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Chapter 1

Introduction

1.1 The Problem

Among the oldest and most fundamental problems in seismology are deter-
mining the velocity-depth relation accurately, ascertaining the nature of dis-
continuities within the Earth, and translating this information into knowledge
of the materials that constitute the interior of the earth. The crust, which
occupies the outermost shell of the Earth, has always been of great interest
to seismologists. In addition, knowledge of crustal structure is a prerequisite
for obtaining precise information on the nature of the Earth's interior below
the Moho discontinuity . The crust can be de ned as the outer shell of the
earth laying above the level at which the P-wave velocity increases rapidly or
discontinuously to values in excessof 7.8 km/sec.

The seismic structure of the crust and upper mantle provides critical in-
formation regarding lithospheric composition and evolution. There are large
variations in fundamental properties such as crustal and upper mantle veloc-
ity structure , and the depth to the lithospheric/asthenospheric boundary. The
seismic velocity structure of major tectonic regions provides important con-
straints on theories for the formation and evolution of the Earth crust. For the
rst part of the century, most studies on velocity structure were restricted

to the determination of one-dimensional models of the solid Earth and of differ -



ent regions within it. Recently, with the introduction of better data and com-
putational methods, seismologists were able to determine three-dimensional
velocity models with better resolution of ner feature in the Earth. Geophysi-
cists study the seismic velocity structure of the crust and upper mantle to
determine the composition and thic kness of the outer layer of the earth and to
be able to accurately locate earthquakes and understand them.

North America is an ideal region to obtain detailed and reliable seismologi-
cal information and increase our understanding of continental tectonics: it has
a large number of modern, broadband, digital seismographs (Figure 1.1) and

high seismicity on its southern and western borders.

1.2 Review of Related Literature

1.2.1 Plate tectonic setting and main tectonic elements of
North America

Plate tectonics provide a widely accepted model for understanding crustal
structure . North America is an old continent. The North America Craton,
known as Laurentia, has been coherent since 1.7 Ga and included Greenland
and Northwest Scotland until their separation in the late Cretaceous. The
Western quarter of North America is characterized by strong tectonic interac-
tion between the southwest-moving North American plate and the adjoining
Paci c , Juan De Fuca, and Cocos plates, which have different directions and
velocities of absolute movement. Interplate boundaries fall into three types,

convergent, extensional, and transform, depending on the direction and ge-



Figure 1.1: Locations of permanent and temporary (MOMA (MM) and FLED
(FA) arrays) broadband seismic stations in Eastern North America used in this
study



ometries of plate interaction. The eastern three-fourths of the North America
continent are within the North American Plate and is characterized by low lev-
els of historical seismicity, although there are some patches of higher seismic-
ity, such as New Madrid, Missouri, and the Charlevoix- La Malbaie- Saugenay
region of the St. Lawrence valley (Engdahl and Rinehart, 1988). The Mid-
plate province is within the eastern part of North America stable continental
plate and has a nearly uniform compressional stress eld, maximum horizon-
tal compression being oriented in an east-northeast direction of absolute plate
velocity (Zobadck and Zobadk, 1991).

Unlike the midplate region, stress orientations in interplate settings are
typically more diverse, and the direction of maximum horizontal compressive
stress do not show the remarkable correlation with stress-release pattern that
is typical in the eastern and central United States (Dart and Zobach, 1988;
Zobach et al., 1989; Zobach and Zobach, 1991). However, within the clas-
sic Basin and Range sub-province in the Cordilleran extension province, the
Walker Lane belt of western Nevada has a component of superimposed shear
that appears to be related to the San Andreas transform fault. At least two-
thirds of the relative motion between the North America and the Pacic plate
in California occurs on the San Andreas Fault system (Allen, 1981; Minster
and Jordan, 1978; Sieh and Jahns, 1984). In southern California, the plate
boundary is a complex fault system with deformation spread over four major
faults , including the San Andreas fault itself, and numerous minor ones.

The stable craton of North  America includes the Precambrian outcrops of



the Canadian and Greenland Shields, their subsurface extension and their
platform cover, which is subdivided into a number of sedimentary basins and
arches (Bally, 1989; Hoffman, 1989). In the southwestern United States, the
craton and its cover have been deformed and are involved in local basement
uplifts of either the Paleozoic Wichita-Ancestral Rocky Mountain system, or
the Laramide southern Rocky Mountains (Oldow et al, 1989; Arbenz, 1989).
The Precambrian basement also extends well underneath the Paleozoic and
Mesozoic-Cenozoicfolded belts of much of North America (Rast, 1989; Trettin,

1989).

1.2.2 Crustal thickness, average crustal velocity , and
velocity

The seismic structure of the crust and upper mantle provides critical in-
formation regarding lithospheric composition and evolution. Large variations
in fundamental properties such as crustal thic kness, average velocity, and
Poisson's ratio are interpretable in terms of processeswhich have formed and
modi ed the lithosphere . Much of what we know about the seismic structure
of the lithosphere has been accumulated over the past 30 years from seismic
refraction proles and the surface wave studies.

The crustal thic kness of North America which varies by more than a factor
of two from about 25to 55 km (Mooney and Braile , 1989) is known from seismic
refraction/re ection proles . Mooney and Braile (1989) noted that the crust

generally thic kens from the coast to the continental interior and increases in



thic kness with age. North American crustal thic kness can be divided into the



Chapter 2

Data Analysis

2.1 Stations and Events

The number of broadband seismic stations in North America has increased
dramatically over the last few years. However, these stations are not evenly
distributed, and large gaps exist in some areas. While station density is great-
est crossing the Midcontinent Rift in lowa because of the FLED deployment
and the Reelfoot Rift because of permanent networks, we note that no single
station existed between Cathedral Cave (CCM) and Edmonton before 1998.
The variety of tectonic provinces and the increased number of broadband seis-
mic stations make this region applicable for any new method to be tested.

To accomplish this study | used all data available at the Incorporated Re-
search Institutions for Seismology Data Management Centers (IRIS-DMC) recorded
by different networks such as United State Geological Survey (USGS, Table
3.3), data provided data recorded by the USNSN, the New Madrid seismic
network (NM, Table 3.4) operated by Saint Louis University , and the Cana-
dian National Seismic Network (CNSN, Table 3.5). In addition to the perma-
nent stations, | used temporary stations such as Missouri-Massac husetts array
(MOMA, Table 3.6) and Florida-Edmonton array (Table 3.7 and Figure 3.5). It
is obvious that | good coverage of the study area, a coverage better than possi-

ble even ve years ago.



Table 2.1: United States National Seismic Network (USNSN) and IRIS sta-

tions used in this study

Station | Latitude | Longitude Location
AAM +42.3011 | -83.6566 Ann Arbor, Mic higan
ACSO | +40.2318 | -82.9820 Alum Creek State Park, Ohio
ANMO | +34.9462 | -106.4567 Albuquerque , New Mexico
BINY | +42.1993 | -75.9861 Binghamton, New York
BLA +37.2113 | -80.4210 Blacksburg, Virginia
CBKS | +38.8140 | -99.7373 Cedar Bluff , Kansas
CBM | +46.9325 | -68.1208 Caribou, Maine
CCM | +38.0557 | -91.2446 Cathedral Cave, Missouri
CEH +35.8908 | -79.0927 Chapel Hill, North Carolina
DWPF | +28.110 | -81.4327 | Disney Wilderness Preserve, Florida
EYMN | +47.9461 | -91.4950 Ely, Minnesota
GOGA | +33.4111 | -83.4666 Godfrey, Georgia
GWDE | +38.8256 | -75.6171 Greenwood, Delaware
HKT +29.9618 | -95.8384 Hockley, Texas
HRV | +42.5060 | -71.5580 Harvard, Massachusetts
JCT +30.4794 | -99.8022 Junction, Texas
JFWS | +42.9142 | -90.2480 Jewell Farm, Wisconsin
LBNH | +44.2401 | -71.9258 Lisbon, New Hampshire
LSCT | +41.6783 | -73.2243 Lakeside, Connecticut
LTX +29.3338 | -103.6669 Lajitas , Texas
MCWV | +39.6581 | -79.8456 Mont Chateau, West Virginia
MIAR | +34.5453 | -93.5765 Mount Ida, Arkansas
MYNC | +35.0738 | -84.1278 Murphy , North Carolina
NCB +43.9708 | -74.2236 Newcomb, New York
NHSC | +33.1066 | -80.1778 New Hope, South Carolina
OXF | +34.5118 | -89.4092 Oxford, Mississippi
RSSD | +44.1204 | -104.0361 Black Hills , South Dakota
SSPA | +40.6358 | -77.8880 Standing Stone, Pennsylvania
WCI +38.2290 | -86.2940 Wyandotte Cave, Indiana
WMOK | +34.7378 | -98.7810 Wichita Mountains , Oklahoma
WVT | +36.1300 | -87.8300 Waverly, Tennessee
YSNY | +42.4758 | -78.5375 Yorkshire , New York




Table 2.2: New Madrid

network (NM) stations used in this study

Station | Latitude | Longitude Location
BLO +39.1719 | -086.5222 Bloomington, Indiana
MPH | +35.1230 | -089.9320 Memphis , Tennessee

PLAL | +34.9823 | -088.0754 | Pickwick Lake, Alabama
SIUC | +37.7148 | -089.2174 Carbondale, lllinois
SLM +38.6361 | -090.2364 St. Louis, Missouri
UALR | +34.7753 | -092.3436 Little Rock, Arkansas
USIN +37.9650 | -087.6660 Evansville , Indiana
UTMT | +36.3423 | -088.8642 Martin, Tennessee

The FLED array spanned a great variety of North American provinces, al-
lowing for study of several regions of interest. The array consisted of 28 seis-
mometers installed between Florida and Edmonton and operated for 15 months
starting Spring 2001. Figure 3.5 shows that the array crosses from the At-
lantic Coastal Plain passesthrough the Mississippi Embayment and continues
through the Midcontinent Rift in lowa.

The MOMA array consisted of 18 seismometers extending from the stable
Midcontinent craton across the Appalachian to the eastern terrains (Figure
3.6). The seismometers were evenly spaced between permanent stations CCM
and HRV and operated for 1 year (1995-1996). This geometry is ideally suited
to provide a transect of the crust and upper mantle across the eastern United
States. The MOMA array can detail the transition of the lithosphere among
these very different tectonic regions, including a variation in the depth to the

Moho (Wysession et al., 1996).
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Table 2.3: Canadian National Seismic Network (CNSN) and POLARIS - NWT
(Portable Observatories for Lithospheric Analysis and Research Investigating
Seismicity) stations used in this study

Station | Latitude | Longitude Location
DLBC | 58.4372 | -130.0272 DEASE LAKE, British Columbia
DRLN 49.256 -57.5042 Deer Lake, Newfoundland, Canada
EDM 53.2217 -113.35 EDMONT ON, Alberta
FCC 58.7616 | -94.0866 FORT CHURCHILL, Manitoba
FFC 54.725 | -101.9783 Flin Flon, Canada
FRB 63.7467 | -68.5467 Igaluit, N.W.T. Canada
GAC 45.7033 | -75.4783 Glen Almond, Quebec, Canada
INK 68.3067 -133.52 Inuvik, N.W.T. Canada
KAPO | 49.4504 | -82.5079 KAPUSKASING , Ontario
KGNO | 44.2272 | -76.4934 KINGST ON, Ontario
LMN 45.852 -64.806 CALEDONIA MTN ., New Brunswic k
LMQ 47.5483 | -70.3267 LA MALB AIE, Quebec
RES 74.687 -94.9 Resolute, N.W.T. Canada
SADO | 44.7694 | -79.1417 SADOWA, Ontario
SCHQ | 54.8319 | -66.8336 Schefferville , Quebec, Canada
ULM 50.2499 | -95.8750 LAC DU BONNET , Manitoba
WALA | 49.0586 | -113.9115 WATERT ON LAKE, Alberta
ACKN | 64.9915 | -110.8781 ACHILLES LAKE , NWT
BOXN | 63.8521 | -109.7169 BOX LAKE , NWT
CAMN | 63.7321 | -110.8989 CAMSELL LAKE , NWT
COWN | 65.2679 | -111.1859 CONTWY OTO LAKE 2, NWT
DVKN | 64.5092 | -110.3096 DIAVIK MINE , NWT
EKTN | 64.6984 | -110.6096 EKATI MINE , NWT
GLWN | 64.7253 | -109.3303 EKATI MINE , NWT
IHLN 63.3052 | -110.8911 NDIAN HILL LAKE , NWT
KNDN 63.4192 | -109.2013 KENNAD Y LAKE , NWT
LDGN 64.5785 | -110.5224 LAC DE GRAS NORTH , NWT
LGSN 64.3337 | -110.1307 LAC DE GRAS SOUTH , NWT
MCKN | 64.1980 | -110.2131 MACKA'Y LAKE NORTH , NWT
MGTN | 63.6855 | -109.5911 MARGARET LAKE , NWT
MLON | 63.9695 | -109.8953 MARLO LAKE , NWT
NODN | 63.9607 | -110.9601 NODINKA NARROWS , NWT
SNPN 63.5178 | -110.9077 SNAP LAKE , NWT
YMBN 64.8742 | -111.5325 YAMB A LAKE , NWT
YNEN 65.0883 | -111.0500 | YAMB A LAKE NORTH EAST , NWT
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Table 2.4: MOMA stations
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used for this study. The stations ran for one year

1995-1996
Station | Latitude | Longitude Location
MMO1 | +42.3175 | -072.7117 | North Hampton, Massachusetts
MMO02 | +42.1660 | -073.7186 Hudson, New York
MMO3 | +42.0387 | -074.8461 Roscoe New York
MMO04 | +41.8530 | -076.1979 LeRaysville , Pennsylvania
MMO5 | +41.6530 | -076.9219 Gleason, Pennsylvania
MMO6 | +41.3914 | -078.1266 Emporium, Pennsylvania
MMO7 | +41.2571 | -079.1350 Sigel, Pennsylvania
MMO08 | +41.1095 | -080.0681 | Slippery Rock , Pennsylvania
MMO09 | +40.7911 | -081.2055 East Canton, Ohio
MM10 | +40.6147 | -082.3031 Bellville , Ohio
MM11 | +40.2214 | -083.1947 Columbus, Ohio
MM12 | +40.0439 | -084.3724 Laura, Ohio
MM13 | +39.8316 | -085.3114 Spiceland, Indiana
MM14 | +39.5494 | -086.3947 Brooklyn, Indiana
MM15 | +39.2945 | -087.3134 Terra Haute, Indiana
MM16 | +38.9219 | -088.3045 Lake Newton, lllinois
MM17 | +38.6694 | -089.3255 Lake Carlyle, lllinois
MM18 | +38.5286 | -090.5686 Tyson, Missouri
MO18 | +38.5143 | -090.5643 Tyson (bunker), Missouri
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2.1.1 Receiver function data analysis

Broadband teleseismic data for earthquakes recorded by both temporary
and permanent stations for the period (1995-2002) are used to compute re-
ceiver functions . The data are selected based on the following criteria:

(1) Epicentral distance between (Figure 3.7). At epicentral dis-
tances less than , seismograms are complicated and dominated by multiple

high-frequency seismic arrivals sampling the earth's structure at depths be-
tween 70 to 600 km below the surface. For earthquakes more than distant,
the effect of the core-mantle transition zone on seismograms becomes signi -

cant and the direct P is very close to the re ected phase

(2) magnitude greater than 5.5, and

(3) Good signal-to-noise ratio on seismograms.

Figure (3.8) shows typical 3 component seismograms east-west, north-south,

and vertical (E, N, and Z) accompanied with the rotated traces (R and T) for a

good earthquake that met all the criteria to compute receiver function.
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Figure 2.2: Azimuthal equidistant projection of all teleseismic events location
which used for this study. The two inner circles show the distances of
for a reference site in the central US.



Appendix A

Stacked Receiver Functions for all Stations

Because of the large number of stations and receiver functions examined
as part of this investigation, it is not possible to present them all because of
size limitations . To evaluate the quality of the data for each station in the
manner done in Chapter 3. It is useful, however, to show them in a concise
manner. This is accomplished by stacking the receiver functions at a station,
irrespective of the ray parameter or azimuth.

For each station, receiver functions used in the joint inversion are stacked.
These receiver functions were required to satisfy the criteria that that they
explain at least 90 and 80 of the Gaussian Itered observed radial compo-
nent, for Gaussian parameters of of 1.0 and 2.5, respectively. In the plots to
follow, both stacked receiver functions are plotted in two columns for the two
values. The plot time scaleis -5 to 30 seconds Ideally, the rst pulse should be
symmetric about a 0 seconddelay. The number of individual receiver functions
used in the stack is plotted at the end of each trace.

There are some notable receiver function. The P-wave radial receiver func-
tions FAO2, FA21-27, GWDE, MPH, NHSC, OXF and UTMT exhibit a ringing
character which is due to a shallow low-velocity structure beneath the site. The
receiver functions for MM17, MM18, MO18 and HRV have observable Moho

bounce phases.

15
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It is hoped that this presentation serves to show environments where ap-
plication of the receiver function technique for studying crustal structure may
dif cult and also show sites where more data are required for a complete study.

| will introduce a long table here to seeif the Table numbering is correct.

Table A.1: A comparison of crustal thickness esti-

mates

STA h1 (km) k1 h2 (km) k2 h3 (km)
AAM | 4732 361 |1.96 007 |43.03 498|183 016| 44
ACSO | 47.94 2.10 |1.86 0.03 — — 50
ALQ | 38.96 2.36 |1.70 0.04 — — 40
ALON — — — — 40
ANMO | 39.64 3.45 |1.68 0.07|40.13 192|166 005| —
BINY | 46.00 356 |1.75 0.05|46.20 3.93|174 010| —
BLA | 4832 392 |1.81 0.04|4572 3.36|183 007| 50
BLO — — — — 40
CARO | 3544 531 [1.72 0.03 — — —
CBKS | 43.10 3.94 |1.83 0.06|44.10 264|181 009| —
CCM | 43.93 370 | 179 004 |41.77 565|186 0.16| 44
CEH | 3557 329 [1.74 0.04|36.16 201|175 007| 36
DRLN | 33.10 2.87 |1.74 006 |31.36 198|180 0.04| —
DWPF | 3594 4.76 | 1.91 0.07 — — 36
EDM | 37.05 3.35 |1.79 0.10 |38.39 621|184 0.12| 38
EYMN | 41.73 4.13 | 176 0.09 — — —
FAOL | 40.90 4.83 |1.82 0.05 — — 35
FAO2 — — — — 40
FAO3 — — — — —
FAO4 | 4355 3.49 |1.58 0.02 — — 40
FAO5 | 47.29 2.33 | 1.76 0.04 — — 36
FAO6 | 46.77 2.85 | 1.85 0.03 — — 38
FAO7 | 48.62 3.21 | 1.80 0.05 — — 48
FAO8 | 4153 650 |1.73 0.03 — — —
FAO9 | 42.83 2.35 |1.81 0.04 — — —
FA10 | 47.56 4.10 | 1.84 0.03 — — —
FA1l | 44.44 2.88 |1.86 0.06 — — —
FA12 | 42.75 4.89 |1.97 0.04 — — —
FA13 | 4435 278 |1.76 0.03 — — 46
FA14 | 4393 345 [1.91 0.03 — — —
FA15 — — — — 44
FA16 | 47.63 2.99 | 1.66 0.04 — — 48
FA17 | 46.32 4.48 | 1.88 0.03 — — 46

continued on next page




Table A.1: continued
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STA hl (km) k1l h2 (km) k2 h3 (km)
FA18 41.79 2.76 | 1.75 0.03 — — 46
FA19 4428 2.49 |1.81 0.04 — — 46
FA20 4512 4.14 | 1.66 0.02 — — 48
FA21 49.46 5.16 | 1.82 0.04 — — 48
FA22 — — — — 46
FA23 — — — — 40
FA24 — — — — 44
FA25 — — — — 44
FA26 — — — — 42
FA27 — — — — 40
FA28 — — — — 40
FCC 40.73 3.95 | 1.72 0.05|34.09 2.18|1.86 0.02 —
FFC 38.75 3.10 | 1.74 0.0 | 38.99 456 |1.70 0.09 40
GAC 37.72 6.71 | 1.75 0.05|37.97 1.23|1.79 0.05 42
GOGA | 3894 463 |1.76 0.05|3752 486|180 0.14 39
GWDE | 29.77 3.73 |1.99 0.11 — — —
HKT 38.95 6.90 |1.56 0.05 — — —
HRV 30.33 3.12 {166 0.03|30.84 1.30|1.68 0.07 32
ISCO |46.69 16.26 | 1.56 0.04 | 45.35 6.09 | 1.73 0.13 —
JCT 43.79 3.62 | 1.87 0.06 — — —
JFWS | 4269 4.19 |1.75 0.05|33.34 0.72]1.99 0.02 —
KAPO | 4162 5.79 | 1.76 0.06 — — 44
KGNO | 4250 6.89 | 191 0.12 — — 48
LBNH 30.97 571 [1.99 0.16 — — 36
LMN 39.13 3.76 | 1.75 0.04 | 4442 5.25|1.68 0.01 —
LMQ 4260 460 |1.81 0.05|37.81 4.14|1.88 0.07 42
LRAL 43.84 4.03 | 1.82 0.04 — — —
LSCT 27.67 2.86 [1.69 0.05|30.19 331|173 0.09 32
LTX 35.85 3.34 |1.81 0.06 — — —
MCWV | 43.23 4.11 |1.80 0.05|3853 562|196 0.12 44
MIAR 38.49 4.10 | 199 0.14|41.18 2.26|1.96 0.03 46
MMO1 26.49 4.17 |1.62 0.08 — — 32
MMO02 38.97 3.22 |1.78 0.04 — — 38
MMO3 32.33 4.00 [1.94 0.09 — — 38
MMO04 | 45.37 4.21 |1.79 0.05 — — 46
MMO5 45.17 3.02 | 1.86 0.05 — — 46
MMO6 4478 2.51 |1.82 0.04 — — 44
MMOQO7 4572 2.64 | 1.78 0.03 — — 44
MMO08 4590 3.26 | 1.75 0.04 — — 50
MMO9 46.39 3.51 | 1.79 0.06 — — 48
MM10 41.73 2.49 |1.81 0.03 — — —

continued on next page
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STA h1 (km) k1 h2 (km) k2 h3 (km)
MMIl | 50.44 2.64 | 1.85 0.06 — — —
MM12 | 39.24 2.88 |1.84 0.08 — — —
MM13 | 40.00 3.17 |1.92 0.08 — — —
MM14 | 4370 6.29 |1.75 0.03 — — 46
MM15 — — — — 40
MM16 | 46.11 3.05 | 1.67 0.03 — — 44
MM17 — — — — 46
MM18 | 47.87 3.83 | 1.83 0.04 — — 48
MO18 | 47.53 3.13 | 1.78 0.03 — — —
MPH _ _ _ _ _
MYNC | 47.87 557 |1.77 0.06|48.88 1.32|179 0.04| 50
NCB | 37.99 3.63 [1.91 0.05 — — —
NHSC | 34.87 3.49 |1.61 0.05 — — —
OXF | 43.00 2.94 |1.80 0.04|42.46 1.83|179 0.04| 34
PAL | 29.36 0.49 |1.67 0.04 — — —
PAPL | 3843 1.66 |1.78 0.04 — — 40
PLAL — — — — 50
POP6 | 30.15 2.65 | 1.69 0.05 — — 38
POUL | 3527 6.86 |1.92 0.04 — — 40
PQI _ _ _ _ _
RSSD — — — — —
SADO | 36.68 2.74 |1.79 0.04 | 3588 566 |1.82 0.16| 38
SCHQ | 45.89 6.24 |1.78 0.05|40.04 7.87|1.90 0.15| 44
SIUC | 4620 4.02 |1.76 0.05 — — 50
SLM | 51.09 3.23 | 1.76 0.03 — — 44
SSPA | 4326 4.47 |1.81 0.06|40.38 9.07|188 020| 44
SWET — — — — —
UALR | 3534 539 |1.93 0.06 — — 46
ULM | 33.25 211 | 174 003 |32.13 151|179 0.03| 34
UTMT | 4553 4.23 |1.73 0.04 — — 40
VSG4 | 36.68 2.38 | 1.94 0.09 — — 34
WCI | 4745 424 |1.81 0.05 — — 46
WES | 28.25 2.48 |1.79 0.04 — — 32
WMOK | 48.40 7.64 |1.65 0.05|44.17 3.75|1.90 006 | 48
WVL | 32.94 1.87 |[1.78 0.05 — — —
WVT | 4502 4.00 |1.78 0.06 — — 42
YSNY | 46.46 3.34 |1.54 0.03 — — 44

continued on next page
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STA | hi(km) | kI | h2(km) | k2

[h3 (km) |

h1l - Moho depth from Chapter 3

k1 - Crustal from Chapter 3

h2 - Moho depth from Ligorr ia (2000)

k2 - Crustal Ligorr ia (2000)

h3 - Moho depth from joint inversion models of Chapter 4
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Figure A.1l: Stacked receiver functions as a function of ray parameters.
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Figure A.2: Stacked receiver functions as a function of ray parameters.
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