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2.2 WEST & EASTERN MARGINS OF THE HAURAKI RIFT 

The Firth of Thames fault, a minor hinge fault, and the Hauraki Fault form the west 

and eastern boundaries of the Hauraki Rift. Adjacent to the western margin of the 

Hauraki Rift lies the Kiwitahi Volcanic Zone (Figure 2.1). Within the central region 

of this zone lies the Hunua-Hapuakohe Ranges, stretching from the Firth of Thames 

down to the southern end of the Hauraki Depression. They are composed of Jurassic 

meta-greywackes capped with Plio-Pleistocene andesite lava flows andesite volcanics. 

The absolute age range of these volcanics as detennined by whole rock KJ Ar dating is 

from 11.5-5.58 m.y. (Skinner, 1986). 

On the western margin of the Hauraki Rift lies the Coromandel Volcanic Zone, 

consisting of the Coromandel and Kaimai Ranges. The geology is this region is 

varied but is composed predominantly of pre-Quaternary volcanic rock and associated 

intrusives. Late Jurassic marine sedimentary rocks form the basement which is 

overlain in places by restricted, non-volcanogenic Oligocene coal measures and 

calcareous marine rocks, minor quantities of volcanogenic conglomerate and marine 

sandstone and siltstones (early Miocene in age). Overlaying this is a wide variety of 

igneous rock types, ranging from sub-volcanic hypabyssal & plutonic rock complexes, 

to basalt and ignimbrite. 

2.3 HOLOCENE SEA LEVEL FLUCTUATIONS 

Knowledge of sea level changes over the period that sediment was deposited in the 

upper 80 m (depth of seismic profiles - refer to Chapter 4) of the Firth of Thames 

provides some indication of sediment age in locations where core data is unavailable 

for dating. Glacial sealevel lows are observed within the seismic profiles (refer to 

Chapter 3) as strong unconformities. Providing these unconformities can be identified 

and correlated some age constraints can be placed upon the last movement observed 

along the Kerepehi Fault. 
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Some of the earliest estimates of sea level fluctuations in the Firth of Thames were 

made by Schofield (1960) through the interpretation of chenier ridge elevations and 

locations at Miranda. The fluctuations determined by Schofield (1960) were made 

under the assumption that tectonic movement within this region was negligible, and 

that each chenier ridge represented a storm tide berm level. Past sea levels were then 

estimated by radiocarbon dating of shells present on each chenier crest. From these 

dates Schofield (1960) suggested sealevel from approximately 2.1 m (7ft) between 

4000 ka to 2000 ka to the present day level and has remained relatively stable since. 

In order to determine whether the above results were local or regional, the same 

technique was applied to beach ridge systems extending 270 km north and 55 km east 

from Miranda (Schofield, 1973). The results of the second study revealed that post­

glacial sea-level changes were consistent over a distance of at least 270 km, and 

therefore suggest eustatic sea-level has risen a maximum of 2 m above present during 

post-glacial times. 

Greig (1982) researched marine sediments within the Hauraki Gulf and upholds that 

the sediments in the Hauraki Gulf and Firth of Thames record 2 phases of sea-level 

rise during the last 14 000 years. The first phase began 14000 years ago and ended as 

sea-level stabilised at a few tens of metres below present. The 2nd phase occurred 

between 7250-6500 years b.p. when sea-level rose rapidly (Gibb, 1979) to present day 

sea-levels. 

Gibb (1986) radiocarbon dated 103 samples thought to represent paleosea-Ievels from 

around New Zealand. The results suggested that at approximately 10 ka, eustatic sea­

level rose from -33.5±2.5 m below present sea-level with stillstands and associated 

sea level decreases occurring between 9.2 to 8.4 ka (-24.0 ± 2.9 m) and 7.5 to 7.3 ka 

(-9.0 ±2.8 m). The current marine transgression then culminated at the present sea 

level at about 6.5 ± 0.1 ka but has since undergone minor fluctuations involving a 

maximum increase of 0.5 m at 3.5 ka, and maximum decrease of -0.4 at 4.5 ka (Refer 

to Figure 2.4 from Gibb, 1986). Radiocarbon dating of in-situ sub-fossil molluscs by 

Woodroffe et al. (1983) generated a slightly larger maximum transgression of a.8±0.1 

m, peaking at approximately 3.6 ka. Woodroffe et al. (1983) propose that this was 
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followed by a regressive period which ceased at approximately 1.2 ka at around the 

present day sea level. 

An alternative interpretation was offered by Pillans (1986) after producing an uplift 

lnap developed using data from the last interglacial marine terraces, Holocene marine 

deposits and older Quarternary Marine Deposits: Pillans (1986) suggests that the data 

presented by Schofield (1960) and Woodroffe (1983) could indicate 0.9 mmJyr and 

0.2 mmJyr of uplift assuming sea level has not fluctuated more than 1m in the last 

6500 years. 
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Figure 2.4: New Zealand regional Holocene eustatic sea-level curve relative to the present sealevel. 
Symbols represent data from each site and bracketed values are tectonic uplift (positive 
values) and downdrop (negative values) rates in metres per 1000 years (rnlka) (From Gibb, 
1986). 
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2.4 SUMMARY 

The Hauraki Rift is bounded to the west and east by the Kiwitahi Volcanic Zone 

(Hunua-Hapuakohe Ranges) and the Coromandel Volcanic Zone (Coromandel & 

Kaimai Ranges) respectively. The rift is bisected by the Kerepehi Fault which trends 

NNW through the central Firth of Thames. Review of the literature suggests the 

Hauraki Rift is currently subsiding and that the Kerepehi Fault is active, therefore 

having tsunamigenic potential. 
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Chapter Three 

SEISMIC METHODOLOGY 

3.1 INTRODUCTION 

In order to identify potential tsunami source regions, the location and movement 

history of offshore segments of the Kerepehi Fault were estimated. This required an 

understanding of offshore stratigraphy and structure, which was obtained through 

analysis and interpretation of existing seismic reflection data. This chapter discusses 

the various data sets available for characterisation of the Kerepehi Fault zone and the 

method used to analyse the seismic sequence stratigraphy of the sediments represented 

in these data sets. 

3.2 THE DATA SETS 

3.2.1 Collection 

The Kerepehi Fault is known occur within the Firth of Thames (Hochstein et. al., 

1986) and is likely to extend further north into the Hauraki Gulf; the seismic data used 

for interpretation were collected within these regions. Seismic data from four different 

sources were examined and used to interpret the location and movement history of the 

Kerepehi Fault (Table 3.1). 

Table 3.1: Table summarising the four data sources used for this study. 

Data collected by: Year collected: Ship name: 

NIW A - cruise 1007 1973 RV Tangaroa 

University ofWaikato 1990 Asterix 

N.Z. Defence Scientific Establishment 1990 H.M.N.Z.S. Tui 
& University of Waikato 
NIW A - cruise 3026 1995 RV Tangaroa 
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3.2.2 Equipment & System Set-up 

Defence Scientific Establishment (D.S.E) & University ofWaikato Data: 

The University of Waikato collected sub-bottom profiles in conjunction with D.S.E. 

(or "Defence Operation Technical Support Institution" (D.O.T.S.E.), as it is currently 

called) during the 25, 26 and 2ih of September 1990. A Ferranti Ocean Research 

Equipment (O.R.E.) sub-bottom profiling system (Figure 3.1) employing the GeoPulse 

Model 5420A Power Supply, the GeoPulse model 5210A Receiver (Figure 3.2a.), the 

Model 5813A Acoustic Source upon a Model 5812A Catamaran Tow Vehicle Figure 

(3.2b) and an 'eel' composed of 10 hydrophones in an oil filled urethane tube were 

used to collect the data. A Linescan recorder (Raytheon) produced the graphics 

(Figure 3.2c) (Refer to Appendix 2 for Equipment specifications). 
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Figure 3.1: Geopulse set-up for data generated 25-27 September 1990, collected by the D.S.E. 

lOJls 
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Figure 3.2a: Geopulse model 5210A Receiver sitting upou the Geopulse model 5420A Power Supply. 

Figure 3.2b: Model 5813A Acoustic Source sitting within the Geopulse model 5812A Catamaran 
Tow Vehicle. 
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Figure 3.2c: Linescan recorder (Raytheon). 

The key pulse generator initiates and transmits a series of 'square' pulses at a rate of 

2Hz to the power supply. This triggers the power supply and generates a 105 Joule 

charge to energise a storage capacitator. The capacitator discharges the stored energy 

to t}le source plate in the catamaran, converting electrical energy to acoustic energy. 

4'i acoustic energy pulse is generated and travels to the ocean floor and sub-bottom 

"strata where it is reflected. The 'eel' (10 hydrophones) detects the reflected signal and 

transmits it to the geopulse receiver. The geopulse receiver has the option of filtering 

high frequencies, low frequencies and swell sea waves. The signal is then transferred 

to the graphics recorder which prints a hard copy of the seismic profile. 

University of Waikato Data: 

Additional data were collected by the University ofWaikato during the 16th and 171h of 

November 1990 using a similar system, also employing the Ferranti Ocean Research 

Equipment (O.R.E.) GeoPulse Sub-bottom profiling system (Figure 3.3). This system 

comprised of the Model 5420A power supply (Figure 3.2a), Model 5813A geopulse 
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acoustic source (Figure 3.2b), Model 5110A geopulse hydrophone array and the 

5210A Geopulse Receiver (Figure 3.2a). The returned signal was recorded on a lower 

resolution graphic recorder, the EPC Model 4800 Graphic Recorder. The system set­

up is outlined below (Figure 3.3). 

This system operated in the same way as the D.S.E equipment (outlined above), but 

did not employ the sophisticated filtering mechanism, custom developed by D.S.E. 

(Refer to Section 3.3). 

NIWA Data: 

Data collected during NIW A cruises 3026 CRV Tangaroa, 1995) and 1007 (RV 

Tangaroa, 1973) were also examined. 3.5 kHz profiles, made available courtesy of 

Barbara Manghetti, NIW A, were obtained using an ORE 16-element, hull-mounted 

system (Manighetti and Carter, in press). The 1007 cruise employed a 3.5 kHz high 

resolution seismic system by EDO Western which recorded on a 'wet paper' ocean 

sonic recorder. 

3.2.3 Determination of Data Location 

Defence Scientific Establishment (D.S.E.) Data: 

The seismic lines gathered by the University of Waikato and the Defence Operational 

Technical Support Est. (D.S.E.) are archived at the University of Waikato. While 

collecting the seismic data, the D.S.E. employed a Del Norte Trisponder navigational 

system. This system is accurate to 3 m. During the seven year period between 

collection and interpretation, these logged navigational records were unfortunately 

discarded. Consequently, for this study it was possible only to refer to extracts from 

the ship's log to estimate seismic track location. As a result, some track locations are 

inexact (Figure 3.4). 
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Data collected on the 25-26 September 1990 included: 

Tracks: J (WII - W12) 

K (W13 - W14) 

F (W20 - W2I) 

E (W22 - W23) 
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Figure 3.3: Seismic Sub-bottom profiling system set-up (Allan, 1990) for data generated on the 16 & 
17 November 1990, collected by the University of Waikato. 
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An extract from the ship's log containing the track start and finish positions (degrees 

latitude) was forwarded by George Crook, D.O.T.S.E. The ship was assumed to have 

moved in a straight line between the track start and finish points. 

Data collected on 27 September 1990 included: 

Tracks: H ( 1459-1550) 

L ( 1554-1630) 

I (1655-1810) 

G ( 1852-1935) 

M (2130-2225) 

N (2229-2311) 

For data collected on the 27 September 1990, the ship's track during the period of data 

collection between 14:59 and 23: 11 hours was estimated using the ships log 

(forwarded by George Crook) and the Dead Reckoning method l
. 

The ship's position at 1200 & 2000 hrs (in degrees latitude and longitude) was used as 

the starting point for the Dead Reckoning method. The "Estimated distance run 

through water (nautical miles)" and "True bearing" were used to interpolate and 

extrapolate the ship position. Recorded tape positions for 1708-1810 hrs (Track I; 

forwarded by George Crook) were converted from eastings and northings on the North 

Island National Metricated Grid to degrees latitude and longitude. These, and the 

ship's position at 0800, 1200 & 2000 hrs provided the only accurate ship location 

during 27 September, 1990. 

In addition, notes recorded on the seismic lines e.g. EOL (end of line), turning to port 

etc were used to obtain more accurate temporal estimates (& therefore spatial 

estimates) of when the boat finished a track, or changed course. 

1 Dead Reckoning Method: Method of calculating boat location, using a known starting point and 
extrapolating future locations llsing boat speed and direction of travel. If known, wind and tide data can 
also be incorporated into the method. 
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University of Waikato Data: 

Data collected on the 16 November 1990 included: 

Tracks: A (recorded as line 2 on raw data) 

Data collected on the 17 November 9, 1990 included: 

Tracks: D 

C 

B 

(recorded as line 3 on raw data) 

(recorded as line 4 on raw data) 

(recorded as line 5 on raw data) 

26 

The track location for data collected by the University of Waikato was mapped using 

Radar ranging, supplemented by McGellan GPS when satellites were available (W.P. 

de Lange, pers. comm.), (Figure 3.4). 

NIWA data: 

Seismic data plus maps illustrating boat track location and collection time were 

provided by NIW A (Wellington). The track location for data collected on cruise 3026 

(1995) was mapped using differential GIS. 

The boat track for all analysed data coIIected in the above cruises is iIIustrated in 

Figure 3.4. 
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3.2.4 Determination of Vertical and Horizontal Scale 

Defence Scientific Establishment & University of Wa ika to 1990 Data: 

Vertical Scale: The Linescan graphic recorder (Raytheon) employed by the Defence 

Scientific Establishment produced seismic sub-bottom profiles with 20 di visions, each 

spaced 5 mS CTWT) apart (Figure 3.5). 

Time in hours 

1400.00 1500.00 

: mS 
(TWT) 

Figure 3.5: An example of graphical output format for data collected by the D.S.E. 

Horizontal Scale: The horizontal scale represented on the profiles varied with boat 

speed. Once the boat track had been plotted (by Dead Reckoning method), the 

horizontal scale of the profiles could be determined. The boat track provided the track 

location at a given time of the day. The sub-bottom profile collection time was 

recorded at the top of the profile. Hence, the actual distance between two times 

recorded on the profiles was detennined and distance (km) was linearly interpolated 

and recorded on the top of each profile. 

University ofWaikato 1990 Data: 

Vertical Scale: The EPe model 4800 Graphic recorder overlaid the seismic profile 

with 25 dashed lines, breaking the profile into 25 divisions (Figure 3.6). The span (m) 

that the profile covered is printed at regular intervals at the top of the seismic profile. 

This span ranged from 25 - 40 metres and was calculated assuming a sound velocity of 

1460ms·1 CEPe model 4800 Graphic Recorder instruction manual). The two way 
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travel time per division was then calculated e.g. given 40 m span with 25 divisions, 

each division corresponds to a distance of 1.6 m. This was then converted to two­

way-travel time by dividing by 1460ms-1
: 1.6m11460ms-1 = 1.1 msec. 

0-40 rn 5 -45 rn 

Variable 
WT (mS) 

Figure 3.6: Figure illustrating format of graphical output for data collected by University ofWaikato. 

Horizontal Scale: The original map showing the boat track location also illustrated 

position fix number along side the boat track. This position fix number was also 

recorded on the raw profiles and consequently could be used to determine the 

horizontal scale of the seismic sub-bottom profiles. 

NIWA 1995 Data: 

Vertical scale: Water depth and sediment depth scales were provided by Barbara 

Manighetti, Wellington NIW A. These were generated assuming a sound velocity of 

1500 m.s-1 in water and 1600m.s-1 in sediment. 

Horizontal scale: Maps accurately illustrating boat track location and collection times 

were provided by NIW A (Wellington). The collection time was recorded at regularly 

spaced intervals on the raw data (seismic sub-bottom profiles) and was consequently 

used to determine the horizontal scale. 
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3.2.5 Impact of Data Quality 

Data quality and availability determined how thoroughly the data were analysed and 

the extent to which they could be used to draw conclusions. The seismic sub-bottom 

profile data provided by NIW A were used to obtain a rough estimate of fault location. 

Detailed analysis was not possible, as only photocopied data were available. 

The data collected by the University of Waikato and the D.S.E are of higher quality, 

allowing the seismic stratigraphy to be determined. Seismic stratigraphy interpretation 

relies on a variety of reflector geometry's that are inferred to represent onlap, toplap, 

downlap of strata (Figure 3.8). Not all seismic lines showed evidence of these features 

and consequently were not developed into profiles e.g. line 6. Other lines show 

intense noise interference (e.g. line 1) making identification of discernible reflectors 

an impossibility. In addition, line 1, being the first of all 6 lines collected by the 

University contained numerous changes of filters, boat speed, Time Varying Gain 

(TVG) and delay system adjustments and changes in the Acoustic Source frequency. 

Consequently this line had very few, intermittent patches of clear readable seismic 

signal and was not analysed. 

The criteria used to identify reflectors and determine the seismic stratigraphy is 

outlined below. 

3.3 SEISMIC STRATIGRAPHY ANALYSIS METHOD 

3.3.1 Introduction 

Primary seismic reflections are usually generated from physical surfaces within the 

rock, such as: (i) stratal (bedding) surfaces & (ii) unconformities with velocity/density 

constrasts. A seismic reflection is inferred to represent an isochronous surface except 

where the reflection surface is an unconformity identified by toplap, baselap, onlap or 

truncation (Brown et aI., 1980). i.e. seismic sections represent "chronostratigraphic 
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(time-stratigraphic) depositional and structural patterns and not a record of the time­

transgressive lithostratigraphy (rock-stratigraphy)" (Vail et al., 1977) (Refer to Figure 

3.7). 
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Figure 3.7: Figure illustrating that seismic reflection occurs along stratal boundaries 
(chronostratigraphic units) as opposed to lithostratigraphic units which have gradational 
boundaries unless an unconformity is present. A) Generalised stratigraphic section of a 
sequence. B) Generalised chronostratigaraphic section of a sequence (from Mitchem et al., 
1977). 

With the aid of chronostratigraphy, seismic reflections have the potential to determine 

(i) geologic correlation, (ii) definition of genetic depositional units, (iii) thickness and 

depositional environment of genetic units, (iv) paleobathymetry, (v) burial history, 

relief & topography on unconformities, and (vii) paleogeography and geologic history 

when combined with other geologic data (Vail & Mitchum, 1977). However, the 

objectives of this study only require the postdepositional andlor syndepositional 



Seismic Methodology 32 

structural deformation to be determined. Hence the seismic sections from the Firth of 

Thames were analysed only to estimate the location and displacement along the 

Kerepehi Fault. This was achieved through the identification of displacement of 

depositional sequences and sequence boundaries. 

3.3.2 Limitations 

In order to make stratigraphic conclusions from seismic data, high quality recording 

and processing is recommended so that seismic noise may be removed (Sheriff, 1977; 

Refer to Appendix 3). This provides a seismic section where wave shape variations 

essentially represent variations in subsurface rather than changes in noise (Sheriff, 

1977). As only unprocessed, raw data was available for this study, the noise (e.g. 

multiples and diffraction umbrellas) and horizontal travel paths have not been 

removed (has not been migrated), and therefore the reflections have not been 

repositioned before being interpreted. In addition, no well log data is available to 

supplement seismic sections, hence the seismic profiles should not be considered to 

quantitatively reflect the geometry of a geological cross-section. 

3.3.3 Criteria for Identifying Boundaries 

Depositional Sequences: 

The results of the seismic sequence analysis were summarised on simplified profiles 

that illustrate the stratigraphic relationship between depositional sequences. A 

depositional sequence is a stratigraphic unit composed of a relatively conformable 

succession of chronostratigraphically constrained, genetically related strata and 

bounded at it's top and base by unconformities or their correlative conformities 

(Mitchum, et al., 1977; Vail, 1987) (Figure 3.7). 

The strata within a depositional sequence may have concordant or discordant relations 

to the sequence boundary. "Discordance is the main physical criterion used in the 

determination of sequence boundaries. The type of discordant relation is the best 
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indicator of whether an unconformity results from erosion or non-deposition." 

(Mitchum et aI., 1977). Onlap, downlap and toplap are indicators of non-depositional 

hiatus (Figure 3.8). Truncation of reflectors defines an erosional hiatus unless the 

truncation is a result of structural disruption (Refer to Appendix 5). All possible 

geometric relations of strata to boundaries of depositional sequences are outlined in 

Figure 3.8. 

Upper Boundary 

1. Erosional Truncation 

A 

2. Toplap 3. Concordance 

Lower Boundary 

~jf@jtmi ~ t:::::;:.:-:.:-:.::~:.:.:-:.:.:-:.;.;.;.;I 
1. Onlap 2. Downlap 3. Concordance 

s IL..---Saselap---I 

Figure 3.8: Relations of strata to boundaries of depositional sequences (From Mitchum et al., 
1977): 

A. Relations of strata to upper boundary of a sequence. AI. Erosional truncation: strata at 
top of given sequence terminate against upper boundary mainly as result of erosion (e.g., 
tilted strata terminating against overlying horizontal erosion surface or horizontal strata 
terminating against later channel surface). A2. Toplap: initially inclined strata at top of 
given sequence terminate against upper boundary mainly as result of nondeposition (e.g., 
foreset strata terminating against overlying horizontal surface at base-level equilibrium 
where no erosion or deposition took place). A3. Top-concordance: relation in which 
strata at top of given sequence do not terminate against upper boundary. 

B. Relations of strata to lower boundary surface of a sequence. B1. Onlap: at base of 
sequence initially horizontal strata terminate progressively against initially inclined 
surface, or initially inclined strata terminate updip progressively against surface of greater 
initial inclination. B2. Downlap: at base of sequence initially incline strata terminate 
down dip progressively against horizontal or inclined surface (e.g., initially incline strata 
terminating against underlying initially horizontal surface). B3. Base-concordance: strata 
at base of sequence do not terminate against lower boundary. 
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Seismic System Tracts: 

Depositional sequences can be further divided into a predictable succession of systems 

tracts (Figure 3.9, from Vail, 1987; Posamentier & Vail, 1988). A systems tract is a 

linkage of contemporaneous depositional systems and is a function of the interaction 

between eustasy, sediment supply and tectonics (Van Wagoner et aI, 1988). Four 

types of system tract are recognised: lowstand, transgressive, highstand and shelf­

margin. Sequences commonly consist of a well developed low stand systems tract, 

followed by a, transgressive system tract ending with a truncated high stands systems 

tract (Bradshaw, 1991). A lowstand systems tract develops when eustatic sea level fall 

is greater than subsidence of the depositional-shoreline break (uppershore face) giving 

rise to subaerial exposure of sediments and valley incision. As sea level rises, incised 

valleys are infilled and a marine flooding (transgressive) surface develops. Landward 

of the low stand systems tract the marine flooding (transgressive) surface truncates the 

underlying strata and coincides with the lower sequence boundary. As sea level rises, 

transgressive system tract sediment onlaps the underlying marine flooding surface. As 

increasingly younger sediment is deposited the transgressive system tract is 

progressively emplaced landward causing the upper surface to backstep in a landward 

direction. The transgressive systems tract is upwardly bound by a maximum flooding 

surface upon which prograding highstand coastal and shelf sediment downlaps (Van 

Wagoner, 1990). 

Application of the above Criteria: 

The seismic sub-bottom profiles collected by the Waikato University and the New 

Zealand Defence force were carefully scrutinised in order to identify any of the above 

stratal relationships (Figure 3.8). The sequence boundaries within seismic profiles 

were usually identified as unconformities, where a discordant relation between strata 

occurs. However, some boundaries are concordant with the underlying/overlying 

stata. In this case the strength of the reflection was used to identify the boundary. i.e. 

Concordant but incongruously strong reflectors were correlated with discordant 

boundaries and hence assumed to be a sequence boundaries. Each sequence boundary 

was labelled with a colour (Figure 3.10) and traced along the length of each seismic 

profile. 
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Figure 3.9: Sequence straligraphy diagrammatic section showing sequences and systems tracts in depth and 
geologic time (From Vail, 1987). 
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