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by Susanna Katharine Taylor 

The Whakatane Graben is a back-arc basin situated in the Bay of Plenty, North Island, New Zealand, 

associated with the oblique westward subduction of the Pacific Plate beneath the Australian Plate. The 

data presented in this thesis reveal both long-term and short-term normal fault behaviour in a fault 

population surrounding and including one of the most active faults in the offshore graben. 

Closely spaced (100 - 200 m separation) multichannel seismic and high resolution (chirp sonar, 3.5 

kHz and boomer) profiles were collected during cruises in December 1999 and January 2001. These 

data were processed and interpreted and fault displacement data were extracted. 

The Rangitaiki Fault lies in the centre of the Whakatane Graben, and is now recognised as a 20 km 

long, linked, segmented normal fault. The displacement profile of the fully linked Rangitaiki Fault 

resembles that of a single fault, with a maximum close to the centre and displacements decreasing 

towards the tips. The fault was found to have initiated as 5 isolated segments, which grew together 

over 1 Ma. Fault tip propagation was the dominant faulting process initially, followed by the 

development of relay zones and their subsequent breaching. The system became fully linked between 

300 ka and 17 ka, and increased in displacement rate from 0.52 ±0.18 mm yr"' prior to linkage, to 

1.41 ± 0.31 mm yr"' afterward. Accurate observations of fault growth rates are hampered by the 

limited age control of the seismic horizons. 

The fault propagated northwards and the fault system present today is interpreted as a highly evolved 

damage zone, where optimally oriented and located faults have linked to form the major Rangitaiki 

Fault structure and have increased in displacement rate. Displacement is transferred southward from 

the Rangitaiki Fault onto the newly identified Thornton Fault. The Thornton Fault is along-strike from 

the onshore surface ruptures caused by the 1987 Edgecumbe earthquake (magnitude 6.3). A repeat 

time of 320 - 600 years is inferred for Edgecumbe size events on the Rangitaiki Fault, close to the 

maximum magnitude for that size of fault. The combined extension rate for all observed faults across 

the pseudo-3D survey area for the last 17 ± 1 ka is 2.4 - 3.4 mmyr"', increased from 0.7 - 0.9 mmyr"' 

for the time interval between 300 - 17 ka. The increase in extension rate observed in the Whakatane 

Graben is interpreted as resulting from the eastward migration of the locus of deformation within the 

Bay of Plenty towards the Hikurangi subduction zone. 



Contents 

1 Introduction 1 

1.1 Regional Geology 2 

1.1.1 Regional Tectonic Setting 2 

1.1.2 TVZ Seismicity 6 

1.1.3 The Whakatane Graben 9 

1.1.4 Rangitaiki Fault 12 

1.2 Normal Faults and Fault Growth 13 

1.2.1 Fault Populations 13 

1.2.2 Fault Propagation Processes and Resulting Structures 15 

1.2.3 Fault Growth Models 17 

1.3 Thesis Summary 19 

2 Data Sources 21 

2.1 Cruise TANgO-li 21 

2.1.1 The Pseudo-3D Seismic Survey 22 

2.1.2 MCS Data Acquisition 24 

2.1.3 MCS Data Processing 25 

2.2 Cruise KAHOl-02 25 

2.2.1 Data Acquisition 28 

2.2.2 High Resolution Data Processing 28 

2.3 Velocity Profiles 34 

2.3.1 Speed of Sound in Water - XBT Experiment 36 

2.3.2 Physical Property Measurements from Cores 37 

2.3.3 Sediment Velocities - Refraction Sonobuoy Record 37 

3 Methodology 44 

3.1 Strike Projection 44 



CONTENTS ii 

3.2 Depth Conversion 45 

iMCSDia^ 4) 

3.^2 46 

3.3 Age Control of Seismic Horizons 47 

3.4 Decompaction 47 

3.4.1 Mathematical Approach to Decompaction 48 

3.4.2 Decompaction of Sediments observed in MCS data 50 

50 

3.4.4 Effect of Compaction on Displacement Results 52 

3.5 Calculation of Fault Displacement Rates 52 

3.5.1 Aggregate Displacement Profiles and Average Displacement Rate 

Values 52 

3.5.2 Sources of Error 52 

4 Fault development in the Whakatane Graben 54 

4.1 Multichannel Seismic Stratigraphy 54 

4.1.1 Age Control 59 

4.2 Summary of High-Resolution Seismic Stratigraphy 61 

4.3 Descriptions of horizons 62 

4.4 Fault Geometry 62 

4.5 Displacement Profiles and Descriptions of faults 68 

4.5.1 Rangitaiki Fault Network 68 

4.5.2 Hanging-wall Faults 69 

4.5.3 Footwall Faults 70 

4.5.4 Aggregate Displacement Profiles for Faults in the Pseudo-3D Survey 

Area 72 

4.6 Displacement Rates 73 

4.7 Fault Populations 75 

4.7.1 Censoring and Truncation 77 

4.7.2 Methods of analysis 77 

4.7.3 Displacement/Length Distribution 81 

4.8 Dips of Faults 82 

4.9 Orientations of Faults 83 

4.10 Discussion 87 

4.10.1 Fault Population Analysis 87 



CONTENTS iu 

4.10.2 Evolution of Fault Population 88 

4.10.3 Extension in the Whakatane Graben 88 

4.10.4 Orientation of Fault Structures 91 

4.10.5 Seismicity in the Whakatane Graben 93 

4.11 Conclusions 95 

5 Post-Glacial Fault Activity 97 

5.1 Fault Geometry and Seismic Stratigraphy 97 

5.1.1 Stratigraphy and Age Control of Horizons 101 

5.1.2 Fault Geometry 103 

5.2 The Subsurface Horizons in Map View 104 

5.3 Isopach Maps 108 

5.4 The White Island Fault Network 110 

5.4.1 Sedimentation in the Hanging-wall of the White Island Fault . . . . 112 

5.5 Fault Displacements 115 

5.5.1 Hanging-wall Faults 115 

5.5.2 Footwall Faults 116 

5.5.3 Rangitaiki Fault System 118 

5.5.4 Fault Growth and Displacement Rates 118 

5.5.5 Displacement Rate Variations along the Rangitaiki Fault 123 

5.6 Discussion 125 

5.6.1 Post-glacial displacement rates in the Whakataiie Graben 126 

5.6.2 Short timescale behaviour of the Rangitaiki Fault 126 

5.6.3 Development of the White Island Fault 128 

5.6.4 Crossing synthetic and antithetic Faults 129 

5.6.5 Fault Rc - Asperity Bifurcation 131 

5.7 Conclusions 131 

6 Normal Fault Growth and Linkage 133 

6.1 Introduction 134 

6.2 Regional Tectonic Setting 135 

6.3 Data Sources 138 

6.3.1 Multichannel Seismic Reflection Data 139 

6.3.2 High Resolution Seismic Data 139 

6.3.3 Sonobuoy data 140 

6.3.4 Cores and Dredge Samples 140 



CONTENTS iv 

6.4 Stratigraphic Framework 141 

6.4.1 Deeper Stratigraphy (18 ka - 1.5 Ma) 141 

6.4.2 Near-surface Stratigraphy (0 - 18 ka) 143 

6.5 Measurements of Fault Displacement 146 

6.5.1 Aggregate Displacement Profiles and Average Displacement Rate Values 146 

6.5.2 Sources of Error 147 

6.6 Results 148 

6.6.1 Structural Style in the Whakatane Graben 148 

6.6.2 Structure of the Rangitaiki Fault 151 

6.6.3 Displacement Rates and Linkage History of the Rangitaiki Fault . . 156 

6.7 Discussion 161 

6.7.1 Fault Evolution 161 

6.7.2 Implications for fault growth models 163 

6.8 Conclusions 165 

7 Discussion 166 

7.1 The Rangitaiki Fault 166 

7.2 The Development of the Fault Population in the Whakatane Graben . . . . 169 

7.3 Seismic Risk in the Bay of Plenty 171 

7.4 Link to Onshore Structures 173 

7.5 The White Island Fault, Onset of Subsidence in the Whakatane Graben, and 

Style of Faulting at Depth 175 

7.6 Comparison with Other Extensional Settings 177 

7.7 Future Work 179 

8 Conclusions 181 

A Multi Channel Seismic Processing 184 

A.l Navigation Data Processing 184 

A.2 Removal of Navigation Outliers and Repeats 184 

A.3 Calculation of Shot and Receiver Locations 185 

A.4 CDP Location and Trace Binning 185 

A.5 Seismic Data Processing 185 

A.5.1 Band-Pass Filter 185 

A.5.2 True Amplitude Recovery 185 

A.5.3 Deconvolution 185 



CONTENTS V 

A.5.4 Time-Varying Band-Pass Filter 186 

A.5.5 Velocity Analysis 186 

A.5.6 Long Offset Mute 186 

A.5.7 Normal Move-Out (NMO) Correction and Stack 186 

A.5.8 Migration 186 

B High Resolution Seismic Processing 187 

B.l Navigation Processing 187 

B.2 Chirp Sonar 188 

B.2.1 Band-Pass and Notch Filtering 188 

B.2.2 F-X Deconvolution 188 

B.2.3 Dynamic Signal/Noise Filtering 188 

B.2.4 Automatic Gain Control 189 

B.3 Boomer Profiles 189 

B.4 Static Corrections 189 

C Structure of HRS Horizons 190 



List of Figures 

1.1 The Plate Boundary in Northern New Zealand 3 

1.2 Active Faulting in the Offshore Whakatane Graben mapped prior to cruise 

TAN99-14 5 

1.3 Active Faulting, Topography and Bathymetry of the Bay of Plenty Region . . 6 

1.4 Interpreted Seismic Profile showing a cross section through the Taupo Volcanic 

Zone 7 

1.5 Location of Earthquake Foci in the Taupo Volcanic Zone 8 

1.6 Geological Map of the Onshore Whakatane Graben 9 

1.7 Cross Section through the Onshore Whakatane Graben 10 

1.8 Illustration of Isolated Normal Fault Propagation Processes 14 

1.9 Fault Growth by a combination of Tip Propagation and Linkage 16 

1.10 Block Diagram showing possible geometry of a Relay Ramp 17 

2.1 Location map of regional seismic profiles and pseudo-3D survey area collected 

during cruise TAN99-14 22 

2.2 Location of multichannel seismic profiles in the pseudo-3D survey area . . . . 23 

2.3 Multichannel seismic data collection geometry 24 

2.4 Multichannel seismic data processing workflow 26 

2.5 Location map of high-resolution seismic profiles in the pseudo-3D survey area 27 

2.6 High-resolution seismic data processing workflow 29 

2.7 Example chirp profile before and after swell filtering 31 

2.8 Fourier Transforms of seabed topography 32 

2.9 Histogram showing the range of mis-tie values in the high-resolution seismic 

data 33 

2.10 Modelled and observed times and heights of high and low tides during the 

cruise 35 

2.11 Histogram showing range of mis-tie values before and after tide filtering . . 35 

VI 



Vll 

2.12 Water column velocity profile 36 

2.13 Core and Dredge sample locations and Sonobuoy Transects 38 

2.14 Sedimentary log and physical property measurements for sediment cores 

'rAN99-l<Yl4 39 

2.15 Sonobuoy source-receiver offset model 40 

2.16 Refraction sonobuoy data and Raylnvr model 42 

3.1 Sketch map showing strike projection geometry 45 

3.2 The effect of Strike Variation on Measured Displacement 46 

3.3 Development of a syn-sedimentary growth fault 49 

3.a Variations in porosity with sedimentary compaction 51 

4.1a Example multichannel seismic profiles from the pseudo-3D survey area . . . 55 

4.1b Example multichannel seismic profiles from the pseudo-3D survey area with 

interpretation 56 

4.2 Interpretations of multichannel seismic profiles 57 

4.3 Map showing locations of profiles in figures 4.1 and 4.2 58 

4.4 Example Boomer profile data and interpretation 61 

4.5 Structure map of horizon HRS4 63 

4.6 Structure map of horizon MCSl 64 

4.7 Structure map of horizon MCS2 65 

4.8 Structure map of horizon MCS3 66 

4.9 Displacement map for horizon HRS4 67 

4.10 Fault maps and displacement profiles for Rangitaiki Fault System 68 

4.11 Fault maps and displacement profiles for hanging-wall faults 70 

4.12 Fault maps and displacement profiles for footwall faults 71 

4.13 Aggregate displacement profiles for faults in the pseudo-3D survey area cross-

ing horizons MCS3 to HRS4 72 

4.14 Displacement rate profiles for time intervals between interpreted horizons . . 74 

4.15 Cumulative frequency distribution of fault lengths 79 

4.16 Cumulative frequency distribution of fault maximum displacements 80 

4.17 Discrete frequency distribution of fault lengths 82 

4.18 Discrete frequency distribution of fault maximum displacements 83 

4.19 Displacement-length scaling of faults in the pseudo-3D survey area 84 

4.20 Rose plots showing fault dips in the pseudo-3D survey area 85 

4.21 Rose plots showing fault orientations in the pseudo-3D survey area 86 



Vlll 

4.22 Orientation of faults in relation to extension direction and rift boundaries . 92 

4.23 The effect of segment linkage on fault strike 93 

4.24 Earthquake repeat times related to displacement rate 94 

5.1 3.5 kHz profiles through pseudo-3D survey area 98 

5.2 Boomer and 3.5 kHz profiles through pseudo-3D survey area and seismic in-

terpretation 99 

5.3 Location map showing faults and high-resolution seismic profiles in the pseudo-

3D survey area 100 

5.4 3.5 kHz strike line through core locations TAN99-14/14 and /15 101 

5.5 Structure maps of sub-suface horizons interpreted in the post-glacial pseudo-3D 

survey area 105 

5.6 Structure map of the seabed in the pseudo-3D survey area 106 

5.7 Isopach maps of sub-suface horizons interpreted in the post-glacial pseudo-3D 

survey area 107 

5.8 Illustration of White Island Fault footwall sedimentation 110 

5.9 Hanging-wall sedimentation of the White Island Fault 113 

5.10 Illustration of fault splays fo the White Island Fault in the pseudo-3D survey 

area 114 

5.11 Fault displacement map for horizon HRS4 116 

5.12 Fault displacement profiles measured on horizons in the post-glacial sequence 

of the pseudo-3D survey area 117 

5.13 Displacement difference profiles for the fault groups in the pseudo-3D survey 

area 120 

5.14 Displacement rate profiles for the fault groups in the pseudo-3D survey area 121 

5.15 Displacement rate profiles for the Rangitaiki Fault system observed in the 

post-glacial sequence in the psuedo-3D survey area 124 

5.16 Displacement profile of the entire Rangitaiki Fault on horizons MCSl and 

HRSl 127 

5.17 Development of the White Island Fault 128 

5.18 Crossing synthetic and antithetic faults 130 

6.1 Location Map of Bay of Plenty 136 

6.2 Location of seismic profiles in pseudo 3D survey area 137 

6.3 Multichannel seismic stratigraphy 141 

6.4 Near surface stratigraphy 144 



I ^ % r O F j % G U R E S IX 

6.5 Isopach map of post-glacial sequence in the pseudo-3D survey area 149 

6.6a High-resolution seismic data 150 

6.6b High-resolution seismic data interpretation 151 

6.7 Multichannel seismic data 152 

6.8 Map and displacement profile of the Rangitaiki Fault at horizon MCSl . . . 153 

6.9 Displacement profiles for Rangitaiki Fault crossing all interpreted horizons . . 155 

6.10 Maps showing the changing fault geometry of the Rangitaiki Fault from hori-

zons MCS3 and HRS4 156 

6.11 Spatial and displacement rate evolution for the Rangitaiki Fault in the pseudo-

3D survey area 158 

6.12 Displacement development of the Rangitaiki Fault System 161 

7.1 Orientations of active faulting in the Bay of Plenty 167 

7.2 Development of Faulting in the Whakatane Graben 176 

7.3 Cross sections through asymmetric rift zones 178 

C.l Structure map of horizon HRSl 191 

C.2 Structure map of horizon HRS2 192 

C.3 Structure map of horizon HRS3 193 

C.4 Structure map of horizon HRS4 194 

C.5 Isopach Map of Sediment between horizons HRS4 and HRS3 195 

C.6 Isopach Map of Sediment between horizons HRS3 and HRS2 196 

C.7 Isopach Map of Sediment between horizons HRS2 and HRSl 197 

C.8 Isopach Map of Sediment between horizon HRSl and the Seabed 198 



List of Tables 

2.1 Standard deviations and mean values of mis-ties for different combinations 

of source and receiver 34 

2.2 Model Velocity Profile derived from refraction sonobuoy data 43 

3.1 Summary Velocity Profile through the pseudo-3D survey area 46 

3.2 Parameters for exponential relation between porosity and depth for various 

normal pressured hthologies (Sclater and Christie, 1980) 50 

4.1 Estimated ages of horizons. Sedimentation rate assumed to be 1 ± 0.2 

mmyr"^. Error bounds quoted on travel times are one standard deviation. 60 

4.2 Mean displacement rates in the pseudo-3D survey area from 1340 ka to present. 76 

4.3 Power Law exponents for fault displacement and length distributions using 

cumulative and discrete frequency methods 81 

4.4 Mean strike orientations for the fault groups 83 

4.5 Strain rate and extension rate estimates for the pseudo-3D survey area as-

suming fault dip of 45° at seismogenic depths 90 

5.1 Sediment Thickness between Horizons in the Post-Glacial Sequence 103 

5.2 Average post-glacial displacement rates on the Faults in the pseudo-3D sur-

vey area [mmyr~^] 119 

5.3 Maximum postglacial fault displacement rates [mmyr"^] 122 

5.4 Uncertainty in displacement rate values assuming horizon ages are known 

exactly 122 

6.1 Velocity model from Sonobuoy Analysis. Note that horizons A and C map 

to MCSl and MCS 3, but horizon B cannot be reliably associated with MCS2.140 



XI 

6.2 Age estimates for the horizons interpreted in the MCS data. Age of MCSl is 

constrained by biostratigraphy, while ages for horizons MCS2 and MCSSare 

calculated using a 1.05 mm yr~^ sedimentation (see text). Errors are dis-

cussed below 143 

6.3 Fault displacement rates in mm yr~^ determined within the 3D box. Where 

rates are quoted as negligible they are below 0.10 mmyr"^ and have errors 

larger than the calculated rate 159 



Chapter I 

In t roduct ion 

Understanding the growth of faults is important as they control fluid flow, create hydrocar-

bon traps and cause earthquakes. Fault systems are imaged in a variety of settings around 

the world, in many different stages of development. The observed faults are the end results 

of the fault development history, and often retain little or no information about the processes 

that led to their formation. Sediment deposits in areas of syn-sedimentary faulting (where 

faults are active at or near the surface at the time of sedimentary deposition) can retain 

information about the location and timing of fault movements throughout the fault activity 

history. The data presented in this thesis are from an area of syn-sedimentary faulting 

that has recorded fault activity over the last c. 1.3 Ma. The data are from two pseudo-

3D seismic surveys that image an area around the Rangitaiki Fault, an actively growing, 

syn-sedimentary, segmented normal fault in the Whakatane Graben, New Zealand. The 

Whakatane Graben is ideal for this study because it is a young (< 2 Ma) and highly active 

structure situated on the New Zealand continental shelf where it has been well supplied 

with sediment. The sediment supply is sufficient to infill any accommodation space created 

by the rapidly active faults, thus providing a record of past fault motions. Furthermore, 

the shallow water depths (up to 200 m) of the graben on the continental shelf mean it is 

well placed for acquisition of high-resolution seismic data and core samples. 

The temporal resolution of fault growth provided by this study area means that fault 

development processes could be well defined over both long-timescales (100s of thousands of 

years) and short-timescales (thousands of years). The spatial and temporal constraints on 

fault growth are used here to demonstrate which fault propagation processes occur, and the 

rates and timescales over which they operate. In addition, the results are used to improve 

the level of understanding of the tectonics of the Whakatane Graben and Taupo Volcanic 

Zone. 
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This thesis focuses on recent fault activity within the Whalcatane Graben, which is 

situated on the continental shelf north of New Zealand in the Bay of Plenty. The graben is 

the offshore extension of the Taupo Fault Belt, which is the youngest and current active rift 

system within the Taupo Volcanic Zone (TVZ). In this chapter the geology and tectonics 

of the region is outlined, before a review of normal faults and fault growth models is made, 

and finally the thesis structure is summarised. 

1.1 Regional Geology 

1.1.1 Reg iona l Tec ton ic Se t t ing 

The Whakatane Graben is situated in shallow water depths in the Bay of Plenty. The 

graben is part of the Taupo Fault Belt, which is the youngest and current active rift system 

within the Taupo Volcanic Zone (TVZ). The TVZ marks the zone of Quaternary back-

arc rifting and calc-alkaline volcanism associated with the oblique westward subduction 

of the Pacific plate beneath the Australian plate at the Hikurangi plate-boundary margin 

(Figure 1.1)(Wright, 1992). North of New Zealand, the oceanic Pacific Plate is subducted 

beneath the continental Australian Plate forming the Lau-Havre back-arc system, passing 

southward into the Taupo-Hikurangi subduction system on land (Cole and Lewis, 1981). 

The subduction becomes progressively more oblique southwards as the Hikurangi Trough 

merges with the Alpine Fault system. South of New Zealand the subduction is eastward; 

with the Pacific plate overriding the Australian plate at the Puysegur Trench. The transition 

between westward and eastward subduction occurs along the reverse dextral Alpine fault 

and the associated compression and uplift has caused the development of the Southern 

Alps. The pole of Pacific-Australian rotation lies close to New Zealand, at 62°S 174°E 

(Chase, 1978), and has moved steadily southwards through time making different plate 

configurations progressively stable and unstable (Ballance, 1999). 

The 030° trending TVZ extends northwards from the Tongariro volcanic centre south 

of Lake Taupo to up to 150 km offshore (Wright, 1992). Onshore, the TVZ contains the 

Taupo fault belt and the Taupo-Rotorua depression to the northwest, and at the coast, 

the Whakatane Graben. The Taupo fault belt is a zone of late Quaternary, dominantly 

normal, mostly NNE-trending faults extending from Mt Ruapehu to the Bay of Plenty 

coast (Grindley, 1960). The fault belt is about 20 km wide with an overall strike of 40°, 

rotating to 055° in the northeast (Healy et al., 1964). Some fault movement in the fault 

belt post-dates the 1.85 ka Taupo eruption (Nairn and Hull, 1985) and historical surface 

ruptures have been noted from 1922 (Grindley and Hull, 1986), 1983 (Otway, 1986) and 
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Figure 1.1; Map showing the Plate Boundary in Northern New Zealand. The 
Australian Plate is subducted beneath the Pacific Plate at the Hikurangi Margin, 

resulting in back-arc extension at the Havre Trough (HT) and Bay of Plenty (BOP) 
and volcanism in the Taupo Volcanic Zone (TVZ) (yellow area, volcanic centres 

shown by purple triangles. Active faults are shown by red lines, the faults are 
extensional within the TVZ and dextral strike-slip in the North Island Shear Fault 

Belt (NISFB). Bathymetry from Global Seafloor Topography from satelite altimetry 
and ship depth soundings (Smith and Sandwell, 1997). 

the Edgecumbe earthquake of 1987 (Beanland et al., 1990).The Taupo-Rotorua depression 

is a back-arc graben containing rhyolitic volcanic centres infilled with 2 - 4 km of rhyolitic 

pyroclastics and lavas erupted from at least four late Quaternary volcanic centres (Cole, 

1990). 

Offshore, the TVZ is bounded to the west and east by the Tauranga and White Island 

fault zones respectively and comprises three parallel, tectono-morphological units (Wright, 

1992). These units are (from southeast to northwest) the frontal, non-volcanic Whakatane 

Graben, the volcanic Rurima Ridge and the volcanic back-arc Motiti Graben. Active fault-

ing in the offshore TVZ is largely restricted to the 15 - 20 km wide Whakatane Graben 

where many laterally discontinuous northeast trending normal faults are observed (Wright 
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1990) (Figures 1.2 - 1.4). The seismic profile interpreted by Davey et al. (1995) shows the 

deep structure of the offshore TVZ; the faults are dominantly NW dipping and listric, and 

sole out at c. 3 seconds TWT. The major listric faults (including the Rangitaiki Fault) 

have resulted in several rotated blocks of greywacke basement. The faults in the overly-

ing sediment cover are generally steeper than the basement faults, and have less vertical 

continuity. 

The deep structure of the White Island Fault is poorly imaged on seismic data, possibly 

as a result of a large velocity contrast across the structure. Davey et al. (1995) identify the 

White Island Fault as the easternmost listric fault in the Whakatane Graben, but subsequent 

analysis has shown that this is not the case (J. Bull, pers. comm. 2003). The feature now 

identified as the White Island Fault is poorly resolved at depth, but has a notable surface 

scarp. 

The western boundary of the TVZ, the Tauranga Fault Zone, is clearly different to the 

eastern boundary in that it is formed of several, relatively low displacement faults dipping 

toward the southeast. Davey et al. (1995) suggest that the western margin of the offshore 

TVZ is a caldera structure formed at the initiation of TVZ extension approximately 2 Ma 

ago, with subsequent faulting propagating eastwards forming a crustal decollement. Figure 

1.4 shows the top 2 seconds TWT through the TVZ and demonstrates the respective ages 

of the western Motiti Graben and the younger Whakatane Graben to the east. Faulting 

in the Motiti Graben affects deeper (older) sediments than in the Whakatane Graben, and 

few of the faults in the Motiti Graben displace the surface sediments whereas the majority 

of faults in the Whakatane Graben break the surface. These faults show that the Motiti 

Graben is older and now less active than the Whalatane Graben. 

East of the onshore TVZ (east of the Whakatane Fault; Figure 1.3) is the presently 

active North Island Shear Belt (NISB), a zone of dextral strike slip faults that shows a total 

Holocene shear displacement rate of 14 - 18 mmyr~^ (Lensen, 1975). The NISB extends 

through the North Island of New Zealand to the Bay of Plenty coast. The faults within 

the NISB dominantly trend north-south where they approach and intersect the Whakatane 

Graben (Nairn and Beanland, 1989). Despite the intersection of the Whal-catane Graben 

and the NISB, no shear faults are observed within the Whakatane Graben itself, either on 

land or offshore. East of the Whakatane Graben, however, the NISB is clearly active, with 

faulting observed onshore at Ohiwa (Sanderson and Bull, pers. com.) 
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Figure 1.2; Active faulting in the Whakatane Graben, mapped prior to cruises TAN99-14 
and KAH01-02. Offshore faults mapped by Wright (1990), onshore faults mapped by 
Nairn and Beanland (1989) (see figure 1.6 for complete map). The location of the 
Edgecumbe earthquake main-shock epicentre is shown by a star. Locations of the 
profiles shown in figures 1.4 and 1.7 are marked on the map. 




