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Abstract
We map structural and geomorphic evidence for neotectonic faulting on Kangaroo Island 
using LIDAR and satellite-derived digital elevation models, and geological-geophysical 
datasets. Surface rupture trace mapping of the dextral-reverse motion Cygnet-Snelling fault 
reveals evidence for a maximum of approximately 28 metres of right-lateral displacement of 
Pleistocene sediments, suggestive of multiple Quaternary earthquakes. Previously 
unmapped faults displacing Plio-Quaternary sediments are identified on Dudley Peninsula. 
Neotectonic faults appear to reactivate ancient faults coincident with geophysical lineaments 
and with long histories of slip, as suggested for analogous structures elsewhere in Australia. 
Neotectonic faults appear to be structurally contiguous with offshore faults in the Backstairs 
Passage and onshore faults further north. Faulting geometries are used in the calculation of 
potential moment magnitudes via length- and area-based scaling relationships. 
Keywords: Neotectonic faulting, South Australia, Quaternary Seismicity 

1. Introduction
Probabilistic Seismic Hazard Analysis (PSHA) is commonly used to inform decisions on 
infrastructure and land use. The geometries and seismogenic capacity of faults which have 
ruptured in the last 5-10 Ma, known as ‘neotectonic’ , are important components of PSHA 
(Abrahamson & Liou, 2025; Baker, 2008). Greater understanding of underlying crustal 
dynamics, faulting geometries and paleoseismicity of neotectonic faults is required to provide 
updated fault source models for better constrained estimates of magnitude potentials in 
PSHAs (Allen et al., 2023; Leonard et al., 2014).  
Acquisitions of high-resolution digital elevation data provide opportunities to expand our 
understanding of seismogenic hazard in previously understudied areas of Australia. One 
such area is Kangaroo Island, off the coast of the Fleurieu Peninsula of South Australia. The 
geomorphology of Kangaroo Island comprises a central plateau surrounded by Permian 
glacigenic lowlands, which are in turn bordered by coastal cliffs (Short & Fotheringham, 
1986). The island is underlain by diverse geology ranging from Proterozoic to Cenozoic, and 
is notably the southernmost extension of the Adelaide Geosycline and Delamerian fold belt. 
The deformed and metamorphosed Cambrian basement rocks are intruded by Devonian 
granite and overlain by Permian glacigene deposits. The Pre-Cenozoic rocks of the central 
plateau are capped by deeply weathered Neogene sediments. These are dominated by the 
bioclastic and aeolian cross-bedded calcarenite of the Pleistocene Bridgewater Formation, 
Pliocene ferricrete, and gravelly-to-sandy clays (Geological Survey of South Australia, 1954; 
South Australian Government, 2012). Cenozoic sediments are common in the lowlands, 
ranging from fluvial and alluvial sediments to quartz-carbonate dunes which are reworkings 
of the Bridgewater formation. The island is bisected by the east-west trending Cygnet and 
Snelling Faults (Figure 1), variably referred to as the Cygnet-Snelling Fault scarp or system 
(CSFS) (Clark & Macpherson, 2012). The seismogenic potential of the CSFS has been 
investigated only in a reconnaissance fashion. The fault is characterised as a probable 
neotectonic feature, with a north-facing onshore scarp and the potential for connection to 3 
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discrete scarps shown in bathymetric data of the Backstairs Passage (BSP) (Clark & 
Macpherson, 2012) (Figure 1). A southern uplifted fault block is characterised by vertical 
displacement of Pliocene duricrust by 90 metres relative to similar units on the northern 
block. With improved access to high resolution DEM datasets as well as geophysical data 
and historical geological mapping, we seek to provide a higher resolution map of the Cygnet-
Snelling Fault, as well as to investigate linear topographic structures on the eastern Dudley 
Peninsula for possible neotectonic origins. Additionally, we aim to begin a study of Kangaroo 
Island seismic hazard, including estimations of credible earthquake moment magnitudes 
based on mapped surface rupture length (SRL) and estimated fault plane area of identified 
faults utilising scaling regressions. 

Figure 1.A) Regional context of neotectonic fault mapping on Kangaroo Island and the Adelaide 
Geosyncline. B) 30m resolution SRTM data displays elevation change across the Cygnet-Snelling 
Fault. 

2. Methods

2.1. Geospatial Mapping
To map lineaments across Kangaroo Island, we utilized ArcGIS Pro (version 3.5.0) to assess 
LiDAR and satellite-derived DEM data. We sourced 30-metre NASA Shuttle Radar 
Topography Mission (SRTM) data, 12m ALOS PALSAR L-Band data from JAXA-METI, and 1 
metre resolution LiDAR DEM data from the Government of South Australia. To aid in 
conducting broad-scale fault mapping, georeferenced geological mapping imagery 
(Geological Survey of South Australia, 1954) and geological boundary shapefiles (South 
Australian Government, 2012) from the South Australian Resources Information Gateway 
(SARIG) were applied. These provided approximate geological boundaries as well as 
locations of previously mapped fault lineaments. Paired with the ALOS and SRTM datasets, 
this enabled broad-scale lineament mapping of Kangaroo Island. 
Following initial analysis of an island-wide DEM with applied hillshading, the 1m resolution 
LIDAR dataset was clipped to 0.8-1-kilometre-wide strips along the length of the broad-scale 
mapped structures. The ArcGIS Pro Shaded Relief symbology selection was invaluable in 
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efficiently trialing hillshade visualisations of varying aspect, azimuth and ratios of horizontal 
to vertical unit (Z factor) scaling. Manipulating these boundaries made for better visualisation 
of lineations in the landscape in various lighting conditions, enhancing remote mapping. 
We compared DEM data and geological mapping files, identifying vertical and horizontal 
offsets in geomorphic features and geological layers e.g. offset alluvial fans, linear contacts 
between uplifted Cambrian sediments with Pleistocene/Holocene sediments. Elevation 
profiles were run perpendicular to fault scarp boundaries, providing an understanding of 
vertical offset. 
Two schemes were developed to class the veracity of the mapped lineaments (Tables 1, 2). 
These schemes are applicable to 1 m resolution DEM data. For datasets of coarser 
resolution, our confidence in classifying lineaments decreases, with correspondingly lower-
ranking classifications applied.  
Table 1. Classifications based on lineament characteristics indicative of neotectonic fault activity.  

Table 2. A classification scheme of mapped location confidence of lineaments. 

At a kilometre scale, mapped surface rupture lengths (SRL) were geometrically simplified to 
create ‘maximum length’, preferred length’ and ‘segment’ rupture scenarios. Segmented 
sections were identified by <25° fault strike variation and similar morphologies (Biasi & 
Wesnousky, 2017) and close proximity to neighboring faults (<1 km, based on Biasi and 
Wesnousky (2016)). Additionally, a lack of fault discontinuities which act as rupture barriers, 
such as stepovers >2 km wide in total magnetic intensity imagery, is taken to indicate a 
continuous fault segment (Wesnousky, 2006). The ends of a rupture trace are identified by i) 
a change in fault strike by > 25° (Biasi & Wesnousky, 2017), ii) the identification of a rupture 
barrier in the total magnetic intensity dataset or iii) the intersection of the fault trace with 
another fault. ‘Maximum Length’ values represent the entire length of an idealized fault 
plane, encompassing any mapped real or inferred surface trace (including lineaments 
classified as ‘unlikely’) as well as any obscured traces which may align with lineations 
present in geophysical data. This value differs from ‘preferred’ length scenarios which instead 
encompass rupture situations from ‘tip to tip’, assuming no rupture barriers and an idealized 
simplistic fault geometry (including lineaments classified as ‘probable’ and ‘possible).  
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2.2. Surface Rupture Lengths
We determined the length, in kilometres, of the simplified fault trace geometries using the 
ArcGIS Pro ‘Calculate geometry’ tool. As it appears that there is a strong structural control on 
lateral rupture propagation and surface expression in an Australian stable continental context 
(Flöttmann & Cockshell, 1996; King et al., 2019; Yang et al., 2021), it was assumed that 
surface and sub-surface rupture lengths were comparable. This is relevant for calculating 
rupture plane area. Lengths were calculated for maximum, preferred and segmented rupture 
scenarios. We are currently analysing bathymetry of the BSP to investigate how far the 
Cygnet-Snelling Fault may extend to the east, and to understand the connection it has with 
other neotectonic features including the Encounter Bay Fault. No bathymetry is currently 
available to investigate the western extension of the Fault. Therefore, minimum length is 
taken as the onshore length, but this could increase with further analysis. 

2.3. Magnitude Scaling Relationships
Scaling relationships prioritizing seismicity in a stable continental region context were 
employed. The following relationships were used to calculate earthquake magnitude.  

Mw = a + b x log(L) (where b is 1.667 and a is 4.32, given that fault length is 
greater than 2.5 kilometres) (Leonard, 2014) 	 	 	 	 	 (1) 

Log SRL = 0.5 x Mw – 1.93 (Yang et al., 2021) 	 	 	 	 	 (2) 

Log Mo = a + b x Log Lst (where a = 16.21, b = 1.83 and Lst is SRL) 
(Clark et al., 2014) 	 	 	 	 	 	 	 	 (3) 

Mw = a + b x Log A  (where b = 1.0, a = 4.19, A = rupture area in Km2) (Leonard, 
2014) 	 	 	 	 	 	 	 	 	 	 (4) 

Log A = Mw – 4.25  (Somerville, 2021) 	 	 	 	 	 	 (5) 

Equations (1)-(3) use SRL and equations (4) and (5) use rupture plane area. Fault dip and 
down-dip rupture width are required for area-scaled magnitude calculations. Given that 
current recorded evidence suggests a reverse-motion-dominated kinematic (90m vertical 
displacement of Pliocene duricrust, (Clark & Macpherson, 2012)), and considering known 
dips of Australian surface rupturing earthquakes in contiguous geological terranes (King et 
al., 2019; Sellmann et al., 2023; Sharma et al., 2024), an average estimated dip with 95% 
confidence of 45° was used. These estimated dips are assumed for near-surface 
measurements only, with dip potentially varying deeper into the seismogenic zone. Further 
analysis is required to constrain fault dips for Kangaroo Island, with expected variation from 
the 45° dip used in this study, given lateral motion. A D90 value of 17.51 km was drawn from 
a selection of 36 earthquake events on Kangaroo Island (Love, 2025). This is comparable 
with D90 values of 19-21 km drawn from south central Australian studies on the Adelaide Rift 
Basin and the Flinders Ranges (Balfour et al., 2015; Kay et al., 2024). 
Using D90 and the sine of the average dip of a stable continental region reverse fault, a 
down-dip rupture width of 24.8 km was calculated. We multiplied this value by the individual 
surface rupture lengths of each rupture scenario to determine an estimated rupture plane 
area. Scaling relationships were then incorporated to estimate the weighted credible moment 
magnitude for preferred, maximum and segmented rupture scenarios. 

3. Results

3.1. Geospatial Mapping
The neotectonic fault mapping of Kangaroo Island has been updated at greater resolution 
than currently mapped in the NFD and includes previously unmapped structures. The use of 
1 metre resolution DEM data enhanced our ability to inspect topography at an outcrop scale, 
enabling the identification of previously unmapped splays, strands and step-overs. 325 
lineaments were mapped in this study, with 303 structures being classified according to the 
schemes presented in Tables 1 and 2. Of these, 211 were related to the Cygnet-Snelling 
fault, with the remaining 92 representing newly mapped structures on Dudley Peninsula. The 
Cygnet-Snelling fault was confirmed as displaying variable kinematics along the fault trace. It 
is recorded as dominantly reverse motion, with some sections dominated by oblique (dextral 
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reverse) motion (Figure 2). Relying on offsets in geomorphic indicators (river terraces, ridge 
structures), sites were identified with up to 28 metres of dextral offset in Plio-Quaternary 
sediments (Figure 2, panel C3). These are west of the Cygnet-Snelling fault bend.  
Three major neotectonic structures are suggested to exist parallel to the eastern coast of 
Dudley Peninsula (Figure 3). For identification purposes, we have numbered them DP1-3, 
moving in a westerly direction. When superimposed, these structures lie parallel with 
lineaments in the total magnetic intensity map (Figure 3D). Although challenging to constrain 
in southern regions due to the presence of Quaternary dune formations, there appears to be 
strong evidence for faulting in Pleistocene and Pliocene sediments (Figure 3C). Rule of V’s 
analysis indicates these lineaments are southeast dipping, suggesting a reverse kinematic. 
There appears to be evidence for a lack of horizontal motion with a competent geological 
structure- likely a preserved limestone dune formation- appearing unbroken across the trace 
of the Dudley Peninsula 1 fault (Figure 3E, F). 

 
Figure 2(A): Fault mapping of the Cygnet-Snelling Fault on Kangaroo Island (inset), with examinations 
of two dextral offset sites marked by extent locators (B1-3 and C1-3). The unmapped B1 and C1 use a 
hillshade visual which highlights faulting (indicated by arrows perpendicular to fault strike), whilst B2 
and C2 use a hillshade which highlights dextral offsets in terrace risers perpendicular to faulting 
(indicated by arrows perpendicular to terrace wall strike). B3 and C3 display mapped features with 
measured lateral offsets. We propose that the displaced landforms east of the terracing are alluvial 
plain features of constant age on the upper surface, with higher surfaces experiencing multiple events, 
as indicated by the difference in offset measurements in C2. 
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Figure 3A: 1m resolution DEM with hillshade application on Dudley Peninsula, Kangaroo Island 
(inset). B) interpreted neotectonic features align with linear structures in DEM data, C) mapped 
neotectonic faults relative to geological mapping, with emphasis on cross-cutting relationship with 
Pliocene units. D) Neotectonic features align with linear structures in Total Magnetic Intensity (TMI) 
dataset. E) and F) display the uninterpreted and interpreted view of fault strands along a 40m tall 
scarp, southeast side up. A linear geological feature, potentially a preserved calcrete or limestone 
dune indicated by arrows in E), strikes perpendicular to the scarp and does not appear to experience 
horizontal offset, indicating dominantly vertical motion on this scarp. 
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To calculate fault characteristics for magnitude studies, we classify the faults into preferred, 
maximum and segmented rupture scenarios (Figure 4). Fault rupture length estimates range 
from 2.57 km to 66.24 km (Table 3), where we conceptualised idealised fault ruptures to 
include actual and inferred fault traces which align with underlaying lineaments in 
geophysical mapping. Maximum SRL estimates include lineaments classified as Probable, 
Possible and Unlikely, whilst Preferred SRL estimates encompass Probable and Possible 
lineaments. Our length estimates rely on simplified geometries for regions which display 
more complex morphologies such as multiple strands or curved geometries (e.g. the ‘Big 
Bend’ of the Cygnet-Snelling Fault). Using an assumed fault dip of 45° and the sine of the 
D90 value of 17.51 km, we calculate a down-dip rupture width of 24.76 km, which is then 
used to calculate rupture plane areas (Table 3.) Areas for maximum rupture scenarios range 
from 87.56 km2 to 1640.39 km2, with areas for individual segments ranging from 63.55 km2 to 
869.32 km2. Our preferred rupture scenarios comprise areas ranging from 87.56 km2 to 
1326.47 km2. 

Figure 4. Preferred, Maximum and segmented rupture trace scenario mapping for the (A1, 2, 3) 
Cygnet-Snelling fault and (B1, 2, 3) Dudley Peninsula fault system.  

Table 3. Characteristics of the simplified mapped fault traces, with Length (Km), Fault Dip, Area (Km2) 
scaled Mw and weighted scaled Mw values for preferred, maximum and segmented traces. For fault 
lengths ≤40 kilometres, a weighting of (Length) Yang 0.3, Leonard 0.3, Clark 0.3 and (Area) Somerville 
0.05 and Leonard 0.05 was used. For fault lengths >40 kilometres, a weighting of (Length) Yang 0.05, 
Leonard 0.1, Clark 0.05 and (Area) Somerville 0.4 and Leonard 0.4 was used. 

Our area and SRL estimates are then incorporated into scaling relationships to generate Mw 
max for maximum, preferred and segmented rupture scenarios (Table 3). For length-based 
relationships, the Yang et al. (2021) returned regression ranges from 4.96 to 7.32 Mw for 
preferred rupture scenarios, 4.96 to 7.50 Mw for maximum rupture scenarios and 4.68 to 6.95 
Mw for segmented scenarios. The Leonard (2014) regression returned ranges from 5.23 to 
7.20 Mw for preferred rupture scenarios, 5.23 to 7.36 Mw for maximum rupture scenarios and 
5.00 to 6.90 for segmented scenarios. The Clark et al. (2014) regression returned ranges 
from 5.45 to 6.89 Mw for preferred rupture scenarios, 5.45 to 7.00 for maximum rupture 
scenarios and 5.28 to 6.66 Mw for segmented scenarios. For area-scaled estimates, the 
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Somerville (2021) regression returned ranges from 6.19 to 7.37 Mw for preferred rupture 
scenarios, 6.19 to 7.46 Mw for maximum rupture scenarios and 6.05 to 7.19 Mw for 
segmented scenarios. The Leonard (2014) area-based regression ranges from 6.13 to 7.31 
Mw for preferred rupture scenarios, 6.13 to 7.41 Mw for maximum rupture scenarios and 5.99 
to 7.13 Mw for segmented scenarios. 
Our weighted maximum moment magnitudes from these scaling relationships returned 
preferred rupture scenarios of 5.31 to 7.30 Mw, maximum rupture scenarios of 5.31 to 7.41 
Mw and segmented scenarios of 5.09 to 6.87 Mw. The weighting for the scaling relationships 
was informed by the studies they originate from. For example, Yang et al. (2021) focused on 
historical surface ruptures shorter than 40km, requiring extrapolation and therefore a greater 
error margin for application to ruptures greater than 40km. Hence, it is weighted higher for 
SRLs ≤40 km (0.3) than for SRLs >40 km (0.05). Likewise, Clark et al. (2014) found that their 
regression gave comparable estimates with other scaling relations for short SRLs, whilst 
larger SRLs generated magnitudes 0.2 to 0.5 units lower, requiring the same weighting as 
Yang et al. (2021). Additionally, for SRLs longer than 40km, area-based relationships were 
weighed higher than length-based regressions to account for SRLs becoming width-limited 
as SRL increases. 

4. Discussion
The analysis of 1 metre resolution DEMs derived from LiDAR data has been instrumental in 
improving current estimations of fault location, kinematics and geometries on Kangaroo 
Island. The Cygnet-Snelling fault, which is generally represented as a simplified, localized 
morphology of northwest verging thrusts and reverse faults (Clark & Macpherson, 2012; 
Flöttmann et al., 1995; Marshak & Flöttmann, 1996) is revealed to be more structurally 
complex. We instead find a series of discontinuous fault segments overlying mapped 
bedrock thrusts. We provide geomorphological evidence indicative of Quaternary age 
reverse-oblique motion on the fault. Our identification of a 28 m horizontal offset in river 
terraces west of the ‘Big Bend’, combined with use of the ‘Rule of V’s’ to map south-dipping 
fault planes indicates a dextral-reverse kinematic. A northwest-trending maximum horizontal 
stress (SH max) orientation has been modelled for this area, with predicted oblique-slip 
(dextral reverse) motion along the Kangaroo Island faults (Rajabi et al., 2017), supporting our 
findings. The bend of the Cygnet-Snelling fault displays raised topography on both footwall 
and hanging wall blocks, with the Cygnet River flowing parallel to mapped lineaments of the 
Cygnet-Snelling Fault. This preferred path of fluid flow may potentially indicate the existence 
of a pull-apart basin in the lee of the Big Bend, as fluids preferentially flow to lower 
elevations, supporting a right-lateral kinematic. Alternatively, the existence of the fault plane 
as a plane of weakness may support the erosional processes of the river, regardless of 
kinematic, requiring further study in this region. As the regional stress regime is parallel to 
sub-parallel with the bend section, there is potential that this segment may experience pure 
strike-slip motion. There may be some evidence of dextral offsets in ridge forms immediately 
east of the bend, in the National Parks and Wildlife reserve. However, as land use turns to 
agriculture moving eastwards, the strongly modified landscape decreases our confidence in 
interpreting potentially offset features. Further work is required to identify and better constrain 
the existence of horizontal offset in these regions.  
Landscape evidence for neotectonic reactivation of faults parallel to the eastern coast of 
Dudley Peninsula supports better constraint of neotectonic structural architecture, not only on 
Kangaroo Island but also across the BSP to the Fleurieu Peninsula. Following the arcuate 
trend of faults in the Adelaide Geosyncline, and the suggestion of a connection between the 
Cygnet-Snelling Fault to the Adelaide Shear Zone via the Backstairs Passage (Clark & 
Macpherson, 2012), it stands to reason that these newly mapped faults may also extend 
across the Passage, potentially linking with the Encounter Bay Fault (Figure 1). Alternatively, 
they may be as yet unmapped reactivated segments of Neoproterozoic- Ordovician faults on 
the Fleurieu Peninsula (Flöttmann et al., 1998). Whilst we were unable to identify horizontal 
motion, elevation profiles reflect a 40-metre-high fault scarp for Dudley Peninsula Fault 1, 
indicating that the system dominantly expresses vertical motion, like those on the Fleurieu 
Peninsula (Clark & Macpherson, 2012). This vertical offset is not likely to be entirely tectonic 
but will have developed in conjunction with weathering and sediment deposition processes 
over neotectonic timescales. As a southeasterly dipping fault with a northeasterly strike lying 
perpendicular to the predicted present-day orientation of the SH max, our suggested reverse 
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kinematic is supported by the work of others (Rajabi et al., 2017). Bathymetric analyses, 
further remote and field analyses will benefit efforts to constrain kinematics and vertical offset 
measurements, with potential to support neotectonic studies of the southern Fleurieu 
Peninsula.  
Our investigation of potential maximum magnitudes given measured SRL and predicted 
rupture plane area is novel for Kangaroo Island. With the improvement in remote mapping 
techniques and accessibility of high-resolution DEM data, our fault characteristic predictions 
enable an initial examination of potential moment magnitudes for maximum length ruptures, 
preferred (tip to tip’) ruptures and segmented ruptures. Utilizing multiple scaling relationships 
considering length and area data creates a better understanding of uncertainty in moment 
magnitude estimates. With the Cygnet-Snelling fault’s maximum and preferred weighted 
magnitudes of 7.41 and 7.30 Mw, respectively, this highlights the region as an area of interest 
for future earthquake research as well exposing the potential earthquake hazard posed to 
local communities and emergency services and transport infrastructure. With the Dudley 
Peninsula fault system potentially generating earthquakes of maximum magnitudes ranging 
from 5.31 to 6.20 Mw, further study is also required in this region to understand seismic 
hazard posed. If both the Cygnet-Snelling and Dudley Peninsula Fault Systems extend 
across the BSP to join with the Fleurieu Peninsula neotectonics faults, the maximum Mw 
may increase. This will provide greater understanding of deformation along boundary of the 
Gawler Craton and the Delamerian Orogen, stretching from the Alma Fault in the north to the 
Para and Wilunga faults on the Fleurieu Peninsula, across the BSP to Kangaroo Island.  

5. Future Work
Field-based research is necessary to constrain the existence, position and kinematics of all 
faults presented in this study. Palaeoseismic trenching projects prioritising Optically 
Stimulated Luminescence Dating in regions where faults cross Pleistocene sediments will be 
invaluable in assessing slip rates and maximum single event displacements, as well as 
improving predictions of potential moment magnitudes. Further remote mapping work will aid 
in creating an extensive catalogue of fault characteristics including a fault dip, vertical 
displacement profiles, fault kinematics as well as locations of note for future field 
reconnaissance. Given the identification of some regions of dominantly lateral motion, further 
work using improved fault geometries and scaling relationships which consider lateral motion 
in addition to vertical motion will improve earthquake magnitude estimates. Cataloguing the 
geometry and vertical to lateral displacement ratios of mapped faults on Kangaroo Island will 
additionally assist with calculating fault slip rates. Additionally, the use of varied down-dip 
rupture widths and resultant rupture plane areas in Monte Carlo simulations will provide a 
more realistic understanding of magnitude estimates. Further investigation of bathymetric 
data in the BSP will contribute to understanding the potential structural and seismic 
interactions of the Cygnet-Snelling Fault, the Dudley Peninsula fault system and the Fleurieu 
Peninsula faults. This will aid in understanding the potential for northward fault rupture 
propagation and the resultant impact on seismic hazard in South Australia. 
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