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Abstract
The December 6, 2025 moment magnitude (Mw) 7.0 earthquake in southwestern Yukon was the 
largest onshore earthquake in Canada in over 75 years. It caused no casualties or damage to the 
built environment but offers insight into the complex active tectonics of the St. Elias orogen and 
hazards posed by major faults in the Yukon. It also caused widespread landslides and avalanche 
activity, providing an opportunity to study relationships between ground shaking and mass 
wasting. Here, we use double-difference relocation to refine the location of the mainshock and 
3280 ensuing aftershocks. Based on satellite imagery and a reconnaissance flight to the epicentral 
area, we compile a preliminary inventory of over 200 landslides and other surface effects caused 
by the event. During the December 12, 2025 flight, no evidence of a surface rupture was observed. 
The areal extent of landslide occurrences was also considerably smaller than expected based on 
empirical data from past earthquakes, possibly due to the cold temperatures and presence of 
permafrost. The earthquake relocations and landslide distribution indicate that the main rupture 
and strongest shaking occurred beneath the Mt. King George massif. We infer that the rupture 
occurred on the southernmost section of the hypothesized Totschunda-Fairweather Connector 
fault. Slip initiated with strike-slip motion, rupturing northwestward, and may have activated a 
conjugate reverse fault toward the northwest segment of the rupture.
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the relocated events, combined with available moment 
tensor (MT) solutions, offer insights into the geometry 
and kinematics of the structures that hosted the recent 
earthquake sequence. Furthermore, we compile a 
preliminary landslide inventory based on satellite 
imagery and a reconnaissance flight to the area. Our 
results have implications for the understanding of 
neotectonics and natural hazards in the Yukon.

Background

Tectonic setting
The current tectonic setting of southwestern Yukon is 
primarily governed by the ongoing oblique collision of 
the Yakutat microplate (a thick and buoyant oceanic 
plateau), and its shallow subduction beneath North 
America (Fig. 1; Eberhart-Phillips et al., 2006; Christeson 
et al., 2010; Pavlis et al., 2019). Within this broader 
plate-boundary framework, deformation is especially 
concentrated in the St. Elias Mountains, where oblique 
convergence at the northeastern corner of the plate 
margin has driven rapid uplift and exhumation over 
the last 36 Ma (Finzel et al., 2011), producing one of 
the most rapidly deforming orogenic systems on Earth 
(Enkelmann et al., 2008). The active deformation is 
the cause for numerous major earthquakes observed 
in the region over the past 100+ years (Fig. 1). The 
Yakutat microplate remains mechanically coupled to 
the Pacific plate, which translates northward along the 
Queen Charlotte–Fairweather transform fault system 

Introduction
On December 6, 2025, a moment magnitude (Mw) 7.0 
earthquake occurred in the remote icefields of 
southwest Yukon, beneath Mt. King George and the 
Hubbard Glacier in the St. Elias Mountains (Fig.  1). 
The earthquake occurred within Kluane National 
Park and the Traditional Territory of the Kluane 
First Nation. Though the area in the vicinity of the 
event is uninhabited, shaking was reported in many 
nearby Yukon communities, including throughout 
Whitehorse (Natural Resources Canada, 2025). This 
event was among the largest instrumentally recorded 
earthquakes in Canadian history, and the largest 
onshore/crustal event since 1946 (Cassidy et al., 2010). 
The rupture was shallow (<10 km) and consequently 
triggered extensive landslides and avalanches in the 
mountainous epicentral area, providing an excellent 
opportunity to study relationships between shaking 
and mass wasting. Moreover, the event is tectonically 
significant as it provides evidence of the hypothesized 
Fairweather-Totschunda Connector fault (CF) that 
serves as a structural link and mechanism for strain 
transfer within the St. Elias orogen, and which has been 
hypothesized for decades (e.g., Richter and Matson, 
1971).

We provide an overview of the seismicity and ground 
failure associated with this event. We use double-
difference relocation (Waldhauser and Ellsworth, 
2000) to improve the relative precision of hypocentral 
locations of the mainshock and aftershocks. Analysis of 

Plain language summary
On December 6, 2025 a major earthquake occurred in southwestern Yukon, near Mt. Logan 
(Canada's tallest peak) in the St. Elias Mountains. The earthquake had a magnitude of 7.0 and 
was the largest to have occurred beneath the Canadian landmass since 1946 (there have been 
larger earthquakes more recently, but these have been beneath the ocean). Thankfully, there were 
no deaths or injuries caused by the earthquake, and no damage to roads or buildings. Due to its 
shallow depth and location beneath mountainous terrain, the earthquake caused many landslides 
and avalanches. By studying this earthquake, we can learn more about ongoing tectonic activity in 
the St. Elias mountain range, which is complex and one of the most rapidly deforming regions on 
earth. We can also gain knowledge about the relationships between earthquakes and landslides. 
This information will help to better understand the risks that earthquakes and landslides pose to 
Yukon communities. In this paper we provide more accurate earthquake locations than were initially 
available following the earthquake. These give us a better idea of the location and orientation of 
the fault that broke in this earthquake. We also provide photos and observations of landslides 
from a helicopter flight we took to the site of the earthquake. Our more accurate earthquake 
locations, as well as the distribution of landslides, suggests that the earthquake mostly occurred 
beneath Mt. King George. It has long been theorized that a fault referred to as the Connector fault 
exists in this region, but it has been difficult to prove given the remoteness of the area and the 
heavily glaciated terrain. Our results provide strong evidence for the existence of the Connector 
fault.
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Yakutat microplate

significant earthquake epicentres
aftershocks (Dec. 6, 2025 – Jan. 6, 2026)
relocated seismicity (2010 – 2021)

2002 Denali fault surface rupture
1958 Fairweather fault rupture
Connector fault (approx. trend)
Quaternary surface rupture traces
other major faults
seismic stations

Figure 1. Overview map of the regional tectonic setting of southwest Yukon and southeast Alaska including the December 6, 
2025 mainshock and aftershock locations from the Natural Resources Canada (NRCan) earthquake catalogue. The approximate 
trace of the Connector fault (CF) is shown with the transparent blue polygon. Relocated background seismicity is from Biegel 
et al. (2024a). The 2002 M7.9 Denali fault (DF) rupture trace is from Haeussler (2009). The approximate 1958 M8 Fairweather 
fault (FF) rupture trace is from Doser (2010). The Eastern Denali fault (EDF) surface rupture traces are from Finley (2025). The 
Natazhat fault (NF) surface rupture trace is from Haeussler et al. (2024) based on Marechal et al. (2018). The locations of the 
1899 earthquake sequence are from Doser (2006). Other major faults (black lines) are from the Yukon Geological Survey (2021): 
TF – Totschunda fault; DRF – Duke River fault; BRF – Border Ranges fault; BF – Bagley fault; TrF – Transition fault; CSF – Chatham 
Strait fault. Pacific Plate motion relative to North America (PA[NA]) is from the MORVEL model (DeMets et al., 2010).
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to communities and infrastructure along the Alaska 
Highway corridor (Blais-Stevens et al., 2020; Finley, 
2025). Potential earthquake-induced landslides 
related to prehistoric ruptures have been identified 
along the EDF (Everard, 1994; Whelan, 2022). More 
generally, landslides are known to threaten some of 
Yukon’s communities (Brideau et al., 2007; Bodtker 
et al., 2023; Lipovsky, 2023) and though these are 
not necessarily linked to seismicity, it is important to 
understand how shaking might exacerbate the existing 
hazard. The December 6 event offers an opportunity to 
study seismically induced landslides in the Yukon.

Observations and interpretations

Seismic observations
The Mw7.0 mainshock occurred on December 6, 2025 
at 20:41 UTC (13:41 Yukon Standard Time) at 60.37° N 
and 139.54° W, with a hypocentre location ~10 km east-
northeast of Mt. Vancouver in the St. Elias Mountains 
(Fig. 1, Fig. 2). In this work, we consider 354 analyst-
reviewed events drawn from the Natural Resources 
Canada (NRCan) National Earthquake Database 
(NEDB; Canadian Hazards Information Service, 1985), 
augmented by an additional 4193 automatic (i.e., not 
analyst reviewed) NRCan solutions within our study 
area between the occurrence of the mainshock on 
December 6, 2025 and the aftershocks of January 6, 
2026 (Fig. 1).

To study the aftershock distribution, we use the double-
difference (DD) relocation method (Waldhauser and 
Ellsworth, 2000), which improves relative precision 
for earthquake hypocentres. An advantage of the 
DD approach is that errors introduced by complex or 
unmodeled velocity structures along the propagation 
path from the earthquake source region to the 
recording station are reduced when proximal events 
are jointly relocated. The increased precision of 
relative hypocentre location can significantly improve 
event depths in otherwise sparsely instrumented 
settings (e.g., Biegel et al., 2024b) and can enable 
the identification and geometric characterization of 
discrete fault planes (e.g., Rubin et al., 1999; Biegel 
et al., 2024a). In the relocation, we use traditional 
arrival times for P and S-wave phases obtained from 
the NRCan solutions. These are supplemented with 
differential travel times based on waveform cross-
correlations between event pairs. These data are 
jointly inverted using the SeisComP Real-Time Double-
Difference (scrtdd) implementation of the DD algorithm 
(Scarabello et al., 2025; Helmholtz Centre Potsdam 

at the western margin of North America at a rate of 
>50 mm/yr. Further north, and to the west, the Pacific 
plate is subducting at the Alaska–Aleutian subduction 
zone. As a result, the tectonic regime of southwestern 
Yukon occupies a critical transition between transform 
motion, subduction, and continental collision, where 
the buoyant Yakutat crust exerts a strong control on 
upper-plate deformation (Plafker, 1987). Here, regional 
plate motion is partitioned between crustal shortening 
and a network of right-lateral strike-slip fault systems 
that accommodate lateral extrusion and strain transfer 
into the continental interior (Bruhn et al., 2012). It is 
within this remote, glaciated region of southwestern 
Yukon that the December 6, 2025 Mw7.0 earthquake 
occurred. 

Earthquake-induced landslides in 
mountainous terrain
Earthquake-induced landslides are common in 
mountainous regions affected by shallow earthquakes, 
and represent a significant secondary hazard (Massey 
et al., 2018). When such events occur in populous 
regions, they have caused tens of thousands of deaths 
and significant economic losses beyond the direct 
effects of shaking (Keefer, 1984; Marano et al., 2010). 
Furthermore, in remote areas with limited transportation 
infrastructure, landslides can significantly impede 
emergency response to earthquakes if key roads 
are impacted (Bird and Bommer, 2004). Mapping 
landslide susceptibility can provide guidance on where 
the regions of highest hazard and risk are located 
(e.g., Behnia and Blais-Stevens, 2018). Additionally, 
earthquake-induced landslide prediction models 
can provide situational awareness to aid emergency 
response as well as generate estimates of landslide 
extent for hypothetical future earthquake scenarios 
(e.g., Nowicki Jessee et al., 2018). Such models are 
generally based upon empirical landslide inventories 
from past earthquakes. However, it is important to 
compile representative inventories for regions with 
specific climatic and geological conditions.

Many regions of the Yukon are susceptible to landslides 
(e.g., Brideau et al., 2026), particularly as slopes are 
becoming increasingly destabilized due to permafrost 
thaw (e.g., Clarke et al., 2024; Lipovsky and Huscroft, 
2007). Moreover, many of Yukon’s most active faults 
occur in mountainous terrain that could be susceptible 
to earthquake-induced landslides. For example, the 
Eastern Denali fault (EDF) occurs along the steep 
front range of the St. Elias Mountains (Fig. 1), posing 
a potential earthquake-induced landslide hazard 
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GFZ German Research Centre for Geosciences and 
gempa GmbH, 2008). For travel time predictions, we 
use the 1D seismic velocity model IASP91 (Kennett 
and Engdahl, 1991). Relocation algorithm parameters 
are mostly the same as in Schaeffer et al. (this volume). 
The only differences are an increased maximum number 
of neighbouring events per chain of 120, and reduced 
P and S-waveform cross correlation window lengths of 
± 0.5s and ± 0.75s, respectively.

After relocation and application of quality control, 
3280 aftershock locations are successfully updated 
(Fig.  2). The aftershocks mostly occurred to the 
northwest of the mainshock hypocentre and extended 
in this direction for ~50 km. Based on this observation, 
the mainshock rupture propagated toward the 
northwest and likely arrested in an area ~5 km east of 

McArthur Peak. To the northwest of Mt. King George, 
the distribution of epicentres is spread out laterally 
from this linear feature. An additional linear feature is 
apparent from the distribution of relocated aftershocks, 
particularly for events at the northwest end of the 
aftershock sequence. Overall, relocated event depths 
are predominantly shallower than 10 km, and the peak 
in the distribution of event depths occurs at ~4 km, 
supporting the shallow nature of the mainshock. The 
depth distribution is consistent with previous estimates 
of the crustal seismogenic layer thickness of <15 km in 
this area (Biegel et al., 2024b).

We carried out cluster analysis (e.g., Biegel et al. 
2024a) of the relocated hypocentres. Clusters are first 
identified using the ‘density-based spatial clustering of 
applications with noise’ algorithm (DBSCAN; Ester et 

Dec. 6 2025 M7.0

Dec. 8 2025 M5.8

Dec. 30 2025 M5.1

Dec. 7 2025 M5.0

Dec. 31, 2025 M5.7

Dec. 7 2025 M5.2
Dec. 31, 2025 M5.3

Relocated epicentres

MW7.0 mainshock

MW6.0

MW1.0

aftershock Cluster A: Connector fault
aftershock Cluster B: conjugate fault
Connector fault zone regional trend
other major faults

60.8°N

60.6°N

60.4°N

140.4°W 140.0°W 139.6°W 139.2°W

Figure 2. Close-up view of the relocated aftershock sequence and inferred fault traces. The moment tensor (MT) solutions are 
shown for >M5 aftershocks where available (US Geological Survey, 2025a). See Figure 4 for 3D views of aftershocks. BRF – Border 
Ranges fault. Base map hillshade is from ArcticDEM version 4.1 (Porter et al., 2023).
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al., 1996), in which the maximum distance to consider 
neighbours was set at 1.8 km, and the minimum 
number of neighbours to identify a cluster was set at 
30. The DBSCAN algorithm identifies four potential 
clusters. Upon inspection, three of these clusters 
align along a single northwest–southeast structure 
and are reclassified as a single cluster. Because the 
remaining two clusters overlap, one fault planes is 
fit to each cluster using a least squares regression. 
Based on seismogenic layer thickness and distribution 
of relocated event depths, the maximum depth for 
the fault planes was chosen as 15 km. Subsequently, 
events are reclustered by proximity to one of these 
planes, and 10% of outlier events are excluded from 
the clustering based on the distance from the planes. 
Finally, we recalculate the least squares fits based on 
these re-sorted clusters which we name Cluster A and 
Cluster B (Fig. 3).

Using this clustering analysis, we identified two event 
clusters: Cluster A includes 1480 aftershocks, and 
Cluster B, 1155 aftershocks (Fig. 3). The remaining 
270  aftershocks were unassigned. Cluster A has a 
dominant northwest–southeast-striking zone aligned 
with the inferred trace of the CF, and hosted the 
mainshock near its southern termination. The plane 
for Cluster A has a length of 60 km, a width of 15 km, 

and strike of 136°; the dip is 78° to the southwest. We 
interpret that this plane represents part of the CF. We 
note that a significant part of the fault plane solution 
for Cluster A is located beneath the Mt. King George 
massif. The fault for Cluster B is smaller in size and 
oriented at a conjugate strike of 250° with a dip of 86° 
to the north-northeast. The projected surface trace 
of the fault plane solution for both clusters is shown 
in Figure 2. We hypothesize that the mainshock may 
have included a complex rupture on multiple faults 
highlighted by the two clusters, but that the rupture 
initiated on the CF, and then triggered a rupture on 
a conjugate fault. The misfit from plane fitting for 
Cluster  A is excellent, having an R2 value for the 
least squares planar fit of 0.95. However, misfit for 
Cluster B is lower (R2 = 0.39), and it is possible that 
multiple faults contribute to the poor least squares fit 
of Cluster B. 

We further consider the spatial distribution of the 
largest aftershocks in the context of available MT 
solutions (Fig. 2). The MT solutions for the largest 
aftershocks along this feature exhibit dextral strike-
slip mechanisms (Fig. 2). In contrast, the subsidiary 
conjugate lineament in the northwestern part of the 
aftershock cloud trends west-southwest to east-
northeast and is associated with the largest aftershocks 

Figure 3. Relocated aftershocks and inferred fault planes based on cluster analysis. Cluster A (blue) and Cluster B (black) are 
shown. Panel (a) view is oblique toward the northwest along strike of Cluster A fault plane. Panel (b) view is from overhead.

a b
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exhibiting predominantly reverse mechanisms. Despite 
this variability in faulting style, available faulting 
mechanisms across the sequence share broadly 
similar P-axis orientations, consistent with a common 
regional stress field imposed by oblique convergence 
of the Yakutat microplate with North America 
(Gosselin et al., 2024). This pattern suggests rupture 
propagation and subsequent stress redistribution 
within a transpressional fault network, where strike-
slip motion along the primary structure (CF) is locally 
accommodated or transferred onto conjugate, more 
contractional structures. The coexistence of strike-slip 
and reverse mechanisms, coupled with the segmented 
aftershock geometry, supports a model in which 
the December 6 earthquake activated multiple fault 
strands with differing orientations and kinematics 
within a shared regional stress regime. This hypothesis 
is further supported by the complexity of the MT 
solution of the mainshock, which exhibits oblique 
kinematics and suggests strain partitioning during a 
mechanically complex rupture process rather than slip 
on a single, planar fault. Furthermore, mainshock and 
some aftershock MT solutions show significant non-
double-couple components, providing evidence that 
slip did not occur on a single, planar fault. 

There does not appear to be a spatiotemporal pattern 
to the aftershock sequence between December 6 and 
December 31, 2025. However, a Mw5.7 aftershock 
on December 31 marked a resurgence in aftershock 
activity that is inconsistent with typical Omori-Utsu 
decay (Utsu et al., 1995). This event and the associated 
resurgence were located along the inferred conjugate 
fault planes with a reverse mechanism.

It is likely that the aftershock catalogue includes not 
only earthquakes but also landslides and cryospheric 
sources of seismic energy. To separate the various 
source types in the catalogue will require careful 
waveform examination that is currently ongoing. The 
superposition of multiple coincident seismic events 
complicates the analysis of seismic waveforms and 
can lead to a temporary increase in the magnitude of 
completeness of the earthquake catalogue. During 
our study period between December 6, 2025, and 
January 6, 2026, we note that there are two events of 
>Mw5 for which an MT solution is not reported. These 
events both occurred shortly after the mainshock on 
January 6, during a period of intense seismic activity 
that likely inhibited reliable MT estimation. The 
superposition of multiple seismic events may also 
preclude the conclusive assignment of source types in 
future analysis.

Surface effects and mass movement 
observations
Within minutes of the event on December 6, the US 
Geological Survey released an automated landslide 
probability map (Nowicki Jessee et al., 2018; Allstadt 
et al., 2022) that illustrated the elevated potential 
for landslides across a >2000 km2 area with the 
highest probabilities on the slopes of Mt. Logan 
and Mt. Vancouver (US Geological Survey, 2025b). 
On December 9, Sentinel-1 radar change detection 
revealed numerous large slope failures (Eiden et al., 
2025), though it was not immediately clear whether 
these were dominantly rock, ice or snow. With clearer 
weather, Landsat 8 and 9 images on December 10, 11 
and 12 further confirmed the occurrence of numerous 
landslides. On December 12, the Yukon Geological 
Survey flew to the epicentral area to document the 
landslides and other surface effects before they 
could be obscured by further snowfall and glacial 
deformation. Our observations form the basis of a 
landslide inventory for this event. 

Field observations on December 12, 2025 confirmed 
the occurrence of extensive landslides, snow and ice 
avalanches, and widespread damage to glaciers. Using 
satellite imagery (Landsat), our field observations, and 
nearly 2000 oblique aerial photographs taken from 
the helicopter, we map over 200 individual landslide 
initiation points and a subset of the largest runouts 
(Fig. 4). We distinguished landslides from snow and 
ice avalanches based on the texture and colour of the 
debris deposits, as well as the presence of a clear 
source-area scar in bedrock. Landslide activity was 
mainly concentrated on the Mt. King George massif 
(Fig. 4), where rock-ice avalanches and rockfall were 
the most common failure types. Bare rock was exposed 
on the majority of slopes of Mt. King George in contrast 
to surrounding peaks, which had largely retained their 
snow cover (Fig. 5). 

The largest observed landslide was a rock and ice 
avalanche produced by a partial collapse of the 
southwest ridge of Mt. King George (Fig. 5a). The basal 
failure surface occurred along a southwest-dipping 
planar discontinuity oriented subparallel with the 
pre-existing slope angle (~35–40°) of the south flank 
of the ridge. The Mt. King George massif is underlain 
by Cambrian to Ordovician volcanic and sedimentary 
rocks which exhibit a northwest-striking foliation and 
dip between 30 and 60° to the northeast (Dodds and 
Campbell, 1992). The southwest flank of the massif 
is intruded by Jurassic to Cretaceous granite of the 
St.  Elias plutonic suite. Notably the failure surface of 
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this slide is at a high angle to the local geological strike 
and dip, which was also apparent from the helicopter. 
The crown of the slide originated at approximately 
3000 m above sea level and descended roughly 
1300  m along a tributary glacier before coming to 
rest on the Hubbard Glacier, approximately 7.4 km 
from the source area (Fig. 5a). This corresponds to an 
overall travel angle of approximately 10°. Such high 
mobility is typical of rock avalanches on glaciers (Evans 
and Clague, 1988), where movement is enhanced by 
the low-friction surface of the glacier, entrainment of 
snow and ice, and by water inputs generated through 
frictional melting (Sosio et al., 2012). Several other rock 
and ice avalanches with similar mobility characteristics, 
but smaller overall dimensions, occurred in other 
tributary valleys on the southwest side of Mt. King 
George (Fig. 4).

On the northeast side of Mt. King George, several 
large rock falls and rock avalanches initiated on steep 
slopes (50–70°), falling at least 1700 m to the glacier 
below (Fig. 5b). Persistent rockfall and additional rock 
avalanches continued from existing slide scars for 
several days after the main earthquake, likely due to 
a combination of aftershocks and progressive failure 
of slopes that were damaged by the earthquake or 
destabilized by earlier failures. At least one entirely 
new rock avalanche occurred between December 11 
and 12 as it only appeared on December 12 Landsat 
imagery and was apparent during our site visit (Fig. 5b). 
At the time of the overview flight, large dust clouds 
lingered in the air, obscuring our view of debris deposits 
on the glacier below (Fig. 5b). The large, active slide 
scar on the east face of the Mt. King George summit 
appeared to have water flowing down its centre, 

glacier
collapse

Figure 5a

Figure 5b

landslide initiation points
large landslide runouts
large avalanche runouts
widespread glacier damage
aftershock Cluster A
aftershock Cluster B

relocated M7.0 mainshock

60.6°N

60.5°N

60.4°N

140.4°W 140.2°W 140.0°W 139.8°W 139.6°W 139.4°W

Figure 4. Landslides and avalanches observed in the epicentral area during the December 12 reconnaissance flight. Landslides are 
concentrated around Mt. King George, whereas avalanches and areas of damaged glacial ice are more widespread. Base imagery 
is from a Landsat 8 pass on December 11, 2025.
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Figure 5. Photos from December 12 reconnaissance flight over epicentral area: (a) largest landslide on west side 
of Mt. King George looking north-northwest (NNW); and (b) east side of Mt. King George looking west-southwest 
(WSW). White dashed lines indicate landslide source areas. See Figure 4 for photo locations.
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suggesting either discontinuous permafrost within the 
massif, or significant heating associated with slope 
failure. Beyond the Mt. King George massif, landslides 
were relatively limited. Two large landslides occurred 
on the east side of McArthur Peak, and several small 
point-source slides occurred on the arête between 
Mt. Vancouver and Mt. Logan (Fig. 4). 

Snow avalanches were triggered in a much more 
extensive region than landslides (Fig. 4). Some of the 
largest snow avalanches occurred on the north and 
east aspects of Mt. King George and McArthur Peak 
(a sub-peak of Mt. Logan) and produced plumes that 
in some cases extended 2–3 km across the glacier at 
the base of the slopes from which they fell, covering 
hundreds of hectares each (Fig. 4). Based on their runout 
length and plume area, some of these avalanches are 
likely size 5, the largest and most destructive on the 
Canadian snow avalanche classification scale (Stethem 
et al., 2003). The apparent preference for aspect and 
the concentration of large avalanches at the northwest 
tip of the rupture could be related to directivity effects 
of strike-slip fault motion (e.g., Velasco et al., 2004), 
or simply local snowpack conditions at the time of the 
earthquake. 

Damage to glaciers was also extensive; seracs (blocks 
and columns of ice between crevasses) were broken 
up and toppled by shaking, and in several locations, 
snow bridges over crevasses had collapsed (Fig. 5b). 
Particularly large areas of ice damage occurred on 
the east sides of Mt. King George and Mt. Vancouver 
(Fig. 4). There were also widespread failures of cornices 
and ice accumulations on ridgelines. Additionally, fresh 
cracking was observed at numerous ice-rock contacts 
at the margins of glaciers, possibly reflecting settling 
or dislodging of ice during shaking. 

Despite the shallow rupture indicated by mainshock 
and aftershock relocations, we observed no clear 
evidence of fault surface rupture. However, it is 
possible that a surface rupture was hidden by thick 
glacial ice; adjacent glaciers in the St. Elias Mountains 
have been estimated to have thicknesses of >900 m 
based on airborne ice penetrating radar (Christine Dow, 
pers. comm.). Moreover, because the rupture appears 
to be directly beneath Mt. King George, a clear surface 
rupture could be obscured by the rugged topography 
and subsequent widespread slope failures. The 
apparent structural immaturity of the fault zone may 
also play a role in reducing its surface expression (e.g., 
Sethanant et al., 2023). Notably, a partial collapse 
of a low-angle glacier surface occurred between 

Mt. King George and Mt. Queen Mary (Fig. 4), an area 
adjacent to many of the most intense aftershocks at the 
intersection of the two linear clusters. It is conceivable 
that this collapse is related to a fault surface rupture 
beneath the glacier. However, this area of the glacier 
is covered by debris from a rock avalanche off the 
northeast face of Mt.  King George, which could have 
also contributed to its collapse.

Discussion

Implications for the Connector fault, 
regional tectonics, and seismic hazard 
The occurrence of the December 6 earthquake offers 
insight into the geometry and kinematics of the 
long-hypothesized CF that links the Fairweather and 
Totschunda fault systems and enables transfer of 
strike-slip motion. The concept attempts to reconcile 
plate-boundary kinematics across southeast Alaska 
and southwestern Yukon (Grantz, 1966; Richter and 
Matson, 1971; Lahr and Plafker, 1980). These early 
models provide a tectonically coherent explanation for 
how relative motion between the Pacific, North America, 
and Yakutat plates could be partitioned. This early work 
evolved into later plate-boundary reconstructions that 
emphasized distributed deformation (e.g., Marechal et 
al., 2015). However, subsequent regional syntheses 
continued to invoke a Fairweather–Totschunda linkage 
to explain long-term strain transfer and seismic moment 
balance in the region (e.g., Fletcher and Freymueller, 
2003). Subsequent earthquake relocations by Doser 
(2014) delineated a possible trace of the CF. With 
improvements to the seismic network (Meighan et al., 
2013; Busby and Aderhold, 2020), Biegel et al. (2024a) 
were able to relocate a larger catalogue of earthquakes 
(Fig. 1) and proposed a fault trace slightly west of that 
proposed by Doser (2014).

Geodetic observations provide independent support for 
the existence of the CF (e.g., Elliot et al., 2010; Elliott 
and Freymueller, 2020). In these tectonic block models, 
the proposed CF coincides with a zone of elevated shear 
strain and serves as a kinematic boundary between 
blocks rotating at different rates. Although the fault 
cannot be resolved as a single sharp velocity gradient 
from these data, its location is broadly consistent with 
subtle geomorphic lineaments that suggest long-term 
structural control. Similar geomorphic expressions 
characterize other intracontinental strike-slip transfer 
zones in Alaska and western North America, where 
cumulative slip is modest or partitioned across multiple 
strands, limiting the development of a clear surface 
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up strain that was previously accommodated by the 
Eastern Denali fault (Richter and Matson, 1971; Choi 
et al., 2021). The lack of clear topographic expression 
could therefore also reflect the structural immaturity of 
this developing fault zone. 

Although the region in the immediate vicinity of 
the earthquake is uninhabited, this event presents 
several seismic hazard considerations. The southern 
tip of the rupture is 20–30 km from the approximate 
northern termination of the 1958 Fairweather fault 
~M8.0  rupture (Doser, 2010). There is likely a large 
degree of spatial uncertainty on the northern part of the 
1958 rupture. Doser (2010) places it on the main strand 
of the Fairweather fault (as depicted in Fig. 1), though 
it could conceivably have branched onto an eastern 
splay of the Fairweather fault mapped beneath the Art 
Lewis glacier (US Geological Survey, 2026), which is 
more directly aligned with the 2025 rupture (Fig. 2). 
Nevertheless, there appears to be a gap between the 
1958 and 2025 ruptures that could have a lingering 
slip deficit, and Coulomb stress changes following 
the recent earthquake could promote future failure. 
Earthquake scaling relations indicate a 30 km fault 
length could cause an ~M6.8 earthquake, assuming 
a crustal seismogenic thickness of 15 km (Wells and 
Coppersmith, 1994). This section of fault passes near 
the heads of several glaciated fjords (Disenchantment 
Bay and Nunatak Fjord) where there is the potential 
for landslide generated tsunamis not unlike the 1958 
Lituya Bay megatsunami (Fig. 1; Miller, 1960), or the 
recent Tracy Arm landslide southeast of Juneau (Read 
et al., 2025). To the north, there is an ~225 km section 
of fault between the 2025 rupture and the southern 
termination of the 2002 Denali earthquake on the 
Totschunda fault (Fig. 1). Geomorphic mapping by 
Marechal et al. (2018) provided evidence of rupture 
within the Quaternary on this section. If the entire 
section were to rupture at once, it could cause an 
~M7.7  earthquake (Wells and Coppersmith, 1994); 
however, given the apparent structural immaturity, it is 
unclear whether it would do so in a single event, or in 
smaller sections. 

Due to the remote location of the earthquake, no 
damage was reported (Natural Resources Canada, 
2025). Ground shaking from the mainshock and 
several aftershocks was reported in the communities 
of Haines Junction, Burwash Landing and Whitehorse. 
However, the earthquake serves as a reminder of the 
seismic hazard in southwest Yukon, and the need to 
assess local variability of earthquake shaking intensity 
and duration due to site-specific geologic conditions 
(e.g., Gosselin et al., 2025; Byer et al., this volume). 

trace (e.g., Bemis et al., 2015; Koehler et al., 2012). 
Identification of a geomorphic expression along the CF 
is further complicated by its location in a remote, heavily 
glaciated region, where repeated glacial erosion and 
sediment redistribution can obscure or entirely remove 
surface fault scarps and offset landforms (Haeussler 
et al., 2008; Haeussler et al., 2017). The 2023 US 
National Seismic Hazard Model includes a discrete 
fault source representing the CF with a 13 mm/yr slip 
rate (Haeussler et al., 2024). Their fault trace is largely 
based on that of Doser (2014) and follows the trends 
of major valley glaciers as well as seismicity; however, 
they acknowledge there is uncertainty on its absolute 
location.

The December 6 Mw7.0 earthquake provides the 
clearest observational evidence to date for the 
existence, geometry, and kinematics of the long-
postulated CF. Relocated aftershocks define a dominant 
northwest–southeast-trending structure consistent 
with the inferred regional trend of the CF (Fig. 2), with 
the mainshock initiating near its southern end and 
rupture propagating northward. Available MT solutions 
(US Geological Survey, 2025a) along the CF indicate 
predominantly strike-slip motion near the mainshock, 
transitioning to thrust-dominated mechanisms further 
northward, along conjugate structures. The activation of 
a subsidiary, east–west-oriented aftershock lineament 
suggests strain partitioning within this intracontinental 
transfer zone and highlights the likelihood of stress 
redistribution to adjacent faults. This concept is being 
evaluated through ongoing Coulomb stress modelling. 

Importantly, this earthquake occurred on a structure 
lacking a previously mapped surface trace and within a 
local area of comparatively sparse historical seismicity, 
underscoring both the cryptic nature of the CF and 
its capacity to host large earthquakes. While Biegel 
et al. (2024a) documented a northern segment of 
the CF south of the Totschunda fault terminus based 
on relocated background seismicity (Fig. 1), the 
December 6 event demonstrates that this structure 
is through-going. Most previous studies (e.g., Doser, 
2014; Haeussler et al., 2024) have inferred that the 
trace of the CF in this area occurs beneath, and is 
obscured by, the major valley glaciers (Hubbard and 
others). However, our earthquake relocations suggest 
that this segment of the fault is situated beneath the 
Mt. King George massif, and the landslide distribution 
further corroborates this location. The lack of a pre-
existing surface expression could reflect the fact that 
erosion rates in this mountainous region are high, and 
preservation potential is limited. Moreover, it has been 
suggested that the CF is an incipient fault that is taking 
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The US Geological Survey ground failure product 
estimates earthquake-induced landslide probability 
in near real-time based on estimated peak ground 
velocity (PGV) for the earthquake. It also considers 
global datasets of slope, lithology, land cover, climate, 
and soil wetness (Nowicki Jessee et al., 2018; Allstadt 
et al., 2022). Such a model could be applied proactively 
to earthquake hazard and risk scenarios for Yukon faults 
and the surrounding affected communities. Additionally, 
it could serve as a critical part of emergency response 
in future earthquakes. Nowicki Jessee et al. (2018) 
call for the collection of new comprehensive landslide 
inventories to improve the accuracy of these models, 
as well as inform region-specific models that take into 
consideration local variations in climate and geology. 
It is a goal of the Yukon Geological Survey to finalize 
the landslide inventory for this event to improve our 
understanding of potential hazard cascades faced by 
Yukon communities.

Conclusion
The December 6, 2025 Mw7.0 earthquake in 
southwestern Yukon was the largest continental 
earthquake in Canada in several decades and provides 
a rare opportunity to examine active tectonic processes 
in a remote, glaciated region. This earthquake 
sequence provides the most conclusive evidence 
to date for the existence and activity of the long-
hypothesized Connector fault (CF), demonstrating that 
it is a through-going structure capable of hosting large-
magnitude earthquakes despite the absence of a clear 
surface trace. Seismological observations indicate that 
this event involved a mechanically complex rupture, 
reflected by a large non-double-couple moment tensor 
solution. Analysis of relocated aftershocks (including 
relocation, cluster analysis, and fault-plane regression 
fitting), combined with available moment tensor 
solutions for the largest aftershocks suggests rupture 
occurred on at least two distinct fault segments. The 
mainshock initiated at the southern end of a southeast-
striking segment of the CF and was dominated by 
dextral strike-slip motion, while the main event and 
subsequent aftershocks also activated an east-striking 
conjugate fault with reverse motion. The rupture 
complexity may reflect the structural immaturity of this 
incipient fault zone.

The shallow depth of rupture and its occurrence 
within a heavily glaciated, high-relief landscape led to 
widespread surface effects, including landslides and 
snow avalanches; preliminary observations indicate 
that these effects were concentrated near the Mt. King 
George massif. Notably, the areal extent of landslides 

This earthquake also offers an opportunity for ongoing 
research that compares ground-motion predictions 
to felt reports (specifically in the Yukon), which can 
improve estimates of shaking during more-damaging 
events that may occur in the future. 

Relationships between mass movement 
and fault rupture
Based on our aftershock relocations, the Mt. King 
George massif directly overlies the fault rupture, and 
the landslide distribution is therefore reflective of the 
region where shaking was the strongest. Empirical 
relationships between earthquake magnitude and 
landslide distribution (Keefer, 1984; Rodriguez et al., 
1999; Keefer, 2002) suggest that for a M7 earthquake, 
landslide activity is expected over an area between 
1000 and 10 000 km2. Our field observations indicate 
that the landslide distribution for this event was on 
the low end: the core area of landslides occurred over 
approximately 200 km2 on the Mt. King George massif, 
and the most distal landslides occurred within an area 
of 500 km2. The empirical data from past earthquakes 
further indicates that for M7 earthquakes, the expected 
maximum distance between the epicentre and 
rock falls and rock avalanches is between 100 and 
200 km. Our field observations again place this event 
well below that, with a maximum distance of 35 km 
between the epicentre east of Mt. Vancouver, and the 
rock falls observed on the east side of McArthur peak. 
Measuring from the fault rupture plane defined by 
the aftershocks, maximum distances of 75 to 150 km 
are expected; however, in the case of this earthquake, 
maximum distances were around 11 km between the 
rupture plane and small landslides observed on the 
arête between Mt. Vancouver and Mt. Logan (Fig. 4). 
When compared to maps of shaking intensity, rock 
falls and rock avalanches typically require shaking of 
at least 4 on the Modified Mercalli Index (MMI), and 
the majority occur in zones of MMI 5 or greater. On the 
initial isoseismal maps generated by the US Geological 
Survey (2025b), MMI values of 5 occurred over an area 
>15 000 km2, whereas the majority of landslides in this 
event occurred within the much smaller zone of MMI 7 
or greater. It is worth noting however, that the sparse 
instrumentation in the epicentral region provides poor 
constraint on shaking intensity. The anomalously small 
area with seismically induced landslides may be due 
to the shallow depth of the rupture. Keefer (1984) 
observed that earthquakes with greater focal depths 
allow for sufficient shaking to trigger landslides over 
broader areas. We also speculate that local geological 
and climatic conditions (i.e., extreme cold and 
permafrost) may play a role in limiting the extent of 
landslides in this particular case study.
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was considerably smaller than predicted based on 
empirical relations from past earthquakes, possibly due 
to the midwinter timing and widespread permafrost. 
Despite the shallow hypocentral depth, no surface 
rupture was observed, though it may be obscured 
by glacial ice or rugged topography. The damage to 
glacial ice, continuing rock fall, and lingering seismic 
hazard on adjacent fault segments will potentially 
pose an ongoing hazard for mountaineers and skiers 
who frequent the area. More broadly, the December 6, 
2025 earthquake underscores the need for increased 
earthquake hazard awareness and preparedness 
in northern Canada, where large events may occur 
on unmapped or cryptic structures. Future research 
should focus on the integrated assessments of seismic 
hazard that explicitly consider interactions among 
earthquakes, landslides, geological site conditions, and 
climate-driven processes such as permafrost thaw, 
which may further exacerbate slope instability and 
compound risk in a rapidly changing Arctic and sub-
Arctic environment.
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