
Physics of the Earth and Planetary Interiors 150 (2005) 339–350

The crust and upper mantle discontinuity structure beneath
Alaska inferred from receiver functions

Yinshuang Aia,b,∗, Dapeng Zhaob, Xing Gaoc, Weiwei Xua

a Institute of Geology and Geophysics, Chinese Academy of Sciences, Deshengmenwai,
Qijiahuozi, Chaoyang District, Beijing 100029, China

b Geodynamics Research Center, Ehime University, Matsuyama 790-8577, Japan
c Institute of Tibetan Plateau Research, Chinese Academy of Sciences, Deshengmenwai,

Qijiahuozi, Chaoyang District, Beijing 100029, China

Received 9 August 2004; received in revised form 29 November 2004; accepted 3 December 2004

Abstract

In this study, three receiver function stacking methods are used to study the detailed crust and upper mantle structure beneath
south-central Alaska. We used teleseismic waveform data recorded by 36 stations in the Broadband Experiment Across the
Alaska Range (BEAAR) and 4 permanent stations in Alaska.H− κ stacking method using P-to-S converted wave and its
multiply reflected waves between the Earth’s surface and the Moho discontinuity is adopted to estimate the crustal thickness (H)
and average crustalVP/VS ratio (κ) in this region. The receiver function results for 24 stations show that the crustal thickness
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under Alaska ranges from 26.0 to 42.6 km with an average value of 33.8 km, and theVP/VS ratio varies from 1.66 to 1.94 with an
average value of 1.81 which corresponds to an average Poisson’s ratio of 0.277 with a range from 0.216 to 0.320. High P
ratios under some stations are possibly caused by partial melting in the crust and the uppermost mantle. Common conve
(CCP) stacking results of receiver functions along three lines show clear Moho and slab images under this subduction z
depths of the slab from our CCP stacking images are consistent with those estimated from the Wadati–Benioff Zone
In the area between two stations DH2 (147.8◦W, 63.3◦N) and DH3 (147.1◦W, 63.0◦N), a Moho depth offset of about 10 km is
found by both theH− κ and CCP stacking techniques. Common depth point (CDP) stacking of receiver functions show
only the 410-, 520- and 660-km discontinuities, but also significant variations (−30 to 15 km) in the transition zone thicknes
under the southwest and southeast parts of the study region. The transition zone becomes thinner by 20–30 km, indic
the temperature there is 150–200 K higher than that of the normal mantle.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Receiver function methods have been widely us
to study the interior structure of the Earth sinc
they were first introduced to seismology about thr
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decades ago (Langston, 1977; Vinnik, 1977). While
early receiver function studies were mainly used to
investigate the crustal structure (Owens et al., 1984;
Ammon, 1991), more advanced receiver function
stacking methods have been developed recently to
study the crust and upper mantle discontinuity struc-
tures (e.g.,Dueker and Sheehan, 1997; Yuan et al.,
1997; Zhu and Kanamori, 2000), thanks to the in-
creasing number of digital seismic stations and mod-
ern data processing methods from exploration seismol-
ogy. These stacking methods have been widely used in
many regions such as subduction zones (Yuan et al.,
1997; Kind et al., 2002; Ai et al., 2003). These results
have provided important new constraints on the com-
position and temperature of the crust and upper mantle
as well as the interaction between the subducting slab
and the mantle transition zone (Chevrot and van der
Hilst, 2000; Simmons and Gurrola, 2000; Ferris et al.,
2003).

Alaska is located in the northern Pacific sub-
duction zone. The Pacific plate subducts northwest-
wards beneath south-central Alaska at a rate of about
54 mm/year (Brocher et al., 1994). Intermediate-depth
earthquakes occur actively from 50 to about 150 km
depth. Many geophysical studies of the crust and upper
mantle structure have been carried out beneath Alaska.
3D regional P wave tomography revealed that the sub-
ducting Pacific slab has a thickness of about 50 km and
a P wave velocity 3–6% higher than the surrounding
mantle (Zhao et al., 1995). A receiver function study
r the
t en-
t ong
w -
v
c tion
i eis-
m ddi-
t me-
t n of
t ska
d pth
a ities
( not
b ma-
t po-
s tion
z

In this study, we used a large amount of waveform
data from teleseismic events recorded by stations in
the Broadband Experiment Across the Alaska Range
(BEAAR) and several permanent stations in Alaska,
and used receiver functions stacking techniques to
study the crustal and mantle structure beneath south-
central Alaska in detail. First, we applied theH− κ

stacking scheme (Zhu and Kanamori, 2000) to the di-
rect P-to-S phase and the later multiple phases from the
Moho to determine the crustal thickness andVP/VS ra-
tio under each station simultaneously. Second, we used
the common converted point (CCP) stacking of receiver
functions (Zhu, 2000, 2002) to constrain the crust and
slab images beneath Alaska. In recent years, the com-
mon depth point (CDP) method (Dueker and Sheehan,
1997; Ai et al., 2003) has been widely used to study the
410- and 660-km discontinuities, which are interpreted
to be phase transformations from�-olivine to�-spinel
and from�-spinel to perovskite and magnesiowustite,
respectively (Ito and Takahashi, 1989). In this study,
we sorted and stacked the receiver functions according
to the CDP to study the upper mantle discontinuities as
well as the transition zone beneath this region.

2. Data

We utilized two data sets in this study. Most of the
data are from the portable BEAAR IRIS/PASSCAL
network (Fig. 1). Among the 36 stations of this net-
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evealed a 11–22 km thick low velocity layer at
op of the slab, which may represent a thick serp
inized zone or a thick exotic terrane subducting al
ith the Pacific plate (Ferris et al., 2003). The pre
ious receiver function study (Ferris et al., 2003) fo-
used on only one transect along NW–SE direc
n south-central Alaska and used only four teles

ic events that occurred in western Asia. In a
ion, the crustal Poisson’s ratio, an important para
er for understanding the composition and evolutio
he crust, was still poorly constrained beneath Ala
ue to the lack of seismic data. Moreover, the de
nd geometry of the 410 and 660 km discontinu
hereafter we call them the 410 and the 660) have
een investigated yet for this region. Such infor

ion is very important for understanding the com
ition and thermal structure of the mantle transi
one.
work, 7 stations were operating from 1999 to 2000
stations were operating during June–September 2
and 17 stations were continuously operating until
gust 2001 (Ferris et al., 2003). Data from all the portabl
stations were recorded continuously at 50 sample
second with either G̈uralp CMG3T or CMG3ESP se
sors (Ferris et al., 2003). The remaining data are fro
four permanent stations, which are MCK from
Alaska Regional Network, IL31 from the Internation
Miscellaneous Stations, COL and COLA (simplified
code COA in this paper) from the Global Seismogr
Network (GSN). All of the portable and permanent s
tions were deployed in south-central Alaska where
subducting Pacific slab is at depths of 50–150 km. T
seismic events in the distance range between 30◦ and
90◦ with magnitude greater than 5.8 for the porta
stations, and with magnitude greater than 6.0 for
permanent stations, were selected. For the four
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Fig. 1. Map showing the present study region in south-central Alaska
(see also the insert map). Locations of broadband stations are shown
by black triangles. The arrow shows the direction of the Pacific plate
convergence. Dashed lines denote the depth contours of the subduct-
ing Pacific slab (afterGudmundsson and Sambridge, 1998). Dots
represent the piercing points of converted S waves at depth of 120 km.
The 1Diasp91velocity model with a modified crustal structure for
the Alaska region was used to calculate the locations of the pierc-
ing points (afterKennett and Engdahl, 1991; Laske et al., 2001).
The locations of three stacking lines are shown in A1–A2, B1–B2
and C1–C2. DFS denotes the Denali Fault System. Fault locations
are modified afterHreinsdottir et al. (2003). Some station codes are
shown near stations with three or four capital letters.

manent stations, we selected data recorded from June
2000 to December 2000 at MCK, from March 1991 to
October 1997 at COL, from March 1998 to December
2002 at IL31, and from June 1996 to December 2002
at COA, respectively.

In the present study, observed seismograms were
windowed from 20 s before to 100 s after the first
P wave arrivals, then a 2.5 Hz Gaussian parame-
ter, which excludes frequencies over about 1.2 Hz
(Ammon, 1991), was used to isolate receiver functions
by using the maximum entropy deconvolution method
(Wu and Zeng, 1998; Ai et al., 2003). Data selection
is a crucial point in receiver functions analysis, espe-
cially if the Poisson’s ratio is to be determined from
the joint analysis of Moho conversions and multiples
(S. Chevrot, personal communication, 2004). In our
study, we visually selected records with stable and high
signal-to-noise ratios for each station to make sure that
the P-to-S converted phase from Moho and its two later
multiple phases are present. The number of receiver

Fig. 2. Epicenter distribution of teleseismic events used in this study.
The map center (triangle) is (149.0◦W, 63.5◦N).

functions selected varies from 4 at station RNDN to
123 at station COA. In total, we obtained 1804 receiver
functions for the 40 stations. In total, 1804 receiver
functions were calculated from 302 teleseismic events.
Most of the events are distributed on the west and south-
west of the study region (Fig. 2).

3. Crustal thickness and Poisson’s ratio

One of the most useful stacking methods in receiver
function analysis is theH− κ stacking to estimate the
average thickness and Poisson’s ratio of the crust (Zhu
and Kanamori, 2000; Chevrot and van der Hilst, 2000).
Given the crustal thicknessH and average crustal ve-
locitiesVP andVS, the delay times between P and P-
to-S phases from the Moho and their multiple phases
can be expressed by the following formulae (Zhu and
Kanamori, 2000):
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tPpSs+PsPs= 2H
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wherep is the ray parameter. Thus, the delay times de-
pend on three crustal parameters:H, VP andVS. Since
they are more sensitive toVP/VS ratioκ than toVP, we
fixedVP as a known parameter. Then the delay times
only depend onH andVS. In this case, a straightfor-
ward H− κ domain stacking is defined as (Zhu and
Kanamori, 2000):

s(H, κ) = w1r(tPs) + w2r(tPpPs) − w3r(tPpSs+PsPs) (4)

wherer(t) is the radial receiver function,wi are weight-
ing factors with

∑
wi = 1. In this way, by stacking re-

ceiver functions from events at different distances, the
s(H,κ) reaches a maximum when all the three phases
are stacked coherently with the best estimation ofHand
κ. Using the lower-order Taylor expansion ofs(H,κ) at
the maximum, we can get the variances ofH andκ (Zhu
and Kanamori, 2000):

σ2
H = 2σs

∂2s/∂H2
(5)

σ2
κ = 2σs

∂2s/∂κ2
(6)

whereσs is the estimated variance ofs(H,κ) from stack-
ing. Then we can estimate the Poisson’s ratioσ from
VP/VS ratio using the relation:

σ = 1

2


1 −
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VP

VS

)2

− 1

]−1

 (7)

In this study, the receiver functions at each station
were stacked by using Eq.(4) with w1 = 0.5,w2 = 0.3,
w3 = 0.2, respectively. These values were chosen to
balance the weights for the P-to-S converted phase
from Moho and its later multiple phases. We also used
the different weights (w1 = 0.7, w2 = 0.2, w3 = 0.1)
to perform ourH− κ stacking, and found that the
weights chosen in the previous ones were better. We
chose an average crustalP velocity of 6.7 km/s based
on the previous work in this region (Ferris et al., 2003).
Crustal thicknessH andVP/VS ratio are constrained to
vary between 20 and 45 km and between 1.6 and 2.0,
respectively.

Fig. 3 shows a selection of receiver functions
recorded by station GNR. Stacking 32 receiver func-
tions for this station gives a crustal thickness of 32.8 km
with a crustalVP/VS ratio of 1.88 (Fig. 4c). The dashed
lines correspond to the average travel time curves of the
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ig. 3. Receiver function profile for station GNR, sorted accord
he predicted arrival times of Moho converted and multiply refl
he stacks inFig. 4c.
slowness. The station location is shown inFig. 1.The dashed lines sho
aves using the crustal parameters that give the maximum am
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Fig. 4. H− κ stacking results forVP/VS and crustal thickness under four seismic stations. The different colors (gray in print) show the different
stacking values ofs(H,κ). The cross symbol denotes the maximums(H,κ) when the correct crustal thickness andVP/VS ratio are used in the
stacking. The station codes are shown in the upper right corner. (For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)

Moho converted and multiply reflected phases. These
average curves are calculated by Eqs.(1)–(3) using a
crustal thickness of 32.8 km and a crustalVP/VS of 1.88
shown inFig. 4c. Some of the observed Moho con-
verted and multiply reflected phases disaccord with the
curves, which may reflect the lateral variations of the
crustal thickness under this station.

As examples of the stacking results, we chose four
stations to show the stacking amplitude images for
different crustal thickness andVP/VS (Fig. 4). Station
COA is a GSN station near Fairbanks. Different crustal
thickness andVP/VS ratios lead to different stacking
values ofs(H,κ). The maximums(H,κ) resulted from
stacking 123 receiver functions leads to a crustal thick-
ness of 31.6 km and a crustalVP/VS ratio of 1.71 (Pois-
son’s ratio of 0.241) for this station (Fig. 4a). For station
COL, not far away from station COA, The maximum
s(H,κ) resulted from stacking 14 receiver functions
leads to a crustal thickness of 32.3 km with a crustal
VP/VS ratio of 1.69 (Poisson’s ratio 0.231) (Fig. 4b).
Therefore, these two stations have a similar crustal
thickness and lower Poisson’s ratios around 0.24. How-
ever, for BEAAR network stations GNR and TLKY,
stacking 32 and 118 receiver functions results in crustal
thickness of 32.8 and 27.5 km and crustalVP/VS ratios
of 1.88 and 1.84 (Poisson’s ratios 0.303 and 0.291),
respectively. These two stations have higher Poisson’s
ratios than that at stations COA and COL.

Due to the absence of a clear converted phase
from the Moho or its later multiple phases, few data
available, very complicated site responses, or multi-
ple phases from shallower discontinuities at some of
the stations, as shown inTable 1, crustal thickness and
VP/VS were estimated only for 24 stations.H− κ stack-

Fig. 5. The estimated Poisson’s ratios for 24 seismic stations. Some
station codes are shown near stations with three or four capital letters.
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Table 1
Results of the receiver function analysis for 24 stations in Alaska

Station Network Longitude (◦) Latitude (◦) No. of traces H (km) VP/VS σ

AND BEAAR −149.200 64.331 16 27.8± 1.3 1.94± 0.09 0.319
BSH BEAAR −149.295 64.171 7 31.0± 1.1 1.78± 0.06 0.269
COA GSN −147.851 64.874 123 31.6± 2.6 1.71± 0.10 0.241
COL GSN −147.793 64.900 14 32.3± 0.9 1.69± 0.05 0.231
DH1 BEAAR −148.383 63.373 36 42.6± 1.6 1.77± 0.07 0.264
DH2 BEAAR −147.855 63.265 12 39.8± 0.7 1.88± 0.04 0.302
DH3 BEAAR −147.144 63.035 33 31.5± 1.5 1.89± 0.09 0.306
FID BEAAR −150.069 62.762 15 39.7± 1.1 1.83± 0.05 0.286
GNR BEAAR −148.978 63.834 32 32.8± 1.4 1.88± 0.10 0.303
GOO BEAAR −149.270 63.229 70 34.8± 0.8 1.82± 0.04 0.285
MCK AK −148.935 63.732 45 33.2± 0.8 1.84± 0.04 0.290
MCK BEAAR −148.937 63.732 34 34.0± 1.2 1.78± 0.07 0.269
NNA BEAAR −149.079 64.580 80 26.0± 1.4 1.85± 0.09 0.295
PVW BEAAR −150.804 62.528 25 33.8± 0.7 1.70± 0.04 0.236
PYY BEAAR −149.712 62.909 16 30.0± 0.8 1.66± 0.04 0.216
RCK BEAAR −149.166 64.041 48 32.6± 1.6 1.67± 0.07 0.222
RNDE BEAAR −148.815 63.400 19 39.4± 1.0 1.86± 0.04 0.296
RNDN BEAAR −148.878 63.416 4 40.3± 1.1 1.78± 0.05 0.270
RNDS BEAAR −148.868 63.390 14 40.1± 1.1 1.78± 0.05 0.271
SAN BEAAR −149.477 63.723 52 35.6± 1.0 1.94± 0.06 0.320
SOB BEAAR −149.299 64.170 16 30.0± 1.3 1.84± 0.08 0.290
TLKY BEAAR −150.061 62.150 118 27.5± 1.0 1.84± 0.06 0.291
WON BEAAR −150.854 63.462 31 29.3± 1.2 1.84± 0.08 0.291
YAN BEAAR −148.775 63.656 71 34.8± 1.4 1.84± 0.07 0.291

ing results at the 24 stations show that the crustal thick-
ness ranges from 26.0 to 42.6 km with an average value
of 33.8 km, and theVP/VS ratio varies from 1.66 to 1.94
with an average value of 1.81 which corresponds to the
Poisson’s ratio from 0.216 to 0.320 with an average
value of 0.277.Fig. 5 shows the result of Poisson’s
ratio distribution in the study region.

4. Moho and slab images

To image the crustal structure of Alaska, we em-
ployed the CCP stacking method, which has become
a popular seismological technique to study the crustal
and upper mantle structure (Kosarev et al., 1999; Zhu,
2000, 2002). This method includes the following steps
(Zhu, 2000, 2002): (1) the ray-path in depth domain of
each receiver function is calculated by using a known
background velocity model; (2) after correcting for the
incidence angle effect, the amplitude at each point on
the radial receiver function is assigned to its location
on the ray-path where the P-to-S conversion occurred;
(3) the studied profile is divided into certain size bins

and all amplitudes in the same bin are stacked to ob-
tain the average amplitude. In this way, we can obtain
the crustal and upper mantle structure image along a
certain profile.

We used the CCP stacking method to image the
crustal and slab structure under Alaska. We selected
three profiles, A1–A2 along NW–SE direction similar
to that studied byFerris et al. (2003), the other two tran-
sects B1–B2 and C1–C2 along W–E and SW–NE direc-
tions, respectively (Fig. 1). To suppress high-frequency
noise in the receiver functions, a second-order zero-
phase Butterworth bandpass filter with corner frequen-
cies 0.03–0.5 Hz was applied to all 1804 receiver func-
tions. The 1Diasp91 velocity model with a modi-
fied crustal structure for the Alaska region was used
(Kennett and Engdahl, 1991; Laske et al., 2001). Since
the stacking results are sensitive to the crustalVP/VS
ratio, we used an average crustalVP/VS ratio of 1.81
which was obtained by usingH− κ stacking in this
work. We used a bin size of 4 km along the profile and
0.5 km in depth. The width of the ray was calculated
by considering its Fresnel zone to generate a smooth
stacked image (Zhu, 2002).
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Fig. 6. CCP stacking of receiver functions for lines A1–A2, B1–B2
and C1–C2. The coordinate center location of three lines is at
(149.0◦W, 63.5◦N). Red and blue colors denote the positive and
negative stacking amplitude, respectively. Dots show earthquake
hypocenters which occurred within a 50-km width of the stacking
line and with depths between 50 and 150 km. (For interpretation of
the references to color in this figure legend, the reader is referred to
the web version of the article.)

The main results of our CCP stacking analyses are
shown inFig. 6. The trend of line A1–A2 is nearly par-
allel to the dip direction of the subducting Pacific slab
(Fig. 1). Our CCP stacking results of this line show a
300-km-long coherent image of the upper mantle struc-
ture to a depth of 200 km. The Moho is visible as a
strong conversion phase at depths of 30–50 km (Fig. 6).
Compared with the west part of the profile, the Moho
under the east part has a relative shallower depth. The
most remarkable feature is a high amplitude converted
phase at depths of 60–150 km from the east to the west,

which we interpret as a converted phase from the slab
(Fig. 6). The depth of this phase is consistent with the
location of WBZ and its amplitude turns to be weaker
at depths greater than 150 km. A continuous negative
amplitude phase, which represents a low velocity zone,
exists at the top of the slab. The trend of line B1–B2
is almost oriented in the E–W direction, and the CCP
stacking results of receiver functions show clear images
of the Moho and the slab. The depth of the slab changes
from 60 to 150 km from the east to the west, being con-
sistent with the location of WBZ along this line. The
line C1–C2 is nearly along the 100 km contour line of
WBZ, however, the CCP stacking of receiver functions
shows that the depth of slab changes from 80 to 120 km
from the southwest to the northeast, and the Moho has
a relative shallow depth under the northeastern part of
this profile.

5. The upper mantle discontinuity and
transition zone thickness variation

We used the CDP stacking of receiver functions to
study the upper mantle discontinuities under Alaska.
This method includes the following steps (Dueker and
Sheehan, 1997; Ai and Zheng, 2003): (1) In order to
calculate the delay time of the P-to-S converted phase
relative to the direct P phase and the piercing point
location of each P-to-S conversion at depths ranging
from 0 to 800 km, ray-path in the depth domain of each
r ck-
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efined epicentral distance are carried out to al
eiver functions. (3) Receiver functions within co
on depth point bins are geographically sorted

tacked along the defined stacking lines (Ai and Zheng
003).

In this study, a second-order zero phase Butterw
andpass filter with corner frequencies of 0.03–0.
as applied to all the 1804 receiver functions. We u

he same velocity model as we did in the CCP stac
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7◦ when the move-out corrections were applied
epths between 300 and 540 km and between 54
00 km, we stacked all the receiver functions wh
iercing points at 410 and 660 km are within the s
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Fig. 7. The common depth point (CDP) stacking of receiver function profile along latitude 62.1◦N. Positive polarity energy is plotted in red
(gray in print) color. The observed depths of discontinuities are denoted with dashed lines. In the depth ranges of 300–540 and 541–800 km, all
the receiver functions with piercing points at 410 and 660 km within the same bin are stacked, respectively. (For interpretation of the references
to color in this figure legend, the reader is referred to the web version of this article.)

bin, respectively. In this case, we chose a circular bin
size with a radius of 120 km.

A latitudinal CDP stacking profile is illustrated in
Fig. 7. In this profile, more than 60 traces could be
stacked in each bin, resulting in a clear upper mantle
discontinuity image. The depth of the 410 (maximum
amplitude part of converted phase shown inFig. 7with
a dashed line) is consistent with the global average
result (i.e., 410 km). However, the depth of the 660
is shallower. From longitudes 154.0 to 146.0◦W, the
depth of the 660 ranges from 640 to 650 km. We also
see a clear image of the 520 km discontinuity, which
is interpreted to be phase transformation from�-spinel
to �-spinel of olivine (Shearer, 1990). The depth of the
520 is about 510 km between 154.0 and 148.0◦W, and
is about 490 km to the east of 148.0◦W. Compared with
the other two discontinuities, the 520 has a weaker am-
plitude under the whole profile.

In our study, we converted receiver functions from
the time domain to the depth domain using the 1D
iasp91velocity model with a modified crustal struc-
ture for the Alaska region. This simple 1D velocity
model may not be accurate enough for south-central
Alaska where the Pacific slab is subducting and lat-
eral velocity heterogeneities exist in the crust and up-
per mantle wedge. Therefore, the absolute depths of
the upper mantle discontinuities should be considered
with cautions. However, it is considered that strong ve-

locity heterogeneity mainly exists in the upper mantle
down to about 410 km depth, and the mantle transition
zone is less heterogeneous (Bostock, 1996; Vinnik et
al., 1996). This is particularly true under Alaska as re-
vealed by a recent global tomography (Zhao, 2004).
Therefore in this work we focus on the thickness of the
mantle transition zone (TZT) under Alaska instead of
lateral velocity variations in the upper mantle.

To illustrate the TZT variation, we picked up the
depths corresponding to the maximum positive ampli-
tude of the 410 and the 660 in each bin. The TZT was
determined by subtracting the depth of the 660 from
that of the 410 for each bin in the study region. In
the calculation we only selected bins with over 60 re-
ceiver functions within the same bin for the analysis.
As shown inFig. 8, the change in TZT varies consider-
ably from−30 to 15 km under the study area. Under the
south part of the central Denali fault system, the TZT is
thinner than the average TZT (250 km) by about 20 km.
In particular, under the southwest and southeast parts
of Alaska, the TZT is 20–30 km thinner. Beneath the
north part of the central Denali fault, the TZT anomaly
varies from−10 to 10 km.

To assess the error in the depths of the upper man-
tle discontinuities and TZT, we performed a number
of tests with different filtering parameters and different
bin radii compared with our previous CDP stacking.
We chose two second-order zero phase Butterworth
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Fig. 8. Distribution of the transition zone thickness (TZT) anomaly
under south-central Alaska. The values of the anomaly are relative
to an average TZT of 250 km. Locations of broadband stations are
shown by black triangles. Green dots represent piercing points of S
waves at depth of 410 km. Dashed lines denote the depth contours
of the subducting Pacific slab (afterGudmundsson and Sambridge,
1998). DFS denotes the Denali Fault System. (For interpretation of
the references to color in this figure legend, the reader is referred to
the web version of the article.)

bandpass filters with corner frequencies 0.03–0.3,
0.03–0.5 Hz to all of the 1804 receiver functions, re-
spectively. These tests show that although the depths
of the upper mantle discontinuities change within
±10 km, the TZT remains almost unchanged. For a
higher bandpass filter (i.e., 0.03–0.5 Hz), the CDP
stacking results in noisy images for the upper man-
tle discontinuities. We also chose different bin radii to
test our CDP stacking. Larger bins contain more re-
ceiver functions in each bin, however, which results
in larger spatial averaging. These tests also show that
the depths of the upper mantle discontinuities change
within ±10 km in most cases, but the TZT change is
very small (less than 5 km). All the tests show that the
20–30 km thinning of the TZT under the southwest and
southeast parts of Alaska is a robust feature.

6. Discussion

We found large variations in both the crustal thick-
ness and Poisson’s ratio in south-central Alaska. Stud-

Fig. 9. VP/VS ratio vs. crustal thickness for 24 stations. No correla-
tion is visible between them.

ies for other regions such as the Australian and the for-
mer Soviet Union demonstrated that there was a corre-
lation (or anticorrelation) between the crustal thickness
and Poisson’s ratio (orVP/VS), i.e., a positive correla-
tion exists for the Proterozoic crust while an anticorre-
lation exists for the Phanerozoic crust (Chevrot and van
der Hilst, 2000; Egorkin, 1998). However, there seems
no correlation between the crustal thickness and Pois-
son’s ratio orVP/VS in south-central Alaska (Fig. 9).
This discrepancy may be attributed to the following
factors: (1) we obtained results from only 24 stations,
which may be insufficient to reveal the correlation be-
tween the crustal thickness and Poisson’s ratio; (2)
many factors can cause variations in Poisson’s ratio
(Christensen, 1996); (3) the present study area is a com-
plex subduction zone.

The average Poisson’s ratio in the study region is
0.277, however, there are several stations with the Pois-
son’s ratio values greater than 0.30, such as AND,
DH2, DH3, GNR and SAN (Table 1). Petrologic ex-
periments showed that changes in crustal compositions
can cause variations in Poisson’s ratio (Christensen,
1996). There is no simple correlation between Pois-
son’s ratio and felsic and mafic rock compositions,
however, an anticorrelation between the Poisson’s ra-
tio and SiO2 content is found for rock with 55–75 wt.%
SiO2 (Christensen, 1996). A Poisson’s ratio larger than
0.30 is rare in crustal rocks, except for serpentinite
which can be as high as 0.35 (Chevrot and van der
Hilst, 2000). Crustal melting has an important effect on
t uid
f

heVP/VS ratio which increase with an increasing fl
raction (Chevrot and van der Hilst, 2000). In Alaska,
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there are many active volcanoes along the volcanic
front. High Poisson’s ratios under some stations may
be due to melting in the crust and upper mantle wedge.

Our results from CCP stacking of receiver functions
show clear subducting slab images in Alaska (Fig. 6).
The CCP stacking results of receiver functions for line
A1–A2 are consistent with the previous receiver func-
tion study in the same region (Ferris et al., 2003). Both
results in this NW–SE direction stacking line show a
clear slab image with a low velocity zone (negative
phase inFig. 6) at the top of the slab down to about
150 km depth. However, our results in line A1–A2 show
a better image since many more receiver functions are
used. For stacking lines B1–B2 and C1–C2, which were
not shown in the previous study (Ferris et al., 2003), the
slab also shows up clearly. Along line B1–B2, a contin-
uous slab image with a low velocity zone at the top of
the slab is also visible down to a depth of 150 km. The
slab depth in lines A1–A2 and B1–B2 is also consistent
with the depth of WBZ in this region.

We also obtained clear Moho images from CCP
stacking results of receiver functions (Fig. 6). Com-
pared with the west part of the study region, the east
part of study region has a relatively shallower Moho.
From 60 km to the east in lines A1–A2 and B1–B2,
we can see rapid variations in the Moho depth. In this
narrow band of region, about 10 km Moho offset ex-
ists. To confirm this hypothesis, we chose two nearby
stations DH2 and DH3 (Fig. 1) which are located at
(147.855◦W, 63.265◦N) and (147.144◦W, 63.035◦N),
r le
w
a st
P cen-
t cen-
t elay
t n a
n so
s DH2
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a f the
M

pre-
c -
p rom
r see
c 660
( red

Fig. 10. A receiver functions profile with back azimuth from 282◦ to
240◦ in station DH2 and from 282◦ to 224◦ in station DH3. Dashed
lines (observed phases) around 5.5 s under station DH2 and 4.3 s
under station DH3 denote the P-to-S converted phases from Moho.
Slab images are also marked by dashed lines.

with the global average. The upper mantle discontinu-
ity structure from the global SS stacking, which uses
long-period SS precursors from underside reflections
off upper mantle discontinuities, usually has a lateral
resolution of about 1000 km (Flanagan and Shearer,
1998; Gu and Dziewonski, 2002; Shearer et al., 1999).
Thus, the detailed upper mantle discontinuity structure
in a small region like the south-central Alaska is hard to
reveal by using SS precursors. Lateral resolution pro-
vided by the receiver functions stacking techniques us-
ing converted phases at the upper mantle discontinu-
ities is many times higher than that of SS precursors.
One remarkable result of our study is that the 520 is
well imaged under Alaska (Fig. 7), which was seldom
detected purely by receiver function stackings.

Variations in the TZT can provide a more de-
tailed “mantle thermometer” than the absolute depths
of the 410 and 660 (Owens et al., 2000). If we use
Clapeyron slops of +2.9 and−1.9 MPa/K for the 410
and 660 phase transformations, respectively (Bina and
Helffrich, 1994), we can estimate the temperature
variations in the TZT. In southwest and southeast
parts (south of the Denali Fault System) of Alaska, a
20–30 km thinning of the transition zone corresponds
to 150–200 K higher temperature than that of the nor-
mal mantle. However, in the north of the Denali Fault
system, the temperature in the transition zone shows
little difference from that of the normal mantle.
espectively.Fig. 10shows a receiver functions profi
ith back azimuths from 282◦ to 240◦ in station DH2
nd from 282◦ to 224◦ in station DH3. The stronge
-to-S converted phases from the Moho are con

rated at about 5.5 s in station DH2, however, con
rated at about 4.3 s in station DH3. This 1.2 s d
ime also imply that a large Moho offset exists withi
arrow zone.H− κ stacking of receiver functions al
hows that the crustal thicknesses under stations
nd DH3 are 39.8 and 31.5 km, respectively, whic
n another piece of evidence for the existence o
oho offset.
Compared with the previous result using SS

ursors (Shearer et al., 1999), the image of the up
er mantle discontinuities beneath Alaska derived f
eceiver function stackings is more reliable. We
lear discontinuity phases of the 410, 520 and
Fig. 7), which have 10–20 km undulations compa
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7. Conclusions

H− κ stacking results for the receiver functions at
24 stations show that the crustal thickness under south-
central Alaska ranges from 26.0 to 42.6 km with an av-
erage value of 33.8 km, and Poisson’s ratio from 0.216
to 0.320 with an average value of 0.277. Partial melt-
ing in the crust and uppermost mantle is one possi-
ble cause for high Poisson’s ratios (greater than 0.30)
under some stations. CCP stacking results of receiver
functions clearly show the Moho and slab under this
subduction zone. Slab depths are consistent with those
estimated from the Wadati–Benioff Zone. Between two
stations DH2 (147.8◦W, 63.3◦N) and DH3 (147.1◦W,
63.0◦N), we found a 10-km offset in the Moho using
bothH− κ and CCP methods. CDP stacking results of
receiver functions show the 410, 520 and 660 disconti-
nuities clearly. In the southwest and southeast parts of
the study region, the mantle transition zone is 20–30 km
thinner, which corresponds to 150–200 K higher tem-
perature than that of the normal mantle.
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