
As an introduction to the Cut-and-Paste method , Zhu and Helmberger(1996),  we conducted a test against synthetic data. We generated synthetics from four models as displayed with 5% and 10% variation in velocities.
ie, fig. 4. These synthetics(now data) are then fit by the CAP method assuming an averaged 1D model where the Pnl are allowed to shift relative to the surface waves. These shifts simply  correct for the timing 
issue, note that the amplitudes display some disagreement caused by the receiver functions. We recover the mechanisms just fine with this method. This method is applied to the Nevada data, where we perform the 
inversion as a function of  range,0 to 100km, 100 to 200km,etc. Note the stability of the inversion from 100 and beyond where the three fault parameters strike,dip, slip and Mw vary only a few percent. The delays can 
be used to create a Tomography image, Tan et. al (2008), if the events are well located. Unfortunately, it appears this event is not that well located since stations to the south and north have a shift of a few seconds.
The aftershocks likewise do not agree with these shifts as discussed later.Some of these issues will also clear-up when we add directivity to the main event. Furthermore, we have constructed record-sections along 
azimuths as denoted by the heavy red lines. Many sections compare quite well out to about 900km,even with this simple model of a uniform mantle.The most interesting profile is displayed along the sector 315 -330 
degrees. In particular, note that the beginning portions of the Pnl wave train (H04A,G04A,etc ) are indeed Pn-like while some stations, COR,TAKO,F03A,etc ) are P-like (impulsive)  indicating significant mantle structure. 
These 3D effects are presently being investigated where the same set of stations display interesting multi-pathing of teleseismic signals. Some preliminary runs of existing models with finite-difference and SEM do not 
explain these features. Better models now exist as represented at this meeting and will be tested on this data set. It appears that the 2D code (Vidale and Helmberger) will prove very useful for this purpose as suggested 
by the 1D comparison with FK results.

Future Plans
To date, we have concentrated on developing a good 1D model to use as a reference. We have also assumed a 
point-source for the main event in the regional modeling. We intend to calibrate the stations at shorter periods
(2Hz to 2s) as discussed in Tan and Helmberger(2006) and determine the mechanisms down to magnitude 2.
We plan to fine-tune the crust-mantle transition and upper mantle structure to explain Pn and strong variations in  
muliples that occur along Western Lines of stations. In short, we intend to test how well one can explain regional 
broadband records.
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The recent Nevada Earthquake (M=6) produced an extraordinary set of crustal guided waves. In this study, we examine the three-component data at all the USArray stations in 
terms of how well existing models perform in predicting the various phases, Raylaigh waves, Love waves and Pnl waves. To establish the source parameters, we applied the 
Cut and Paste Code up to distance of 550km for an average local crustal model which produced a normal mechanism (strike=35o,dip=41o,rake=-85o) at a depth of 9 km and 
Mw=5.9.  Assuming this mechanism, we generated synthetics at all distances for a number of 1D and 3D models, using both the FK method and the spectral element code 
SPECFEM3D_GLOBE (Komatitsch and Tromp, 2002) with a shortest period of 6s. Specifically, the tomography model developed by Burdick et al (2008) is tested. This is a 
P-wave model implemented in the top 1000 km of the mantle as a perturbation to the 1D ak135 model. The Crust2.0 model (Bassin et al., 2000) is superimposed on this (see 
also Part I of this poster). The Pnl observations fit the synthetics for the simple models well both in timing(VPn=7.9km/s) and waveform fits out to a distance of about 550 km.
Beyond this distance a great deal of complexity can be seen to the northwest apparently caused by shallow subducted slab material. These paths require considerable crustal 
thinning and higher P-velocities.To the northeast, the complexity may be caused by a relatively slow body in the Yellowstone area. Small delays and advances outline the 
various tectonic province to the south, Colorado Plateau, etc. with velocities compatible with that reported on by Song et al.(1996). Five-second Rayleigh waves (Airy Phase) 
can be observed throughout the whole array and show a great deal of variation( up to 30s). In general, the Love waves are better behaved than the Rayleigh waves. 
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Figure 3.
(a).        USArray station distribution and Crust2.0 model.
(b,c)     Record-section of Pnl portion of data and 1D synthetic in northwest and southwest direction. Data in black, synthetic of 1D model in blue. Number on 
            the right of each seismogram is peak amplitude. Many sections compare quite well out to about 900km (as show in c), even with this simple model of 
        a uniform mantle.The most interesting profile is displayed along the sector 295~330 degrees. In particular, note that the beginning portionsof the Pnl 
   wave train (H04A,G04A,etc ) are indeed Pn-like while some stations, (COR,TAKO,F03A,etc ) are P-like (impulsive) indicating significant mantle structure. 
(d, e, f) 2D cross-sections through Burdick 3D P wave tomography model (2008), starting at source location towards azimuths 45, 225, 320. 
(g, h, i) Data(black), 1D(blue,fk) , 3D(red,SEM) in the same azimuths as cross-sections, bandpassed between 6s and 60s.
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Figure 1.
 According to epicenter distance, data within five degrees are sorted into five groups, as 0 to 100km as one group, 100 to 200km as another group, etc. 
“Cut and Paste” (CAP) modeling of Pnl and Surface waves has been done for each group of the data on the main Nevada Event. Name of station is at the left
of each seismogram, number below station name is epicenter distance in kilometer and above is azimuth. The numbers on the lower left side of the seismograms
are the time shifts(upper) and cross-correlation coefficient in percent(lower).Positive time shifts mean that the synthetics have been delayed or shifted to the right.
Pnl waves are filtered with bandpass (0.02-0.2HZ) and the surface waves are filtered with (0.02-0.1HZ). This earthquake features a mostly dip slip mechanism . 
The focal depth is estimated to be around 9km. Note the stability of the inversion from 100 and beyond where the three fault parameters strike,dip, slip and Mw 
vary only a few percent. The delays can be used to create a Tomography image, Tan et. al (2008), if the events are well located. Figure a.1, b.1, c.1, d.1, e.1 are 
inversesion results of five groups of data. Figure a.2, b.2, c.2, d.2, e.2 are corresponding depth resolutions.  Since Pnl is included in the inversion, CAP has a 
better constraint on depth. The velocity model(Figure 6.a) is from Song et al. (1996)’s paper, featuring a 34km deep moho in Nevada area. 

Figure 2
a). Relative time shifts between data and 1D synthetics of Love waves. 
     Time shift of Love wave on each station is obtained in CAP inversion 
     process(see fig. 1). This time shift is divided by the travel time of the 
     Love wave which is measured to the maximum amplitude of Love wave. 
b). Relative time shifts between data and 1D synthetics of Rayleigh waves.
     The delays can be used to create a tomography image, Tan et. al (2008), 
     if the events are well located.
c). Time shifts bewteen data and 1D synthetics of Rayleigh waves on all 
     USArray stations. Shifts are calculated by cross-correlation technique. 

256˚

256˚

32˚

36˚

40˚

44˚

48˚

236˚

236˚

240˚

240˚

244˚

244˚

248˚

248˚

252˚

252˚

32˚

36˚

40˚

44˚

48˚

−8 −6 −4 −2 0 2 4 6 8

 (2.a) (2.b) (2.c)

CAP inversion with distance sorted data

TAKO
293.

810. 0.0043

0.0028

0.0039

0.0043

COR
301.

787. 0.0045

0.0031

0.0037

0.0048

HEBO
304.

851. 0.0047

0.0024

0.0043

0.0037

H04A
305.

714. 0.0035

0.0040

0.0055

0.0061

G04A
308.

764. 0.0048

0.0035

0.0067

0.0052

F03A
310.

879. 0.0048

0.0022

0.0042

0.0034

MEGW
311.

921. 0.0038

0.0020

0.0035

0.0031

HOOD
312.

719. 0.0057

0.0038

0.0080

0.0059

E03A
313.

919. 0.0036

0.0020

0.0036

0.0031

F04A
313.

808. 0.0029

0.0028

0.0043

0.0042

Vertical Radial

         blue:FK  black: data 

       MAX AMP:up right: data,down right: FK; AZ:up left; DIST:down left(km)

 t ~ distance/7.9(km) 
0 50

W12A
180.

649. 0.0019

0.0028

0.0034

0.0045

IRM
181.

776. 0.0011

0.0016

0.0018

0.0025

DAN
183.

724. 0.0020

0.0017

0.0032

0.0031

BC3
183.

833. 0.0010

0.0013

0.0016

0.0019

SWS
185.

915. 0.0012

0.0009

0.0010

0.0016

GMR
185.

710. 0.0015

0.0017

0.0029

0.0031

DVT
187.

948. 0.0005

0.0008

0.0010

0.0014

BEL
187.

800. 0.0009

0.0012

0.0014

0.0021

TUQ
188.

641. 0.0016

0.0026

0.0030

0.0041

MONP2
189.

927. 0.0005

0.0008

0.0009

0.0014

Vertical Radial

 t ~ distance/7.9(km) 
0 50

Love

238˚

238˚

240˚

240˚

242˚

242˚

244˚

244˚

246˚

246˚

248˚

248˚

250˚

250˚

252˚

252˚

36˚ 36˚

38˚ 38˚

40˚ 40˚

42˚ 42˚

44˚ 44˚

46˚ 46˚

M13A

N13AN12AELKN11A

M11A

K13A

L13A

M14A

N15AN14A

O13A
O12A

P12AP11A

O11A
O10A

N10A

M10A

L10A L11A L12A

K12A

HLID
J13A J14A

K14A
K15A

L15A

M15A
M16A

N16A

O15ADUG

P15AP14A

Q14AQ13AQ12A
Q11AQ10A

P10AP09A

O09A
BMN

N09AN08A

M09A

L09A

K10A

J10A J11A
J12A

I12A

H12AH13A

I13A I14A I15A

J15A J16ARRI2

K16AK17A

L16AL17A

M17A

N17A

O17A

P17A
P16A

Q15A

R15AR14AR13A
R12A

S12A

R11AR10A

S10A
R09A

Q09AQ08A

P08A
P07A

O07A

N07B

M07A

L07A
L08A

WVOR
K08A

J08A

I09A I10A
I11A

F13A

G13A

F14A

G14A G15A

H15A

G16A

H16A

I16A

LKWY
H17A

I17A
MOOW

TPAWLOHWSNOWREDWJ17A

I18A

J18A

K18A
BW06K19A

L19A
L18A L20A

M19A M20AM18A

N20A

O19AO18A

P19AP18A

Q19A
SRU

R18A

Q16A

R17AR16A

T16A

S15A

T15A

S14A

T14A

U14A

S13A

T13A

U13AU12A
T12A

T11A

U11A

S11A

U10AFUR

GRA

S09A

TIN

MLAC

R08A
R06C

Q07A

P06A
BEK

O06A

N06A

K05A K07A

J06A J07A

I06A
I07A

I08A

H07A H08A
H09A

G09A

BMO
H10A

G10A

H11A

F11A

G12A

F12A

−0.0517

−0.0340
−0.0295
−0.0263
−0.0236
−0.0210
−0.0184
−0.0156
−0.0124
−0.0079

0.0580

de
lta

(t
)/

t

Rayleigh

238˚

238˚

240˚

240˚

242˚

242˚

244˚

244˚

246˚

246˚

248˚

248˚

250˚

250˚

252˚

252˚

36˚ 36˚

38˚ 38˚

40˚ 40˚

42˚ 42˚

44˚ 44˚

46˚ 46˚

M13A

N13AN12AELKN11A

M11A

K13A

L13A

M14A

N15AN14A

O13A
O12A

P12AP11A

O11A
O10A

N10A

M10A

L10A L11A L12A

K12A

HLID
J13A J14A

K14A
K15A

L15A

M15A
M16A

N16A

O15ADUG

P15AP14A

Q14AQ13AQ12A
Q11AQ10A

P10AP09A

O09A
BMN

N09AN08A

M09A

L09A

K10A

J10A J11A
J12A

I12A

H12AH13A

I13A I14A I15A

J15A J16ARRI2

K16AK17A

L16AL17A

M17A

N17A

O17A

P17A
P16A

Q15A

R15AR14AR13A
R12A

S12A

R11AR10A

S10A
R09A

Q09AQ08A

P08A
P07A

O07A

N07B

M07A

L07A
L08A

WVOR
K08A

J08A

I09A I10A
I11A

F13A

G13A

F14A

G14A G15A

H15A

G16A

H16A

I16A

LKWY
H17A

I17A
MOOW

TPAWLOHWSNOWREDWJ17A

I18A

J18A

K18A
BW06K19A

L19A
L18A L20A

M19A M20AM18A

N20A

O19AO18A

P19AP18A

Q19A
SRU

R18A

Q16A

R17AR16A

T16A

S15A

T15A

S14A

T14A

U14A

S13A

T13A

U13AU12A
T12A

T11A

U11A

S11A

U10AFUR

GRA

S09A

TIN

MLAC

R08A
R06C

Q07A

P06A
BEK

O06A

N06A

K05A K07A

J06A J07A

I06A
I07A

I08A

H07A H08A
H09A

G09A

BMO
H10A

G10A

H11A

F11A

G12A

F12A

−0.0528

−0.0211

−0.0154
−0.0113
−0.0078
−0.0045
−0.0012

0.0022
0.0063

0.0120

0.0305

de
lta

(t
)/

t

K14A
41.6

208. 0.1009

0.0573

0.1162

0.0877

0.0344

0.1158

K15A
47.9

257. 0.0217

0.0283

0.0416

0.0236

0.0188

0.0265

J16A
47.6

357. 0.0059

0.0091

0.0130

0.0115

0.0101

0.0120

RRI2
49.0

380. 0.0056

0.0052

0.0137

0.0086

0.0094

0.0103

DCID1
46.9

406. 0.0037

0.0046

0.0138

0.0082

0.0086

0.0089

I16A
41.4

410. 0.0036

0.0042

0.0131

0.0076

0.0079

0.0078

TPAW
49.8

414. 0.0043

0.0047

0.0144

0.0078

0.0089

0.0092

IMW
45.3

443. 0.0029

0.0039

0.0050

0.0050

0.0074

0.0076

Vertical Radial

45deg  black: data  blue: fk  red: sem
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MAX AMP:up right: data,mid right: FK, down right: SEM; DIST:up left; AZ:down left
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