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Abstract:   

The previously understudied Ruataniwha Fault lies within the Hawke’s Bay region of 

New Zealand’s North Island.  A diverse spectrum of methods and results aim to classify 

earthquake hazard along this oblique reverse fault to better inform local bodies of this previously 

unnoted seismic hazard.  Interpretation of LiDAR results, orthophotographs, and ground 

topography created a detailed map of fault location for ~50 kilometers of its trace.  An RTK GPS 

surveyed vertical and horizontal offsets in Late Quaternary terraces along the fault quantifying 

amounts of vertical offset up to ~21 meters and possible horizontal offsets up to 2 meters.  

Correlation of terrace stratigraphy to other previously dated Quaternary surfaces within the 

region determined age constraints for the offset Q1, Q2, Q3 and Q4 surfaces.  Reinterpretation of 

seismic profiles collected within the Ruataniwha-Dannevirke Basin constrained fault dips in 

select locations at 56 ±7º to the NW.  Data on offset amount, age constraint, and dip angle 

calculated slip rate along the fault, increasing from zero at the margins to 0.18 ±0.09 mm/yr in 

the central northern section.   Larger scale tectonic interpretations of the 8 km wide anticline 

(cored by the fault) identified tighter interlimb fold angles in sections of more active surface 

faulting. Using the regional tectonic similarities, the nearby and geometrically similar Tukituki 

fault served as a proxy for recurrence estimates of the Ruataniwha Fault.  As well, methods 

identifying “kinks” in the slope of the fault scarp define a recurrence interval of ~7.5 ky.  This is 

similar to recurrence intervals found at the nearby Tukituki Fault.  These classifications give a 

quantifiable assessment of hazard posed by the fault (New Zealand Fault Hazard, Class IV).  

Using this information, local bodies can know what types of structures are reasonably built near 

the fault and, most importantly, local bodies can now be informed of this seismic hazard so plans 

can be made to accurately mitigate this threat. 
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1 - Introduction 

 The Ruataniwha Fault lies within the Dannevirke-Ruataniwha Basin of the southern 

Hawke’s Bay region of North Island, New Zealand (Fig. 1).  The Dannevirke region is an 

agricultural area containing several towns.  The level of seismic hazard created by the 

Ruataniwha Fault is poorly known.  Previous neotectonic research in the vicinity of the fault has 

been of limited scope (Lillie 1953; Kingma 1962; Grant-Taylor 1978; Melhuish 1990) and 

additional research on fault dynamics is needed to accurately determine the associated seismic 

hazard.   With a better estimation of fault activity, nearby residents and district councils can 

understand the current level of earthquake hazard and be better prepared for possible seismic 

events in the future (Kerr et al. 2003). 

Neotectonic and paleoseismologic knowledge of eastern North Island has greatly 

increased in the last decade (Kelsey et al. 1998; Beanland and Haines 1998; Shulmeister et al. 

2001; Schermer et al. 2004; Hayward et al. 2006; Langridge et al 2006; Villamor et al. 2008), but 

there has been little focus on the Ruataniwha Fault (Lillie 1953; Kingma 1962; Grant-Taylor 

1978; Melhuish 1990).  Original mapping of the Ruataniwha Fault indicated an active fault 

offsetting Quaternary surfaces (Lillie 1953; Kingma 1962), but later research refuted this original 

finding and found no offset of Quaternary surfaces (Grant-Taylor 1978; Melhuish 1990), a 

possible indication that the fault is inactive and unimportant for neotectonic study and hazard 

evaluation.  However, new high resolution digital elevation models (DEMs) for the northern 

segment of the fault (supplied by Hawke’s Bay Regional Council (Langridge et al. 2006) clearly 

show a well defined scarp along the Ruataniwha Fault trace as mapped by Lillie (1953) and 

Kingma (1962). The physiographic expression of the fault is very pronounced, suggesting that 

Quaternary units are affected. The research presented here seeks to rectify these past 



The Ruataniwha Fault: Neotectonic Evaluation and Seismic Hazard 

 Klos - 7   

discrepancies in mapping along the Ruataniwha Fault, accurately quantify fault activity, and 

evaluate seismic hazard. 

 
Figure 1.1: Map of regional tectonic setting, study area (S.A.) indicated in center, revised from Beanland 
et al. 1998; Litchfield and Berryman 2005. 
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1.1 - Objectives 

This study aims to quantify the earthquake hazard created by the Ruataniwha Fault.  To 

do so, accurate estimates of fault location, slip rate, and earthquake recurrence along the fault 

trace are needed.  As part of the field studies, a real time kinematic (RTK) global positioning 

system (GPS) with centimeter scale resolution was employed to accurately survey spatial 

characteristics of the fault needed in determining its position, slip rate, and recurrence.  

Additionally, this study provides the spatial data necessary to update New Zealand’s Active 

Faults Database (http://data.gns.cri.nz/af/) hosted by New Zealand’s Institute of Geologic and 

Nuclear Science (GNS Science). 

The calculated ranges of slip rate and recurrence quantify the level and timing of dynamic 

activity at different locations along a fault (Wang and Grapes 2008; Langridge et al. 2006; 

Villamor et al. 2008). To evaluate slip rate, four components are needed, vertical offset, 

horizontal offset, fault dip, and age of the offset faulted surface (Langridge et al. 2006; Amos et 

al. 2007; Villamor et al. 2008). This study used RTK GPS for fault scarp profiling and 

quantification of vertical and horizontal offset amounts.  Fault dip was determined through 

reinterpretation, migration, and computation of seismic reflection data previously recorded and 

interpreted for the Dannevirke-Ruataniwha Basin (Hollingsworth 1971; Grant-Taylor 1978; 

Melhuish 1990).  The ages of offset surfaces were inferred through correlation of lithological 

characteristics determined through outcrop examination, augured cores, and electron microprobe 

analysis to known stratigraphic markers previously dated within the region.  To attain a 

minimum estimate of recurrence, timing constraints for the most recent seismic event were 

acquired by dating the youngest offset and oldest non-offset surfaces deformed by the 

Ruataniwha Fault.   A more generalized recurrence estimate for the Ruataniwha Fault was 
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inferred from age constraining offset horizons within cross-sectional trenches of the nearby 

Tukituki Fault.  The Tukituki Fault occurs within the same neotectonic setting and displays a 

similar kinematic sense, so it may serve as the most valid proxy available for the recurrence 

component of this study.  Due to the timing of this research in September during the eastern 

North Island’s wet season, trenching on the Ruataniwha Fault was not possible.  

 

1.2 – Regional Geologic Background 

The Dannevirke-Ruataniwha Basin contains lithified Miocene to Pleistocene marine 

sedimentary rock unconformably resting upon Triassic to early Cretaceous greywacke (Lillie 

1953; Kingma 1962). The Tertiary to early Pleistocene strata were cut by growth faults and so 

they exhibit greater unit thickness on the downthrown blocks due to syntectonic sedimentary 

deposition (Lillie 1953; Kingma 1962; Melhuish 1990; Beanland et al 1998).   These lithified 

marine sedimentary units are incised and heterogeneously overlain by terraces of unlithified 

Quaternary fluvial gravel and loess deposits (Lillie 1953; Kignma 1962; Melhuish 1990; 

Litchfield & Rieser 2005) (Fig. 2).  The Kumeroa and Mangatarata Formations are the 

uppermost of the lithified sedimentary marine units and are the only formations outcropping 

within the study area.  The older Kumeroa Formation, late Pliocene to early Pleistocene in age, 

contains massive poorly bedded fine blue-grey fossiliferous mudstone in units ~ 500m thick, 

interbedded with 3-15 m thick limestone beds (Lillie 1953; Kingma 1962; Melhuish 1990).  The 

younger Mangatarata Formation demonstrates a transition from marine to terrestrial deposition 

during the middle Pleistocene.   Basal carbonaceous mudstone to fine sandstone within the 

Mangatarata Formation underlie tuffaceous sandy siltstone and greywacke conglomerate.  The 
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formation also displays numerous lignite beds, 15 to 75 cm thick, containing pumice and 

tuffaceous sediment (Melhuish, 1990). 

Younger Quaternary fluvial terraces are present throughout the field area (Lillie 1953; 

Kingma 1962; Melhuish 1990) (Fig. 2).  Sub-angular greywacke clasts of silt to cobble size 

compose the majority of the terrace sediment.  Older terraces incorporate several meters of silty 

loess that overlie the river sediment.  This loess was deposited during high wind conditions that 

existed during Plio-Pleistocene glacial and post-glacial intervals.  Terraces are correlated by age 

across the eastern North Island and correspond to previous glacial periods (Beu and Edwards 

1984; Grant 1985; Shulmeister et al. 2001; Formento-Trigilio et al 2003; Litchfield and Rieser 

2005; Litchfield and Berryman 2005).  The youngest terraces, Holocene in age, that exist just 

above the active stream surfaces are designated as Q1.   Q1 terraces can range in height from 1 to 

20 m above the current stream gradient and contain little to no loess or overburden (Grant 1985).  

Q2 terraces are the next highest set that contain ~1 m or less of overlying fine sediments and 

correspond to a majority of the extensive broad land surfaces within the Dannevirke area (Lee 

2008).  Q2 surfaces on the eastern North Island have been dated from 15-30 ka through a 

diversity of techniques (Litchfield and Berryman 2005, Litchfield and Reiser 2005; Wang and 

Grapes 2008).   The next highest and oldest terrace set, Q3, is not common in the Dannevirke 

area (Lee 2008; Lichfield and Reiser 2005). The Q3 terrace consists of gravels overlain by loess 

that contains a bed of the Kawakawa Tephra erupted from the Taupo volcanic center, dated at 

27.5 ka (Pillans et al. 1993; Froggat and Lowe 1990; Shane 2000).  The oldest Quaternary 

terrace that is common in the Dannevirke region is the Q4 terrace which has been dated between 

55 and 70 ka (Litchfield and Berryman 2005, Litchfield and Reiser 2005).  The Q4 terrace is 

capped by upwards of 3 m of loess, including the ~1 m thick, Kawakawa-bearing layer that is 
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present within the Q3 terrace (Fig. 2).  Uncommonly, older higher terraces are preserved within 

the area; these are of small lateral extent (Litchfield and Reiser 2005). 

 
Figure 1.2: Simplified cross-sectional view of sedimentary units visible within study area. 
 

 The uplift and incision of marine sediments and young fluvial terraces is a reflection of 

an active tectonic environment.  The southern Hawke’s Bay area is part of a forearc basin that 

lies within the upper plate of the northwest dipping Hikurangi subduction margin.   At this 

boundary the Pacific Plate obliquely subducts under the overriding Australian Plate with a 

relative plate motion vector of 38-50 mm/yr, 55 degrees off the trend of the plate boundary 

(Spitzak & DeMets 1996) (Fig. 1). The plate boundary continues southwest and subduction 

ceases in the Marlborough region where dextral strike-slip movements along the Marlborough 

Fault System and Alpine Fault accommodate the relative plate motion (Berryman et al. 1992).  

Seismicity is an expression of the active plate boundary, as are volcanism and faulting.  

Extensional normal faulting occurs within the Taupo Volcanic Zone (Beanland and Haines 1998; 

Villamor and Berryman 2006) and margin parallel dextral strike-slip faults occur in the southern 

and western Wairarapa and Wellington areas (Villamor et al. 2008; Beanland and Haines 1998; 

PUMICE 
LAYER  
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Kelsey et al. 1998). Active structures in the forearc and accretionary prism of central Hawke’s 

Bay are contractional west-northwest dipping reverse faults (Beanland and Haines 1998; 

Langridge et al. 2006; Langridge and Villamor 2007). 

 The Dannevirke-Ruataniwha Basin is located in the transitional region between the zone 

of predominantly dextral strike-slip deformation in the Wairarapa-Wellington area and the zone 

of reverse faulting in central Hawke’s Bay (Kingma 1962; Kelsey et al. 1998; Villamor et al 

2008; Langridge et al 2006)(Fig. 1). The faults within the study area generally record reverse-

sense motion upon northwest dipping curviplanar fault surfaces (Lillie 1953; Kignma 1962; 

Melhuish 1990; Beanland et al. 1998). 
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2 - Fault Location 

Residents, civil agencies and regional governments situated along the trace of active 

faults need to know the fault locations within several meters accuracy.   In New Zealand, initial 

survey of fault locations is done with topographic maps, aerial photos, and LiDAR DEMs where 

available (Langridge et al. 2006).   Ground based RTK GPS survey follows, providing for the 

highly accurate fault scarp profiling that is needed to determine the fault trace location.  In 2008, 

New Zealand’s Active Faults Database (see http://data.gns.cri.nz/af/), a public access online 

interface, displays an active fault trace for only a small section of the Ruataniwha Fault.   The 

fault trace is poorly located in the database compared to other faults, at an accuracy of just 50m, 

and the fault’s lateral extent is not depicted correctly. The mapping and acquisition of geospatial 

data achieved in this current study will be used for correct representation of the Ruataniwha 

Fault in the Active Faults Database and to provide the most accurate locations of the fault trace 

for public use and seismic hazard awareness. 

Lillie (1953) conducted the original mapping of the Dannevirke Subdivision and 

surveyed the Ruataniwha Fault’s active trace in the early 1950s after a period of deforestation 

and expansion of agriculture in Hawke’s Bay.  His map indicated that the upthrown western 

block and downdropped eastern block were cut by a fault that offsets Quaternary fluvial terraces 

(Lillie 1953).  A decade later, Kingma (1962) compiled a larger scale regional map showing the 

same location and sense of offset for the Ruataniwha Fault, though with less accuracy due to 

scale.  Results of research using seismic reflection in the 1970s and 1980s differed in that they 

identified no offsets of Quaternary surfaces; these studies interpreted the fault as terminating 

within the underlying Tertiary to early Pleistocene sedimentary rock (Grant-Taylor 1978; 

Melhuish 1990).  These surveys showed the subsurface fault trace running NNE-SSW 
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throughout the entire length of the basin, with fault bifurcations recorded on some profiles 

(Melhuish 1990; Beanland et al 1998).  The resolution was insufficient to determine whether 

Quaternary markers were cut. Recently, the high resolution DEMs created through a Hawke’s 

Bay Regional Counsel survey captured the northern extent of the fault trace.  This new data 

displays an offset of Quaternary surfaces upon the Ruataniwha Plains in a similar location as had 

been originally mapped by Lillie (1953) and Kingma (1962). 

 

2.1 – Mapping Methods 

The study reported here involved digital mapping of the fault trace within a geographic 

information system (GIS), with each section of the fault coded to an accurate Northing and 

Easting within New Zealand’s 1949 geodetic coordinate system.   Initial approaches to locating 

the fault involved use of orthographic, topographic, and LiDAR data that were digitized, 

compiled, and georectified within the same datum and coordinate system within the GIS.  The 

subset of remote sensing data that provided visible evidence of fault location was then used as a 

guide to manually draw the fault trace on screen into the GIS.   Where the LiDAR data was not 

accurate enough for delineating the fault trace, ground based reconnaissance and RTK GPS 

survey were then used.  RTK GPS survey produces a detailed profile of the fault scarp that can 

be used to determine the location of the basal transition from a steep to a low gradient, which 

corresponds to the scarp base (Langridge et al. 2006) (Fig. 2.1). Such a subtle feature may be 

missed where the fault scarp is broad in extent, but it represents the best estimate of the fault 

location and is used to most accurately map the trace (Langridge et al. 2006).   

Alternative approaches to fault mapping were used for locations where landscape 

physiography or geomorphology affected access to the fault trace. For sites where RTK GPS 
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survey was not possible due to steep exposures or overhead vegetation that shielded the RTK 

GPS from satellite communication, the transitional point from a straight, deeply incised, stream 

to a meandering stream can be taken as the mark of the fault trace (Langridge et al. 2006) (Fig. 

2.1).  At sites of slope instabilities or vegetation cover that obscure the fault trace, extrapolation 

was used to draw the fault location.  Elsewhere, there is subdued fault expression due to bedrock 

characteristics, and historical maps offer the most reliable information.  Lillie’s (1953) previous 

mapping of the fault trace became the main source used to map fault location across the southern 

hill country of sedimentary rock.  His data is preferable because he surveyed the area soon after 

deforestation occurred, thus having less problems with outcrop visibility and access. 

 

Figure 2.1: Schematic 3D view of the west dipping Ruataniwha Fault with key surface indicators used in 
mapping the fault trace, revised from Langridge et al., 2006. 
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A standard practice used to verify the presence of a fault scarp is mapping areas with 

Quaternary deposits and sampling the sediments on either side of the suspected fault scarp to 

verify a ‘match’ in the cover beds for each original horizontal surface.  A hand augur is used to 

augur through terrace cover deposits and establish the stratigraphic correlation. The exercise is 

important because it is possible to mistake a curvilinear fluvial terrace riser for a fault scarp. In 

this study, the soil, loess, and gravel stratigraphy was recorded for every distinct unit down to the 

maximum depth that could be reached by augur. Augur depth was restricted by the seasonally 

high water table. 

  The error in fault location associated with each method varies.  The LiDAR data is the 

most accurate of the remote sensing methods, having a lateral resolution of 5m and a vertical 

accuracy on the decimeter scale (supplied by Hawke’s Bay Regional Council).  Aerial 

photography and topographic mapping are less accurate, of use mainly as an aid in mapping of 

fault features in reference to local landmarks, such as roads and buildings.  The RTK GPS 

provides an accurate ground survey method, with a 3D error less than 5 centimeters for most data 

points. The 3D accuracy of the RTK diminished to ~0.5m for a subset of data collected during 

several hours when contact with the RTK base GPS was lost and a nearby GPS base tower had to 

be used for differential correction. 

 

2.2 – Mapping Results 

 For the northern section of the study area, 5m resolution LiDAR survey data exist and 

were used to locate the trace of the Ruataniwha Fault.  Distinct fault scarps at several locations 

are easily distinguishable from fluvial terrace risers by their NE-SW orientation, linear nature, 

and correspondence to abrupt changes in stream incision (Fig. 2.2). The position of the fault 
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scarp was verified by a correlation of the augured stratigraphy on each side of the scarp and 

relative ages of offset surfaces was understood through correlation to regional Quaternary 

geology (described in Sect. 1.3) (Fig. 2.3 and Appendix Table A1).  For sectors outside the 

LiDAR survey, the RTK GPS data, interpretation of seismic reflection surveys, observations of 

augur samples, and ground reconnaissance provided the information needed to accurately map 

the fault location to within the width of the mapped trace (Fig. 2.4).  In the southern sector where 

the Ruataniwha Fault is not well expressed in the topography, the fault trace from Lillie’s (1953) 

map was digitized. The result is a fault trace map within the contemporary GIS framework that 

covers the total known extent of the Ruataniwha Fault (Fig. 2.5). 

 
Figure 2.2: Key topographic features used to map the northern section of the NE-SW trending 
Ruataniwha Fault from LiDAR data; fault trace mapped at base of scarp. 
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Figure 2.3: A topographic profile perpendicular to fault trace showing technique used in verification of 
fault locations for areas of broad sloping terrain.  Location given in Fig. 2.4. 
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Figure 2.4: Northern section of the Ruataniwha Fault, location determined from LiDAR (NE hillshade), 
RTK GPS, seismic reflection, and ground reconnaissance; accuracy within the scale of the surface trace.  
Cross-sectional profile of A-A’ displayed in Fig, 2.3. 

 

 Blind Trace of the Ruataniwha Fault 
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Figure 2.5: Regional extent of the Ruataniwha Fault; location indicated by boxed area of inset map. 

 

2.3 - Interpretation of Mapped Area 

The seismic reflection data revealed that in the farthest NE segment of active surface 

faulting north of Takapau (Fig. 2.4) the fault structure seen at the surface is not directly 

associated to the surface/subsurface trace of the Ruataniwha Fault.  Data from the seismic 

profiles does not reveal a fault structure crossing from the main Ruataniwha Fault system to this 

NE segment, but instead this NE fault structure appears to be a more eastern unnamed fault 

structure of similar characteristics to the Ruataniwha Fault.  No fault scarp was visible in the 

LiDAR data, even at a fine scale, indicating that this separation of the fault is a reasonable 

interpretation. 

Surface Trace of the Ruataniwha Fault 
 

Blind Trace of Ruataniwha Fault 
 

GNS Science Active Fault Database for Hawkes Bay 
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The fault trace mapped in the northern half of the study area has been added to the GNS 

Science Active Fault Database and can be viewed at http://data.gns.cri.nz/af/.   Since the 

accuracy of location for the Ruataniwha Fault varies along the length of the fault, only the more 

accurate northern section was added to the database.  Accuracy for this northern section is within 

5 meters or less for where the fault offsets Quaternary units. In the southern section of the fault 

trace, the mapped fault location is determined through offsets of sedimentary rock determined by 

Lillie (1953) and the accuracy is reduced to ~100 m.   Where the fault trace runs blind, concealed 

below the surface, the accuracy is greatly reduced to ~0.5 km. 
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3 - Quantifying Vertical Offset along the Fault Trace 

 Quantifying the vertical offset along the Ruataniwha Fault is essential for determining the 

slip rate, and ultimately seismic hazard, along various sections of the fault.  Many detailed 

topographic surveys of the scarp are necessary to acquire accurate estimates of the spatially 

variable displacement values along the fault.   Fault surveys need to be conducted in areas were 

there is a preexisting horizontal datum to compare to when calculating vertical offset.  If relief is 

too great within an area it becomes challenging to distinguish the scarp from non-tectonic 

features.   Fortunately, the glacial outflow plains of the Dannevirke-Ruataniwha Basin offer 

uniform low relief surfaces of near constant gradient that may be used as markers for vertical 

fault offset.  In the study area, surveys were taken only where the fault intersected these low-

relief Late Quaternary surfaces.  Survey transects were spaced at a near uniform distance to try 

and acquire a regular distribution of vertical offset measurements. 

 Previous measurements of offset along the Ruataniwha Fault had only recorded recent 

juxtapositions of Tertiary bedrock and had never quantified the amount of vertical movement 

responsible for the observed offsets (Lillie 1953).  One option for determining vertical offset in 

Quaternary terraces is through trenching perpendicular to the fault scarp.  This creates a cross-

sectional view that can be used to accurately measure both a fault angle and the amount of unit 

displacement across the fault (Kelsey et al. 1998, Villamor et al. 2008).  For this study, it was not 

possible to trench during New Zealand’s wet season due to the high water table and subsequent 

trench instability, so the measurement of offset upon ground surfaces offered the principle means 

to acquire quantitative data.  However, measurement of the surface offset, or fault scarp, by this 

method is less accurate than trenching because 1) a fault angle can not be determined from scarp 

geomorphology and 2) the amount of unit offset visible at the surface can be affected by slope 
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degradation due to erosion from the top of the scarp and deposition at its base (Villamor et al. 

2008).  Besides the inaccuracies from erosion, the amount of offset across the fault scarp may 

still not reflect the entire amount of vertical deformation occurring within the surface strata.  

Low amplitude folds of the Quaternary land surfaces have also been observed in New Zealand 

and help accommodate a portion of the horizontal contraction and vertical extension that is 

caused by the Pacific-Australian plate convergence (Beanland et al. 1998, Formento-Trigilio et 

al. 2002). 

3.1 – Site Descriptions 

 The Ruataniwha Fault offsets Quaternary units only in the northern half of the study area 

from 6119000N to 6131000N, while dissimilarly, in the southern segment, offsets are only 

observed in the hill country characterized by marine sedimentary rock..  This southern segment is 

~12 km long and faulting is only visible through lateral offsets within the bedrock.  For ease of 

description and discussion within this manuscript, the northern sections containing visible 

surface scarps were arbitrarily separated by location into a northern Tukipo section, central 

Cemetery and School Road sections, and a southern Monastery section (Figs. 3.1, 3.2, 3.3, 3.4, 

3.5).   

The northern Tukipo section is ~2 km long and contains only Q3 and younger Quaternary 

terraces incised by the Tukipo River.  Erosion within the Tukipo River bottom exposes the fault 

within the underlying tertiary bedrock visible in the streambed.  There are several Q1 terraces 

present.  Many of these terraces are laterally discontinuous because the stream has cut through 

the entirety of the younger, lower, terrace and began incising into the next highest, older, terrace.  

Within the Q1 terrace staircase rising above the river, only Q1a, Q1b, Q1c terraces are visible 

within the Tukipo section (Fig. 3.2).  
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The middle Cemetery section, along the Makaretu River, is ~3.5 km long and contains 

similar characteristics to the Tukipo section.  Discontinuous terraces are present throughout the 

section.  The section is dissimilar in that the oldest terraces within the section are only Q2 in age 

and there are up to 5 distinct Q1 terraces (Q1a through Q1e).  There is an extinct perched oxbow 

on the south side of the river that contains over a meter of silty sediment above the basal river 

gravels of a Q1b surface (Fig. 3.3). 

The nearby School Road section is ~5 km long.  There is no major drainage running 

through this section creating the previously mentioned staircases of Q1 terraces.  Instead, this 

section contains a bifurcated fault trace that offsets both Q2 and Q4 surfaces.  The offset within 

the Q4 surfaces is extremely broad and difficult to distinguish upon the landscape (Fig. 3.4).   

The southernmost Monastery section, near the Southern Star Abbey, runs for ~4 km and 

is similar to the northernmost sections.  It contains a staircase of discontinuous Q1 terraces and 

an uppermost Q2 surface incised by the Manawatu River.  The fault is bifurcated within this 

section and parallels a large right-stepped jog present in this section of the Manawatu River 

drainage (Fig. 3.5).  
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Fig 3.1: Map of all elevation profiles created and holes augured into fluvial terraces for the northern 
section of the Ruataniwha Fault. The area was divided into sections for ease of description and 
discussion. The grey polygon depicts the extent of the LiDAR dataset.    

(Fig. 
3.2) 
 

(Fig. 
3.3) 
 

(Fig. 
3.4) 
 

(Fig. 3.5) 

Blind Trace of Ruataniwha Fault 
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Fig 3.2: Map of northern Tukipo Section with RTK GPS elevation profiles and locations of auger holes.  
Profiles are shown in Fig. 3.11.  

Blind Trace of Ruataniwha Fault 
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Fig 3.3: Map of Cemetery Section with RTK GPS elevation profiles and locations of auger holes. 

Blind Trace of Ruataniwha Fault 
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Fig 3.4: Map of School Road Section with GPS and LiDAR elevation profiles and location of auger holes. 

Blind Trace of Ruataniwha Fault 
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Fig 3.5: Map of Monastery Section with RTK GPS elevation profiles and location of auger holes.  

Blind Trace of Ruataniwha Fault 
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3.2 – Methods for Quantifying Vertical Offset 

 The RTK GPS provided the elevation and location data needed for creating cross 

sectional profiles of the scarps (see Sect. 2.2).  Locations of augured holes and transects were 

spaced systematically along the sections of visible surface faulting (Fig. 3.1).  All cross sectional 

profile transects acquired using the RTK GPS were named in order of acquisition using a T-## 

nomenclature.  Measurements of land surface angles beyond the upthrown and downthrown 

extent of the visible fault scarp were surveyed to account for the background slope of the pre-

existing Late Quaternary terraces.  This helped negate the effects that localized slope erosion had 

on analysis of the scarp’s elevation profiles. 

On younger fluvial surfaces, such as Q1 terraces, detailed elevation data determined how 

the discontinuous hanging terraces were paired and potentially offset across eroded portions of 

the terrace sequence.  This method used terrace slopes to extrapolate a scarp size into the eroded 

area once containing the original fault scarp.  Profiling of all terraces was conducted 

perpendicular to the orientation of the fault trace to normalize any inaccuracies caused by the 

pre-existing slope of the fluvial surfaces.   In several instances, when valleys containing Q1 

terraces were heavily tree covered with overhanging vegetation, manual use of a surveying tool 

measured the relative terrace elevations.   Additionally, in areas where the fault scarp was too 

broad to be distinguishable in ground survey, a GIS analysis tool was used to create an elevation 

profile based on the LiDAR data.   

Analysis of the elevation data collected from the RTK GPS was completed in Excel and 

estimates of the pre-existing slopes before offset were fitted to the data beyond the scarp.  Where 

erosion erased the fault scarp (common in discontinuous sections of Q1 terraces) a plane of 

reference, perpendicular to the orientation of the fault trace and parallel to the orientation of the 
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profiles taken, allowed for the correlation of terraces on either side of the fault.  Correlation of 

these Q1 terraces was only possible through this extrapolation process and was not feasible 

through stratigraphic correlation of terrace sediment (through auguring) because in most 

instances the stratigraphy of all the Q1 sediment contains only a thin veneer of soil upon the 

fluvial terrace gravels (see Sect. 1.3). 

3.3 – Results and Interpretation of Vertical Offset Measurements 
  
 In the northern sections the fault scarp corresponds to abrupt changes in elevation across 

the gradual slope of the Quaternary terraces.  In some instances the scarp slope itself formed a 

composite feature with a shallower angle up high and a steeper angle down low (Fig. 3.6; 

Appendix Figs .A3.2, A3.7, A3.8, & A3.14).  On a larger scale, analysis of the LIDAR data 

provided accurate profiles of the fault scarps where RTK GPS surveying was unable to cover the 

broad extent of the fault offset across the oldest Q4 surfaces (Fig. 3.6 & 3.7).  

 
Fig 3.6: RTK GPS elevation profile of fault scarp transect T-2 from the School Road Section (Fig. 3.4). 
The profile is of moderate length.  The scarp exhibits a shallower angle high on the surface and a steeper 
angle down low.  This is a suggestion that the scarp is a composite feature formed from more than one 
event across the Q2 surface. 
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Fig 3.7: LIDAR elevation profile of a major fault scarp transect T-LIDAR-1 from the School Road Section 
(Fig. 3.4).  Note the large profile length. 
 
 Within the entire study area, the youngest Quaternary surfaces, Q1, exhibit consistent 

slopes similar to the slope of the current stream gradient (Fig. 3.8 & 3.10), indicating that they 

are not cut by the fault.  Offset Q2 terraces that were incised during the formation of the Q1 

terraces and visible faults cutting the underlying bedrock within streambeds provided accurate 

markers for the fault location (Figs. 3.8 and 3.12).   In Q1 areas where the fault scarp was not 

present due to discontinuous terraces, linear best fit lines of the Q1 terrace elevation data were 

used to create surface gradients that could be extrapolated inwards to map the offset (Fig. 3.8). 
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Fig 3.8: Q1 terraces and Q2 fault scarp in active stream drainage; Fig. 3.3, Cemetery Section, for 
locations.  Data contains linear best fits. 
 

 Pre-existing planar terrace surfaces of successive ages were projected into the area above 

and below the fault scarp.  These served as reference planes for measurement of vertical offset.  

The dips of these surfaces are sub-horizontal because they formed along a stream gradient.  In 

some instances the dip angles above and below the scarp were not perfectly parallel to each 

other, but varied up to ~5 degrees.  This may be caused by regional scale folding within the 

terrace sediments.  To avoid errors arising from the mismatch in configuration of slopes on either 

side of the scarp, the vertical offset amounts were measured from the horizontal center of the 

fault scarp.  This protocol was used consistently for all the measurements (Fig. 3.9; Appendix 

Figs. A3.1 through A3.14). 
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 Fig 3.9: Profile of fault scarp with measured distance of vertical offset across the pre-existing surface.  
Note the distinct change in slope of the scarp at 282 M AMSL indicating two possible rupture events. 
Vertical offset error is taken from RTK GPS error but may be up to ±0.1 M overall. 
 
3.3.1 Vertical Offsets of the Tukipo and Cemetery Sections 

 Analysis of Q1 terraces within the Tukipo and Cemetery sections involved extrapolation 

of the best fit slope lines calculated from statistical analysis of the terrace elevation data 

collected on either side of the eroded voids.  The accuracy of these extrapolations was based on 

only the several data points collected on the terrace surface and the proximity of their R2 value to 

1 reflects the precision of these points relative to the location of the best fit slope line.  In the 

Cemetery section it was unclear whether T-19 was paired with either T-18 or T-17 (Fig. 3.10).  

Additionally, the R2 value of the T-19 slope was extremely low at 0.47 and makes the true slope 

of the terrace indefinite and suspect (possibly human modified).  Due to the elevations of the 

terraces above the stream it appeared that the two possible options present are that the T-19 

terrace is a non-offset pair with T-17 or that T-19 is paired with T-18 and has been offset by the 
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fault.  From study of the relationships, it appears that T-19 is not paired and offset with T-18 

because 1) there would be little space left to accommodate an eroded pair of T-17, 2) if an 

average best fit slope for both T-19 and T-18 is taken, the offset between the two exceeds the 

amount of offset of the older Q2 and thus is not possible, and 3) the extrapolation of the T-19 and 

T-17 best fit lines over the fault are much closer in slope and location than the slope projection of 

the T-18 best fit line compared to T-19.  Due to these factors it appears that T-17 is most likely a 

paired terrace with T-19 and no faulting of Q1 terraces occurred within the Cemetery section (or 

T-19 is human modified)(Fig. 3.10). 

Offset amounts and correlation of Q1 terraces within the Tukipo Section was much 

simpler than the Cemetery section (Fig. 3.11).   In the Tukipo section, a fault exposure in the 

stream bottom of the bedrock streambed aligned nicely with offsets observed and postulated in 

both the Q1 and Q2 surfaces.  This suggests that faulting has occurred recently in these sections. 

 
Fig 3.10: Analyzed profile of Q1 terraces and Q2 fault scarp within the Cemetery Section (Fig. 3.3).  After 
extrapolation analysis of best fit lines and best fit averages between opposing terraces, no offset of the 
Q1 terraces was identified for the Cemetery Section.  
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Fig 3.11: Analyzed profile of Q1 terraces and Q2 fault scarp within the Tukipo Section (Fig. 3.2).  After 
extrapolation analysis of best fit lines, offset within all terraces (correlating well with the location of the 
observed fault in the bedrock) is probable. 
 

3.3.2 Total Fault Offsets 

 Vertical offsets and relative ages along the entire fault (including the relatively simplistic 

interpretations of the School Road and Monastery Sections, compared to the two northernmost 

sections) are tabulated (Table 3.1) and the offset amounts are arranged by Section and Northing 

along the fault.  Additionally, where elevation profiles fall within a region of fault bifurcation the 

offset on either the eastern or western fault scarp is specified.  In some instances, one of the 

bifurcated limbs was not accessible for profiling, so the total fault offset in that location is 

undeterminable.  Age correlations (Appendix Table A2.1) follow a logical trend with older 

surfaces having experienced a greater amount of movement.   Q4 surfaces within the study area 

display up to 20.79 M of offset while the younger Q2 surfaces record up to 4.86 M of offset.  Of 
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the Q1 surfaces, only the terraces in the Tukipo Section record any offset, which may be up to ~2 

m. 

3.4 Justification for Ages of Offset Surfaces 

 Using a variety of techniques, including auguring, QMAP interpretation, and relative 

aging, the terraces along the fault area were relatively aged based on the Q1, Q2, Q3,… system.  

The characteristics of every terrace unit are described in detail in Section 1.3.  The most common 

method for determining ages in the field was to count up in elevation from the current Q1a 

surface until the Q2 surface was reached.  The Q2 surface was easy to identify due to its large 

lateral extent in the field and the fact that it has <1m of silty sediment upon the river gravels 

(which have little to no weathering rind)(Appendix Tbl. A1).  Q4 is the next most common 

surface and has >1m of loess deposit over the river gravels (which have a more significant 

weathering rind)(Appendix Tbl. A1).  No Q6 terraces were found (with more extreme weathering 

rinds)(see Sect. 6.2 for contradiction of this).  Additionally, the northernmost transect in the 

study area was interpreted to be upon a Q3 surface because it was considerably higher than the 

adjacent, and extremely broad, Q2 surfaces, but it did not have a significant amount of 

weathering rind and loess deposit to indicate that it was a Q4 surface (Appendix Tbl. A1).   

 

3.5 Vertical Offset Conclusions 

 Through detailed survey of the fault scarp and adjacent land surfaces the quantification of 

vertical offset is possible.  These offset amounts, combined with horizontal offset amounts, ages 

of offset surfaces, and fault dip, are critical for determining the slip rate in discrete locations 

along the fault.  Additionally, transitions in slope within the scarp may give indications for the 
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recurrence.  Ultimately, through correlation of the slip rates and recurrence along the Ruataniwha 

Fault, localized and regional earthquake hazards can be assessed and quantified. 

Table 3.1 Values of vertical displacement along the fault, listed from north to south, and the correlated 
relative ages for the surfaces offset.  Note: where the fault bifurcated measurements are given for both 
the western and eastern scarp and combined to quantify the total offset.  
Section/ 
Profile Name 

Northing 
(M) 

Offset 
West 
Scarp 
(M) 

Offset 
East 

Scarp 
(M) 

Total 
Offset 
(M) 

Relative Age of 
Offset Surface 

Tukipo Section      
T-nor_prof 6132470   3.01 Q3 
Tukipo-Q1b 6131850   0.96 Q1b 
Tukipo-Q1c 6131650   ~2 

(indefini
te) 

Q1c 

Tukipo-Q2 6131600   1.77 Q2 
Cemetery Section      
T-16 6126800   0 Q1a 
T-19 6126700   0 Q1c  
T-20 6126600   0 Q1b 
T-17 6126550   0 Q1c 
T-18 6126500   0 Q1d 
T-5 6126300   1.38 Q2 
T-6 6125950   1.85 Q2 
T-7 6125500   1.52 Q2 
School Rd. Section      
T-LIDAR-2 6125000   20.79 Q4 (see Sect. 6.2) 
T-8 6124650 1.60  n/a Q4 (see Sect. 6.2) 
T-9 6124200 1.56  n/a Q4 (see Sect. 6.2) 
T-LIDAR-1 6123900 7.37 11.68 19.05 Q4 (see Sect. 6.2) 
T-10 6123800 2.50  n/a Q4 (see Sect. 6.2) 
T-12 6123250 5.75 8.65 14.40 Q4 (see Sect. 6.2) 
T-3 6122500  4.80 4.80 Q2 
T-2 6122300  4.85 4.86 Q2 
T-1 6122200  4.70 4.70 Q2 
T-4 6121800  2.85 2.85 Q2 
Monestery Section      
T-monastnorscarp 6120500 1.72 1.65 3.37 Q2 
T-monastscarp 6120350 2.02 1.16 3.18 Q2 
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4 - Quantifying Horizontal Offset across the Fault Trace 

 Along the Ruataniwha Fault, horizontal offset is more challenging to quantify than 

vertical offset because a steeply inclined (near vertical) surface is the optimal reference plane for 

measuring a horizontal offset component, and finding a vertically inclined surface that cross-cuts 

the fault is difficult in the unconsolidated gravels and relatively uniform mudstones of the area.  

Commonly, beheaded streams are used to estimate the lateral component of offset (Villamor et 

al. 2008) in New Zealand, but there is no precise control on the pure horizontal component of 

offset.  Although beheaded streams do not exist within the study area, some steep vertical 

surfaces are present, such as erosional scarps (cut banks) formed at stream terrace margins 

between older and younger terraces.  Unfortunately, these vertical markers are scarce within the 

study area and rarely cross the fault trace. 

One opportunity to use an incised bank as a marker was found in the Monastery Section 

of the field area, where a steep, 18m high, erosional scarp cross-cuts the fault trace.  Under first 

observation, this erosional scarp contains topographic features that align well with the vertical 

offset observed on the overlying Q2 surface.  Problematically, erosional scarps in the area are 

generally undulating non-planar surfaces, so the measurement of any suspected horizontal offset 

is imprecise.  A detailed RTK GPS survey from this site can quantify a component of horizontal 

offset for this steep, relatively young, undulating erosional surface. Due to grassy vegetation and 

erosional slope processes the correlation of the topographic features on both sides of the fault 

might be questioned, but for the purpose of the study, the correlation is assumed.  The aim is to 

reach conclusions about the oblique nature of the fault movement, which is important because 

the assessment of earthquake hazard is dependent on accurate estimates for slip rate.  These are 

calculated using movement vectors derived from both the vertical and horizontal offset amounts. 
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 Previous studies within the Dannevirke-Ruataniwha Basin have noted, but not quantified, 

horizontal offsets within the area (Beanland et al. 1998, Lillie 1953).  Mapping of geologic units 

displayed no horizontal offsets with the sedimentary bedrock or Quaternary surfaces (Lillie 

1953).  Furthermore, seismic reflection surveys created 2D profiles that emphasize much of the 

sub-surface vertical displacement, providing a small likelihood of distinguishing lateral offsets in 

and out of the seismic reflection profiles.  The presence of major dextral strike-slip faults within 

the surrounding ranges makes it likely that there is a horizontal component of offset for faults 

within the basin (Beanland et al. 1998). In the Masterton region south of the field area, dextral 

offset on similar-scale faults has been quantified using correlation of beheaded streams (Villamor 

et al. 2008). 

 
4.1 – Methods for Identifying and Quantifying Horizontal Offset 

 High resolution RTK GPS data for the area of the suspected horizontal offset in the 

erosional scarp was used for microDEM creation and analysis in Surfer8.  The microDEMs 

identify subtle patterns in the topography that possibly indicate the presence of horizontal offset.   

Inaccuracies in the RTK GPS data exist due to a large amount of trees above the top of the 

erosional scarp that partially blocked satellite reception during the survey, with the consequence 

that the 3D accuracy is ± 50 cm rather than the standard ± 2 cm normally. 

 
4.2 – Results and MicroDEM Creation 

 The high resolution microDEM of the area containing the erosional scarp within the 

Monastery Section is shown in Fig. 4.1.  A large Q2 surface is visible in the NE half of the area 

and the erosional scarp that leads down to a hanging Q1 terrace of the Manawatu River is seen in 

the SW corner.  The Ruataniwha Fault offsets the Q2 surface near the Monastery, as indicated in 
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the NE corner of the microDEM.  The fault is then traced to the SW to isolate the horizontally 

offset topographic feature upon the erosional scarp (Fig. 4.1).   

 
Figure 4.1: MicroDEM contour map of study area depicting the know fault trace and erosional scarp 
(green) between the Q2 surface in the NE half (tan-brown) and the Q1 surface in the SW corner (blue).  
Circles depict forested area. 
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4.3 – Approximation of Horizontal Offset 
 
 Three dimensional analysis of the topographic data verified the position of a dextral 

offset in the erosional scarp that aligns well with the location of the vertical offset (fault scarp) 

observed in the overlying Q2 surface (Fig. 4.2).   

 

 
Figure 4.2: 3D elevation map of study area depicting the know fault trace and observed dextral offset. 
 
 The amount of horizontal offset across the erosional marker was quantified by 

designating points upon corresponding elevation contours on either side of the fault.  It is 

assumed that the contours would have been a continuous curvilinear feature, formed by uniform 

stream incision, before fault offset.  Offset amounts from these corresponding contour points 

indicate ~1 ±1 meter of dextral offset across the fault (Fig. 4.2), indicating at most there is 2 

meters of offset (as observed) but allowing room to say that there is no offset since this site is 
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solitary in its assessment of horizontal offset along the Ruataniwha Fault.  The pronounced 

expression of the feature and the alignment of the suspected horizontal offset with the definite 

fault scarp in the overlying Q2 surface make it likely that the offset was caused by fault 

movement and is not an erosional feature in the Q2-Q1 transitional scarp.  Thus, this is a 

reasonable estimate of horizontal offset for a Quaternary surface along the Ruataniwha Fault and 

no other sites were found that could better help clarify the estimates on the oblique nature of the 

Ruataniwha Fault. 

 
Figure 4.3: Contour map of study area depicting the ~2 M of dextral offset in elevation contours. 
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5 - Estimation of Fault Dip 

 Fault dip is the last value necessary for the calculation of slip rates along the Ruataniwha 

Fault.  Normally, estimates of fault dip occur through measurements of the fault plane in 

outcrops or trenches that cross-cut the fault.  Unfortunately, no outcrop displaying the fault 

surface was found along the trace and without any ability to trench exposures, direct 

measurement of the angle was not possible.  Fortunately, fault dip information can be interpreted 

from seismic reflection data collected for the Ruataniwha-Dannevirke Basin during an oil 

exploration project in 1971 (Hollingsworth 1971).  Survey transects TY, TK, and TLA from this 

study lie perpendicular to the fault in the northern, middle, and southern ends of the study area 

respectively. The orientation of the picked fault reflector can be used for measurement of 

subsurface fault dip in the profiles. 

 Several studies have previously interpreted these seismic lines, but the emphasis of the 

past research focused on either regional scale patterns in bedding and fault orientations (fold-

fault geometries) (Melhuish 1990, Beanland et al. 1998) or the potential for petroleum resource 

development (Hollingsworth 1971).  These studies interpreted fault dip in select locations only 

through the use of migration and seismic velocity calculations.  Three drilled wells provided the 

estimates of seismic velocity for the basin units using borehole geophysics data (Hollingsworth 

1971, Melhuish 1990).  Interpretations of the seismic data revealed that the Ruataniwha Fault, 

like most faults in the basin, is a listric fault that has a variable fault dip that changes with depth 

(Melhuish 1990, Beanland 1998).  The shallowest fault dips were calculated at 45 to 60 degrees 

(Melhuish 1990).  These previous studies failed to recognized that there is an active surface trace 

along the Ruataniwha Fault, showing the fault as a blind structure that dies out upward into 

asymmetrical folds. 
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 New estimates of fault dip were made by continuing the subsurface trace to the surface 

location of the fault scarp known from this study (Fig. 5.1).  These new dips were measured and, 

using previously determined dips as a guide for adjustment of the measured dip to a true dip 

(Melhuish 1990) (thus taking into account seismic velocity within the uppermost unit), the true 

dips were found.  These reinterpretations created new estimates for fault dips in the three 

locations within the study area where seismic reflection profiles perpendicularly cross the fault 

trace.  The fault was reinterpreted in the middle seismic section, TK, because it is not possible 

for a fault to crosscut, while not offsetting, a continuous unit, such as Horizon C (Fig. 5.1-TK). 

 
5.1 – Fault Dip Interpretation and Extrapolation   

 Requiring the fault to project to the surface, the dip values for the 3 transects are 

approximately 50°, 56° and 63°.  This suggests an average fault dip of 56° ±7°.    Seismic 

interpretation involves subjective errors.  Subjective error arises from the estimation work that 

accompanies the placement and extension of the sub surface fault trace. The option for where the 

line is placed has definite boundaries, such as not allowing the fault to cross a continuous unit. 

Additionally, the angle of the fault dip needs to be measured in the very uppermost extent of the 

subsurface trace (due to the listric nature), creating a slight error in the measurement process 

since the faults angle is never constant. 
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Figure 5.1: Seismic profiles that cross the Ruataniwha Fault (fault E) from north to south (TY, TK, TLA) 
and the reinterpretation of the subsurface fault extent based on the requirement of surface rupture.  
Original interpretations of horizons and faults indicated with pencil lines, new interpretations in solid black. 
Note: the original fault E interpreted in TK is not possible because it crosscuts, but does not offset, the 
continuous Horizon C. 
 
 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Southern 
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6 - Slip Rates along the Ruataniwha Fault 

This section makes slip rate estimates using calculations based on measurements of age 

for the offset surface, amount of both vertical and horizontal offset, and the fault dip.  

Trigonometric relationships are used to calculate an amount of movement across the fault surface 

in selected locations, then the information is combined with the bounding ages of offset markers 

to determine slip rate. 

 Previous interpretation of offset within sedimentary rock of known age within the seismic 

reflection profiles allowed for Melhuish to estimate slip rate over the last 3.6 Ma across the 

Ruataniwha Fault (Melhuish 1990).  A slip rate of 0.5 to 1 mm/yr was obtained for the period 3.6 

to 2.3 Ma.  Slip along the fault was estimated to stop at 2.3 Ma based on previous seismic 

interpretation (Melhuish 1990).  Recent studies suggest recent deformation is accommodated 

only by active folding in both Tertiary strata and Quaternary fluvial gravels (Melhuish 1990, 

Beanland et al. 1998, Formento-Trigilio et al. 2002). Farther south, slip rate estimates for active 

dextral strike-slip faults of the area to the south are up to ~12 mm/yr across the Wairarapa Fault 

with slip rates decreasing northwards along its trace (Wang and Grapes 2008, Villamor et al., 

2008).  

 
6.1 – Method for Determining Slip Rate 

 Using the extreme measurements (both possible maximum and possible minimum values) 

for all slip rate parameters, including offset in the vertical and horizontal, the fault dip, and the 

age of the offset surfaces, several trigonometric equations determined the slip rate upon the 

angled fault surface (see all previous sections for max. and min. possibilities)(Fig. 6.1).  Each 

offset amount in both the horizontal and vertical was divided by the ages possible for the offset 

surface (see Sect. 1.3).  This determined the minimum and maximum reasonable slip rate in each 
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orientation (Calc. 6.1 & 6.2).  The Pythagorean Theorem combined these separate vertical and 

horizontal slip rates vectors to calculate a minimum and maximum possible estimate of oblique 

overall slip rate across the fault (Calc. 6.3).  Uncertainty in slip rate exists because the age of an 

offset Quaternary surface provides only a maximum time since faulting occurred and fault 

movements may have happened at any time since the unit formed.  The end result is therefore 

only an estimate of slip rate across the fault. 

 

 
Figure 6.1: Diagram depicting trigonometric relationships used for determining the overall oblique 
movement across the fault plane. 

 
Calculation 6.1: Vertical Slip Rate = (Vertical Slip Vector / Minimum Age of Offset Surface) 

 
Calculation 6.2: Horizontal Slip Rate = (Horizontal Slip Vector / Minimum Age of Offset Surface) 

 
Calculation 6.3: Overall Slip Rate = [(Vertical Slip Rate)2 + (Horizontal Slip Rate)2]1/2 
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6.2 – Calculated Slip Rates 

Initial calculations created similar values of slip rates for all sections along the fault, 

except for the slip rates calculated on the Q4 surface of the School Road Section which were 

projected to be twice the amount of all other values along the fault (Fig. 6.2).  Upon this 

discovery, it was assumed that identification of the Q4 terrace was inaccurate and more 

realistically a Q5b, Q5d, or Q6 terrace is present in the School Road Section (~90 to 160 ka, 

Litchfield and Berryman 2005).  After these new ages were applied, the slip rates along the entire 

fault came into a similar range between 0.10 and 0.26 mm/yr (Tbl. 6.1, Fig. 6.3).  Overall, the 

average slip rate for the Ruataniwha Fault is 0.18 ±0.09 mm/yr (Fig. 6.3). 

 
Figure 6.2: Slip rates along the trace of the Ruataniwha Fault.  Q4 values are suspect. 
 

 
Figure 6.3: Reinterpreted slip rates along the Ruataniwha Fault using Q5 & Q6 age range.  Calculations 
indicate an average slip rate of 0.18 +/-.09 mm/yr for the Ruataniwha Fault. 
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Table 6.1: Overall slip rates along the Ruataniwha Fault. 
Section/  
Profile Name 

Northing 
(meters) 

Age of Offset 
Surface 

(yrs) 

Max. 
Slip Rate 
(mm/yr) 

Min.  
Slip Rate 
(mm/yr) 

Average 
Slip Rate 
(mm/yr) 

Tukipo Section      
T-nor_prof 6132470 Q3 0.19 0.12 0.16 
Tukipo-Q1b 6131850 Q1b 0.16 0.04 0.10 
Tukipo-Q1c 6131650 Q1c 0.22 0.07 0.15 
Tukipo-Q2 6131600 Q2 0.20 0.07 0.13 
Cemetery Section      
T-16 6126800 Q1a    
T-19 6126700 Q1c    
T-20 6126600 Q1b    
T-17 6126550 Q1c    
T-18 6126500 Q1d    
T-5 6126300 Q2 0.18 0.05 0.11 
T-6 6125950 Q2 0.21 0.07 0.14 
T-7 6125500 Q2 0.19 0.06 0.12 
School Rd. Section      
T-LIDAR-2 6125000 Q5 or Q6 0.32 0.15 0.23 
T-8 6124650 Q5 or Q6    
T-9 6124200 Q5 or Q6    
T-LIDAR-1 6123900 Q5 or Q6 0.30 0.13 0.22 
T-10 6123800 Q5 or Q6    
T-12 6123250 Q5 or Q6 0.24 0.10 0.17 
T-3 6122500 Q2 0.42 0.08 0.25 
T-2 6122300 Q2 0.43 0.08 0.26 
T-1 6122200 Q2 0.42 0.08 0.25 
T-4 6121800 Q2 0.27 0.05 0.16 
Monestery Section      
T-monastnorscarp 6120500 Q2 0.31 0.13 0.22 
T-monastscarp 6120350 Q2 0.30 0.12 0.21 
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7 - Structural Relationships 

 Contractional deformation within the Dannevirke-Ruataniwha Basin is accommodated by 

both faulting and folding.  The Ruataniwha Fault cores an anticline that stretches the length of 

the fault and is several kilometers in width (Lillie 1953, Melhuish 1990, Beanland et al. 1998).  

This section examines whether there is any correlation between regional strain and slip rate 

distribution along the Ruataniwha Fault using geometrical and kinematic analysis of fold data. 

Within the Ruataniwha study area strain analysis of folded basin horizons interpreted from 

seismic profiles yields estimates of strain ranging from 2 to 9 % horizontal shortening for the 

youngest sedimentary units, increasing steadily to the oldest basin sediments recording up to 

31% shortening (Melhuish 1990).  Stereographic analysis of similar fold/fault relationships in the 

Hastings area to the NE finds that bedrock deformation involves dip-slip faulting and fault-

strike-parallel fold axes (Kelsey et al. 1995).  To the south in the Eketahuna area there has been a 

transition over the last 10 Ma from contractional folding and reverse faulting to dextral strike-

slip deformation (Kelsey et al. 1995).  For this study, bedding measurements from the geologic 

map by Lillie (1953) were used for analysis using Stereowin (Allmendinger 2004).  Map 

relationships were used to define data subsets linked to three distinct sections of the fault, two 

surface fault segments in the north and south and one central segment of blind sub-surface 

faulting (Fig. 7.1). 
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Figure 7.1:  Map of tectonic divisions along fault/anticline used in stereographic analysis. 

 

Dannevirke 
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7.1 – Geometry of Bedding Data 

 Mean poles of the generally moderate to shallowly dipping bedding data from the 

northern, middle, and southern sections all clustered with ~20 degrees of the vertical.  Calculated 

poles from the southern section displayed the greatest scatter in azimuth direction but the lowest 

maximum bedding dips, while poles from the northern section follow the most consistent trend 

with least scatter (along the plane 300-120) but contained the greatest bedding dips.  The 

orientation of bedding in the middle section ranged between the northern and southern sections 

in both scatter of azimuth direction and maximum degree of dip (Fig. 7.2).  For all sections, 

bedding is shallower in the NW limb than the SE limb, indicating a fold asymmetry with a 

vergence toward the SE. 

 

 
Figure 7.3: Poles to bedding and cylindrical best fits for the Northern, Middle, and Southern Sections.    
 
 The angular distance between the mean vector of the poles for one limb compared to the 

mean vector of the poles to the other limb determined the interlimb angle, for a measure of fold 

Middle Section 

Northern Section 

Southern Section 
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tightness and contractional strain.  Fold tightness varied from the southern, middle, and northern 

sections, with open interlimb angles of 141.8, 150.5, and 123.6 degrees respectively. 

 

 

Northern Section 

Middle Section 
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Figure 7.3 (northern, middle, southern): Poles to bedding from the northern, middle, and southern 
sections used for analysis of fold tightness through calculation of interlimb angle (northern: 123.6°, 
middle: 150.5°, and southern 141.8°). 

 
7.2 – Fold Kinematics and their relationship to Fault Characteristics 

 The fold analysis shows a uniform SE vergence is prevalent along the entire anticline (see 

also Fig. 5.1).  The SE vergence is consistent kinematically with the underlying NW dip of the 

oblique Ruataniwha Fault that translates hanging wall material upwards and towards the SE 

across the fault.  The shortening orientation of folding along the overlying anticline, indicated by 

the fold profile plane and fold axes (Fig. 7.2), is consistent between the Northern and Middle 

sections at 295° ±5°.  The Southern section fold axis trend differs from that of the northern 

sections by ~30°.  The change in trend, and the greater scatter in bedding orientations observed 

within the Southern area, may be induced by the increased fault bifurcations and irregularities 

within this section or by a lower strain in the south with a consequent decrease in systematic 

geometry (Fig. 7.1 (Southern Section) and Fig. 7.2). 

Southern Section 
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 Besides orientation of shortening, the relative amount of deformation accommodated by 

the Ruataniwha anticlinal fold is determined by the degree of the interlimb angle.  The Northern 

section has the tightest interlimb angle due to greater shortening.  The highest strain in bedrock 

thus occurs in the segment where the Ruataniwha Fault has the greatest and most active surface 

deformation (the main study area).  Whereas, the Middle section, with the largest interlimb 

angle, correlates to the section along the Ruataniwha Fault displaying the inferred least amount 

of surface deformation (the main location with a blind fault).  The Southern section, intermediate 

in both fold tightness and active surface deformation, may have a larger component of strike-slip 

movement that has caused dextral (clockwise) block rotation (compared to the orientation of 

folding, the motion planes, in the Middle and Northern sections) indicating that the zone may be 

transitional between northern reverse structures and southern strike-slip structures.  

The NW to SE orientation of shortening and dextral movement along the Ruataniwha 

Fault and anticline fits well with the greater plate tectonic patterns.  The Ruataniwha Fault lies 

within an intermediate zone and displays deformational characteristics of both the convergent 

Hikurangi subduction zone to the NE and the Wellington-Wairarapa transverse zone to the SW.  

Additional research addressing localized offset by predominantly dextral surface faulting should 

investigate the possibility that the southernmost region of the Ruataniwha Fault may still have 

relatively high slip rates and an associated prevalence of strike-slip earthquake activity. 
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8 - Earthquake Recurrence 

 Recurrence is an indicator for the level of hazard associated with a fault.  To calculate 

recurrence, absolute age data, for example from tephras present in auger samples or trench 

excavations are needed.  There are as yet no tight age constraints for movement on the 

Ruataniwha Fault, but a review of relationships on another similar structure, the Tukituki Fault, 

can offer proxy information.  The nearby Tukituki Fault is of similar scale and tectonic context 

to the Ruataniwha Fault (Beanland et al. 1998).  The recurrence of the Tukituki Fault using age 

control including tephrochronolgy can therefore provide information about the likely recurrence 

of the Ruataniwha Fault.  It is standard practice on New Zealand’s North Island to examine the 

major element geochemistry of ash using an electron microprobe to determine the identity of 

tephra deposits that are cut by faults, thus estimating recurrence. 

A second method attempted for the Ruataniwha Fault involves detailed topographic 

analysis using kinks in the slope of vertically offset fault scarps.  This method, which will be 

explored in the second part of this section, has not been applied to faults within the area before 

and its feasibility and accuracy are unknown.  Therefore, the two approaches are compared in 

order to determine their validity. 

 

8.1 - Earthquake Recurrence from Tephrochronolgy 

 For the Tukituki Fault, OSL age methods were attempted for a few remnant samples of 

tephra-rich sediment from a trench excavation, but the findings were inconclusive and provided 

no age constraints (unpublished data of Langridge, 2008). Therefore, electron microprobe 

analysis was carried out on tephra samples from the Middle Road trench to determine major 
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element chemistry that may be used to correlate tephra to a volcanic eruption event of known 

age. The advantage of indirect tephrochronolgy through use of an electron microbe, versus other 

types of direct geochronological methods, is that the method is relatively inexpensive and the 

results are acquired quickly (Froggatt 1982).  The disadvantage of this method is that the 

chemical weight percentages for volcanic glass only offer indirect dating by correlation to the 

major element chemistry of well characterized tephra marker beds that have been dated 

previously by isotopic methods (Froggatt 1982).  The result depends on a correct correlation to a 

known tephra bed of known age.  This is not always possible. 

Determined ages and geochemical signatures exist for many distinct tephra units within 

New Zealand (Lowe et al. 2008, Shane 2000, Froggatt & Lowe 1990, Froggatt 1982), including 

Late Quaternary tephras near the study area (Tbl. 8.1).  The Kawakawa tephra, the most 

widespread marker layer is dated at 27,097 ±957 yrs (Lowe et al. 2008). 

Table 8.1: Chemical weight percentages of prominent Quaternary tephra beds within the study area and 
their approximate ages (Shane 2000).   One standard deviation is represented.  

Unit 
Taupo  
(1.8 ka) 

Waimihia  
(3.3 ka) 

Karapiti  
(10 ka) 

Kawakawa  
(27 ka) 

Rotoehu  
(64 ka) 

Wt % Mean SD Mean SD Mean SD Mean SD Mean SD 
SiO2    75.04 0.19 75.58 0.18 76.16 0.33 77.46 0.41 77.86 0.17 
Al2O3   13.45 0.12 13.11 0.08 12.75 0.12 12.37 0.26 12.61 0.09 
TiO2    0.3 0.04 0.24 0.05 0.2 0.06 0.19 0.07 0.18 0.03 
FeO     1.99 0.08 1.92 0.09 1.57 0.12 1.23 0.12 0.99 0.05 
MnO     0.07 0.03 0.08 0.04 0.06 0.05 0.07 0.05 0.07 0.05 
MgO     0.22 0.1 0.17 0.05 0.11 0.08 0.11 0.08 0.1 0.05 
CaO     1.47 0.05 1.32 0.04 1.42 0.1 1.13 0.1 0.87 0.03 
Na2O    4.49 0.12 4.48 0.1 4.42 0.15 4.14 0.17 4.04 0.11 
K2O     2.85 0.07 2.92 0.1 3.14 0.08 3.16 0.15 3.32 0.07 

 
8.2 - Recurrence of the Tukituki Fault 

During a previous study conducted by GNS Science, in trenches along the Tukituki Fault 

at Mutiny Road and Middle Road, tephra-rich layers were sampled.  Their relationships in the 

trench profile indicate that they can constrain the timing of slip events across the fault (Begg et 
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al. 1996).  At Mutiny Road, two distinct tephra-rich layers provide bounds on one likely seismic 

event.  Visual examination suggested that the lower layer contained Kawakawa tephra and the 

upper layer contained Waimihia tephra, thus constraining the offset event between approximately 

~27 and ~3.3 ka.  At Middle Road, a visually identified unit containing either Kawakawa tephra 

(~27 ka) or Karapiti tephra (~10 ka) provided the maximum time brackets for three distinct offset 

events recorded in the trenched profile.  Unlike the Mutiny Road site, there was no minimum 

time constraint within the trench. 

 To validate the visual tephra identification made along the Tukituki Fault, geochemical 

analysis of the samples from three layers was performed on the microprobe at the Victoria 

University of Wellington.  The samples are MUN-2: the younger tephra unit at Mutiny Road; 

MUN-1: the older tephra unit at Mutiny Road; and T1: the tephra unit at Middle Road.  After 

powdering the trench samples, ten glass shards from each sample were selected using an optical 

microscope.  Weight percentages were checked against the criteria of a tephra (Table 8.1), then 

the bulk chemical weight percentages for the unknowns were plotted against the published data 

for prominent tephra (Fig. 8.1).  Fe and Ca weight percents commonly are diagnostic criteria for 

Taupo eruptive products from the Miocene to present (Shane 2000).   

 Chemical weight percents of Si and Al for the three samples are in a narrow range with 

values matching those of rhyolitic tephra of Taupo (Tbl. 8.2, Fig. 8.1).  A binary graph 

correlating Fe and Ca percentages between the samples and the possible source tephra shows a 

strong correlation of all samples with Kawakawa tephra (Fig. 8.1).  Since it is unlikely that all 

samples are Kawakawa, based on the original interpretations of the tephra beds, major element 

comparisons of K vs. Ca and Fe vs. Mg. for the Tukituki samples were compared to the 

Kawakawa (Figs. 8.2 & 8.3).  Again, compositions compare favorably to Kawakawa for each 
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sample.  These cross correlated findings suggest conclusively that all samples are Kawakawa 

tephra dating to ~27 ka. 

 The finding has paradoxical implications for the Mutiny Road trench since the MUN-1 

and MUN-2 samples bracket and both cannot be primary deposits of Kawakawa tephra.  Two 

alternative interpretations are therefore possible, either: 1) erosion off of a newly formed, but 

since eroded, scarp above the trench (containing an exposed layer of Kawakawa tephra) 

transported pieces of the tephra down slope to be deposited upon the underlying layers, or 2) 

there was a fault (misinterpreted within the trench as a bedding horizon) that offset the 

Kawakawa unit and displaced it within the trench.  Both scenarios explain how the two layers 

might also be associated with only one seismic event that predates the original Kawakawa 

deposition.  Therefore an approximate fault recurrence estimate for the Mutiny Road site is less 

than one event per every 27 ky. 

 Three slip events across the Tukituki Fault are documented since the deposition of the 

tephra unit at the Middle Road site.  One tephra unit deposited prior to the three events has major 

element geochemistry that matches that of the Kawakawa tephra (as opposed to the Karapiti 

tephra). Thus, there is a maximum age constraint of ~27 ka for the three offsets events, 

suggesting a recurrence estimate of one event per every ~9 ky. 
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Table 8.2: Chemical weight percentages of tephra samples determined through electron microprobe.  
Mean based on 10 samples; one standard deviation is presented. 

Location Mutiny Road Middle  Road 
Sample MUN-2 MUN-1 T1 
Wt % Mean SD Mean SD Mean SD 
SiO2    78.57 0.42 78.31 0.26 77.17 0.64 
Al2O3   12.80 0.22 12.57 0.17 13.03 0.33 
TiO2    0.17 0.06 0.17 0.04 0.25 0.05 
FeO     1.22 0.11 1.17 0.12 1.29 0.13 
MnO     0.11 0.06 0.07 0.05 0.14 0.05 
MgO     0.15 0.03 0.15 0.03 0.25 0.06 
CaO     1.11 0.07 1.09 0.14 1.25 0.17 
Na2O    2.60 0.31 3.11 0.22 3.02 0.14 
K2O     2.99 0.14 3.13 0.13 3.37 0.18 
ClO    0.29 0.08 0.23 0.06 0.25 0.06 
Water 6.39 1.08 4.67 1.26 5.00 1.11 

 
 
 

 
Figure 8.1: Binary graph of iron oxide (FeO) and calcium oxide (CaO) weight percentages for Tukituki 
Fault trench samples together with selected Taupo tephra units. 
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Figure 8.2: Binary graph of potassium oxide (K2O) and calcium oxide (CaO) weight percentages for 
Tukituki Fault trench samples together with selected Taupo tephra units. 
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Figure 8.3: Binary graph of iron oxide (FeO) and magnesium oxide (MgO) weight percentages for 
Tukituki Fault trench samples together with selected Taupo tephra units. 
 
8.3 - Recurrence of the Ruataniwha Fault 

 RTK GPS profiles of several fault scarps along the Ruataniwha Fault were examined to 

assess the recurrence based on scarp characteristics. At the School Road site, distinctive kinks in 

the slope along the fault scarp may signify a transition from an older, more eroded, slope to a 

younger, less eroded, slope.  These slope changes may provide the evidence for multiple fault 

events and the kink points may represent an earthquake event that contributed to the cumulative 

vertical offset (Fig. 8.4).  The middle School Road section of the fault, where the fault bifurcates 

to the north and to the south, the kinks are not present, suggesting that two separate earthquake 

events are represented by two separate fault scarps (Fig. 8.5).  Kinks within the fault scarp are 

not observed to the north or south of the bifurcated sections. 
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Figure 8.4: RTK GPS profile of kinked fault scarp displaying older and younger slip events. 
 
 

 
Figure 8.5: RTK GPS profile of bifurcated fault scarp possibly displaying two slip events. 
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The recurrence for fault segments with a kink or bifurcation in the fault scarp, indicating 

two offset events of a Q2 surface, can be calculated using the Q2 terrace age of ~15 ka 

(Litchfield and Berryman 2005, Litchfield and Reiser 2005, Wang and Grapes 2008)(Sect. 1.3).  

Accepting that the fault scarp morphologies were produced by two distinct slip events since at 

most 15 ka, the recurrence along the School Rd. and Monastery Sections of the Ruataniwha Fault 

is ~7.5 ky.  This estimate is similar to the estimated recurrence for the Middle Road site along 

the Tukituki Fault (one event every ~9 ky) and appears to help validate the results from this 

untested method. 
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9 – Assessment of Earthquake Hazard along the Ruataniwha Fault 

 The slip rate and recurrence estimates determined for the Ruataniwha Fault, based on 

detailed mapping and geomorphologic analysis, provide critical information to be used for 

quantifying seismic hazard in the Dannevirke-Ruataniwha basin of Hawkes Bay.  The recurrence 

interval is the main component used for classification of fault hazards.  These hazard 

classifications offer a measure of risk to the integrity of structures built near the fault and the 

safety of people dwelling within them.  Death and injury is possible from even small 

earthquakes, so there is an incentive to quantify the hazard of all active faults within a populated 

area like the Dannevirke region.   

Previous work within the greater Hawke’s Bay region has assessed seismic hazard along 

several reverse faults similar to the Ruataniwha Fault, such as the Tukituki, Poukawa, and 

Waipukurau fault zones (Langridge et al. 2006, Langridge and Villamor 2007).  LiDAR 

mapping, RTK GPS surveying, ground reconnaissance, and fault trenching provided information 

on the recurrence and slip rate along these faults (Langridge et al. 2006, Langridge and Villamor 

2007).   Recurrence estimates established specialized hazard ratings that influenced the future of 

constructed or improved structures along these faults.  These fault hazard classifications are 

divided into six distinct classes based on the length of the recurrence interval (Kerr et al. 2003).  

The shorter the recurrence interval, the higher the risk of fault ruptures, and the lower the level of 

risk that is tolerable with respect to the Building Code (Table 9.1).  The construction or 

improvement of only certain types of structures, designated by the Recurrence Interval Class, is 

permitted within ~20 meters of a New Zealand fault (Kerr et al. 2003, Tbl. 9.1). 
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Table 9.1: Table depicting Recurrence, or reoccurrence interval, classes for faults and their relation to 
building importance categories (Kerr et al. 2003, Langridge et al. 2006). 

 
 

The previously studied faults within the region (Tukituki, Poukawa, and Waipukurau) 

displayed at most a 3500 – 5000 yr. reoccurrence interval and therefore fell into the class III 

category of seismic hazard (Langridge et al. 2006).  The most active northern section of the 

Ruataniwha Fault contains a recurrence interval of ~ 7.5 ka, this places it into a class IV 

Recurrence Interval Class.  This is similar to the other nearby faults.  Auxiliary data collected on 

slip rate and tectonic linkages (see Sects. 6 & 7) can support these fault hazard qualifications.  

The area of highest hazard has the tightest interlimb angle of 123° within the associated anticline, 

supporting the conclusion that this section of the fault has the greatest potential for earthquake 

hazard. 
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9.1 – Implications for Bodies Residing along the Ruataniwha Fault 

 Changes in soil chemistry and groundwater along the fault deserve greater examination 

because they may be beneficial to the production of specialty crops, such as grapes and olives.  

The altered soil chemistry, created through upwelling of deeply sourced groundwater along the 

fault, can distinctly flavors grapes that are used in specialty wine production.  In both New 

Zealand and California, it has been noted that vineyards residing upon a fault produce unique 

wines.  

 Information on the location and intensity of fault hazard should be applied to future 

planning of constructions and land use along the Ruataniwha Fault.  It is a concern that several 

homes and larger structures, such as the Southern Star Monastery and agricultural buildings, lie 

directly upon the fault and are at higher hazard from surface ruptures.  Work should be done 

upon these homes and structures to make sure they are ready for intense earthquake related 

shaking, thus ensuring the safety and wellbeing of the occupants.  Additionally, several towns lie 

near the fault, such as Dannevirke, Norsewood, Tukipo, and Ormondville. The residents of these 

localities should be made aware of the seismic threat created by the Ruataniwha Fault. 
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10 – Potential for Future Research and Conclusions 

 Now that the knowledge of fault location, slip rate, recurrence, and seismic hazard along 

the Ruataniwha Fault has improved, opportunities for future study have become clear.  Age 

dating of offset surfaces or down scarp erosional deposits across or near the fault using OSL or 

radiocarbon dating (if organics are present) can provide more finite estimates of reoccurrence 

interval.  Also, it would be beneficial to gather additional OSL dates from the offset Q1 terraces 

in the northern Tukipo Section, dating these may easily constrain the timing of the most resent 

seismic event in that section.  Lastly, to improve upon the study, further exploration of the 

possibility for a large dextral strike-slip component to fault movement should be investigated in 

the southern section of surface faulting.  Evidence, such as offset in stream drainages or 

topographic irregularities, should be sought within the Late Quaternary terraces along the 

Awapikopiko River.   Implications of an increased fault hazard, particularly to the nearby town 

of Kumeroa, may be greater than currently assessed within the scope of this study.   

 Despite these areas of needed further improvement, these new findings on the 

neotectonics of the previously understudied Ruataniwha Fault accurately place this fault into a 

regional geologic context, better completing the eastern North Island’s neotectonic transition 

from predominantly dextral strike-slip in the south and west to mainly reverse shortening in the 

north and east.  This study provides the most current estimates of fault location, slip rate, 

recurrence, and seismic hazard along the Ruataniwha Fault made using higher resolution digital 

elevation models created from LiDAR and RTK GPS data.  These estimates will allow people 

residing near the fault and communities of the region to better evaluate this active seismic hazard 

and plan accordingly for the future. 
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Afterwords - Fault Name 

Although this entire study refers to the fault in question as the “Ruataniwha Fault” this 

may not be the structures real name.  Over the last 50 years of research and mapping of the 

region surrounding the fault several names have been used for the structure.  Originally, in 1953, 

Lillie used two names to distinguish the fault.  In his regional geologic map created of the area, 

he referred to the fault as the Taniwha (Maori for “monster”) Fault.  Interestingly though, in the 

text accompanying the mapping report he referred to the fault in three separate entries as the 

Ruataniwha (Maori for “two monsters”) Fault, perhaps named after the Ruataniwha Plains on 

which it lies.  In 1962, more regional mapping by Kingma identified the fault as the northern 

continuation of the Wairarapa Fault.  Recent work (Villamor et al. 2008) shows the termination 

of the Wairarapa Fault much farther to the south, making it unlikely that the two features are 

segments of the same fault.  On seismic profiles the structure is labeled Fault E (Hollingsworth et 

al. 1971; Melhuish 1990).  Latter, Beanland depicts Fault E as the Taniwha Fault in her work 

(likely after Lillie’s mapped name).  The only current mapped feature named Ruataniwha is the 

Ruataniwha Plains on which the fault lies.  Thus, at present, there are four possible names for the 

fault (Table 10.1). 
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Table 10.1: Names of the Ruataniwha Fault over the last several decades. 
Fault Name Date Given Times Used Source 
Ruataniwha Fault 1953 4 (in text) Lillie 1953 
Taniwha Fault 1953 1 (on map) &  

1 (in Beanland figure) 
Lillie 1953, Beanland 
et al. 1998 

Wairarapa Fault 1962 1 (on map) Kingma 1962 
Fault E 1971 20+ (on maps, figures, and in 

text) 
Hollingsworth et al. 
1971, Melhuish 1990, 
Beanland et al. 1998) 

 
 By quantitative measures the fault should now be called the “Fault E” because this name 

is the most commonly used out of all names mentioned for the fault.  But, since Ruataniwha was 

one of the two first names given to the fault, and the fault lies upon the currently named 

Ruataniwha Plains, it appears perhaps more logical that the fault should be continually referred 

to as the Ruataniwha Fault in all future reference. 
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---------Appendix-------- 
 
 
 
Table A1: Stratigraphic logs for paired augured cores along the Ruataniwha Fault. 
N6122232.488 downthrown N6122315.383 upthrown  
2790809.825 on T-2 2790765.977 on T-2 
Auger-1  Auger-2  
Depth (cm) Description Depth (cm) Description 
0-20 brown red organic topsoil 0-30 brown red organic topsoil 
20-61 yellow white clay w/ orange 

streaks 
30-48 orange brown clay w/ angular clasts 

of pebble to gravel size greywacke 
w/ little to no weathering rind 

61-74 yellow white clay w/ angular 
clasts of pebble to gravel 
size greywacke w/ little to no 
weathering rind 

48 bottom 

74 bottom   
   Unit Interpretation: Q2 

 
N6126252.524 downthrown N6126281.47 upthrown  
2793190.351 on T-5 2793351.51 on T-5 
Auger-3  Auger-4  
Depth (cm) Description Depth (cm) Description 
0-20 dark black organic topsoil 0-27 dark black organic topsoil 
20-40 brown sandy silty clay w/ 

angular clasts of pebble to 
cobble size greywacke w/ 
little to no weathering rind 

27-50 brown sandy silty clay w/ angular 
clasts of pebble to cobble size 
greywacke w/ little to no weathering 
rind 

40 bottom 50 bottom 
   Unit Interpretation: Q2 

 
N6123275.109 downthrown N6123361.644 upthrown  

2791672.434 on T-12 2791289.303 on T-12 
Auger-8  Auger-7  
0-22 brown-red organic topsoil Depth (cm) Description 
22-88 light brown tan clay w/ 

orange streaks (oxidation) 
0-17 brown-red organic topsoil 

88-122 tan sandy silty clay w/ 
increasing downwards sub-
rounded greywacke pebbles, 
coarsening to gravels (with 
manganese weathering 
rinds)  

17-71 light brown tan clay w/ orange 
streaks (oxidation) 

128 bottom 71-168 tan sandy silty clay w/ increasing 
downwards sub-angular greywacke 
pebbles which coarsen to gravels 
(with manganese weathering rinds) 
at bottom  

  168 bottom 
 
 

  Unit Interpretation: Q4 
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Auger-5  N6123803.653 2791561.763 upthrown; paired with Auger-6; on T-10 
Depth (cm) Description   
0-17 topsoil   
17-45 B horizon of soil  
40-80 light grey silty clay w/ orange mottles (oxidation) 
80-230 light grey fine to medium sandy silty clay w/ reworked tephra 
230-260 light grey silty clay w/ angular particles of manganese oxide <1cm in diameter 
260-360 orange brown silty clay with gravels (manganese coated corroded greywacke) 
360-380 Bottom-river gravels  
380=bottom  Unit Interpretation: Q4 

 

Auger-10 N6120491.449 2789374.804 
upthrown; paired with Auger-11&12; on T-
Monast_nor_scarp 

Depth (cm) Description   
0-19 rich brown topsoil  
19-54 light brown silty clay  

54-62 
brown sandy silty clay w/ sub-angular clasts of pebble to cobble size greywacke w/ little 
to no weathering rind 

62 bottom   
    

Auger-11 N6120419.172 2789496.957 
middle block; paired with Auger-10&12; on T-
Monast_nor_scarp 

Depth (cm) Description   
0-22 rich brown topsoil  
22-50 light brown silty clay  

50-58 
brown sandy silty clay w/ sub-angular clasts of pebble to cobble size greywacke w/ little 
to no weathering rind 

59 bottom   
    

Auger-12 N6120378.605 2789564.191 
downthrown; paired with Auger-10&11; on T-
Monast_nor_scarp 

Depth (cm) Description   
0-20 rich brown topsoil  
20-78 light brown silty clay  

78-88 
brown sandy silty clay w/ sub-angular clasts of pebble to cobble size greywacke w/ little 
to no weathering rind 

88 bottom  Unit Interpretation: Q2 
 
N6132404 downthrown N6132502 upthrown  
2795741 on T-nor_prof 2705608 on T-nor_prof 
Auger-13  Auger-14  
Depth (cm) Description Depth (cm) Description 
0-19 rich brown topsoil 0-17 rich brown topsoil 
19-52 grey tan silty clay w/ orange 

streaks and black flecks (<2mm 
diameter) 

17-53 grey tan silty clay w/ orange streaks and 
black flecks (<2mm diameter) 

52-62 brown sandy silty clay w/ sub-
angular clasts of pebble to 
gravel size greywacke w/ little 
to no weathering rind 

53-63 brown sandy silty clay w/ sub-angular 
clasts of pebble to gravel size 
greywacke w/ little to no weathering rind 

62 bottom 63 bottom 
   Unit Interpretation: Q3 
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Figure A3.1: Fig. 3.4, School Road Section, for transect location and Tbl. 3.1 for offset amount. 
 

 
Figure A3.2: Fig. 3.4, School Road Section, for transect location and Tbl. 3.1 for offset amount. 
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Figure A3.2: Fig. 3.4, School Road Section, for transect location and Tbl. 3.1 for offset amount. 

 
Figure A3.3: Fig. 3.3, Cemetery Section, for transect location and Tbl. 3.1 for offset amount. 
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Figure A3.4: Fig. 3.3, Cemetery Section, for transect location and Tbl. 3.1 for offset amount. 

 
Figure A3.5: Fig. 3.3, Cemetery Section, for transect location and Tbl. 3.1 for offset amount. 
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Figure A3.6: Fig. 3.4, School Road Section, for transect location and Tbl. 3.1 for offset amount. 
 

 
Figure A3.7: Fig. 3.4, School Road Section, for transect location and Tbl. 3.1 for offset amount. 
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Figure A3.8: Fig. 3.4, School Road Section, for transect location and Tbl. 3.1 for offset amount. 

 
Figure A3.9: Fig. 3.4, School Road Section, for transect location and Tbl. 3.1 for offset amount. 
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Figure A3.10: Fig. 3.5, Monastery Section, for transect location and Tbl. 3.1 for offset amount. 

 
Figure A3.11: Fig. 3.5, Monastery Section, for transect location and Tbl. 3.1 for offset amount. 
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Figure A3.12: Fig. 3.2, Tukipo Section, for transect location and Tbl. 3.1 for offset amount. 
 
 

 
Figure A3.13: Fig. 3.4, School Road Section, for transect T-LIDAR-1 location and Tbl. 3.1 for offset 
amount. 
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Figure A3.14: Fig. 3.1 for transect T-LIDAR-2 location and Tbl. 3.1 for offset amount. 
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