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Abstract 

Earthquakes have the potential to cause significant damage to infrastructure through ground 
surface rupture displacements and strong shaking. The Snowy Mountains and Monaro Plains 
of NSW host critical energy and water infrastructure which is exposed to seismic hazard. The 
region contains faults that have produced large earthquakes in recent geological history, but 
there is still much that is unknown. In recent research, neotectonic faults in the Snowy Monaro 
region have been mapped in detail at a high resolution, constraining their surface rupture 
locations. Here, we further constrain the location and geometry for one fault, Adaminaby Scarp, 
using a 2m lidar Digital Elevation Model (DEM). We identify fault traces that project beneath 
Lake Eucumbene, a reservoir critical to existing and planned large infrastructure projects. 
Possible locations of mass movement (landslides) are mapped, which could potentially 
constrain the age of the last earthquake. We use our new mapping to estimate the potential 
magnitude of a future Adamimaby Scarp earthquake. 
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1 Introduction 

Large earthquakes cause significant ground shaking which can damage infrastructure. The 
accurate characterisation of faults capable of producing large earthquakes is critical in making 
seismic hazard assessments. Information on past earthquakes can help to estimate future 
earthquake characteristics within a region, so an in-depth catalogue of the frequency, 
distribution, and behaviour of earthquakes is required. However, Australia’s historical record 
of earthquakes is sparse, due the infrequency of large earthquakes, a result of low slip rates 
from diffused plate-boundary forces (Rajabi et al. 2017). Paleoseismic investigations must be 
undertaken to create a comprehensive and detailed catalogue of Australian earthquakes and 
improve understanding of earthquake behaviour from before the instrumental record began. 

Australia’s stress field, which effects earthquake distribution and behaviour, has remained 
largely unchanged for the last 5-10Ma (Rajabi et al. 2017) – Australia’s neotectonic era. A 
neotectonic fault is a plane of weakness which could rupture again in the future, given that the 
crustal stress orientation is similar (Clark et al. 2011). Through identifying and characterising 
neotectonic faults, the parameters of a future earthquake can be estimated, including the 
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potential maximum moment magnitude (Mw) and ground-shaking (Leonard 2014; Yang et al. 
2021).  

The Snowy Mountains and Monaro Plains (Snowy Monaro region) host significant water and 
energy infrastucture (Snowy Hydro 2024). This infrastructure is exposed to seismic hazard 
from nearby neotectonic faults (Quigley and Duffy 2018), shown in Figure 1. Recent research 
has shown that Jindabyne Thrust, a major fault in the region, has hosted the most recent 
(Holocene) known surface rupturing earthquake in Eastern Australia (Griffin et al. 2024). Many 
faults in the region have unconstrained or poorly constrained geometries and, crucially, slip 
rates. So, the Snowy Monaro region is critical for infrastructure and is exposed to seismic 
hazard from faults which have ruptured in recent geological history, making it a key site for 
paleoseismic research.  

 

Figure 1 – An overview of the location of the Snowy Monaro region (a) and the current ANFD mapping 

of neotectonic features, with hydroelectric infrastructure features mapped (b). The Snowy Monaro region 

hosts tens of large dams, as well as the critical hydroelectric Snowy Scheme.  

In the Snowy Monaro region, fault-produced uplift rates and erosion rates compete (Heimsath 
et al. 2001), so evidence of past earthquakes may be difficult to accurately identify. High 
resolution elevation data, like Digital Elevation Models (DEMs), facilitate remote mapping of 
these features, even after extensive erosion. Eaton et al. (2024) used a new 2m resolution 
DEM to update the mapping of neotectonic faults in the region (Figure 2). Here, we continue 
to update mapped surface rupture traces, focussing solely on Adaminaby Scarp. 

Adaminaby Scarp (Figure 2) is a west-dipping reverse fault which strikes south, seeming to 
link with a basement fault, Adaminaby Thrust. The fault’s geomorphic expression is in 25kms 
of fault scarps, youthful enough to be consistent with a Quaternary rupture (Geoscience 
Australia 2024).  

Sharp (2004) identifies ruptures of Adaminaby Scarp as a source of landscape evolution in the 
Miocene, involving the damming, draining, and incising of paleo-drainage systems, including 
paleo-Lake Adaminaby (Figure 2). The total vertical displacement across the fault is ~300m 
(Sharp 2004). Adaminaby Scarp was highlighted as a site of further investigation for its role in 
landscape evolution and its youthful morphology. In reviewing mapping by Eaton et al. (2024), 
scarps were identified near Lake Eucumbene, motivating a closer look at the mapping for 
Adaminaby Scarp.  
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Figure 2 – Adaminaby Scarp surface ruptures, mapped by Eaton et al. (2024), inferred to connect with 

Adaminaby Thrust (pink) in the south. Rupture on Adaminaby Scarp caused a northwest-flowing 

paleo-river to dam, forming Paleo-Lake Adaminaby on the footwall (Sharp 2004).  

2 Methods 

2.1 Data 

The primary dataset used here is the 2m resolution lidar Digital Elevation Moel (DEM) provided 
by the NSW Government Spatial Services, as used by Eaton et al. (2024). The data in this 
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DEM mosaic was acquired between 2017 and 2018 and is used here with various processing 
and filtering methods applied, including with hillshades and slope processing.  

The Seamless Geology vector dataset provided by the NSW Government MinView portal was 
used for the identification of geological features along Adaminaby Scarp, including basement 
faults, geological contacts, and surficial geology.  

2.2 Surface Rupture Mapping 

Tectonically-produced geomorphic features, primarily coseismic surface displacements (fault 
scarps), are manually identified using the lidar DEM and mapped in GIS software. Where 
multiple observed traces are inferred to connect in the subsurface, but there is no surface 
expression identified, a dotted (inferred) line is drawn between them to better represent the 
fault’s structure at depth.  

2.3 Maximum Mw Calculations 

Scaling relationships from Yang (2021) and Leonard (2014) are used here to produce an 
average potential maximum Mw estimate. We use length-based scaling relationships as the 
dip of the fault remains unconstrained and hence the fault area cannot be calculated with 
confidence. We apply this method using observed surface rupture length.  

3 Results 

3.1 Surface Rupture Mapping 

After the revision of mapping for Adaminaby Scarp (Figure 3), the length of mapped surface 
ruptures increased from 25.1km to 37.8km. The main addition to the mapping is in southern 
end of the fault, where we map traces extending to the southwest (Figure 4). The traces 
indicate that the fault’s orientation does not align with Adaminaby Thrust, instead projecting 
beneath Lake Eucumbene. Fault scarps with vertical displacements of up to 10m were 
identified on two peninsulas, Ibis Point and Frying Pan Arm, and on the western side of Lake 
Eucumbene (Figure 4). Mapping elsewhere along the fault had no significant deviations from 
Eaton et al. (2024).  

We identify varying surface rupture patterns with each rock type that the fault is observed to 
rupture through (Figure 5). In granodioritic units, like in the north and south, surface ruptures 
are fractured. In the north, where Adaminaby Scarp is proximal to Cotter Fault, fault scarps are 
distributed up to 15km. In the middle of the mapped fault, surface ruptures through 
Abercrombie Formation sandstones are isolated to a single, 3 to 6m high scarp.  

Structures that could be associated with mass movement are mapped (Figure 6). Three 
landslides are identified; Ls1, which appears to be faulted, Ls2, which appears to be unfaulted, 
and Ls3, which appears to obscure the fault trace. Although any mass movement 
geomorphology is extensively weathered, and therefore uncertain, we keep this mapping for 
further investigation.  
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Figure 3 – Mapping for Adaminaby Scarp significantly improves upon the current ANFD mapping, 

particularly regarding its detail. White arrows in map A indicate the location of the fault mapped in the 

ANFD (B) and this research (C). Mapping for Cotter Fault, from Eaton et al. (2024), is shown in black 

on maps B and C.  
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Figure 4 – The southern-most traces mapped for Adaminaby Scarp. The location of these traces show 

that the fault is unlikely to link with Adaminaby Thrust, as previously thought. Here, Frying Pan Arm and 

Ibis Point are marked, the two peninsulas on which fault traces are observed.  
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Figure 5 – The Seamless Geology dataset overlain with a hill shade shows the fault traces in various 

rock units. Insets 1, 2, and 3 are shown uninterpreted (left) and interpreted (right). Rock unit ages are 

obtained from the Seamless Geology dataset  
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Figure 6 – Adaminaby Scarp could be associated with mass movement events. An aerial view of a 

section of Frying Pan Arm (a), the same view showing the lidar DEM (b), and the DEM with landslide 

and fault interpretations (c). Red arrows show the interpreted direction of mass movement. 

3.2 Maximum Mw Estimates 

The maximum Mw estimates for Adaminaby Scarp are summarised in Table 3. It should be 
noted that there are uncertainties inherent to the scaling relationships and in our measurement 
of surface rupture length. The values presented here are subject to considerable revision with 
future research.  

Table 1 – The maximum Mw estimate calculated using length variables from the current ANFD mapping 

and our updated surface rupture mapping. 

Fault length name 
Surface rupture 

length (km) 
Average maximum Mw 

estimate 

Current ANFD 25.1 6.7 

Updated surface 
rupture mapping 

37.8 7.0 

 

    = landslide movement direction 

Ls1 
Ls2 

Ls3 
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4 Discussion 

As more research is conducted on the Snowy Monaro region’s earthquake history, it has 
become apparent that there is much that is still unknown. Understanding earthquake behaviour 
and history in the Snowy Monaro region is becoming more significant, especially after research 
from Griffin et al. (2024), which identified evidence for a Holocene rupture on the Jindabyne 
Thrust. Constraining the location of Adaminaby Scarp could provide insight for field locations 
to investigate the fault’s slip rate and rupture history.  

The identification of Adaminaby Scarp traces in the southwest has significant implications for 
seismic hazard for nearby infrastructure, especially Eucumbene Dam. The closest mapped 
surface ruptures are just 10km from the dam, increasing the likelihood of strong ground shaking 
at the site. Additionally, the increased surface rupture length raises the estimated maximum 
Mw from 6.7 to 7.0 for an Adaminaby Scarp earthquake. The subsurface extent of the fault 
could be closer to the dam, but further analysis using geophysical datasets is required to fully 
understand that possibility.  

We infer that Adaminaby Scarp surface ruptures could be identified under Lake Eucumbene. 
The reservoir was formed by Eucumbene Dam, built in 1958 (ANCOLD 2022). If bathymetry 
data could be obtained for the lake, these now-underwater traces could be mapped to improve 
our understanding of Adaminaby Scarp’s geometry, primarily its dip angle. Despite the lack of 
bathymetric data, the lake terraces visible in the DEM (Figure 6) serve to highlight topographic 
variability in areas hidden by water in aerial imagery.  

Though the landslides mapped in Figure 6 are subject to considerable uncertainties, they may 
provide insight into the timing of Adaminaby Scarp ruptures in the neotectonic era. One of the 
mass movement structures (Ls1), shown in Figure 6, is faulted. This suggests that there could 
be multiple rupture events on Adaminaby Scarp in the Quaternary; the first, which formed the 
landslide either coseismically or post-seismically, and a second event which ruptured through 
Ls1 and potentially formed Ls2 and 3. Dating these surfaces could be used in constraining the 
age of the unit which obscures the fault trace, representing the youngest possible age of the 
last earthquake. 

5 Conclusion 

Observations made here regarding the location of Adaminaby Scarp have implications for 
seismic hazard in the region, specifically for the closest infrastructure sites, like Eucumbene 
Dam. We suggest that Adaminaby Scarp extends to the southwest projecting under Lake 
Eucumbene. This updated mapping can provide a foundation for field research to constrain 
slip rates and the number of Adaminaby Scarp earthquakes, which will help inform seismic 
hazard assessments in the Snowy Monaro region and Australia-wide.  
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