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Abstract
As Canada pursues net-zero CO2 emissions targets, geothermal energy represents a promising 
solution, especially in northern Yukon communities such as Burwash Landing. Currently, Burwash 
Landing relies on importing diesel for power and heating and would benefit from a reliable source 
of renewable energy. Our study uses horizontal-to-vertical spectral ratio (HVSR) measurements 
from nine temporary broadband seismometers to refine shear-wave velocity models for the upper 
500  m of the crust. These models constrain layering and structure within shallow sediments, 
depth to bedrock, and discontinuities within the bedrock. These results provide reliable estimates 
of the thickness of sedimentary cover overlying bedrock. Bedrock depths vary from 50 to 450 m, 
deepening to the northeast of the Denali fault, and follows a power-law increase with depth 
through sediments. These insights improve the geological understanding around this portion of 
the Denali fault and contribute to constructing comprehensive models for the development of 
geothermal energy in the region.

al., 2023) suggest that the Denali and Duke River fault 
systems have elevated crustal temperatures and could 
potentially host viable geothermal resources (Li et al., 
2017; Biegel et al., 2023). Based on the inferred 
geothermal gradient, temperatures near 40 to 45°C are 
expected at a depth of 1 km close to the Denali fault 
near Burwash Landing (Li et al., 2017; Biegel et al., 
2023).

The Yukon Geological Survey (YGS) investigated this 
region to evaluate the potential for harnessing warm 
fluids near the surface (Witter, 2020; Finley et al., 
2022; Tschirhart et al., 2022). This earlier work relied 
upon magnetotelluric (Tschirhart et al., 2022), gravity, 
magnetic, and low-frequency electromagnetic data 

Introduction
Canada’s commitment to net-zero CO2 emissions by 
2050 emphasizes the potential for geothermal energy 
to make a crucial contribution, especially for northern 
communities such as Burwash Landing, Yukon. 
Located along the Alaska Highway in southwest 
Yukon, the community of Burwash Landing is within 
the Traditional Territory of the Lhù’ààn Mân’ Ku Dań, 
the Kluane Lake People, and home to the Kluane First 
Nation. Burwash Landing is located near the Denali 
fault, which is a crustal-scale, strike-slip fault and major 
geological terrane boundary (Colpron and Nelson, 
2021). Geothermal gradients near Burwash Landing 
are estimated to be approximately 40°C/km (Witter, 
2020). Both the seismogenic layer thicknesses and 
Curie point depth mapping (Li et al., 2017; Biegel et 
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(Witter, 2020) to measure structural changes in the 
crust across the Denali fault (Fig. 1). However, the 
frequency ranges of the data and the scale of model 
resolution used in these studies were focused on 
structures at depths of approximately 0.2 to 1 km and 
greater. Our study contributes to this knowledge base by 
examining horizontal-to-vertical spectral ratio (HVSR) 
measurements from ambient seismic noise recorded 
by nine broadband seismometers that were deployed 
around Burwash Landing in summer 2021 (Fig. 1). The 
HVSR method is recognized for its effectiveness to infer 
shallow seismic velocity structures (Fäh et al., 2003; Arai 
and Tokimatsu, 2004; Havenith et al., 2007; Sánchez-
Sesma et al., 2011; Cipta et al., 2018; Piña-Flores et 
al., 2021). The models presented here are based on 
a transdimensional Bayesian inversion to infer shear-
wave velocity (VS) beneath each station with associated 
uncertainties. The approach also avoids subjective 
model parameterization choices by allowing for the 
modelling of an unknown number of subsurface layers. 
This method increases the reliability and adaptability of 
our models (Dettmer et al., 2013; Cipta et al., 2018), a 
crucial feature given the limited geological data within 
the area. Our observations reveal significant variations 
in HVSR characteristics and basement depth across the 
Denali fault. Understanding these variations is crucial 
for refining our interpretations of the Denali fault and 
aids in refining interpretations from other geophysical 
methods. Additionally, we find that stations located on 
a thick sedimentary layer exhibit a power-law increase 
in VS through this layer, a pattern observed in other 
basins and associated with sediment compaction and 
saturation (Scherbaum et al., 2003; Havenith et al., 
2007; Molnar et al., 2010; Cipta et al., 2018).

Unlike its more seismically active central section 
in Alaska, the eastern extension of the Denali fault 
that extends through the Yukon, including near 
Burwash Landing, exhibits lower seismicity (Elliott 
and Freymueller, 2020). This makes seismic ambient 
noise methods such as HVSR particularly valuable. 
The approach was initially developed for seismic 
site effects studies (Kanai and Tanaka, 1961). The 
HVSR method has proven effective indicating ground 
shaking amplification during strong earthquakes that 
closely aligns with ambient noise estimates. Our work 
contributes new constraints on geological structures 
near Burwash Landing, which informs responsible 
geothermal resource development and natural (seismic) 
hazard mitigation.

Geological setting
The Denali fault, a large Cenozoic dextral strike-slip 
fault, extends more than 2100 km from northwestern 
British Columbia to southwestern Alaska, and plays 
a central role in interactions between the Insular and 
Intermontane superterranes (e.g., Gabrielse et al., 2006; 
Elliott and Freymueller, 2020; Colpron and Nelson, 
2021). The eastern segment of the Denali fault exhibits 
both strike-slip and reverse motions, as revealed by 
earthquake focal mechanism estimates (Gosselin et 
al., 2023). Displacement estimates for the Denali fault 
range from 370 to 480 km during the Cenozoic (Lowey, 
1998; Waldien et al., 2021).

Near Burwash Landing, northeast of the Denali fault, 
basement rocks correspond to the Upper Cretaceous 
Kluane Schist, consisting of a quartz-mica schist 
with serpentinite and carbonate inclusions. This unit 
transitions from greenschist to lower amphibolite facies 
northwestward (Mezger et al., 2001; Israel et al., 2011). 
Southwest of the Denali fault, the basement comprises 
rocks from the Carboniferous to Upper Triassic 
Wrangellia terrane, which includes volcanic units of 
the Station Creek Formation and sedimentary units 
corresponding to the Hasen Creek Formation (Israel 
et al., 2005, 2006). These units are unconformably 
overlain by the Nikolai Basalt, which is unconformably 
overlain by marine clastic rocks of the Tatamagouche 
succession. The structural setting consists of various 
styles of folding and cut by steep faults, including the 
Denali fault, Duke River and Bock’s Creek faults (Fig. 1; 
Israel et al., 2005, 2006). To the northeast of the Kluane 
Range, Quaternary to present sedimentary deposits 
accumulate and thicken toward Kluane Lake (Fig. 1; 
Kennedy, 2013).

Our HVSR-based study provides new insights 
into the depth to bedrock, offering a more detailed 
understanding of the thickness of the unconsolidated 
sedimentary layer, particularly in regions where 
well data are limited. For example, a well drilled to a 
depth of 384 m in Burwash Landing only encountered 
Quaternary sediments, whereas another well near 
station BL05 hit bedrock at a depth of 49 m. Comparing 
our HVSR results to these wells increases confidence in 
our shear-wave velocity models.



Berumen-Borrego et al. –  Shear-wave velocities for geothermal resource assessment, Burwash Landing

Yukon Exploration and Geology 2023 3

BL06

BL09

BL08

BL03

BL07
BL02

BL05
BL01

BL04

139°18’W 139°12’W 139°06’W 139°W
61°27’N

61°24’N

61°21’N

61°18’N

0 52.5 15
km

10

Whitehorse

Denali fault

Duke River fault

Bock’s Creek fault

Bock’s Creek fault

Denali fault

Kluane Lake

Burwash 
Landing

Oligocene

Paleocene to Oligocene

Tkope Suite
Late Triassic and (?) older

Kluane

Upper Triassic
Tatamagouche

Nikolai basalt

Pennsylvanian to (?) Lower Permian
Hasen Creek

Station Creek

broadband seismometer

well

Amphitheatre

Paleocene to Lower Eocene
Ruby Range Suite

Late Early Cretaceous
Kluane Ranges Suite

Cretaceous and (?) older
Kluane Schist

Legend

Figure 1. Bedrock geology map of the Burwash Landing area (Colpron, 2022). Faults are shown by black dashed 
lines. Three-component seismometers are shown as blue pins. Wells drilled near the Duke River fault and Burwash 
Landing are shown as yellow stars.
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Individual time windows should be at least 10 times 
longer than the fundamental resonance period at a 
specific site (SESAME, 2004). The longest resonance 
period observed was approximately 3.25 s long 
beneath station BL07. Therefore, an entire day of 
data was used, segmented into time windows of 
180 s each, yielding a total of 480 windows to ensure 
statistically meaningful results. Our choice of window 
length balances the need for spectral resolution and 
reliable statistics, enabling low resonance frequencies 
to be analyzed. The use of 480 windows exceeds 
the 20-window minimum suggested by Picozzi et al. 
(2005).

The logarithmic frequency-sampled smoothing filter 
proposed by Konno and Ohmachi (1998) was applied to 
minimize spectral variance. For the filter coefficient, we 
followed recommendations from SESAME (2004) and 
Cox et al. (2020) and used a value of 40. The geometric 
mean was used for averaging the horizontal spectra. 
The geometric mean tends to yield the least biased 
estimates, and its stability increases as the number of 
time windows grows (Cox et al., 2022; Molnar et al., 
2022).

We used the frequency-domain window-rejection 
algorithm included in hvsrpy for effective time-window 
selection (Cox et al., 2020). The algorithm iteratively 
removes windows that deviate from a computed 
average frequency by more than a specified number 
of standard deviations. In this study, the rejection 
threshold was set at 1.75 standard deviations to 
preserve a reasonable number of time windows and 
eliminate significant outliers.

The final step in our HVSR processing involves the 
computation of mean μ and standard deviation σ of 
HVSR curves. The software hvsrpy uses log-normal 
statistics to compute these curves. Let ω denote a 
sampled frequency, and n be the number of time 
windows considered. For a given ω, the mean and 
standard deviation of HVSR at each frequency are 
calculated as
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Horizontal-to-vertical spectral ratio 
method and data processing
The horizontal-to-vertical spectral ratio (HVSR) 
method, popularized by Nakamura (1989, 2008, 2019), 
is recognized for its efficiency in field acquisition and 
simplicity in processing ambient seismic noise. This 
noise, encompassing low-frequency signals from 
natural origins such as storms and ocean waves, and 
higher-frequency signals from anthropogenic activities, 
is a useful source for creating site-specific, shear-wave 
velocity profiles (Bonnefoy-Claudet et al., 2006). The 
lowest frequency peak observed on HVSR curves 
corresponds to the fundamental resonance frequency, 
f0, at each site. Assuming HVSR is representative of 
resonance of horizontally polarized shear waves, the 
fundamental resonance frequency can be related to 
the shear velocity at the site by f0 = VS  ⁄ 4h, where VS 
is the average shear-wave velocity of the sedimentary 
column and h is its thickness (Nakamura, 2008, 2019). 
Recent studies suggest HVSR is attributed to, and 
can be modelled as, the ellipticity of ground motion 
caused by Rayleigh (surface) wave propagation (e.g., 
Cipta et al., 2018), or by a combination of these wave 
phenomena (Sánchez-Sesma et al., 2011; Molnar et al., 
2022).

The HVSR curves are computed by taking the square-
root of the product of the Fourier amplitude spectra of 
the north-south and east-west components (HNS(ω) and 
HEW(ω)) and dividing them by the Fourier spectrum of 
the vertical component (V(ω)), as expressed by
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Our HVSR measurements involve the following steps: 
defining an appropriate time window length; applying 
smoothing techniques to individual time windows; 
averaging horizontal spectra; removing noisy windows; 
and completing spectral ratio computations. This 
conventional processing using SESAME (Site EffectS 
assessment using AMbient Excitations) geophysics 
ensures both reliability and scientific rigour (SESAME, 
2004). We used the open-source hvsrpy software 
(Vantassel, 2020) because of its capability to process 
multiple stations in parallel over several days, as well as 
its ability to reject time windows based on frequency-
domain analysis (Cheng et al., 2020; Cox et al., 2020).
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sampled using Markov chain Monte Carlo (MCMC) 
methods (Mosegaard and Tarantola, 1995; Dettmer et 
al., 2013; Cipta et al., 2018).

Spatial parameterization plays a crucial role in the ability 
of a model to accurately represent a system, particularly 
when model parameterization (e.g., number or 
thickness of layers) is not well known. Transdimensional 
inversions provide a robust approach to addressing 
this challenge. Instead of constraining to a unique 
parameterization, this method relaxes the selection to 
a set of parameterizations, avoiding subjective choices 
(Green 1995, 2003; Malinverno, 2002; Dettmer et 
al., 2013). This approach simultaneously considers 
multiple models, with a distinct number of layers and 
other parameters, while avoiding the need for explicitly 
specifying velocity structure and allowing for arbitrary 
layering.

In transdimensional methods, the PPD is commonly 
sampled using reversible-jump MCMC algorithms 
(Green, 1995, Dettmer et al., 2013; Dosso et al., 
2014; Cipta et al., 2018). A structured strategy for 
parameterizing subsurface variations accommodating 
both smooth transitions and sharp discontinuities 
without explicit assumptions is used here (Bodin and 
Sambridge, 2009; Cipta et al., 2018). Models transition 
through the addition or subtraction of interfaces using 
a birth-death scheme (Geyer and Møller, 1994). For 
a birth step, an interface is created from a uniformly 
sampled depth, splitting a pre-existing layer. Elastic 
parameters for the new layer are randomly modified 
using a Gaussian distribution, centred on the current 
model state. Conversely, during death steps, interfaces 
are randomly eliminated, and the new state is randomly 
selected from one of the original layers. Elastic 
parameters also undergo perturbation steps using a 
Cauchy proposal targeting individual parameters leading 
to occasional large shifts, enhancing convergence rates 
(Dettmer et al., 2009).

To perform forward computations, we use the Geopsy 
tool (gpell) that computes Rayleigh wave ellipticity 
curves for homogeneous layered models (Wathelet 
et al., 2004; Wathelet, 2008). Attempting to match 
observed HVSR curves to these ellipticity calculations 
assumes that the HVSR peaks are exclusively due to 
Rayleigh wave ellipticity. Even though we expect this 
to be a valid assumption, any contribution to HVSR 
signals from other sources of energy, such as scattering 

Once these values are determined, hvsrpy outputs  
μ(n, ω), as well as the upper and lower bound curves, 
are calculated using
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This approach assumes that the natural logarithm 
of the HVSR values at different frequencies follow 
a normal distribution and are independently and 
identically distributed. An advantage of hvsrpy is its 
ability to output the standard deviation of the mean 
HVSR curve. The measure of the standard deviation of 
the HVSR curve allows for the incorporation of noise 
level estimates in the subsequent transdimensional 
inversion (Dettmer et al., 2013; Dosso et al., 2014; 
Cipta et al., 2018).

Our HVSR curves all feature a prominent peak 
corresponding to the f0 beneath each station (Fig. 2b–
d). Based on the frequency of these peaks, we classified 
the stations into three groups that show a strong 
correlation with depth to bedrock (Fig. 2a–d). Group 
one, comprising stations BL01, BL02, BL03, BL04 
and BL07, exhibits low-frequency peaks ranging from 
approximately 0.3 to 0.4 Hz with amplitudes between 
approximately 1.8 and 3.5. These stations are situated 
to the northeast of the Denali fault, where a thick layer 
of sediments extends beyond a depth of 384 m at the 
well drilled in Burwash Landing. Group two, including 
stations BL05 and BL06, exhibit peaks at approximately 
7.5 Hz with amplitudes under 2.5, indicative of a thinner 
sediment layer near the Denali fault, as confirmed by 
the well drilled near the Duke River. Lastly, group three, 
featuring stations BL08 and BL09, show peaks around 
11 Hz with amplitudes of approximately 2.5, and are 
situated near the Bock’s Creek fault.

Transdimensional inversion
To effectively solve non-linear inversion problems and 
include uncertainty quantification, we use Bayesian 
inference. Within the Bayesian framework, the solution 
to the inverse problem is given by the posterior 
probability density (PPD) of model parameters, which 
are connected by Bayes’ theorem to the likelihood 
function—the probability to observe the data given a 
certain model—and a priori information, which is data 
independent, such as model parameterization. For 
nonlinear inverse problems, the PPD can be effectively 



Yukon geological research

Yukon Exploration and Geology 20236

We assume a Gaussian-distributed residual error 
distribution, which is a conservative choice supported 
by the central limit theorem. Here, Cd = σω

2 * I, where 
I is the identity matrix and σω represents the standard 
deviation of the noise from equation 3, d = [HVSR(ω0), 

HVSR(ω1), ... , HVSR(ωi)]. The modelled data vector, 
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, reflects HVSR values at specific frequencies 
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or body waves, would not be accurately represented 
and would be a source of theory error in our analysis. 
We invert for the number of layers k as well as for VS , 
VP/VS , ρ and thickness h in each layer. The log likelihood 
function of the history of the entire sampling chain was 
used to determine convergence for these inversions. 
Following Dettmer et al. (2013) and Cipta et al. (2018), 
the likelihood function is given by
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Figure 2. Measured HVSR curves. a) Bedrock geology map denoting station locations, which are colour-coded based 
on their HVSR peak group classification. Group one stations are denoted by red pins, Group two stations with green 
pins, and Group three stations correspond to the blue pins. Subplots for each group show the corresponding HVSR 
curves b)–d).
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bedrock velocities of approximately 1000 to 1100 m/s. 
Another notable jump in velocity was observed within 
the bedrock to more than 2000  m/s at a depth of 
approximately 350 to 380 m.

Group three, comprising stations BL08 and BL09, 
presents single high-frequency peaks (~11  Hz) with 
amplitudes of approximately 2.5. The depth-to-bedrock 
estimates for these stations are about 1000 m for BL08 
and 40 to 50 m for BL09 (Fig. 4g, h and 5g, h). Both 
stations exhibit gradual increases in velocity through the 
sediments, with sharp transitions to higher velocities in 
basement rocks. Station BL08 shows an increase to 
700 m/s before a jump to approximately 1100 m/s, and 
another increase at approximately 260 m depth. The VS 

profile for BL09 indicates a gradual increase to 500 m/s, 
then a sharp rise to 900 m/s at 40 to 50 m depth.

Our study across the station groups reveals varied 
patterns in shear-wave velocity changes through 
Quaternary sediments. Whereas a power-law increase 
in velocity due to compaction and/or saturation was 
observed for some stations, others exhibited more 
gradual velocity increases. Notably, at the sediment-
bedrock interface, a sharp increase in velocity is seen 
consistently across the stations. Furthermore, the 
depth to this interface increases toward the northeast, 
reflecting sediment thickness variations in the region. 
These new constraints on the sediment-bedrock 
boundary, highlighted by the lateral heterogeneity 
observed across the station groups, are crucial for 
refining geological models of the region and aid in 
assessing geothermal potential. Reliable estimates 
of elastic properties in the shallow subsurface are 
necessary in enhancing the interpretation of other 
geophysical data, which often rely on initial (i.e., 
starting) models (e.g., Witter, 2020).

Discussion
Our results showcase the efficiency of HVSR 
transdimensional inversion in estimating the 1D velocity 
structure beneath stations near Burwash Landing. 
These estimates highlight significant variability in 
bedrock depth, ranging from 50 to 450 m, with depths 
sharply increasing to the northeast of the Denali 
fault. This approach proves effective even in areas 
with reduced seismicity and limited prior subsurface 
knowledge, such as the Burwash Landing region.

Results
Our results demonstrate the effectiveness of 
transdimensional inversion of HVSR curves in 
determining shear-wave velocity profiles beneath 
broadband stations near Burwash Landing. These 
profiles, with reasonable uncertainties that increase 
with depth, align with the expected behaviour 
in diffusive wave fields such as Rayleigh wave 
propagation (Cipta et al., 2018). With minimal prior 
parameter information, the algorithm effectively models 
subsurface characteristics fitting observations within 
noise standard deviations (Fig. 3).

As described above, we categorized stations into 
three groups based on their HVSR curve resonance 
frequencies and proximity to the Denali fault (Fig. 2a–d). 
The models for station BL04 exhibited high uncertainty 
and poor resolution, likely due to hydrological effects 
because the water table was high (i.e., near the surface) 
near this site. As a result, we do not report on BL04 
further. Group one stations display low-frequency 
peaks (~0.3 to 0.4 Hz) with significant amplitudes (~1.8 
and 3.5). This group comprises stations BL01, BL02, 
BL03, BL04, and BL07, situated over a thick section of 
Quaternary sediments (Fig. 4a–c, f and 5a–c, f). Here, 
we observed a distinct power-law increase in shear-
wave velocity as a function of depth, which we attribute 
to sediment compaction. For instance, BL02 shows a 
gradual velocity increase from approximately 250 m/s 
to 600 m/s at 300 m depth, then a sharp transition to 
more than 1000  m/s, marking the boundary with the 
basement rocks. Station BL03 follows a similar pattern, 
with velocities rising from 250 to 900 m/s up to 400 
to 420  m depth before jumping to approximately 
1300  m/s. Station BL01 and BL07 reveal gradual 
velocity increases, and BL01 had a higher uncertainty 
in resolving bedrock depth. The sediment-bedrock 
interface depths vary within the group, emphasizing 
the lateral heterogeneity of the area and providing 
insights into its structural complexity.

Group two stations exhibit low-frequency peaks and 
higher frequencies of 7.75 and 7.51  Hz for stations 
BL05 and BL06, respectively. These stations are located 
over a package of thinner Quaternary sediments 
overlying bedrock (Fig. 4d, e and 5d, e). For BL05 
and BL06, we noted power-law increases in velocity 
to approximately 700  m/s at depths of 90 to 100  m 
and 170  m, respectively, before sharply increasing to 
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curves) are reasonably fit in all stations analyzed. The red curves show the HVSR for models with maximum a 
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Figure 4. Interface probability (left) and shear-wave velocity profiles (right) for the upper 500 m for stations BL01 to 
BL09 a)–h). The yellow shaded region in the interface probability plots is interpreted to correspond to sedimentary 
cover whereas the purple, brown and green mark the corresponding bedrock units as indicated in Figure 1.



Yukon geological research

Yukon Exploration and Geology 202310

Vs (km/s)Vs (km/s) Prob.Prob.

De
pt

h 
(k

m
)

De
pt

h 
(k

m
)

De
pt

h 
(k

m
)

De
pt

h 
(k

m
)

h)

f)

d)

b)a)

c)

e)

g)

Figure 5. Interface probability (left) and shear-wave velocity profiles (right) for the upper 100 m for stations BL01 to 
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cover whereas the brown and green mark the corresponding bedrock units as indicated in Figure 1.
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A key aspect of our results is its agreement with the 
limited bedrock depth observations from nearby wells. 
For station BL05 near the Duke River fault, we have 
estimated bedrock to be close to 90 to 100  m deep. 
Our estimate of bedrock depth agrees with findings 
from drilling operations near this location in 2022 
that encountered bedrock at a depth of only 49  m 
(M. Colpron, pers. comm., 2022). Earlier estimates of 
the depth to bedrock around BL05 used extremely 
low frequency – electromagnetics (ELF-EM), which 
suggested close to 200  m of overlying sediments 
at this location (Witter, 2020). For a gravity profile 
crossing the Denali fault (Fig. 1), Witter (2020) found 
that a model consisting of a layer of low-density 
sediments approximately 200 m thick atop a basement 
layer of increased densities fit the observed gravity 
variations well. Our HVSR results for this location 
indicate the presence of a shallow low VS layer closer 
to approximately 100  m thick or less. These seismic 
constraints highlight the need to develop a revised 
model of the upper crust that can fit both the observed 
ELF-EM, gravity, magnetic and seismic observations 
while incorporating observational constraints from 
wells. Future efforts will be devoted to jointly modelling 
all available geophysical measurements to find a single 
model that can consistently match all observations.

Focusing on the upper 100 m, we find that at stations 
BL02, BL03, BL05, and possibly BL06, the pattern in 
which VS increases with depth follows a power-law 
relationship between seismic velocities and depth 
(Fig. 5b–e). Seismic velocities exhibiting a power-
law dependence on depths have been found in other 
sedimentary basins and have been attributed to 
sediment compaction or saturation. Scherbaum et al. 
(2003) inverted HVSR curves to determine shallow 
shear velocity profiles near Cologne, Germany. Testing 
inversions using a model in which seismic velocities 
are parameterized to follow a power-law increase 
with depth, this study found velocities that agree well 
with observations based on downhole measurements 
(Scherbaum et al., 2003). Using HVSR and dispersion 
curves, Havenith et al. (2007) observed a similar 
power-law increase in VS within a basin of the Upper 
Rhine Graben while investigating the region bordering 
Switzerland, France and Germany. More recently, 
Molnar et al. (2010) used a Bayesian approach to 
estimate shear-wave velocities near Vancouver, British 
Columbia, from dispersion curves and found that a VS 
profile parameterized using a power-law gradient to a 

depth of at least 110 m fit observations from the Fraser 
River delta.

The differing pattern of sediment VS variations as a 
function of depth (i.e., presence of power-law depth 
trend) suggests differing shallow structure within the 
overburden underlying the different groups of stations. 
The abrupt changes in velocities observed at shallow 
depths of less than 100 m for BL08 and BL09 (Fig. 5g, h) 
are suggestive of a thin layer of sedimentary cover atop 
basement rocks with faster VS. The sediments within the 
thin shallow layer may not be subjected to sufficiently 
high pressures to be compacted so that the velocity of 
the layer increases, as observed for stations in group 
one.

The observed changes in shallow structures between 
the stations surrounding the Denali fault support earlier 
observations of structural changes at greater depths 
identified by other geophysical investigations of the 
region that used gravity and magnetic methods (Witter, 
2020). Differences in VS for the basement structures 
between stations in groups one, two and three provide 
support for variations in densities observed in gravity 
modelling across the boundary between the Kluane 
Schist and Station Creek Formation. Magnetotelluric 
observations provide further support for differences 
we observe in the shallow structure and suggest these 
extend to greater depths based on the identification 
of a conductive anomaly at depths greater than 
approximately 200  m to the northeast of the Denali 
fault (Tschirhart et al., 2022). Comparable to the 
lateral extent of stations in group one, this conductive 
anomaly extends from the Denali fault to the 
northeast. The alignment of these observations from 
diverse geophysical methods suggests that structural 
differences across the Denali fault extend from near-
surface to depths of 1 km or more.

In summary, our study not only enhances the accuracy 
of depth to bedrock estimates but also provides insight 
into the sedimentary and tectonic dynamics, and the 
link to a deeper structure in the Burwash Landing area. 
The integration of HVSR results with other geophysical 
methods advances our understanding of geothermal 
resources in the area. Our work also underscores the 
adaptability of transdimensional inversion of HVSR 
curves. Despite sparse prior knowledge regarding the 
seismic structure in the Burwash Landing area, the 
transdimensional inversions provide estimates of shear-
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