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ABSTRACT 13 

A detailed study of Pliocene channel systems within the Taranaki Basin was undertaken from the Parihaka 14 

3D seismic volume to improve understanding of the Plio-Pleistocene channel elements in terms of structure, 15 

channel evolution, and lithology.   Seismic picking parameters were chosen based on the lateral resolution 16 

for optimal mapping of the channels.  Individual and multi-attribute studies were performed on single, 17 

combined, and complex channel systems with the goal of identifying channel features and discriminating 18 

between shale- and sand- rich regions of the channels.  For this target and dataset, the variance attribute 19 

provided key insights into channel features, such as the edge of the channel, meander scrolls, and point 20 

bars.  RMS amplitude and sweetness performed equally well in lithology identification, and combined with 21 

variance, aided in identifying sand-rich channels, as well as small individual channels that could provide 22 

sediment pathways into the deepwater Taranaki basin.  Depending on the complexity of the channel system, 23 

different attribute analyses had varying success with each system.   Therefore, it is important to combine 24 
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various attributes to discriminate channel elements as fully as possible. It is discovered that the lithologies 1 

of individual channels and their elements can be determined using seismic attributes, although it becomes 2 

increasingly difficult to discriminate small scale features within the channel as the complexity of the 3 

channel system increases.  Chronostratigraphic studies using stratal slicing techniques provided insight into 4 

the evolution of the channel system through time, demonstrating an overall sand-rich base of the channel, 5 

with a shallower shale-rich lithology at the top of the channel fill. 6 

INTRODUCTION 7 

The Pliocene – Pleistocene channel complex of the Taranaki basin, offshore New Zealand (Fig. 1a), can be 8 

easily imaged in 3D seismic data but individual channel elements can be difficult to discern.  To improve 9 

the imaging and identification of the elements within this channel, as well as to improve lithology 10 

discrimination, a detailed attribute workflow was applied to this area.  The interpretation workflow was 11 

further enhanced by employing seismic geomorphology methods.  Seismic geomorphology is a technique 12 

used for subsurface feature identification that was developed soon after 3D seismic data became 13 

commonplace in the 1990s.  Early studies such as those by Posamentier (2000) used a variety of display 14 

techniques to enhance the identification of depositional environments, and to aid in the identification of 15 

various depositional elements.  Combining the seismic geomorphology workflows and techniques with a 16 

variety of seismic attributes further enhances the interpretation of the depositional elements then can be 17 

achieved by using either set of methods individually.   Individual attributes often excel at identifying certain 18 

depositional elements, and when they are combined and analyzed together, they are able to enhance features 19 

to improve interpretations, both quantitatively and qualitatively.    20 

Geological setting  21 

The Taranaki basin is located approximately 25 km offshore from North-Western of Plymouth, New 22 

Zealand as shown in Figure 1a and b. The deepwater Taranaki Basin developed during three main phases 23 
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of tectonic evolution (P.R. King and Thrasher 1996; Pilaar and Wakefield 1978). The first phase was 1 

initiated by the extensional rifting during the Late Cretaceous through Late Paleocene due to the opening 2 

of the Tasman Sea. The subduction of Pacific plate under the Australian plate resulting in a rapid regional 3 

subsidence and transgression, which occurred during the Late Paleocene to Early Oligocene. The third 4 

phase occurred during the Miocene and onward in response to the changing orientation of Pacific 5 

subduction during a tectonic transition (P.R. King and Thrasher 1996). During this phase, the Taranaki 6 

basin developed into an active convergent margin and formed as a foreland basin behind the Taranaki thrust 7 

fault. It is during this final end stage of the Taranaki basin development that the channel complex focused 8 

on this study was formed (Rusconi 2017). Figure 1c displays the erosional event in the seismic data, which 9 

formed the deepwater channel system at approximately 1300 ms.   This erosional event is part of the 10 

Pliocene to Pleistocene syn-rift event which occurred from 3.4 to 2.0 Ma (Scully 2016). After the formation 11 

of the incised valley, the Giant Foresets formation was developed on top of the erosional surface throughout 12 

the northern Taranaki Basin (Johnston 2014; P.R. King and Thrasher 1996). The siliciclastic source of 13 

sediments originated from the eastern margin of the Taranaki Basin, while the submarine sediments were 14 

developed regionally from an eastern to western direction (Johnston 2014; Rusconi 2017). The 15 

accommodation space of submarine sediment was created and increased by the major fault in the Parihaka 16 

area (Scully 2016). According to Johnston (2014), the study horizon (the red horizon in Figure 1) was 17 

interpreted at top of Intra-Nukumaruan or Early Pleistocene age. This horizon was characterized by a strong 18 

amplitude at the top and planar to the curving reflectors at the base. The upper top interval was dominated 19 

by the hummocky seismic facies. The oblique sigmoidal seismic facies was observed in the middle interval 20 

and the lower interval was planar seismic facies.  21 

The Early Pleistocene age channel system in the Taranaki basin is formed by a complex amalgamation of 22 

channel that include single channel systems, combined channel systems, and complex channel systems that 23 

have developed in this study interval. As the complexity of the channel system increases, it becomes more 24 

difficult to resolve individual channel features in seismic, as the subsequent phases of the channel evolution 25 



Interpretation   4 

blend together.  The aim of this paper is to improve channel discrimination and to enhance the quality of 1 

attribute extraction quality. As imaging is improved through advanced techniques, each channel system can 2 

provide information to help better understand qualities of the channel, such as the channel geometry, fill 3 

lithology, connectivity, and evolution. Since, the Taranaki basin is one of the new frontiers of petroleum 4 

exploration and development (P. King and Funnell 1997; Uruski 2008), this detailed study can aid in 5 

demonstrating techniques that can be additional used to support exploration and development in the 6 

Taranaki Basin. 7 

DATA AND METHODOLOGY 8 

Data Set 9 

The Parihaka 3D Pre-Stack Time Migration (PSTM) seismic data used in this study was acquired in January 10 

to February 2005 by Veritas DGC Ltd using the Viking II vessel in the Taranaki Basin. This seismic survey 11 

covers an area of 1700km2 just offshore of New Plymouth, New Zealand. In 2011-2012, additional time 12 

and depth processing were performed by WesternGeco for Todd Exploration Ltd, resulting in a pre-stack 13 

time migration (PSTM) volume (New Zealand Petroleum PR4582 2012). The seismic data is nominally 60-14 

fold with an acquisition bin size of 6.25m x 25m and a sample interval of 2ms.  15 

Methodology 16 

To better enhance the channel geometry of the Taranaki basin, a series of interpretative steps were 17 

applied.  The first step aims to improve seismic interpretation quality by initially analyzing the 18 

optimum interpretation picking parameterization. This step is often bypassed in seismic 19 

interpretation workflows, but is essential when attempting to image and interpret relatively small 20 

features. The maximum and minimum line spacing interpretations were then determined from the 21 

calculated horizontal resolution. This was achieved by following the methodology presented by 22 
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Badley (1985) where the maximum line spacing used for seismic interpretation should be equal to 1 

the seismic wavelength, while the minimum spacing should be equal to one-fourth of the seismic 2 

wavelength. Applying this method allows for the calculation of a targeted interpretation interval 3 

that is optimized for each seismic interpretation interval.   This method was applied to the area of 4 

interest within the Parihaka 3D seismic cube.  A dominant seismic frequency of 33 Hz and 5 

wavelength of 66 meters was calculated. The horizontal resolution of the Parihaka 3D seismic cube 6 

was calculated within the area of interest, to be 381 m, and is rounded up to 400 m. From this 7 

value, 100 m spacing (calculated as one quarter of the horizontal resolution) was derived to be the 8 

minimum spacing following the method of Badley (1985). In this case, interpretation was 9 

performed at both the calculated maximum and minimum interval spacing in order to demonstrate 10 

the differences between the two pick intervals. 11 

To better understand the interpretation parameterization and how it related to optimizing the 12 

seismic mapping for distinct channel elements, a detailed analysis was performed.  For the two 13 

intervals spacings, two distinct surface maps on the top of the erosional surface were created 14 

(Figure 2). Note that when the interpretation was executed at a higher interval than the maximum 15 

line spacing, as in the case of the 400 m spacing, the geometry of the channel features were poorly 16 

detected by both the surface time map and attribute maps, and details were missing regarding 17 

channel continuity, and the channel edge. So, while calculating the ideal line spacing can be done 18 

mathematically, the resultant interval spacing range must also be tested to ensure that the features 19 

of interest are being mapped at the level of detail needed for interpretation. In this case, the 20 

optimum picking grid was determined for interpretational optimization by observing and analyzing 21 

the channel geometry features and comparing between these two surface maps at both a regional 22 
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and local scale. It is important to choose the correct interval for horizon picking, as these 1 

interpretations will be used as an input for the generation of surface maps.  2 

Once the seismic mapping is completed, the next step was to enhance the channel geometry.  This 3 

was achieved by applying several seismic attributes such as variance, RMS amplitude, dip 4 

illumination, and sweetness, as these have been demonstrated to enhance channel geometries (Gao 5 

2008; Hart 2008; Marfurt et al. 1998; Radovich and Oliveros 1998; Rijks and Jauffred 1991; Li et 6 

al. 2017) 7 

Variance  8 

Variance or edge detection attribute is one type of coherence signal measurement calculation (Chopra and 9 

Marfurt 2007a). Coherence attribute performs a trace-by-trace analysis in order to quantify the similarity 10 

of the neighboring set, or group, of seismic waveforms within a set time analysis window (Bahorich and 11 

Farmer 1995). While, coherence traditionally measures the amount of similarity between the waveforms, 12 

the variance attribute measures the amount of dissimilarity or variance between neighboring seismic traces.  13 

In terms of coherence, similarity and variance are counterparts to one another.   Coherence attributes have 14 

demonstrated their usefulness in seismic interpretation, particularly in aiding in the identification and 15 

visualization of geologic features that have significant lateral discontinuities, such as faults, fractures, as 16 

well as stratigraphic features such as channel edges.  For this reason, variance has been chosen to aid in the 17 

geomorphological mapping of channels for this study. 18 

RMS Amplitude 19 

A second key attribute that was found particularly revealing for channel morphologies is the RMS 20 

amplitude, a post-stack attribute which extracts the square root of the sum of squared amplitudes divided 21 

by the number of samples within the specified analysis window. While a large variety of amplitude 22 
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attributes can be employed to aid in the interpretation of amplitude variations, the RMS amplitude attribute 1 

was found to work particularly well in this seismic dataset.  As with most amplitude attributes, RMS 2 

amplitude aids in interpretation by helping to differentiate regions with variable acoustic impedance 3 

changes that may be attributed to variations in lithology such as porosity, fluid content and variations 4 

between the relative volume of sand and shale in siliciclastic environments.  Identifying lithologic variations 5 

in the subsurface improve the seismic geomorphologic interpretation by helping identify changes in 6 

lithology that could be due to depositional changes and changes in the environment, such as areas with 7 

more sand-prone or shale prone facies. 8 

Dip illumination 9 

The dip illumination attribute excels at highlighting structural features that results in a dip change in the 10 

subsurface. This attribute aids in identifying edge features, such as channel edges, by performing a 11 

structurally oriented dip scan within a specified moving window, and then illuminating the surface to 12 

enhance the subtle structural features so that the discontinuity can be imaged more clearly. 13 

Sweetness 14 

Instantaneous attributes (Taner, Koehler, and Sheriff 1979) have also been shown to be useful when 15 

attempting to identify channel elements.  Sweetness, a lithology detector attribute, is a combination of two 16 

attributes, amplitude envelope and instantaneous frequency and was originally introduced by Radovich and 17 

Oliveros (1998). Individually, these two instantaneous attributes are able to enhance channel geometry by 18 

aiding in identifying differences and changes in lithology within the submarine channels. Hence, the 19 

combination of these two attributes has the potential to enhance both the geometry and lithology in the 20 

channel system. The amplitude envelope attribute or reflection strength measured the change of amplitude 21 

within a multi-trace analysis and is designed to detect changes in lithology. The instantaneous frequency 22 

attribute is a derivative of instantaneous phase with respect to time. It measures the seismic attenuation 23 
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which could be affected by the porosity and fluid content in reservoir. The combination of these two 1 

instantaneous attributes could identify lithology and stratigraphic or lateral fluid change in reservoir as 2 

discuss in Chen and Sidney (1997). 3 

Other seismic attributes 4 

Due to the characteristics of the local geology, some seismic attributes that tend to provide insights into 5 

channel features did not work in this region. The curvature attribute, which measures how bent the curve at 6 

one particular point (Roberts 2001), should capture a bending characteristic of channel system. On this 7 

channel system, however, we found the curvature attribute could not improve the image quality. This may 8 

be because the sensitivity on noise and density of this channel system (Chopra and Marfurt 2007b) are not 9 

appropriate for the curvature measurement. Another example is the ‘cosine of phase’ attribute, which 10 

measures cosine value of instantaneous phase (Taner, Koehler, and Sheriff 1979). This attribute may give 11 

a guideline for a channel system locations.  However, it was found the precise location of this channel 12 

system borders could not be specific from this attribute within this location. The reason for this is unknown 13 

but apparently, the channel system edges here did not generate a sufficiently abrupt change in instantaneous 14 

phase. 15 

Channel Evolution 16 

Finally, the channel evolution features in the Taranaki Basin were further revealed by a sub-map seismic 17 

geomorphology technique that cuts through chronostratigraphically similar horizons and then applies a co-18 

rendering attribute analysis. One way to find the channel evolution is via a stratal slicing method (Zeng 19 

2010). This stratal slicing method was applied from the top submarine channel main sequence through the 20 

top erosional surface. A total of twenty sub-horizons were sliced through the main channel sequence. 21 

Another geomorphology technique to create sub horizons is sub parallel to top. This method was applied 22 

to reveal the same chronostratigraphic in the shallow planar seismic reflector as showed in the Figure 1d. 23 
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The 10 ms interval sub horizon was performed from top of the last sediment filled to the erosional surface. 1 

Then the co-rendering attributes were run to analyze the chronostratigraphical elements of the channel 2 

evolution. These techniques allowed the channel evolution to be observed in a series of sub-map stacking. 3 

The combination of sub horizon parallel to top and stratal slicing was illustrated in the 3D visualization to 4 

reveal the channel evolution of this channel system. 5 

RESULTS AND DISCUSSIONS 6 

Mapping 7 

Interpretation Quality 8 

To understand and evaluate the optimal manual pick spacing required to best map the channel 9 

features, the major key channel features imaged with the 400 m and 100 m spacing interpretational 10 

pick spacing are illustrated in Figure 2a and b. As shown in this Figure 2a and b, the regional 11 

channel direction is similar with a primarily East to West direction, through both spacing 12 

variations. This orientation of channel evolution is representative of the 3.4 to 2.0 Ma age of the 13 

deepwater channels which formed in the Giant Foresets formation in the Parihaka area (P.R. King 14 

and Thrasher 1996; Pilaar and Wakefield 1978; Rusconi 2017; Scully 2016). However, while the 15 

large-scale channel geometry is similar between the two cases, the 100 m spacing clearly captures 16 

more detail within the channel system on a smaller scale, as demonstrated by Feature A in Figure 17 

2. 18 

Time Surface map 19 

Two time surface maps, which were created by interpolating between the interpretation lines, were 20 

generated from the 400 m and 100 m spacing and are displayed in Figure 2c and d. The regional channel 21 



Interpretation   10 

features in both surface maps are similar. However, the smaller channel-related features clearly demonstrate 1 

variations between the two picking intervals.  For example, the 100 m spacing surface map displays a clearer 2 

continuity of the channel, features A in Figure 2, and showed additional small-scale channels in the distal 3 

zone to the west, Feature A in Figure 2.  4 

Seismic Amplitude 5 

The seismic amplitude was extracted along 400 m and 100 m spacing time surface maps as showed in 6 

Figure 2 e and f. The blue color represents positive seismic amplitudes and red the negative seismic 7 

amplitudes. The channels in the submarine complex system can be detected by the seismic amplitude 8 

extraction but the map only shows a chaotic pattern without clear definition of channel geometries and 9 

facies. These channel geometries and details are illustrated in both 400 m and 100 m spacing time surface 10 

maps (Figure 2e and f). For this reason, attribute analyses were employed to enhance the details of the 11 

channels. 12 

Attribute study 13 

To further enhance channel features, the aforementioned attributes were extract on both the 400 m and 100 14 

m spacing surface maps. Four attributes - variance, RMS amplitude, sweetness, and dip illumination- were 15 

used to improve the identification of individual channel elements, among them the channel edges, point 16 

bars, scroll features, and the main channel body.  Depositional features were targeted, as discrimination of 17 

these channel elements can aid in improved understanding of lithological parameters. 18 

Variance Attribute 19 

The first attribute was variance, which extracted along the time surface map. The entire study area is 20 

illustrated in Figure 3a and b with the 400 m and 100 m spacing interpretation, respectively.  Areas with a 21 

high contrast of similarity, such as channel edges, are highlighted by the dark reddish color, while, the white 22 
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regions represent areas with the same similarity. Some features, such as point bars, have only slight changes 1 

in similarity, as the smaller scale features do not result in significant changes to the seismic waveform. But, 2 

even these small variations can be detected by the variance attribute.   Large changes, such as the edge of a 3 

channel complex, will be detected and result in a larger variance.  One key feature observed is the complex 4 

zones within the main channel body, which in this case are interpreted to be the youngest channel that 5 

overlapped on an avulsion background. Because of the sensitivity of the variance attribute, it is expected 6 

that the main channel edge can be differentiated from the avulsion.  As shown in Figure 3, the variance 7 

attribute extraction on the time surface map is able to greatly enhance channel features as compared to the 8 

seismic amplitude. Both complex channel zones can be imaged (red polygon in Figure 3) as well as single 9 

channels further to the south (blue polygon in Figure 3).  Both of these channel types could be extracted on 10 

the 400 m and 100 m spacing interpretation, as they are regional features.  The difference in the 11 

interpretation intervals becomes apparent when investigating the more minute details within the channels. 12 

While the variance attribute on the 400 m spacing was able to demonstrate the channel geometry, the 13 

variance attribute on 100 m spacing provided clearer imaging of the smaller-scale features of the channel. 14 

This can be seen in Figure 3b, where the channel edge is imaged more clearly and there is improved 15 

continuity, especially in the small channel in the distal zone.  A closer look at the small-scale feature within 16 

the single channel zone demonstrates additional variations between the pick intervals (Figure 3c and d). As 17 

expected, the details of the channel are better captured in the 100 m spacing compared to 400 m spacing 18 

interpretation throughout this region. In particular, some detailed features such as point bars, cut banks and 19 

scrolling channels could only be captured in Figure 3d with the 100 m spacing, and are not clearly imaged 20 

with the 400 m spacing as shown in Figure 3c.  Recall that the white color represents areas of the same 21 

similarity and darker colors represent the larger differences in the neighboring waveforms, as seen in the 22 

region of the channel edge. The outline of the point bar is clearer in 100 m than 400 m spacing interpretation. 23 

The point bar body and scrolling channel could be separated in 100 m spacing image while in the 400 m 24 

spacing image the point bar outline showed lack of continuity resulting in unclear point bar body and 25 

scrolling channel separation. This is likely because the details of these channel elements are smaller than 26 
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the horizontal resolution, so they could not be captured in 400 m spacing interpretation. Improved 1 

discrimination of the point bar aids in the understanding of lithologic facies that may be present, as well as 2 

the extent of these facies.   3 

The zoom-in of the complex channel zone (i.e. the red polygon in Figure 3a and b) is shown in Figure 3e 4 

and f. The features within this region are also greatly enhanced by the variance attribute extraction. The 5 

100 m spacing shows a clearer channel edge in Figure 3f than the interpretation generated with a 400 m 6 

spacing. However, because of the depositional complexity, both spacing intervals could not definitively 7 

capture small details within the complex zone, although the limits of the most recent main channel body 8 

does appear more clearly defined (Figure 3f). In addition, the small channels on the north side of this region 9 

are clearly defined by the 100 m spacing.   10 

Overall, the variance data is smoother with the 400 m than with the 100 m spacing interpretation. This could 11 

be a result of the interpolation process that is required, as horizons cannot be easily tracked in seismic data 12 

within a channelized area. In higher slope areas, such as by the channel edge or near a small channel, the 13 

finer interpolation line spacing can capture more details than the coarser grid spacing. For example, if the 14 

line interpretations were performed at three points; the edge, body and another edge, the surface map would 15 

show high slope on this area or a ‘V’ shape in cross section. On the other hand, if the interpretation was 16 

done on only one point, either the channel edge or the body, the variance would not capture the difference 17 

between the data points. For these reasons, particularly for seismic features that cannot be easily tracked by 18 

individual horizons, it is imperative to understand the relation between the size of the subsurface features 19 

of interest and the seismic grid picks. 20 

RMS Amplitude Attribute 21 

The RMS amplitude attribute tends to enhance variations between changing lithologies, porosities and fluid 22 

content. The higher amplitudes are represented by whiter colors while lower amplitudes are black (Figure 23 
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4). In this clastic region, the higher amplitudes are more likely related to sand-rich facies, or those facies 1 

with higher porosities.  These facies are those that may be of more interest as either reservoir lithologies in 2 

hydrocarbon regions, or lithologies that would allow the migration of fluids, either hydrocarbons or brines 3 

that could aid in reservoir pressure support. As with variance, both the 400 m and 100 m spacing 4 

interpretations are able to capture the regional channel geometry, showing that the sub-marine channel 5 

system was developed from East to West. Figure 4c and d show a zoomed-in area of the single channel 6 

zone for the different pick parameters. In this example, RMS amplitude images the channel edge to be 7 

slightly wider than the result of the variance attribute extraction.  8 

As before, the 100 m spacing interpretation captures more obvious channel element details than does the 9 

400 m spacing. The point bar outline is clearly imaged with in 100 m spacing (Figure 4d). When comparing 10 

Figure 4c and d, a channel scroll is clearly represented by the white region representing higher seismic 11 

RMS amplitudes in the 100 m spacing while the 400 m spacing blurs this region, making it hard to identify 12 

the channel scroll pattern.  As seen in Figure 4e and f, the channel edge of the main channel in the complex 13 

channel zone is clearer in the 100 m spacing as highlighted by the red arrow. The continuity of the main 14 

channel is captured; however, it is not clear throughout all of the channel complex on both 400 m and 100 15 

m spacing. 16 

Sweetness Attribute 17 

The sweetness attribute is also a lithology detector, similar to the RMS amplitude attribute.  The sweetness 18 

attribute extracted along time surface map is shown in Figure 5. The same regional channel geometry is 19 

detected as when using variance and RMS amplitude. Figure 5c and d showed a closed-up look at the single 20 

channel zone. The channel edge could be captured as twin edges, similar to the results of the RMS 21 

amplitude. The channel details such as the point bar and channel scroll are more clearly observed in the 100 22 

m spacing than in the 400 m spacing. The small channel as pointed out by the red arrow in Figure 5c and d 23 

could only be captured in 100 m spacing interpretation. The darker color and low sweetness value of this 24 
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small channel suggests that it is filled with a more shale-rich lithology, as opposed to a sand-rich channel 1 

fill.  The main channel in the complex zone was illustrated in Figure 5e and f. The continuity of the main 2 

channel is better enhanced in 100 m spacing when compare to 400 m spacing interpretation.   Note also the 3 

higher sweetness value, which can be an indicator of a sand-rich channel fill.   4 

Dip Illumination Attribute 5 

Dip illumination is an optimal attribute for identifying channel edges, as it highlights areas that have a larger 6 

structural dip component (Figure 6a and b).  While overall channel geometry can also be detected by the 7 

aforementioned attributes, the benefit of using dip illumination can be observed when looking at the 8 

individual channel systems, for example, the single channel as shown in Figure 6c and d. The 100 m spacing 9 

provides both a clearer and better continuity channel edge image than 400 m spacing, even though it still 10 

could not capture any variations within the channel. Variations within the channel would not be expected, 11 

as dip illumination is more of a geometric attribute, as compared to attributes that are better suited to identify 12 

lithological changes, such as sweetness and RMS amplitude. Within the complex zone (Figure 6e and f) the 13 

main channel body is observed even with minimal color variations to distinguish in from the background. 14 

While the 100 m spacing shows a little more obviously the channel edge, both grid spacing interpretations 15 

have a hard time aiding in discrimination the exact location of the main channel body in the complex zone.  16 

This is likely because there are overlapping systems of the older and younger channels in the complex zone. 17 

So, the existing channel edge of the old channel in the avulsion system may reduce the dip variation across 18 

the complex area. A contrast of dip changing between the single channel and floodplain would be more 19 

obvious than a contrast between youngest channel overlapped in the complex zone.  Note that the dip 20 

illumination does help identify the small channel to the northwestern region in the 400 m spacing example.  21 

The previously discussed attributes did not perform as well with 400 m spacing in identifying the limits of 22 

this small channel. 23 
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Interpretation Spacing and Attribute Summary 1 

Even though the 100 m spacing interpretation could capture clearer details of channel geometry than the 2 

400 m spacing in all of the different attributes, interpreters should keep in mind that refining interpretation 3 

from 400 m to 100 m spacing required an exponential increase (i.e. four times more) in work and effort. 4 

Moreover, besides just the additional pick time required, the 100 m spacing interpretation also requires 5 

significantly more quality control effort to ensure that the horizon picks are kept consistent. Ideally, an 6 

adaptive grid can be used by the interpreter, once the imaging limitations are understood for key features 7 

of interest.  In this case, a 400 m spacing could be employed in regions of homogeneous features, and the 8 

100 m gridding could be used in the channel regions.  As the 100 m spacing revealed finer-scaled features, 9 

it is solely used in the subsequent multi-attribute study. In addition, a line spacing between 100 m and 400 10 

m could be used as a compromise to balance the time effort needed for the 100 m line picking, and the 11 

quality of the results. It is important to note that depending on the individual channel study area and the 12 

seismic data, additional attributes can be employed to improve imaging if the initial chosen attributes are 13 

not adequate. For instance, an analysis of the seismic frequency spectrum such as with spectral 14 

decomposition could further improve and emphasize the channel structure, as well as further help 15 

differentiate rock properties such as lithology and pore fluid by their frequency bandwidth (Partyka et al., 16 

2000; Peyton et al., 1998). In addition, the co-rendering among a specific range of frequencies could further 17 

enhance the channel geomorphology. 18 

Multi Attribute Analysis 19 

Due to the variations of the channel geometries and each individual element, and different pros and cons of 20 

each attribute, a multi attribute study is applied to further enhance and understand the channel features in 21 

this region. The four attributes; variance, RMS amplitude, sweetness, and dip illumination are extracted 22 

along the time horizon surface to enhance channel geometry extractions and are illustrated in Figure 3b, 23 

Figure 4b, Figure 5b, Figure 6b.  The first type of attributes are the geometric attributes which are variance, 24 
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RMS amplitude and dip illumination which aid in discriminating changes in the shape of the seismic 1 

waveform that results from changes in the geology of the subsurface.  Each of these attributes is able to add 2 

a key piece of subsurface information into the puzzle of interpretation. RMS amplitude can enhance the 3 

differences between changing lithologies while variance can highlight small scale variations between 4 

neighboring waveforms due to structural and lithological changes, while variations in the dip angle can be 5 

captured by the dip illumination. The second type of attribute, sweetness, is a combination of instantaneous 6 

attributes, which can aid in lithologic discrimination. 7 

Each single attribute focuses on enhancing a different aspect of the channel geomorphology. For example, 8 

the variance and dip angle variations are better at edge detection, while, RMS amplitude and sweetness are 9 

useful for lithology changes. Individually, each attribute can reveal additional clues regarding the 10 

subsurface, but when compared together, they can allow for a more complete and in-depth interpretation. 11 

The comparison of these four attributes individually provides a piece of the jigsaw of this complex channel 12 

system, but improved interpretation of the channel system is possible when these attributes are combined. 13 

Continuity of channel body 14 

To improve the interpretation and mapping of the channel body continuity within the three discrete types 15 

of channels observed in this region, three areas of interest were identified for further analysis: the single 16 

channel (Blue Polygon), combined channel (green), and complex zone (Yellow) as shown in Figure 3. 17 

Single Channel System 18 

In the single channel zone (Figure 7 left) the channel edge and channel body could be clearly detected with 19 

all attributes. The RMS amplitude, however, showed the best enhanced image of the channel edge, followed 20 

in effectiveness by sweetness, variance and dip illumination, respectively. This can clearly be observed in 21 

Figure 7d and g, as the channel edges are strongly presented in both the RMS amplitude and Sweetness 22 

attribute extractions, while the variance and dip illumination displayed more diffuse and less definitive 23 
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channel edges. When comparing the small channel detectability among the selected four attributes, the 1 

variance and RMS amplitude could capture the best image of the small channel both in terms of the channel 2 

body and location. The other two attributes provided only a suggestion of the placement of the channel 3 

trace. These results suggest that the lithology of this small channel is distinct from the submarine-delta 4 

lithology in this single channel area, as sweetness and RMS amplitude tend to reveal lithological differences 5 

in the subsurface. Most likely, this small channel is filled with a sand-rich lithology, which allows the RMS 6 

amplitude and sweetness to detect in against the mud-rich background lithology.   Other examples of 7 

differences in lithology can be observed when comparing the central E-W trending channel, as compared 8 

the channel at the southern edge of this region, as well as the channel seen at the northern corner.   As seen 9 

in the RMS Amplitude and sweetness attributes, the attribute values are much lower in the southern and 10 

northern channel, suggesting a lithologic difference between the channel fill of these two channels, with 11 

the southern channel most likely containing more shale-rich sediments.  Variance also highlights some 12 

striking meander scrolls in the northern most region. 13 

Combined Channel System 14 

Next, to understand how the attributes aid in channel element identification in a more complex 15 

system, the attribute extractions of a combined channel system are studied (Figure 7 middle 16 

column).  In this case, the RMS amplitude continued to provide a good method of channel edge 17 

detection, but the variance appears to display the channel edges more definitively than in the single 18 

channel system. Sweetness did not perform as well as in the single channel system, displaying 19 

regions that appear more blurred but still provides enough information to aid in the interpretation.  20 

Dip illumination was not able to capture the channel edge in the combined channel system.  21 

The combined channel system contains two distinct regions including a main channel body to the 22 

northeast, which splits into two single channels as it moves more distally to the southwest. In both 23 
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of these regions, RMS amplitude and sweetness are capable of partially imaging the channel body, 1 

but, in addition, these two attributes identify lithological changes that highlight both shale- and 2 

sand-dominant regions of the channel. The lithologic discrimination is particularly evident in the 3 

northern of the two channels, as the channel can be easily identified with higher values of both of 4 

these attributes, suggesting a more sand-rich channel fill.  The region where the two channels are 5 

combined undeniable still present interpretation difficulties in terms of conclusive interpretation 6 

of channel continuity with all four of the attributes.  This is likely due to the more complex 7 

geometry and lithological changes that are occurring at a sub-seismic wavelength scale as the 8 

channels develop atop and adjacent to one another.  Variance and RMS amplitudes (Figure 7b and 9 

e) appear to be the best attributes that are most likely to untangle channel complexities and aid in 10 

understanding channel connectivity. The sweetness (Figure 7h) may provide a few additional 11 

clues. The dip illumination (Figure 7k) appears to do little in aiding to clarify the channel complex 12 

detail with the interpretation. 13 

Complex Channel System 14 

In the complex channel system, only the main channel could be detected with the four attributes. 15 

As illustrated in Figure 7 right, both variance and dip illumination (Figure 7c and l) display a clear 16 

continuity of the channel main body while the Sweetness and RMS amplitude (Figure 7i and f) 17 

display highly ambiguous connectivity. The poor results of the sweetness and RMS amplitude 18 

indicates that the lithology of a main channel in the complex channel zone could be mixed so 19 

lithology detection attributes do not perform optimally. On the other hand, the channel edges are 20 

still detectable so edge enhancing attributes were capable of improving the channel geometry more 21 

so than lithology detection attributes in this complex zone. In addition to the main channel, small 22 
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single channels in the complex zone were also able to be enhanced with variance and dip 1 

illumination techniques.  The difficulty of clearly unraveling the rapidly varying channel elements 2 

is again likely caused by the seismic lateral resolution limits. 3 

Channel elements   4 

Individual channel elements such as point bars, cut banks, and channel scrolling due to small-scale channel 5 

cut and fills as point bar sands are laterally accreted can be captured in the single channel geometry by all 6 

attributes except dip illumination. As shown in Figure 7 left, sweetness is the best attribute to capture 7 

channel details, follow by RMS amplitude, then variance. This suggests that in this single submarine 8 

channel, the lithology of the channel elements is the discriminating factor, more so than the structural dip.  9 

The various stratigraphic elements of the channels are not always enhanced by the same seismic attribute 10 

in each of this channel systems. Within the combined channel system (Figure 7 middle) the point bar outline 11 

could be best captured with RMS amplitude. But, secondary attributes such as the variance do also provide 12 

some insight, but not as conclusively.  The sinuous channel scrolls are also clearer and easier to locate and 13 

identify in RMS amplitude, while sweetness tended to blur the area where scroll features were identified 14 

and did not allow for an unambiguous interpretation without the use of other attributes.    15 

In the combined channel system (Figure 7 middle), the sweetness attribute appears to provide more 16 

interpretational insight than the other three attributes. Not only are the channel scrolls clearly imaged, but 17 

also the channel cut banks are definitively displayed. The RMS amplitude attribute does also capture some 18 

channel element details, such as lithological changes as well as detailed channel sinuosity, while the 19 

variance was only able to clearly capture the main channel element and the channel edge. The dip 20 

illumination could not capture any essential details within this more complex region.   21 
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While initially appearing convoluted, attributes do aid in identifying multiple channel elements within the 1 

complex channel system.  In this system, lithology is changing more rapidly and is likely more diverse. 2 

This limits the capabilities of RMS amplitude and sweetness allowing them to primarily identify the extent 3 

of the complex channel system, although they are able to clearly image some elements such as channel 4 

scrolls in some of the single channels that splay off from the complex system and more minute individual 5 

channels. Variance resulted in spectacular results, imaging not only single channels that break off from the 6 

main channels, but also the transition from the leveed channel system to a splay complex that resulted in a 7 

lobate fan with distributary mouth bars.  With variance clearly defining this distributary system, the RMS 8 

amplitude can now be put into context and show where sandier lithologies exist in the mouth bars.  The dip 9 

illumination showed the best continuity of the main channel and clearly defines the edge of the system.  10 

Deepwater channel systems often contain a variety of channel systems, ranging from simple to more 11 

complex overlapping channels resulting from the multiple stages of channel system evolution.  While many 12 

seismic attributes exist to aid in the interpretation and understanding of these systems, it can be seen that in 13 

the Taranaki Basin region, one single attribute does not provide all the needed details.  In addition, while 14 

moving from simple to complex systems, there is no single attribute that is wholly effective.  This highlights 15 

the need to individually analyze both sub-regions of the area of interest as well as the effectiveness of 16 

individual attributes and their ability to better define the channel architecture.   Once an improved 17 

understanding of the geology and attribute expression is complete then a multi-attribute study using co-18 

rendering methodology can be optimized. 19 

Co-rendering attributes 20 

The co-rendering of multiple attributes is becoming a more common method of channel element 21 

identification as earlier shown by Chopra (2002).  Multi-attribute displays allow for the 22 

combination of two or more seismic attributes into one display.  The benefit of co-rendering is 23 

optimized when the attributes display different information such as a lithologic and geometric 24 
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attribute.  This allows the interpreter to simultaneously interpret multiple aspects of the subsurface 1 

system to synthesize a more accurate hypothesis. 2 

Based on the previous results discussed for these channel systems in the Taranaki Basin, dip 3 

illumination did not provide additional subsurface information that complement variance, RMS 4 

amplitude, and sweetness attributes. Therefore, it was not included in the multi-attribute co-5 

rendering study. By analyzing individual attribute within the three different channel systems, the 6 

attribute combinations are able to be limited to three combinations: Variance plus sweetness, 7 

variance plus RMS amplitude, and RMS amplitude plus sweetness as showed in Figure 8.  Using 8 

apriori knowledge regarding the effectiveness of each individual attribute reduces the multi-9 

attribute analysis in half.   10 

In the single channel system, both the channel edge and channel element details are better captured and 11 

enhanced by each co-rendering multiple attribute than any single attribute.  This is particularly evident 12 

when analyzing the point bars and channel scrolls. Among the three combinations, the variance plus RMS 13 

amplitude display provides the best interpretation image followed by the variance plus sweetness.  The 14 

RMS Amplitude plus Sweetness does not provide much additional information in this single channel 15 

complex, likely due to the lithologic nature of these attributes and the relative simplicity of the system.   16 

The same improved results of co-rendering attributes are also shown in the combined channel zone and the 17 

complex channel zone. It could be ascertained that a combination of the lithology plus lithology detection 18 

attributes could not enhance additional channel geometry details while a combination of different detection 19 

type attributes could provide a better image.  20 
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Channel evolution study technique 1 

Stratal Slice (Proportional Slice) 2 

Additional insight into the depositional system were achieved by applying seismic geomorphology 3 

techniques, among them stratal slicing. The statal slicing was calculated to approximately cut through the 4 

same chronostratigraphic sediment layer. This allows channel evolution events could be captured on each 5 

slice. When all stratal slices are compiled together, the full channel evolution in this submarine complex 6 

can be revealed. Twenty proportionally-spaced stratal slices were constructed in the total channel system 7 

section as illustrated in Figure 9a and b.  For each slice, variance attribute and variance plus sweetness were 8 

co-rendered and then applied to each stratal slice (e.g. Figure 10). 9 

As shown in Figure 10, the co-rendered attributes better detect key channel features than the single variance 10 

attribute by itself. Since the interpreted sandy and shaly areas display a clear separation in the sweetness 11 

attribute due to its ability to identify lithology differences, combining sweetness with the variance attribute 12 

aids in identifying differences between neighboring waveforms and therefore geologic variations our results 13 

show that these two attributes combine to support each other in identifying channel key features that are 14 

not as clearly imaged in any single attribute (Figure 10).  In this case, a channel body is displayed in the 15 

southeastern portion of the study area.  While not clearly imaged with variance, the combination of the two 16 

attributes identifies the limits of the channel, as well as suggests with the higher sweetness value, that the 17 

channel could be sand prone. Smaller channels breaking off on the distal extent of this channel are also 18 

more clearly imaged in the multi-attribute display, providing additional insight into possible sediment 19 

pathways. 20 

While individual stratal slices do provide some information, stratal slicing is best utilized by comparing the 21 

individual slices to each other to identify how the system evolves through time.  A 3D visualization of the 22 

stratal slicing stacking is shown in Figure 11.  Now, the channel evolutions can be clearly from each stratal 23 
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slice. In this case, stratal slice 1 represents the youngest channel evolution of this system, and stratal slice 1 

20 illustrated the oldest (and deepest) channel evolution. This visualization of the channel evolution begins 2 

with the originally eroded surface to the fully filled channel with sediment in stratal slice 1.  An obvious 3 

thalweg (i.e. the deepest point of channel) was identified by the highest erosion event in the stratal slice 4 

shown in the Figure 11. Note that the oldest evolution of the channel displays the deepest channel thalweg 5 

in stratal slice 20 and appears to have a sand-rich channel fill as demonstrated by the sweetness attribute. 6 

As time passes, the channel appears to change lithology, becoming more shale-rich, and the thalweg 7 

disappears through time as sediments are deposited up to stratal slice 1. In addition, the channel thalweg 8 

slightly shifted in the northwest direction from the oldest to youngest age.   9 

The stratal slice through the single channel system revealed the channel development since the beginning 10 

(Figure 11 stratal slice 20 to stratal slice 1). The oldest chronostratigraphic in stratal slice 20 is observed by 11 

the deepest channel thalweg. Then the sediment was filled in this channel system as showed in the Figure 12 

11 stratal slice 15 to stratal slice 6. The shallower thalweg was observed through time. Sediment continued 13 

to fill the channel until the accommodation space was full, as shown in statal slice 1. This was the end stage 14 

of the single channel system evolution. 15 

The stratal slicing technique combined with the appropriate combination of multi-attribute is able to 16 

enhance more details and produce a series of clearer images. A well-planned attribute workflow can provide 17 

additional geologic insight that results in new knowledge of the study area.  With the development of 18 

multiple new attributes over the last couple decades, focused approaches to interpretation using appropriate 19 

attributes allow for the best results, rather than attempting to globally analyze all attribute or multi-attribute 20 

combinations.  21 
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Sub-horizon parallel to top of channel  1 

As shown in Figure 1d, the top of channel system was marked by a throughgoing, planar ‘channel top’ 2 

seismic reflector.  Using the channel top as a chronostratigraphic datum, we generated a sub horizon 10 ms 3 

below the channel top to analyze the channel system (Figure 9c).  This allowed us to compare a sub horizon 4 

interpreted parallel to the channel top could extract more details than the stratal slicing method , which does 5 

not track exactly parallel to the channel top reflector.  We found the sub horizon extracted more details than 6 

the stratal slicing method near the channel top (Figs. 12a to d).  In contrast, the deeper part of channel 7 

system was dominated by the chaotic reflectors and the stratal slicing captured better details (Figure 12e 8 

and f). For example, the 17th stratal slicing showed a better image of small channels in the complex incised 9 

valley than the sub horizon 120 ms below top channel system surface. The locations of both horizons are 10 

presented in Figure 12i and j. Based on our analysis, we conclude that the most appropriate interpretative 11 

method should be selected after carefully inspecting the seismic character and seismic facies within the 12 

channel.  13 

CONCLUSIONS 14 

As demonstrated in this study of Pliocene channel systems in the Taranaki basin, seismic 15 

interpretation workflows can be developed and directed to allow for optimal interpretation of a 16 

focus area.  Depending on the lateral and vertical size of the subsurface features, proper line 17 

spacing should be taken into account. A finer line spacing can provide for better imaging, however, 18 

more time and manpower will be consumed. In addition, when targeting specific subsurface 19 

features, such as the channel geometry and channel details, a good understanding of geological 20 

concepts is required to choose appropriate attributes. For example, lithology attributes may help 21 

to enhance the channel details but may not help much in understanding the channel geometry. Co-22 

rendering or combining two attributes should also be considered. A good combination of attributes 23 
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to be used for co-rendering should be selected from two different attribute properties group, such 1 

as those that will aid in geometry detection and those that aid in lithological discriminations. Stratal 2 

slicing and sub horizons extracted parallel to the channel top combined with co-rendered attributes 3 

provide additional tools that reveals the channel system evolution in a fuller chronostratigraphic 4 

context.  5 

In this study region, these techniques were combined to identify individual channel elements in 6 

both simple and more complex channel systems.  The co-rendering of variance and sweetness, in 7 

particular, allowed for an improved mapping of channel sinuosity and sand-rich sediment 8 

depositional patterns.  Techniques such as those presented can be employed in a more detailed 9 

study to improve understanding about paleo-dips, depositional system energy, and sediment types, 10 

all of which can improve understanding of the likely seismic facies and potential for reservoir and 11 

fluid migration pathways in the deepwater Taranaki Basin. 12 
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 1 

Figure 1 a) Location of the Parihaka 3D seismic cube (red polygon), offshore, New Zealand 2 

offshore. b) -1300 ms time slice from the Parihaka 3D seismic volume showing the variance 3 

attribute. The green box highlights the primary area of interest in his study, c) seismic cross section 4 

A-A’ (orange line in b) with a horizon interpreted from this study. d) seismic facies analysis on 5 

the B-B’ (orange line in b) of the channel system showed planer, oblique sigmoidal, and hummock 6 

characteristic at top, middle, and bottom of channel system respectively. 7 
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 1 

Figure 2 Comparison between interpretation delivered from 400 m and 100 m spacings green 2 

polygon in Figure 1. a) 400 m spacing interpretation; b) 100 m spacing interpretation; c) 400 m 3 

spacing time surface map; d) 100 m spacing time surface map; e) seismic amplitude extracted 4 

along 400 m spacing time surface amp; f) seismic amplitude extracted along 100 m spacing time 5 

surface map. 6 
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 1 
 2 

Figure 3 Variance attribute extracted along the time surface map; a) 400 m spacing map; b) 100 m 3 

spacing surface map. The blue polygon outlines the single channel zone and the red polygon 4 

outlines the complex zone. Yellow and green polygons are discussed in later figures; c) Zoom-in 5 

blue polygon area of a); d) Zoom-in blue polygon area of b); e) Zoom-in red polygon area of a); 6 

d) Zoom-in red polygon area of b).  7 
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 1 

Figure 4 RMS attribute extracted along the time surface map; a) 400 m spacing map; b) 100 m 2 

spacing surface map. The blue polygon outlines the single channel zone and the red polygon 3 

outlines the complex zone; c) Zoom-in blue polygon area of a); d) Zoom-in blue polygon area of 4 

b); e) Zoom-in red polygon area of a); d) Zoom-in red polygon area of b). 5 
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 1 
 2 

Figure 5 Sweetness attribute extracted along the surface map; a) 400 m spacing map; b) 100 m 3 

spacing surface map. The blue polygon outlines the single channel zone and the red polygon 4 

outlines the complex zone; c) Zoom-in blue polygon area of a); d) Zoom-in blue polygon area of 5 

b); e) Zoom-in red polygon area of a); d) Zoom-in red polygon area of b). 6 
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 1 

Figure 6 Dip illumination attribute extracted along surface map; a) 400 m spacing map; b) 100 m 2 

spacing surface map. The blue polygon outlines the single channel zone and the red polygon 3 

outlines the complex zone; c) Zoom-in blue polygon area of a); d) Zoom-in blue polygon area of 4 

b); e) Zoom-in red polygon area of a); d) Zoom-in red polygon area of b). 5 
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  1 
 2 

Figure 7 Zoom-in of the single channel system (blue polygon), combine channel system (green 3 

polygon), and complex channel system (yellow polygon) shown in the Figure 3, with  the four 4 

attributes extracted along 100 m spacing interpretation; a.) Variance attribute, b.) RMS amplitude 5 

attribute, c) Sweetness, and d) Dip illumination attribute. 6 
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 1 

Figure 8 Three co-rendering attributes extracted along surface generated from the 100 m spacing 2 

interpretation. a) Variance and Sweetness co-rendering attribute, b) Variance and RMS amplitude 3 

co-rendering attribute, and c) RMS amplitude and Sweetness co-rendering attribute. 4 



Interpretation   37 

 1 

Figure 9 Stratal slicing method schematic. The two top horizons were assigned and total 20 2 

proportional slices were created through this section.  3 
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 1 

Figure 10 Comparison of the a) regional variance attribute; b) regional variance plus sweetness 2 

co-rendered attribute; c) zoom-in of red box form a); d) zoom-in of red box from b) for one stratal 3 

slice.  4 

 5 
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 1 

 2 

Figure 11 3D visualization of stratal slice stacking. Left; the strata were sliced from the top channel 3 

system horizon (stratal slice 1) to the erosional surface horizon (stratal slice 20). Right; zoom in 4 

of selected slices showing the geological evolution of the single channel (red polygon). The oldest 5 

chronostratigraphic interval is within the stratal slice 20. The full erosional profile can be observed 6 

from the deepest thalweg. The thalweg shifted through time by sediment filling. The channel 7 

appears to be low profile in each stratal slice until become completely filled in stratal slice 1, which 8 

was the end stage of channel evolution. 9 

 10 
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 1 

Figure 12 Comparison between sub horizon and stratal slicing interpretation approaches for the 2 

areas defined by the a) to d) red boxes and e) to h) blue boxes in Figure 10a.  a) sub horizon 50 ms 3 

parallel to top of channel system; b) 7th stratal slice. Horizon location in A-A’ seismic cross section 4 

(black line in Figure 10a); c) 50 ms sub horizon below the top surface; d) 7th stratal slice. 5 

Comparison of the zoom-in of blue box form Figure 10a; e) sub horizon 120 ms parallel to top of 6 

channel system; f) 17th stratal slice. Horizon location in A-A’ seismic cross section (black line in 7 

Figure 10a; g) 120 ms sub horizon below the top surface; h) 17th stratal slice. 8 
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