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Abstract 
 

Using deep teleseismic earthquakes recorded by the EarthScope 

Transportable Array and other temporary broadband deployments, we map 

the attenuation below Alaska. We measure 209 events that passed our quality 

control test using a time-domain approach to measure P wave attenuation. 

Our results show a good correlation with attenuation being dominated by sub-

crustal structure and with expectations from the velocity-defined lithospheric 

domains. High-attenuation regions generally exhibit quaternary volcanic fields 

and arc and back-arc regions, which surprisingly show more attenuation than 

previous studies, highlighting the need for a better understanding of the effect 

of melt and volatile contents in mantle attenuation. Low-attenuation regions 

include an undeformed, seismically inactive region north of the Brooks 

Mountains. In addition, the remaining slab of the subduction zone from the 

interior of the continent also shows low attenuation. Comparisons made with 

additional features such as intra-continental deformation, magmatism, and 

seismicity contribute to our study. 
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1. Introduction 
 

The constitution of the Earth, its current structure, and its character are 

very important to scientists of varying fields. Earth sciences contribute not 

only to a better understanding of the formation and development of the Earth 

but also people's lives. For example, a development in Earth sciences can 

also contribute to the location selection of structures or determining the 

properties of buildings in civil engineering. In addition, together with the 

information concerning the development processes of the Earth, it is possible 

to obtain information about the past and current processes of the Earth’s 

climate, and then produce predictions for the future. The magnitude and 

frequency of earthquakes pose a danger to people and the infrastructure of 

the region. Especially in seismically active regions, precautions taken against 

hazards are important (Koehler, Carver, and Alaska Seismic Hazards Safety 

Commission 2018). Seismicity, which is tectonic activity, is defined by 

Gutenberg and Richter (1941) as a measure that covers earthquake 

occurrences, mechanisms, and magnitude in a particular region or the world. 

Many tectonic activities occur at plate boundaries or nearby. For intraplate 

deformation to occur, the forces applied at the plate boundary are transmitted 

over long distances, affecting the stress within the plate and causing intraplate 

deformation (Tommasi, Vauchez, and Neves 2009). The understanding of not 

only the Earth’s surface but also its subterranean layers has gained a lot of 

importance with the development of technology in recent years. Not only 

geologically, but also geophysically—thanks to the deployment of larger 

numbers of instruments, especially in recent years—great progress has been 

made. In this way, the analysis techniques, methods, and data produced in 
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Earth sciences have become much more accessible and developable, thanks 

to the increase in the number of devices, the ease of access to them, and the 

development of computer systems. 

If the Earth behaved in a completely elastic manner, seismic waves 

could propagate indefinitely. However, the Earth does not act with complete 

elasticity. For this reason, attenuation occurs during the propagation of 

seismic waves. According to Shearer (2009), the transformation of energy into 

heat or loss of energy against internal friction during the passage of a 

weakening elastic wave constitutes attenuation. In addition, due to this energy 

loss of the wave, its amplitude also decreases over time. 

Generally, the seismic waves created by the energy released by 

earthquakes lose amplitude from the earthquake source by the time they 

reach the recording station. This can be due to factors such as geometric 

spreading and energy portioning at interfaces. Energy loss, which is defined 

as attenuation, develops as a result of the anelastic behavior of subsurface 

materials, apart from these factors. Therefore, it must be cleared from other 

energy-losing factors for attenuation detection. 

In seismology, attenuation measurements are made using P and S 

waves, and surface waves. In addition, laboratory measurements can be 

made from rock samples according to the changing pressure, temperature, 

and saturation conditions in laboratory observations (Byrnes and Bezada 

2020). There are two essential purposes for conducting attenuation studies. 

The first purpose is regarding the attenuation of amplitudes of seismic waves 

from subsurface material and investigating the dependence of this damping 

on its frequency. Secondly, it is the desire to obtain information about the 
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lithology and physical conditions of the rocks in the areas that cause 

attenuation. Attenuation, which is the result of the anelastic behavior of 

subsurface materials, is a concept that contradicts some theoretical 

perspectives but does not contradict wave propagation theory. Although wave 

propagation in an elastic environment is very well understood, limited 

information is known about the mechanisms that produce anelasticity in 

mantle rocks. The reason for this is the changes in the physical conditions of 

the materials that make up the rocks, and therefore this complexity cannot be 

explained by a single model or mechanism (Tisato, Madonna, and Saenger 

2021). 

The EarthScope Transportable Array project has created an 

extraordinary opportunity for the Earth sciences. After this project, funded by 

the National Science Foundation, it was possible to conduct many studies on 

the American mainland and Alaska. Thanks to this project, many resources 

have been provided for seismic studies with the data obtained from the 

thousands of stations established. In addition, much work has been produced 

in recent years on seismic velocity tomography in the Americas and Alaska 

(e.g., Schmandt and Lin 2014; Nayak et al. 2020; Skarlatoudis, Thio, and 

Somerville 2022; Jiang et al. 2018; Gama et al. 2021; Lanza et al. 2020).  

The fact that Alaska, and especially the southern region of Alaska, is 

one of the most active seismic regions in the world (Koehler, Carver, and 

Alaska Seismic Hazards Safety Commission 2018), the data accessibility 

provided by the Earthscope project, and that attenuation is still very 

debatable, encouraged us to work in this region. In this study, we mapped 

Alaska's attenuation using the Earthscope Transportable array and temporary 
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deployments. As a result of these analyses, we studied the relationship 

between attenuation and volcanic activity, deformation, and the subduction 

zone in Alaska. These observations are compared with other attenuation 

studies to evaluate our results. 

1.1. Geology Of Alaska  
 

Seismicity in Alaska is mainly controlled by the subduction of the 

Pacific plate under the North American plate. The stresses caused by this 

plate convergence are transmitted into (from south to north) Alaska at 

distances greater than 800 km. In addition, deformation in the interior of 

Alaska results in crustal seismicity (Ratchkovski 2002). Moreover, plate 

boundary deformation is dominant in these regions (Tian and Zhao 2012). In 

the northern slope of Alaska, intracontinental deformation is dominant as well. 

There are two important simultaneous events in the history of this region: the 

opening of the Arctic Ocean, and the rise of the Brooks Mountains (Coakley 

and Watts 1991). 

1.1.1. Terranes and Composite Terranes  

 

In tectonic reconstructions, larger terranes in Alaska are grouped into 

composite terranes (CT) depending on affinities in their inferred litho-tectonic 

unit and tectonic evolution. These are Arctic CT, Central CT, Yukon CT, 

Wrangelia CT, Southern Margin CT, and Yakutat terrane (Plafker and Berg 

1994). The Arctic terrane, which is in the north of Alaska, comprises about 

25% of the total area of Alaska terranes. The Arctic CT includes the Arctic 

Alaska Terrane and its subterranes. The stratigraphy of the Arctic CT is 

characterized by deformed Late Proterozoic to Devonian rocks showing 
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continental margin and carbonate platform sedimentation, settling of Late 

Proterozoic and Cambrian tholeiitic basalt, and eruption of andesitic 

Ordovician volcanic rocks (Plafker and Berg 1994). The Central composite 

terrane, which is located in central Alaska between the Denali and Tintina-

Kultag Faults, makes up 7% of the Alaskan area between the Brooks and 

Alaska ranges. This terrane contains large areas of discontinues so 

relationships between units are not very well known (Plafker and Berg 1994). 

The Yukon composite terrane comprises 10% of the area of Alaskan terranes. 

The Yukon CT consists of crystalline rocks and overlying arc-related rocks in 

east-central and southeastern Alaska (Plafker and Berg 1994). The 

Wrangellia CT constitutes about 20% of the area of the Alaskan terranes and 

occurs between the Denali and Border Ranges fault systems. It is 

characterized by Late Proterozoic and younger magmatic arc, oceanic plateau 

and rift fill aggregation, and the Late Jurassic to mid-Cretaceous magmatic 

arc and flysch deposits of the Gravina-Nutzotin belt (Plafker and Berg 

1994). The Southern Margin composite terrane constitutes about 20% of the 

area of Alaskan terranes. It includes the Chugach, Ghost Rocks, and Prince 

William terranes. The Southern Margin CT is a compound, deformed 

accretionary prism of Upper Triassic to Paleogene oceanic rocks, melange, 

and flysch (Plafker and Berg 1994). The Yakutat terrane makes up 5% of all 

terranes in Alaska. The Yakutat terrane is an allochthonous fragment of the 

continental margin. It has a basement of Paleocene and Eocene oceanic crust 

in the western part and a part of the Southern Margin composite terrane in the 

eastern part (Plafker and Berg 1994).  

 



6 
 

1.1.2. Faults in Alaska  
 

One of the most important factors controlling tectonism in Alaska is 

faults. The Denali Fault is a continental right-lateral strike-slip fault extending 

from western North America to central Alaska, and it is over 2000 km long 

(Fig 1). Faults in Alaska are the result of tectonic activity under the control of 

the subduction zone between the south Pacific Plate and the North American 

plate. The Denali fault, located on the border between two plates, has a 

displacement rate of 1mm to 35mm per year. In addition, the Denali fault is 

one of the structures that provide compression and stress control in Central 

Alaska (Eberhart-Phillips et al. 2003; Plafker and Berg 1994). The Tintina fault 

is a right-lateral strike-slip fault, approximately 1000 km in length, extending 

from western North America to central Alaska. It represents the Yukon 

continuum between the Rocky Mountain Trench in North America and the 

Kaltag Fault in Alaska, as well as having an impact on tectonic activity in 

southwestern Alaska. The Kaltag fault is a 500 km long right-lateral strike-slip 

fault. This fault, which starts in central Alaska and extends to western Alaska, 

has an active role in the tectonics of central and western Alaska (Plafker and 

Berg 1994). 

1.1.3. Mountain Ranges in Alaska  
 

Alaska has fourteen mountain ranges. The three major ranges are the 

Alaskan Mountain Range, the Brooks Range, and the Aleutian Range (Fig 1). 

The Alaska Mountain Range, which is 600 miles in length, stretches from 

Lake Clark (154 ̊ W) in the southwest to the Yukon Territory in the southeast, 

located in south-central Alaska. It also contains the highest mountain in North 

America, Mount Denali. The Brooks Range are mountain ranges in northern 
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Alaska that are about 700 miles long, stretching from west to east from Alaska 

to the Yukon region. The highest peak in this mountain range is Mount Isto. 

The Aleutian Range is a 600-mile-long mountain range in southwestern 

Alaska that stretches from Lake Chakachamna (152 ̊ W) to the island of 

Unimak (164 ̊ W). The greatest feature of this mountain range is that it has a 

large number of active volcanoes that are part of the Aleutian Arc. It also 

includes all the mountains of the Alaska Peninsula. Apart from these 3 major 

mountain ranges, the Ogilvie Mountain, Yukon Tanana Uplands, Wrangell-St. 

Elias Mountains, St. Elias Mountains, Chugach Mountain, Kenai Mountains, 

Talkeetna Mountains, Kuskokwim Mountains, Nulato Hills, and Seward 

Peninsula Mountains are the other mountain ranges in Alaska.  

2. Data And Method 
 

2.1. Data Selection 

 

In this study, seismic waveforms collected in Alaska are used. 

Waveforms are processed at each station to measure differential body-wave 

attenuation (Δt*) from teleseismic P waves. A unique data set is provided by 

the recently expanded broadband distribution in Alaska. We analyze data 

collected between January 1999 and April 2021 from stations located 43 ̊ to 

75 ̊ north and 175 ̊ to 125  ̊west. The networks used are: TA (2003-continued): 

USArray Transportable Array (IRIS Transportable Array 2003) and AK (1987-

continued): Alaska Regional Network (Alaska Earthquake Center, Univ. of 

Alaska Fairbanks 1987) (stations with the most dense coverage in Alaska) ) 

stations in addition to XR (2004-2007): CSEDI: Observational and Theoretical 

Constraints on the Structure and Rotation of the Inner Core (Song and 
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Christensen 2010), YV (2010-2010): Bering Glacier Surge Seismic 

Experiment (Waite 2012), XE (1999-2001): Broadband Experiment Across the 

Alaska Range (Christensen, Hansen, and Abers 1999), XZ (2005-2012): 

Collaborative Research: St. Elias Erosion/Tectonics Project (Hansen and 

Pavlis 2005), YG (2016-2018): Fate and consequences of Yakut terrane 

subduction beneath eastern Alaska and the Wrangell Volcanic Field 

(Christensen and Abers 2020), ZE (2015-2017): Southern Alaska Lithosphere 

and Mantle Observation Network (Tape, Christensen, and Moore-Driskell 

2019). The combination of these deployments provides high-resolution 

imaging (Fig 2). 

In this case, the time domain waveform modeling approach is used to 

estimate Δt* (Bezada 2017). Deep events of 250-750 km depth, recorded at 

stations around Alaska, are used. Also, the magnitudes of these events are 

limited to greater than 5.7. The reason why we limit depth and magnitude is 

that deep events are attenuated almost exclusively on the receiver side. The 

size limitation is due to the fact that waveforms are impulsive and have a 

sufficiently large signal-to-noise ratio. We also applied more constraints by 

requiring 30°-90° azimuth distances. Direct P-waves exhibit complex features 

below 30° and are not present due to the shadow-zone above 90°. A total of 

370 events recorded by the stations met our criteria. 

2.2. Δt* calculation and creating an attenuation map 
 

The first step toward estimating Δt*, is to find the least attenuated 

(sharpest P-wave peak observed in traces) record for each event, which is 

considered as a reference trace. All traces are aligned by finding other 

unattenuated traces in the data. The waves may differ from the codas after 
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the primary pulse, but the data selection is not coda sensitive. After all the 

traces are matched and aligned, the fit window is determined, and the fit 

waveform is created. A synthetic Δt* is then generated for each trace 

observed. At this stage, observational checks are made again and the 

compatibility of synthetic traces and observed traces is checked (Fig 3). If the 

observed first pulse and synthetic Δt* do not match or the match is poor, it is 

rejected. In this study, all 370 events were analyzed, and inversion studies 

were continued with 209 events whose Δt* measurement passed quality 

control. 

During the calculation of Δt*, which is the seismic wave attenuation 

factor, the uncertainties of the measurements were high due to reasons such 

as different types of noise, scattering caused by velocity fluctuations, and 

topographic effects close to the receiver (Gao 1997).  

This dissipation of seismic energy is quantified by the parameter Δt*, 

which represents the inverse of the quality factor integrated over the path: 

 

Where Q is the quality factor, and c is the seismic wave velocity. 

 As stated in the previous research (Zhu et al. 2021; Bardsley 2012; 

Byrnes et al. 2019) the Bayesian Linear Inversion Markov Chain Monte Carlo 

(MCMC) method was used to map the Δt* calculation at the stations. The 

Bayesian method based on MCMC allows practical alternatives considering 

minimal external constrains (Zhu et al. 2021). In MCMC sampling, values are 

taken from a probability distribution that shows the current value depending 

on the previously plotted value. In that sense, multiple independent chains are 
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generated with models which illustrated with arbitrary number of nodes 

generated Δt* values. The aim of this step is to evaluate the convergence of 

MCMC chains towards a boundary, it is useful to construct multiple chains 

with different initial values. These multiple chains are combined to calculate 

the model summary. The sampling iteration specifies the number of iterations 

in the sampling phase that can be described as the length of the MCMC 

chain. The number of samples required to achieve convergence and have 

sufficient precision depends on the complexity of the data and model. As far 

as considered Δt* values, each model can be manipulated with these five 

approaches; to create a new node; to eliminate an existing node; to alternate 

Δt* values of a node; to shift an existing node to another location; to disturb 

the vagueness the data (Zhu et al. 2021). In this research, we specified 75 km 

as the distance between two stations (node spacing). The weighted average 

parameter is selected with stations within a 100 km radius of each node. 

Additionally, based on a number of different tests (6 chain 500 iteration, 6 

chain 1000 iteration, 12 chain 500 iteration, 12 chain 1000 iteration) (Fig 5), 

the number of chains is implemented as 12, and the number of times to iterate 

is selected as 1000. 

3. Results 
 

The attenuation map created from the Bayesian inversion over the Δt* 

measurements is shown in figure 4. The attenuation map shows consistency 

generally with what we expected. The Subducted slab below the continent 

shows the lowest attenuation. Other low-attenuation areas includethe 

Cougach Terrain, a member of the southern margin composite terrain, to 
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Yukon Composite Terrain, north of the Alaska Mountain Range, St Elias 

Mountain region southeast of Wrangell Volcanic Field, and the Colville Basin 

located in the Arctic Composite Terrain in northern Alaska (Δt*= from -0.15 to 

-0.1 s). The regions where the highest attenuation is observed are; the back-

arc and arc region between the northwest of the Cook Inlet Basin and the 

western segment of the Denali Fault, the west Alaska region between the 

Seward Peninsula (north) and the Bethel Basin (south), and northeast Alaska, 

between east of the Brooks Range and the Richardson Mountains (Δt* equal 

and greater than 0.1 s). 

The Alaska Peninsula, located in southwestern Alaska, exhibits 

moderate attenuation. According to Jiang et al. 2018, the slab is 

approximately 50-100 km deep along the Alaska Peninsula. It shows lower 

attenuation because the slab is still relatively cold (Stachnik, Abers, and 

Christensen 2004) (Δt*=~-0.05 s). In contrast to consistent areas, the higher 

attenuation in the arc and back-arc region is more than the expected result 

(Δt*=0.1 s). 

In western Alaska, it is consistent to show high attenuation (Δt*=0.04-

0.1 s) due to magmatism, with a thin lithosphere, deformed by the 

compression of the Bering plate and the pacific plate. (Gama et al. 2021) 

Central Alaska, one of the most seismically active regions of North 

America (Dixit and Hanks 2021), shows moderate seismic attenuation. 

Although this strong continental plate has intracontinental seismicity and 

earthquakes, it is consistent to show moderate attenuation due to tectonic 
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forces and stresses in the region hundreds of kilometers from the subduction 

zone (Dixit and Hanks 2021). 

We note that the lowest seismic attenuation in the Colville Basin 

correlates with and almost seismically inactive region north of the Brooks 

Range. The high attenuation area seen in northeast Alaska is correlated with 

Quaternary volcanism (Richardson Mountains).  The boundaries between 

intra-continental seismicity and high-low attenuation are compatible in the 

region. 

4. Discussion 
 

Interpretation and discussion of the analyses made constitute one of 

the most important points of the study. Compared to previous attenuation 

studies, although the results show slight differences in some regions, there 

are no contradictory results. The part of the discussion will be organized as 

southern Alaska, western Alaska, northern Alaska, and central Alaska. 

4.1. Southern Alaska 
 

High seismicity is seen in southern Alaska, which is under the control 

of the subduction zone formed by the subduction of the Pacific plate beneath 

the North American plate. The stress transfers resulting from the subduction 

zone, and the movements of the Pacific and North American plates are also 

the sources of extensive seismicity in the inner regions of Alaska (Jiang et al. 

2018). Seismic events on the Pacific plate, where the Alaskan Gulf is located, 

occur at depths of less than 50 kilometers. In the subduction zone, in the 

northwest direction events occur more and more deeply from trench to back-

arc (Wadati-Benioff Zone). The seismicity occurring at a depth of 
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approximately 100 kilometers in the forearc region reaches 150 kilometers in 

the back-arc region. This seismicity at intermediate depths also provides 

evidence for the existence of the subduction plate (Ratchkovski 2002). The 

reason for the lack of seismicity and volcanism in the Yakutat Terrane, located 

in the southeast is the fact that the Yakutat microplate is warmer and younger 

than the Pacific plate. In addition, it is anhydrous compared to the Pacific 

plate (Berg et al. 2020). 

 Attenuation, defined as an inverse of the quality factor (Q), is sensitive 

to temperature. Also, attenuation is partially insensitive to low partial melt or 

rock composition, unlike seismic velocities. In this way, it is useful as an 

imaging tool in subduction zones. These measurements, provided by 

attenuation, provide insights into where melting may take place (Stachnik, 

Abers, and Christensen 2004). Attenuation studies in the region (e.g., Soto 

Castaneda et al. 2021) correlate with the attenuation maps we have created. 

From the Cook Inlet with the lowest attenuation of the region (forearc) to 

Central Alaska, the attenuation represents the cold subduction slab. We 

obtained a higher attenuation value in the arc and back-arc regions. We think 

that the reason for this may be the effect of melt and volatile content on 

attenuation (Takei 2017), and we note it as a topic that we can investigate 

further for better understanding in the future. 

4.2. Western Alaska 

 

 Unlike south and central Alaska, west Alaska is an area with relatively 

little seismic activity. The effect of the subduction zone, which is hundreds of 

kilometers southeast of the region, is relatively continuous. According to Curie 
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& Hyndman 2006, the effect of mantle temperatures extends hundreds of 

kilometers into the back-arc. It is an indication that the region has a warmer 

lithosphere-asthenosphere compared to other regions (Berg et al. 2020). 

These results are also consistent with the heat flow map of the region (Batir, 

Blackwell, and Richards 2016) (Fig 6). Intraplate seismicity features are more 

dominant in the region (Biswas et al. 1986). There is east-west compression 

by the Bering Strait in northwest Alaska. Additionally, according to Biswas et 

al. 1980, the tectonic mechanism of the region also controls regional 

magmatism. The region's relatively warm and shallow lithosphere-

asthenosphere boundary and sparse geochemical and stress data indicate 

that the Bering Sea leads to this region (Berg et al. 2020). In conclusion, the 

high attenuation observed in this region is consistent with the areas of 

intracontinental magmatism and quaternary volcanism which is the Espenberg 

volcanic field located in the Seward Peninsula. 

4.3. Northern Alaska 
 

 Unlike other parts of Alaska, North Alaska is an area with a cold and 

thick lithosphere (Gama et al. 2021). It is determined that Moho has a depth of 

50 km and the lithosphere is up to 200 km thick under the Brooks Mountains 

(Ward and Lin 2018; Jiang et al. 2018). It is thought that the northward 

movement or mantle flow of the Yakut indentor controls this tectonic regime 

(Finzel et al. 2015). In addition, the intraplate deformation extends to the 

southern edge of the western Brooks Mountains and near the Eastern Brooks 

Mountains and Richardson Mountains (Jiang et al. 2018). In addition, in the 

Northeastern Brooks Mountains the lithosphere is weaker and deforms more 

rapidly in the south (Gaudreau et al. 2019). This deformed and relatively 
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higher temperature region explains the high attenuation seen in northeast 

Alaska in our attenuation results. These results are also consistent with the 

heat flow map of the region (Batir, Blackwell, and Richards 2016) (Fig 6). 

Additionally, the Colville Basin, located north of the Brooks Mountain range, is 

an undeformed and seismically inactive region with a thick cold lithosphere. 

The low attenuation we obtained in this region correlates well with the 

features of the region (Fig 7). 

4.4. Central Alaska 
 

 The stresses created by the subduction zone in southern Alaska are 

seen for hundreds of kilometers up to the interior of Alaska where the 

deformation is accomplished by crustal seismicity. Many earthquakes are 

caused by the Denali fault in the south and the Kaltag and Tintina fault 

systems in the north, which are large-scale strike-slip faults (Ratchkovski 

2002). In addition, the thinnest continental lithosphere (~60 km) (Gama et al. 

2021), thinner crust, and a shallow Moho depth (~30 km) are observed under 

the Yukon Composite Terrane, which is between these faults (Ward and Lin 

2018; Miller and Moresi 2018; Berg et al. 2020). However, it is also 

considered that crustal thickness and temperature in the central Alaska region 

increase north and east and reach maximum south of the Brooks Mountains 

(Jiang et al. 2018). This thin upper plate lithosphere continues into the Seward 

Peninsula in western Alaska. Subducting plate seismicity and upper plate 

magmatic activities show the role of subducting fluids and melts in this 

tectonic mechanism (Gama et al. 2021). These results are also consistent 

with the heat flow map of the region, especially on the north side of the Denali 

fault (Batir, Blackwell, and Richards 2016) (Fig 6). According to our 
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attenuation analysis results, except for the segment of the subduction slab 

that is north of the Denali fault (low attenuation, Δt*=~-0.07 s), the region 

generally shows moderate to high attenuation (Δt*=0-0.05 s). The very 

complex structural features of central Alaska cause the attenuation values in 

the region to differ (value of Δt* from -0.1 to 0.05 s). These different 

attenuations correlate well with our analysis results. 

5. Conclusions 
 

 We created a teleseismic attenuation map with EarthScope 

Transportable Array (TA) and other broadband deployments in and around 

Alaska (Fig 2). Of the 370 events that met our criteria, we used 209 that 

passed our quality control test to create our map. Our Δt* estimates largely 

correlated well with our expectations, with some regional exceptions (Fig 3). 

As one of the most seismically active regions of the world, Alaska 

exhibits a wide variety of structural features. The subduction zone, located in 

southern Alaska and formed by the subduction of the Pacific plate under the 

North American plate, is the source of tectonism in Alaska. Alaska's tectonism 

is controlled by intracontinental deformation. 

Our results show the lowest attenuation (Δt*=-0.15 s) corresponds to 

the subduction slab in southern Alaska, and the highest attenuation (Δt*=0.15 

s) is in the arc and back-arc region located northwest of the Cook Inlet basin. 

Results show high attenuation in western Alaska, especially around the 

Espenberg Volcanic field (Δt*= 0.04-0.1 s). In northern Alaska, the area north 

of the Brooks Mountains shows low attenuation (Δt*= 0- -0.1 s), but high 

attenuation (Δt*= 0.05-0.1 s) is seen around the Richardson Mountains in the 
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northeastern part of the area. This region shows seismicity occurs at the 

boundaries between high and low attenuation regions. In Central Alaska, 

except for the subduction slab (Δt*= ~0.1 s), the region shows moderate-high 

attenuation (Δt*= 0-0.05 s). 

Our results are consistent with different structural regions such as 

subduction zone, arc, back-arc, foreland, quaternary volcanism, orogenetic 

structures, and basins. It also correlates well with properties such as 

seismicity, magmatism and deformation, and heat flow. 

  



18 
 

Figures 
 

 

Figure 1. Map showing topography and earthquakes from 1980 to May 2019 
with Mw > 4, shown as colored dots according to depth. Volcanoes (Holocene 

and Eocene) are marked as red triangles and Alaska Transportable Array 
stations. Important features are labeled on the map including fault zones 

(skewed and ending with “FZ”), basins (bold), and the Wrangell volcanic field 
(red, “WVF”). Fault zones include the Sevier, southern Brooks Range, Kultag, 

Tintina, Denali, Castle Mountain, border ranges, and queen Charlotte fault 
zones. Basins include Bethel Basin, Bristol Bay basin, Colville Basin, Copper 
River basin, cook Inlet Basin, Alaskan shelf, Nenana Basin, Selawik trough, 

Yukon flats, Richardson Mountain, Alaska Range, and Aleutian Range 
(Modified from Berg et al. 2020). 
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Figure 2.  The map shows stations locations (triangles) used in the study. 
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Figure 3. The measurements are done in the time domain, using a waveform-
matching approach. Black lines – observed waveforms; red lines – synthetic 

waveforms. Δt* values and station names shown for each trace. 
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Figure 4. The map shows a Δt* result 
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Figure 5. Different results for MCMC test 
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Figure 6. Heat flow map of Alaska. Two-tone coloring is used to emphasize 
onshore Alaska as bolder colors versus offshore and Canada that are opaque 

(From Batir, Blackwell, and Richards 2016). 
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Figure 7. The map shows a Δt* result. Volcanos (white triangles), seismicity 
(gray dots) (above). Elevation and Δt* graph. The location of the profile is 

shown by the dashed line on the Δt* map (below). 
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