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Technical Report Summary

In an earlier paper (Priestley and Brune, 1978) we nroposed a
shear wave model for the Great Basin of Nevada and Western Utah based on
the analysis of seismic surface waves. We have now nearly completed a
similar study for the Basin and Range of Arizona and Southern Nevada,
and for the Volcanic Rift province of Northern Nevada, Eastern Oregon
and Washington, and Southwest Idaho. The phase velocities at long periods
(-4O sec) are low in each of these areas similar to the Great Basin.
This indicates a uniform presence of a low velocity zone for shear waves
throughout much of Western North America. All of our observed phase
velocities are lower than those observed by Biswas and Knopoff (1974)
for Western North America. In particular, our observations in the Great
Basin and Volcanic Rift provinces are .10 - .20 k/s lower than Biswas
and Knopoff (1974) reported for the path GSC-LON. We have only been able
to resolve this by assuming the single South American event they studied

for this path was affected by lateral refraction.

We have completed our study of Sn propagation in the Great Basin.
The data was analyzed in terms of both a superposition of normal modes
and interfering body waves. We conclude that while this phase places
constraints on the upper mantle shear wave velocity, it does not
significantly constrain the mantle lid thickness.

Research Efforts

A. Great Basin - (See Appendix A)

B. Southern Basin and Range

Data from three long period stations (TNP, TUC, GSC--Figure 1)
were studied to determine a shear wave model for the Basin and Range of
Southern Nevada and Arizona. Additional surface wave data from the
Lawrence Livermore Laboratory seismic stations (KNB, LAC, and MNV) and
LRSM seismic stations (CP-CL, KN-UT, and MN-NV) are being analyzed to
examine the crustal structure in the transition zone between the Great
Basin and the Southern Basin and Range. There is marked contrast
between the characteristics of the Northern Basin and Range (the Great
Basin) and the Southern Basin and Range. The Great Basin is characterized
by high seismicity, recent faulting, high heat flow, elevated topography
and recent volcanism. In contrast, the Basin and Range of Arizona is
characterized by a low level of seismic activity, a lack of recent
faulting, subdued topography and an older age of volcanism. These
differences presumably indicate that the Basin and Range structure of
Arizona predates that of the Great Basin and together they show a
continuing evolutionary process.

Figures 2 and 3 show observed fundamental mode Love and Rayleigh
wave phase velocities observed for the Southern Basin and Range. At
long periods, these are similar to that previously observed for the Great
Basin indicating the presence of a broad low velocity zone for shear

AIR I0= 011W3 OI SCIUTIIO RMI&RCM (AIBC)
XOTICZ OF TR*NSITTAL TO DDC
This teehnial report has been rseiewed and In
approved for public release IAN Aji 190-la (Tb).
Distribution is unlimited.

A. D. BISR
Teohnioal Information Officer



waves similar to that proposed for the Great Basin. The higher phase
velocities observed at shorter periods (<40 sec) indicate a som'ewhat
thinner crust within the Southern Basin and Range compared to the
Great Basin. This has previously been noted by Bache et al. (1978).

C. Volcanic Rift Province

Data from six long period seismoqraph stations (LON, 801, LOG, DUG,
REN, KFO--Figure 1) surrounding the Volcanic Rift province were studied
to determine a shear wave model for this area. The region was studied
as a whole, and the subregion consisting of the Western Snake River Plain
was analyzed as a separate tectonic unit. These results are summarized
in Figures 4 and 5. Fundamental mode Rayleigh'wave phase velocities for

:1 the Volcanic Rift province are compared with that observed for the
Great Basin in Figure 6. The Volcanic Rift dispersion differs only
slightly from that observed for the Great Basin. However, the obs'erved
dispersion for the Western Snake River Plain is significantly lower.

Figure 7 compares an average Great Basin crustal with two proposed*1 crustal models for the Snake River Plain. Using these crustal models as
control we have varied the upper mantle shear wave structure to fit the
observed dispersion (Figure 8). In comparison with the Great Basin,
the Western Snake River Plain has a slightly thicker crust (40 km vs.
35 kmi) and a much thinner upper mantle lid. The data requires a
thinning of the lid to approximately 10 knm and a lowering of the shear
wave velocity from 4.5 k/s to 4.3 k/s. Within the scatter of the data,
the lid zone may be absent. This thinner lithosphere proposed for the
Western Snake River Plain is consistent with observed heat flow.
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ABSTRACT

Observed seismograms and dispersion data for crust and mantle

higher mode surface waves in the Great Basin are compared with theoretical

seismograms and dispersion curves computed for the GREAT BASIN model

of Priestley and Brune (1978). This structure was originally derived

from fundamental mode surface wave and refraction. data. Phases identified

as Sa [T - 13 sec] are observed to have a phase velocity of 4.50 ±0.03

km s-1 Crustal 2nd Raylei-' mode (first shear mode) waves have predomi-

nant periods varying from about 5 seconds on some paths to about 8 seconds

on others.

The observed excitation and phase velocity of the Sn phase are

In agreement with theoretical seismograms and computed phase velocities

for a modified GREAT BASIN model. The agreement provides added support,

in an unexpected way, for the existence of a mantle lid of velocity

about 4.5 km s1 in the Great Basin.

The crustal higher model group velocity observations, iLe., the

predominant periods of the 2nd Rayleigh mode along various paths, reflect

variations in crustal thickness within the Great Basin. Crustal

thicknesses of approximately 25 km are indicated for some paths in

northwes tern Nevada and southeastern Oregon whereas crustal thicknesses

of greater than 35 km are indicated for east central Nevada. The

crustal thickness of 35 km in the GREAT BASIN model is probably most

appropriate for the central part of the Great Basin.

.... ..
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INTRODUCTION

In a previous paper (Priestley and Brune, 1978), fundamental mode

surface wave dispersion was measured for a number of paths in the Great

Basin of Nevada and western Utah. Using this data and existing

refraction data, an average structural model was derived for the Great

Basin. This model, referred to as the GREAT BASIN model, has a 3-layer

crust of thickness 35 kin, an upper mantle lid of shear velocity 4.5 km/sec

and thickness 29 kmn, and an extreme low velocity layer of shear velocity

about 4.1 km/sec and thickness about 120 km (Table 1). The pronounced$ low velocity zone in this model is similar to that found by Knopoff

and Schlue (1972) for the East African Rift. This result supports the

conclusion that the Great Basin is a zone of rifting.

Some of the questions that are suggested by the Priestley and Brune

(1978) result are:

1. How much variation in crustal thickness occurs within

the Great Basin? Some evidence for such variations,

based on observed fundamental mode surface wave

dispersion was discussed in their paper.

2. How certain is the existence and proposed 30-km thickness

of the upper mantle lid of shear velocity 4.5 km/sec?

This is an interesting question because of suggestions

that in zones of rifting, the low velocity zone may

extend to the crust and thus a lid over the low velocity

zone, typically found in more stable areas, might not be

present.
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To help answer these questions we have searched for higher mode

surface wave data which might provide independent evidence concerning

the structure of the Great Basin. For certain aspects of earth structure

higher mode data can often provide better resolution than fundamental

mode data.

We present results for two types of higher mode data (Figure 1):

1. Sa propagating between the stations Reno and Tonopah from

earthquakes off the coast of Oregon and Washington: Since

this phase is travelling in the upper mantle its velocity

might provide a constraint on the lid velocity.

2. 2nd Rayleigh mode (1st shear mode) surface waves propagating

along a number of paths within the Great Basin: This mode

has a steep group velocity curve near the period of

crustal resonance. The period of this steep part of

the curve is readily measured and is directly proportional

to the crustal thickness (Oliver and Ewing, 1958) thus it

can be used as a straightforward method of determining

average crustal thickness over a given path and of observing

variations in crustal thickness from path to path.

DATA

fa: We have observed a very clear Sa phase at REN and TNP from

earthquakes off the coast of Oregon and Washington at ranges between

1300 and 1700 km. Since the epicenters of the earthquakes used are

nearly in line with the stations REN and TNP, we have been able toI

measure the phase velocity of its predominant period by phase correlation



between REN and TNP. Figure 2a shows examples of this phase. It has

a predominant period of about 13 seconds (range from about 12-15 see)

and an arrival time about 20 sec later than the arrival time expected

for Sn. Its group arrival time corresponds to a group velocity between

roughly 4.0 and 4.5 km/sec. Because it consists of a group of relatively

long period energy, its group velocity cannot be determined as accurately

as its phase velocity. The phase velocity data, determined from

correlations of peaks and troughs between REN and TNP, is susmmarized

in Table 2. The estimated phase velocity at a period of 13 sec from$ 4 observations is 4.50 ±.03 km/sec. This result will be compared

with theoretical computations in the next section,

2nd Rayleigh Mode: The second Rayleigh mode is conuuonly observed

on long period vertical seismograms as a train of waves of relatively

slowly varying period extending from near the expected S-Wave arrival

time to the arrival of the long period fundamental mode Rayleigh wave.

Examples of second Rayleigh mode data used in this study are shown in

Figure 2b. Because the period changes slowly with time (i.e., the

dispersion is so great) it is often difficult to determine the slope of

the group velocity very accurately. However, for the same reason,

the period of the waves can be determined quite accurately. Theoretical

calculations show that the predominant period of the steep portion of the

group velocity curve is approximately proportional to average crustal

thickness (Oliver and Ewing, 1958), and hence is very useful in

determining average crustal thickness.

We have measured the predominant period of the crustal 2nd Rayleigh

mode for a number of paths in the Great Basin. The results are presented

LA,
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in Table 3. In some cases we were able to approximately estimate the

slope of the dispersion curve (i.e., we could observe definite dispersions

in the wave train) and in these cases we have indicated a range in

velocities and periods.

COMPARISON WITH THEORETICAL CALCULATIONS

To interpret the data presented above, we have made two types of

theoretical calculations for the GREAT BASIN model. First, we have

computed theoretical seismograms using a direct Wavenumber Integration

program developed by Apsel (1979) and the WKBJ method of Chapman (1978).

Second, we have computed phase velocity, group velocity and particle

motion diagrams using the normal mode program of Harkrider (1964, 1970).

Theoretical Seismograms: Using the Wavenumber Integration program

we have calculated theoretical seismograms for the GREAT BASIN model

over a range of distancer to illustrate the character of the theoretical

seismograms. In computing the theoretical seismcgrams we have assumed

a double couple point source corrected for Q0 assuming a value of 500

in the lithosphere and 115 in the low velocity zone (Brune, 1977; Jordan

and Sipkin, 1977) and corrected for instrument response for a Press-

Ewing 15-90 long period seismograph. These results are presented in

[, Figure 3. The overall character of theoretical seismograms are remarkably

similar to the observations in Figure 2a indicating that the GREAT BASIN

J model corresponds closely to the earth structure of this region.

The period and phase velocity of the Sa phase can be determined

directly from the theoretical seismograms using the same technique as

for the experimental data. The predominant period and phase velocity

4;'



of the Sa phase on the theoretical seismograms is 13 seconds and 4.51

lam/sec respectively, in excellent agreement with the period and phase

velocity of the observed Sa phases.

Theoretical Dispersion Curves and Particle Motion Diagrams for Sa:

Sa is typically observed as a pulse early in the surface wave train at

large ranges from 60*- 110* (for example, Brune, 1965; Schwab et al.,

1974; Kausel et al., 1977). our observation of a sharp arrival near the

beginning of the surface wave train with a phase velocity of 4.5 km s-1

and an apparent period of 12-15 seconds has led us to adopt the same

nomenclature from 10*-16*. However, in this distance range we shall

demonstrate that a ray theoretical approach for seismogram synthesis is

* the preferred method vis-a-vis the-modal technique competitive at the

larger ranges. Nevertheless, the concepts associated with modal synthesis

provide insight into the behavior of this phase.

To identify and interpret the particular higher modes contributing

to the observed data, we have computed higher mode phase velocity, group

velocity and particle motion diagrams for the GREAT BASIN model using

the normal mode computer program of Harkrider (1964, 1970) (Figures 4

through 6). The observed Sa phase consists of waves propagating with

predominant periods of 12-15 sec and with a phase velocity, early in the

Wavetrain, of 4.5 km s-1. This pulse may be thought of as the su per-

position of a number of higher modes covering a range of frequencies and

propagating with phase velocities of 4.5 km s~ and above. In factV from

the higher mode Rayleigh wave phase velocity curves (Figure 4) it can be

* seen that the observed phase is primarily composed of energy of the second

and higher Rayleigh modes. The phase velocity curves illustrated are
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reminiscent of the dispersion curves used by Kausel et al. (1977) in the

treatment of oceanic Sa. Figure 5 is the energy density vs. depth plot

for the third higher mode at 12.25 seconds period and pha'se velocity

4.54 km a-'. Peaks in the energy distribution occur in the mantle lid,

within the low velocity zone and in the 4.5 km s-' layer at the base of

the low velocity zone. For all the relevant modes, the "turning point"

occurs at depths of approximately 200 km and greater (Kausel et al., 1977).

"Turning point," of course, refers to the depth at which the vertical or

radial wave functions for a mode of given frequency and phase velocity( begin to decay in an exponential-like manner with increasing depth or

decreasing radius.

Effect of Variation in Thickness of Mantle Lid: If we look upon the

Sa phase as a sum of normal modes then we might expect, on the basis of

particle motion diagrams such as shown in Figure 5, that varying the lid

thickness might have a large effect on its character. On the other hand,

If we regard it as a refracted wave travelling in the upper mantle we

might expect the lid thickness to have litt le effect orn its character

since the wave turns at depths below the low velocity zone. Thus, although

the shape of the particle motion (or energy density) versus depth curves

might vary considerably as the lid thickness changes, the long period Sa

pulse, composed of a superposition of several modes, will be constructed

* j [ ~ in such a way as to preserve the character of the long period Sa phase as

* essentially a pulse of refracted energy turning in the upper mantle.

Theoretical seismograms calculated by Brune and Dormnan (1963) for

* their CANSD model clearly showed the long period Sa phase (predominant

period about 12 sec, phase velocity about 4.6 kin/s). On the other hand,

* their theoretical seismograms for the case when the low velocity zone
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was removed did not show this predominant pulse and hence they interpreted

the phase as a guided wave in the low velocity channel. However, in

their study the excitation of the various modes for a realistic source

was not computed, but the amplitudes were assumed constant as a function

of frequency for all modes. Thus they pointed out that their results

were somewhat artificial and hence they deferred a final interpretation

of this phase.

In the present study the true excitation of each mode is computed

using the Wavenumber Integration method. Figure 7 shows theoretical$ vertical component seismograms for Rayleigh waves at a distance of 17

degrees and an azimuth of 22.50 from the strike for a vertical strike-

slip fault for depths of 0, 5, 10, 15 and 20 km. The relative prominence

of the long period Sa phase increases as the depth of the source

increases. Between depths of 0 and 10 km the phase is strongly affected

by free surface interactions and can be regarded as a variation in the

excitation of various higher modes. The theoretical seismograms for

depths greater than 10 kmn, especially the one for a depth of 20 kmn,

compare favorably with the observed seismogram. The agreement is much

better than might have been expected since the actual travel path from

Vancouver Island to Tonopah, and in particular the ray turning point,

Is mostly outside the Basin and Range Province.

In order to investigate the effect of thinning the mantle lid we

computed theoretical seismograms for models in which the low velocity

zone is extended to shallower depths thus decreasing the lid thickness.

All other parameters in the model were fixed. Theoretical seismograms

for a source depth of 15 kmn and lid thicknesses of 29 km (the original
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thickness in the GREAT BASIN model), 15 km and 7 km are shown in Figure 8 at

an epicentral distance of 18% As can be seen, the character of the long

period Sa pulse is not greatly changed by thinning of the. lid. Although

small differences in the details of the synthetic seismograms are apparent,

the stability of the wavetrains in the face of substantial changes in the

lid thickness is striking. Inspection of the fundamental mode data in this

example, however, shows that thinning of the lid makes a large change in

the phase of the fundamental mode on the seismograms. Thus the phase

velocity of the longer period fundamental mode data provides a goad

constraint on the lid thickness, and of course is in agreement with a lidI thickness of 29 km.

Figure 9 illustrates a profile of seismograms for a source depth

of 15 km from 40 to 23% The prominence of the Sa phase is a strong

function of position along the profile and is mirrored by the variation

in the amplitude of the P wave. From this point of view, modeling Sa as

the shear body wave turning below the low velocity zone in the vicinity

* of the 400 km discontinuity appears promising.

Seismograms of two events off the Oregon coast recorded at Reno and

Tonopah are plotted with a profile of synthetic seismograms in Figure 10.

The synthetics were computed from a modified GREAT BASIN model illustrated

in Figure 11. The compressional velocity model is essentially the T7

structure of Burdick and Helmberger (1978). The shear velocity model was

constructed from the GREAT BASIN model except th at the variation of velocity

with depth is smoother and the upper mantle discontinuities are modeled

synteticseismograms were computed with the WKBJ method (Chapfntan, 1978)

adattenuation was modeled with a Futterman Q operator (Futterman, 1962)
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assuming a T* of 3.0. The synthetics were convolved with a 15/90 Press-

Ewing long period seismograph and a source function consisting of a double

couple vertical strike-slip event buried 15 km. The rays used included

S, sS and pS. The general character of the seismograms is well-modeled

by the ray theory although we only seek to argue that the observations are

consistent with the modified Great Basin or T7 structures. The individual

observations have been shifted, at most, a few seconds in time to provide

alignment with the synthetics. The secondary arrivals clearly seen in

the observations at less than 14 degrees are associated with the "reflection"

from the 400 km discontinuity (marked 400 in Figure 10). The initial

arrivals result'from a caustic formed by the increasing velocity below

the low velocity zone. It is important to note that the travel time curve

for the first rays to turn below the low velocity zone is retrograde.

Near the caustic this branich generates substantial amplitudes with a

phase velocity near the lithosphere lid velocity of 4.5 km s-1. As the

range increases beyond 14 degrees the pulse becomes considerably more simple

and the phase velocity increases.

The model used~ to compute the synthetic seismograms in Figures 3, 7,

8 and 9 was a coarse 12-layer analog of the original GREAT BASIN model.

Although the surface waves are accurately represented, the body waves are

quite complex because of the reverberations within layers and reflections

from the large discontinuities which result from the discreteness of the

model. Green's functions for the vertical components at 12* and 14* are

Illustrated in Figure 12. The source was a vertical strike-slip event

buried at a depth of 15 km and the displacement scale applies to both sets.

of synthetics for a source moment of 1025 dyne-cm. Although the amplitude

of the displacements are nearly the same, the Wavenumber Integration (WI)
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I synthetics are much more complex. Because of the expense of the Wavenumber

Integration technique and its unfavorable dependence on the number of

layers, we were unable to adequately represent the earth structure to

produce realistic body waves. The WKBJ synthetics, on the other hand, can

be economically exploited to synthesize the ground motion for this

particular problem.

In a laterally homogeneous earth model the observation of the Sa

phase at a velocity of 4.5 km s-1 implies that the lithosphere lid has a

velocity of approximately 4.5 km s- However, in this case the rays which

formed the seismograms turned under the Cascade ranges of the northwestern

United States and the implications are not as strong since the mantle

structure under the Cascades and in the Great Basin may well be different.

We may only assert that, given our interpretation of the Sa phase and

flat, homogeneous layers under the receivers, the lid velocity in the

Great Basin does not exceed 4.5 km s-1. The actual velocity could, in

fact, be slightly less. Table 4 details the modified GREAT BASIN structure.

Theoretical Dispersion Curves for Higher Rayleigh Modes and

Variations in Crustal Thickness: Figure 6 gives the higher Rayleigh mode

group velocity curves computed for the GREAT BASIN model. The GREAT BASIN

model has a 35-km thick crust and the predominant period of the crustal

second Rayleigh mode is 7 to 8 seconds. The observed data for the crustal

second Rayleigh mode is indicated by the short, heavy line segments. As

mentioned above, the predominant period of the steep portion of the group

velocity curve is approximately proportional to the average crustal

thickness along the path of propagation. We may approximately determine

the average crustal thickness for the observed paths by directly comparing
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the observed and theoretical predominant period of the crustal second

Rayleigh mode. Thus we obtain the estimated crustal thickness listed in

the third column of Table 3 and shown in Figure 13.

The observed variations in predominant period of the crustal higher

mode and the inferred variations in crustal thickness may be correlated

with the fraction of the travel path within the Battle Mountain heat flow

high. Five of the paths for which crustal higher modes were observed

cross this zone, an area of high continental heat flow trending north-

eastward from the vicinity of Reno across the northern Great Basin (Sass

et al., 1976). The predominant period for the Idaho-Reno path corresponds

to a crustal thickness of 37 kmi. This path crosses the Battle Mountain

high but includes a large section of path in the Snake*River Plain and

Oregon Volcanic Province. The Adel-Dugway and Adel-Tonopah paths (29.5 km

and 31 km average crustal thickness, respectively) cross the Battle

Mountain high but include portions of the volcanic province and areas of

more normal Great Basin heat flow. The two remaining paths in the

northern Great Basin, Adel-Reno and Winnemucca-Dugway (both 25 km

average crustal thickness), are nearly confined to the region of high

heat flow. Thus crustal thinning within the Battle Mountain heat flowI high is indicated by the higher mode data. This result is supported by

travel-time data from Nevada Test Site explosions through the same area

(Stauber and Boore, 1978; Priestley and Fezie, 1979).

The fundamental mode data of Priestley and Brune (1978) was confined

to the central Great Basin. The three remaining paths for which crustal

higher modes were observed (S.W. Utah-Reno, S.W. Utah-Tonopah, Bishop,

CA-Logan) indicate a crustal thickness near 35 km. These paths through

the central Great Basin agree with the crustal model of the GREAT BASIN

model.
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SUMMARY

1. Higher mode surface wave observations within the Great Basin

of Nevada and western Utah have been presented. These consist of an

Sa phase observed for a number of earthquakes located off the coast of

Oregon and Washington, and crustal higher modes for moderate earthquakes

located within the Great Basin.

2. The 4.50 ±0.03 k/s phase velocity of the Sa phase is in

excellent agreement with synthetic seismograms computed for the modified

GREAT BASIN structure. The observed phase velocity implies an upper

bound on'the shear velocity of the lithosphere lid but provides no

constraint on the lid thickness. The phase velocity of fundamental mode

Rayleigh waves remains the most important constraint on the lid thickness

of about 29 km.

3. The crustal higher mode data indicates there are significant

variations in the crustal thickness within the Great Basin. The funda-

mental mode data indicates an average crustal thickness of about 35 km

for the whole Great Basin, however, across the northern Great Basin (the

area of the Battle Mountain heat flow high), the higher mode Rayleigh

wave data indicate that the crust thins to about 25-km thickness.
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TABLE 1. Great Basin Model

Compressional Shear Wave
Layer Thickness Wave Velocity Velocity a., Densit~ P,

.H - kin a, kin/s km/s g/cm,

2.5 3.55 2.05 2.20

22.5 6.10 3.57 2.82

10.0 6.60 3.85 2.84

29.0 7.80 4.50 3.30

40.0 7.80 4.12 3.30

16.0 7.81 4.10 3.40

20.0 7.85 4.05 3.40

20078 .534
20.0 7.87 4.05 3.42

20.0 8.00 4.38 3.46

20.0 8.10 4.41 3.48

20.0 8.20 4.44 3.49

60.0 8.35 4.53 3.53

60.0 8.66 4.70 3.58

60.0 8.96 4.90 3.63

60.0 9.29 5.13 3.75

60.0 9.65 5.34 3.91

(60.0 9.97 5.53 4.05

100.0 10.31 5.76 4.21

100.0 10.71 6.03 4.40

100.0 11.10 6.23 4.56

11.35 6.31 4.63
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TABLE 3. Crustal Higher Modes

Even Pah PeiodEquivalent Crustal

Even Pah PeiodThickness

10141/67 S.W. Utah-Ren 7.0 sec 35 km

1/30/68 Winn.-Dug 5.0 see 25 km

5/29168 Adel -Dug 6.8 sec 34 km

Adel -TNP 6.7 sec 33.5 km

Adel -Ren 5.0 sec 25 km

6/ 4/68 Adel -Dug 6.7 sec 33.5 km

Adel -TNP 6.7 sec 33.5 km

Adel -Ren 5.0 sec 25 km

6/ 5/68 Adel -Dug 6.7 sec 33.5 km

Adel -Ren 5.0 sec 25 km

4/26/69 Boise-Ren 8.5-6.5 sec 37 km

10/ 4/78 Bishop-Log 7.0 sec 35 km
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Figure 1. Location map showing events analyzed and area studied; insert

shows the relationship of the paths for which data was analyzed.

Figure 2a. Seismograms recorded at Reno and Tonopah for an earthquake

off Vancouver Island. The Sa phase is shown as a pulse

preceding the fundamental mode Rayleigh wave arrival.

Figure 2b. Seismograms for regional Great Basin earthquakes. For the

Adel, Oregon earthquake seismogram recorded at Dugway, Utah,

the higher mode data analyzed are the relatively monochromatic

wave train preceding the fundamental mode Rayleigh wave. For

the central Idaho earthquake seismogram recorded at Reno,

Nevada, the crustal higher mode analyzed is the earlier

arriving dispersed wave train.

Figure 3. Synthetic seismograms at ranges of 12* and 14* computed the

Wavenumb~r Integration program. The source is buried at 15 km

and consists of a vertical strike-slipdouble couple. The source

time function is a triangle four seconds in duration and

the resulting seismogram has been convolved with a Press-Ewing

15/90 instrument response. The "Sa" phase can be particularly

clearly seen at a range of 14.

Figure 4. Rayleigh wave dispersion curves for the GREAT BASIN model.

'. The observed Sa phase corresponds to energy propagating

primarily as second and higher Rayleigh modes.

Figure 5. Energy density diagram for the third higher Rayleigh mode at

T - 12.25 sec and C = 4.54 km s- 1. The upper lobe is confined

primarily to the mantle lid.



Figure 6. Rayleigh wave group velocity curves for the GREAT BASIN

model. The group velocities observed for the crustal higher

mode data are indicated by short line segments.

Figure 7. The effect of source depth upon seismograms computed for the

GREAT BASIN model. The source is a vertical strike-slip

event and the source time function is a triangle four seconds

in duration. The seismograms have not been convolved with

an instrument response and have been plotted on the same

absolute scale.iFigure 8. The effect of lithosphere lid thickness upon seismograms

computed for the GREAT BASIN model. The lithosphere lid has

been thinned by increasing the thickness of the low velocity

zone.

Figure 9. A profile of synthetic seismograms from 4* to 23% The source

depth Is again 15 km and the pure Green's functions

are illustrated.

Figure 10. Synthetic seismograms: computed for the modified GREAT BASIN

model compared to a sample suite of observations from the

stations at Reno and Tonopah. The synthetics were computed

with the WKBJ algorithm and convolved with a Press-Ewing.1 15/90 seismograph response. The branches labeled "LVZ" and

"1400 km discontinuity" refer to "reflected" branches from the

increasing velocities below the low velocity zone and 400 kcm

"discontinuity" respectively.

Figure 11. The modified GREAT BASIN model used in computing the

synthetic seismograms in Figure 10.



Figure 12. A comparison of Wavenumber Integration (WI) and WKBJ seismograms

computed at ranges of 12* and 14. The Green's functions are

illustrated and the same absolute scaling has been used in

all four seismograms. WI synthetics were computed from the

coarse GREAT BASIN model while the WKBJ seismograms were

computed with the smooth modified GREAT BASIN structure.

Figure 13. Summary of 2nd Rayleigh mode dispersion results for average

crustal thickness along various paths in the Great Basin.
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