and when the sinuosity of the
channel is greater than 1.5, ω is greater than 2.0, and λ varies very
much, the channel can be defined as a high-sinuous channel
(HSC) (Fig. 5d). Moreover, in the plan view of the Channel I, the
spatial distribution characteristics of the different channel mor-
phologies are also shown. The LSC was mainly distributed in the
upper section of the Channel I, while the HSC and MSC were loc-
ated in the middle and lower sections of the Channel I (Fig. 5a).

4.3  Geometrical characteristics of the Channel I on cross-sections
The 66 seismic cross-sections demonstrated obvious spatial

distribution characteristics (Fig. 6a) and change rules (referring
to the changes in the cross-section geometrical morphology and
the development of levees) (Fig. 7f). Therefore, 54 seismic cross-
sections with easily identifiable shapes were selected, and their
shape types were classified and summarized. In this study, based
on the analysis results of the seismic cross-sections combined
with previous research understanding (Deptuck et al., 2007; Zhao
et al., 2018b; Yao et al., 2018), the channel cross-sectional geo-
metrical morphology was divided into four types as follows: U-
shaped (Fig. 6b), inclined V-shaped (Fig. 6c), symmetrical V-
shaped (Fig. 6d), and dish-shaped (Fig. 6e).

Next, the number of samples and the spatial distribution of
each cross-section type were determined (Fig. 7e). The number
of U-shaped samples was 17, the number of inclined V-shaped
samples was 22, the number of symmetrical V-shaped samples
was 7, and the number of dish-shaped samples was 8. In the spa-
tial distribution map of the deep-water channel cross-sections,
strong spatial distribution characteristics were observed: the U-
shaped cross-sections were mostly distributed in the upper

reaches of the Channel I (Fig. 7a); the inclined V-shaped cross-
sections were mostly in locations with high sinuosity with a wide
distribution range and were distributed in the upper, middle and
lower reaches of the Channel I (Fig. 7b); the symmetrical V-
shaped cross-sections were mostly concentrated in the lower
reaches of the Channel I (Fig. 7c); and the dish-shaped cross-sec-
tions were mostly distributed at the end of the Channel I (Fig. 7d).

In addition to the obvious spatial distribution characteristics,
the different types of cross-sectional morphologies also exhib-
ited certain change rules (Fig. 7f). Schematic diagrams of the
cross-section morphologies and distributions of the Channel I
are shown in Fig. 7f. A significant characteristic was discovered:
the overall development of the Channel I from upstream to
downstream changed from narrow and deep to wide and shal-
low.

The change rules of the Channel I cross-sections are clearly
shown in the form of a table (Table 2). The locations where the U-
shaped cross-section develops indicates a deep downcutting
depth of the channel highly developed levee structures. The in-
clined V-shaped cross-sections mostly developed at the bends of
the channel; as a result, the channel cross-sections of this type
appear to be gentle on one side and steep on the other. At the
locations of the channel where the symmetrical V-shaped cross-
sections developed, the gradients on both walls of the channel
are approximately equal and symmetrical, and the downcutting
depths of the channel are relatively shallow compared to those of
the former two cross-section types. The dish-shaped cross-sec-
tions are mostly distributed at the end of the channel with ap-
proximately the same width at the bottom and top of the channel;
however, the downcutting depth of the channel is relatively shal-
low compared to those of the former three cross-section types,
and the levees are not well developed.
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Fig. 4.   Interval distributions of the quantitative characteristic parameters of the Channel I: statistical analyses of the sinuosity of the
Channel I (a), width of the Channel I (b), depth of the Channel I (c), and aspect ratio (width/depth) of the Channel I (d).
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Fig. 5.   Variance maps showing the different types of geometrical morphology of the Channel I in plan view. a. Overall morphology of
the Channel I. b. Low-sinuous channel. c. High-sinuous channel. d. Moderate-sinuous channel. e. Variation in swing amplitude of
channel bend. The box presents the different channel forms, and the numbers denote the bends of the Channel I.

Table 1.   Quantitative parameters of the Channel I in different morphological sections
LSC MSC HSC

Sinuosity 1.0–1.2 1.2–1.5 1.5–4.0
Width/m Max-W 555.58 336.90 580.58

Min-W 159.05 51.96 37.37

A-W 323.77 196.12 215.43
Depth/m Max-D 35.15 19.66 24.18

Min-D 19.97 8.74 11.97

A-D 25.33 13.23 16.48
Aspect ratio Max-AR 35.43 110.16 43.22

Min-AR 7.11 10.55 2.09

A-AR 14.39 32.52 14.45

λ/m λMax- 596.81 525.10 1 050.23

λMin- 395.72 357.00 296.10

λA- 512.47 424.80 675.49
ω 0.53 1.17 2.20

ω
λ

      Note: A is the average, AR is the aspect ratio, W is the width of the Channel I, D is the depth of the Channel I,  is the channel bend frequency,
and  is the swing amplitude of Channel I. LSC: low-sinuous channel; MSC: moderate-sinuous channel; HSC: high-sinuous channel.
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5  Discussion

5.1   Quantitative analysis of channel parameters
The morphology of the Channel I varied during its evolution

history. An important difference between a deep-water channel
and an overland meandering river is that a deep-water channel is
capable of self-regulation. Pirmez and Imran (2003) suggested
that to achieve a smooth state in a deep-water channel, it is ne-
cessary to constantly adjust the sinuosity, gradient, depth, and
width of the channel in response to changes in fluid flows and
sediment loads. As a result, a certain rule was obtained by com-
paring the sinuosity of the channel with its width, depth, and oth-
er parameters, as detailed in Fig. 8. The relationships between
these parameters can be used to quantitatively explain the causes
of the changes in the Channel I morphology.

5.1.1  LSC
Figure 8a suggested that the correlation between the channel

sinuosity and depth, while Fig. 8b indicated that the correlation

between the channel sinuosity and width. In these two figures,
the correlations between the sinuosity of the LSC and its width
and depth are not significant. As observed from the above analys-
is, the sinuosity of the LSC varies in a small range from 1.0 to 1.2.
However, Figs 8a and b suggested that the overall width and
depth of the LSC are relatively large in the channel system (Table 1).
At the same time, Fig. 8c suggested that a significant positive cor-
relation between the depth and width of the channel, as the
width of the channel increases with the depth.

5.1.2   HSC
For the HSC, there is no significant correlation between the

sinuosity of the channel and its depth. The depth of the channel
in this section is concentrated between 10 m and 25 m, the down-
cutting depth of the channel is 11.97 m at the shallowest and
24.18 m at its deepest, and its sinuosity range is 1.5–4.0 (Fig. 8a).
The results suggested that regardless of how the sinuosity of the
channel changes, the downcutting depth of the channel is con-
centrated only in the range between 10 m and 25 m, the change
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Fig. 6.   Types of seismic cross-sectional morphologies of the Channel I. a. Locations of the seismic cross-sections are indicated by the
solid black lines, the numbers are the channel cross-section labels, and the solid lines represent the various geometrical morphologies
of the channel cross-sections: U-shaped (b), inclined V-shaped (c), symmetrical V-shaped (d), and dish-shaped (e).
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of channel depth does not influence the sinuosity of the channel.
Moreover, there is a significant negative correlation between the
sinuosity of the channel and its width, as shown in Fig. 8b. The
sinuosity of the channel decreases with increasing width, indicat-
ing that the sinuosity of the channel in this section is affected by
changes in its width. At the same time, an analysis reveals no sig-
nificant correlation between the width and depth of the channel

in this section (Fig. 8d).

5.1.3   MSC
The MSC is similar to the LSC, there is no significant correla-

tion between the sinuosity and either the width or the depth. In
addition, the downcutting depth and width of the channel are re-
latively small in the channel (Figs 8a, b and Table 1). However,
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Fig. 7.   Schematics of the spatial distributions of the different cross-sections of the Channel I. The specific location of four channel
cross-sections geometrical morphology, such as U-shaped (a), inclined V-shaped (b), symmetrical V-shaped (c), and dish-shaped (d),
in the whole Channel I. e. Spatial distributions of the overall channel cross-sections, where the numbers signify the sequence of the
channel cross-sections. f. True morphology of each cross-section. From upstream to downstream, the depth of the Channel I gradually
transitions from being narrow and deep to wide and shallow.

Table 2.   Geometrical morphology characteristics of the Channel I on seismic cross-sections
Seismic

facies
External

geometries
Developed

location
Characteristics Seismic cross-section Interpretation

a U-shaped middle and
upper position
of the channel

The gravity flow flowing through the channel has large
scale, strong energy and strong undercut erosion

ability. “Gull wing” levee structure is mostly developed
in this area. 0 100 200 300 400500 m

1.75

1.80

1.85

T
W

T
/s seafloor

b inclined V-
shaped

bend position
of the channel

The scale of gravity flow decreases, the fluid energy
decreases, and the undercutting erosion ability of the
fluid is strong. Asymmetric levee structures are mostly
developed in the channel in this area, and the concave

bank slope of the levee is steep and the convex bank
slope is slow.

1.85

1.90

1.80

T
W

T
/s

0 100 200 300 400500 m

c symmetrical
V-shaped

the straight
section of the

channel

The scale of gravity flow is small, the fluid has medium
to weak energy intensity, and the undercut erosion

ability of the fluid is weakened. Symmetrical V-shaped
cross-sections are mostly developed in relatively

straight channel sections.

1.85

1.90

1.95

T
W

T
/s

0 100 200 300 400500 m

d dish-shaped terminal
position of the

channel

The scale of gravity flow is very small and the fluid
energy is weak. The channel is in a non-restrictive

environment. The levee structure is basically
undeveloped, and the bottom of the channel is

relatively flat.
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T
/s
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Fig. 8d suggested that there is a significant positive correlation
between the downcutting depth and width of the channel in this
section, as the width of the channel increases with the downcut-
ting depth.

5.2  Why is the sinuosity of the middle reaches of the Channel I
greater than that of the upper and lower reaches?
In this study, a very interesting phenomenon is observed: the

sinuosity of the middle reaches of the Channel I is much higher
than that of the upper and lower reaches (Figs 3b and 5), which is
different from the characteristics of the channels that developed
in some other areas (Li et al., 2015). For instance, Li et al. (2015)
analyzed the characteristics and sources of the deep-water chan-
nels in the Rio Muni Basin, West Africa, and suggested that the
sinuosity of a submarine channel increases as the shelf gradient
decreases, which is contrary to the characteristics of the Channel
I described in this paper. Therefore, why is the sinuosity of the
middle reaches of the Channel I of this paper greater than that of
the upper and lower reaches?

The cause of the deep water channel’s sinuosity remains dis-
puted in the academic community. Generally, there are two types
of mechanisms, the first is that the sediment inside the channel is
jointly affected by lateral migration and downstream migration
(Abreu et al., 2003), and the second is that the sediment in the
channel moves laterally to the equilibrium profile and then
swings back, resulting in the sinuosity of the channel (Peakall et al.,
2000). Nevertheless, the sinuosity of a deep-water channel devel-

ops as a consequence of a dynamic and complex multistage pro-
cess (Liu et al., 2012). In this study, due to the synchronicity and
source consistency of the Channel I, the synchrony of internal
factors such as sediment density in the channel is guaranteed to
some extent, so the sinuosity of the deep-water channel should
be affected by external factors such as the slope gradient, differ-
ences in fluid properties, and the restricted capacity of the chan-
nels.

5.2.1   Slope gradient
The Channel I in the study area was divided into three chan-

nel types, namely, the LSC (Fig. 5a), HSC (Fig. 5b), and MSC (Fig. 5c),
in which the average slope gradients of the seafloor terrain were
determined to be 3.91°, 3.31°, and 2.34° (Fig. 9). The calculation
method is shown in Fig. 2c.

According to the measurements, the average seafloor slope
gradient of the LSC is 3.91° (Fig. 9a). This section is located in the
initial developmental region of the Channel I close to the source
area, and receives a large amount of sediment from the contin-
ental shelf, so the fluid mass flowing inside the channel is large
and energetic. Therefore, sediments erode the underlying strata
along a relatively straight track, and the maximum downcutting
depth was measured in the LSC (Fig. 3c).

From the LSC to the HSC, the average seafloor slope gradient
decreases from 3.91° to 3.31° (Fig. 9a), with a large slope gradient
variation range. In addition, fluid energy is gradually consumed
during its flow along the channel. Therefore, in the HSC, the ca-
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Fig. 8.   Relationships between the quantitative parameters of the Channel I: relationships between the sinuosity and the depth (a),
width (b), aspect ratio (width/depth) (c). d. Relationship between the width and depth of the Channel I.
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pacity of the fluid in the channel to erode the underlying stratum
is weakened, and the downcutting depth is correspondingly re-
duced (Fig. 3c).

From the HSC to the MSC, the average seafloor slope gradi-
ent decreases from 3.31° to 2.34° (Fig. 9a). A further decrease in
the slope gradient leads to a slowdown in the flow rate of the flu-
id. This section is located at the end of the development of the
Channel I, and thus, the fluid in this section of the channel has
flown over a long distance. To overcome the friction between the
fluid and the bottom of the channel, the energy consumption of
the fluid is intense. Therefore, the erosion capacity of the fluid in
this section of the channel is basically negligible; thus, the down-
cutting depth of this section is the shallowest among the chan-
nels (Fig. 3c), and this section is dominated mainly by accretion.

5.2.2  Differences in fluid properties within the Channel I
The sediment source-sink system has an important impact on

the erosion and accretion of deep-water channels; the sediment
in the source area may have been transported by rivers before
entering the sink area (Dai et al., 2018). The source supply of the
deep-water channel in the Taranaki Basin, New Zealand, is
thought to have been derived from the northern part of the South
Island and the western part of the North Island (Rotzien, 2013).
The variations in the properties of the sediment in the source
area lead to differences in the fluid properties inside the channel,
which affects the erosion and accretion of the channel and con-
trols the changes in the channel morphology.

With the continuous development of the Channel I, the prop-
erties of the fluid in the channel are constantly changing. In this
study, due to the lack of core, drilling, and logging data, we can
perform only an RMS amplitude attribute analysis of the 3D seis-
mic data. Hence, combined with previous research experience,
we conduct a simple analysis of the changes of the fluid proper-
ties within the Channel I to confirm that the differences in the
fluid properties affect the morphology of the Channel I.

The LSC is located at the beginning of the whole channel sys-
tem. According to the RMS amplitude attribute map, the axis of
the channel in this section presents high amplitude reflections
(Fig. 10), indicating that when a gravitational flow travels through
this section, the sediment is coarse-grained and the proportion of
debris flows in the channel is larger but the proportion of the tur-
bidity currents is small; thus, this fluid has the strongest capacity
to erode the underlying strata throughout the channel. The
downcutting depth of the LSC was found to be the largest throug-
hout the entire channel (Fig. 5c), and the width of the channel
gradually increased with increasing downcutting depth (Figs 5d
and 8d). Therefore, the sinuosity of the LSC remains basically un-
changed, and the shape of the channel is controlled mainly by
the width and depth, as is manifested in the transverse widening
and vertical deepening of the channel; overall, the morphology of
this channel type is approximately linear.

The Channel I develops from the LSC to the HSC, and the en-
ergy consumption of the fluid increases with an increase in the
transport distance of the gravity flow. As seen from the RMS amp-
litude attribute map, from the upstream to the downstream re-
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Fig. 9.   Schematic diagram of the average seafloor slope gradient
of the three sections of the Channel I.  In a,  the seafloor slope
gradient of the low-sinuous channel (LSC) is 3.91°, that of the
high-sinuous channel (HSC) is 3.31°, and that of the moderate-
sinuous channel (MSC) is 2.34°.
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gion of the Channel I, the reflection amplitude of the axis of the
channel changes from high to low (Fig. 10), indicating that the
coarse sediment in the fluid is gradually deposited in the process
of movement. In addition, the content of the debris flow de-
creases gradually while the turbidity current increases, weaken-
ing the downward erosion capacity of the gravitational flow to
some extent. Due to changes in the seafloor slope gradient and
fluid energy, the morphology of the channel gradually changes
from straight to sinuous. The fluid erode and scour the concave
bank wall of the channel, while the convex bank wall of the chan-
nel accretes through sediment deposition. This process repeats,
resulting in the increasing sinuosity of the channel. When the
sinuosity of the channel is increased to a certain extent, the capa-
city of the fluid to erode the concave bank wall is weakened, and
thus, the channel no longer expands outwards. However, the sedi-
mentation process of the convex bank wall continues, resulting in
a gradual decrease in the width of the Channel I. Hence, the HSC
adjusts the sinuosity of the channel mainly by altering the width
of the channel so that the channel tends toward an equilibrium
state.

The RMS amplitude map further shows that the MSC is dom-
inated by low amplitude reflections, indicating that the energy of
the gravitational flow fluid gradually weakens during long-dis-
tance transport, the main fluid in the channel manifests as a tur-
bidity current, while the debris flow basically disappears (Fig. 10).
Figure 8d shows that the downcutting depth of the channel con-
tinues to increase, indicating that the fluid at this stage still has a
certain downcutting erosion capacity. According to Figs 11a and

b, crevasses can be observed in the MSC. Nevertheless, the over-
all downcutting depth of the MSC is shallow (Fig. 3c), and the flu-
id tends to overflow the channel wall. When the fluid erodes the
lateral wall of the channel, the sinuosity of the channel begins to
increase. However, when the channel develops to a certain stage,
it is easy for the fluid to break through the channel wall and break
into a small crevasse channel. At this point, the ability of the fluid
to erode the sidewall disappears, and the sinuosity of the chan-
nel also stops increasing. Therefore, the sinuosity of the channel
in this section does not increase indefinitely; instead, after in-
creasing to a certain extent, a crevasse forms within the channel,
leading to the termination of the bending process of the channel.
Thus, the channel currently presents a moderately sinuous ex-
ternal shape.

5.2.3  The restricted capacity of the Channel I
In addition to the influence of the seafloor slope gradient on

the morphology of the channel, the restricted capacity of the
channel also has a direct impact on the morphological change
of the channel. Moreover, the restricted capacity is controlled
primarily by the downcutting depth of the channel and the build-
ing capacity of the levees.

In the LSC, the sinuosity range is 1.0–1.2 (Fig. 3a). According
to the results of the previous discussion on the slope, the LSC has
the largest slope gradient (3.91°) (Fig. 9a) and the greatest overall
downcutting depth (Fig. 3c). The greater the downcutting depth,
the stronger the restricted capacity of the channel is. At the same
time, the RMS amplitude attribute map and seismic cross-sec-
tions demonstrate that the levee structures in the LSC are highly
developed (Figs 10 and 12a). The levees on both sides of the
channel are overflow deposits formed by the fluid overflowing
the channel, which also indirectly plays a role in restricting the
lateral movement of the channel. The limiting effect of the max-
imum downcutting depth on the channel and the effect of the
levees on the lateral movement of the channel caused the chan-
nel to be a strongly restricted environment, so the channel for-
med a low-sinuosity morphology.

For the HSC, the sinuosity range is 1.5–4.0 (Fig. 3b). As the
seafloor slope gradient decreases, the overall downcutting depth
decreases (Fig. 3c), so the restricted capacity of the channel is
correspondingly weakened. With a decrease in fluid energy, the
capacity of the fluid to erode the earlier strata in the channel is
insufficient. The fluid bypasses the axial part of the younger
channel, and erosion usually occurs on the side of the younger
channel with a relatively low sand content. The cross-section
shows the lateral accretion or migration trend of the multistage
channel, which demonstrates how the sinuosity of the channel is
aggravated by this process (Fig. 12b). In addition, according to
the seismic cross-sections, the levees of the channel are also rel-
atively well developed at this stage (Figs 10 and 12b), which re-
stricts the lateral movement of the channel to some extent. In
such a limited movement space, the channel tends toward equi-
librium; thus, the evolution of the channel toward an equilibri-
um profile is accomplished by the erosion of high-gradient
reaches and deposition in the low-gradient portions of the chan-
nel (Gee et al., 2007). The width of the channel base is limited
within a certain range (150–550 m) (Fig. 3d), so only by changing
its sinuosity forms can the channel reach equilibrium.

The MSC has a sinuosity ranging from 1.2 to 1.5 (Fig. 3b),
which is between the ranges of the LSC and HSC. In this section,
the seafloor slope gradient is the gentlest, and the flow velocity of
the fluid is the lowest among the three sections. Hence, after
long-distance transport, the energy of the channel fluid is greatly
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Fig. 11.   Schematic diagram of a channel crevasse in the moder-
ate-sinuous  channel  of  the  Channel  I.  a.  Root  mean  square
(RMS) amplitude attribute map. b. Red-Green-Blue (RGB) col-
our attribute map. c. Schematic illustration of the formation of a
channel crevasse. The black curve represents the present-day
channel, the red dotted line represents the paleochannel, and the
blue circle represents the crevasse position. The specific location
is shown in Fig. 10.
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consumed, and the overall downcutting depth of the channel
reaches the minimum value (Fig. 3c). In addition, levees are not
well developed in this section (Figs 10 and 12c). Therefore, the
limiting effect on the channel basically disappears, the develop-
ment environment of the channel changes from restricted to
nonrestricted, and the lateral movement range of the channel
gradually expands. The sinuosity of the original channel gradu-
ally increases, and after reaching the maximum value, an aban-
doned channel is formed through cutoff. However, due to the
shallow downcutting depth of the channel, when the fluid later-
ally erodes the channel wall, it is very easy for a crevasse to form
(Fig. 11), resulting in the termination of the lateral erosion of the
fluid on the channel sidewall and decreasing the sinuosity of the
channel. Therefore, the channel sinuosity in this section is small
because frequent crevasses are formed, replacing the changes in
the channel sinuosity when the evolution of the channel ap-
proaches equilibrium and resulting in the moderately sinuous
geometry of this channel section.

6  Conclusions
(1) There are obvious differences in the Channel I morpho-

logy on the lower continental slope gradient. According to the
quantitative morphological parameters of the Channel I, the

Channel I was divided into three types: a LSC, HSC, and MSC. U-
shaped channel cross-sections are developed in the LSC, V-
shaped channel cross-sections are developed in the HSC, includ-
ing inclined-V and symmetric-V cross-sections, and dish-shaped
channel cross-sections are developed in the MSC.

(2) The sinuosity of a deep-water channel affects its width and
depth. A quantitative analysis was performed to explore the inter-
actions between these quantitative parameters, including the
width, depth, aspect ratio (width/depth), and sinuosity of each
channel section. There were significant differences in the correla-
tions between the quantitative parameters in the different form
channel segments. Among them, the LSC has a plane morpho-
logy that is not affected by the width or depth, and this channel
segment mostly consists of vertical superposition movement.
There is a significant negative correlation between the sinuosity
and the width of the HSC, which is characterized by lateral move-
ment of the channel. In the MSC, the correlations between the
sinuosity and the width and depth of the channel are not signific-
ant. This segment is affected by the formation of channel cre-
vasses, and the sinuosity of the channel is moderate.

(3) An interesting phenomenon is observed in the Channel I
in this paper: the sinuosity of the middle reaches of the Channel I
is much higher than that of the upper and lower reaches. The
main factors that cause this phenomenon are the seafloor slope
gradient, the differential fluid properties, and the restricted capa-
city of the channel. The restrictive strength of the Channel I is in-
fluenced mainly by the downcutting depth of the channel and the
building capacity of the levees. Under the condition of a steep
slope, the strong restricted capacity of the Channel I and a large
proportion of debris flow in the Channel I, the morphology of the
Channel I is relatively straight. However, when the slope is gentle,
the limiting ability of the Channel I is weakened. The proportion
of turbidity current-induced deposition in the Channel I in-
creases, and the morphology of the Channel I changes accord-
ingly to a sinuous state.
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