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Mt. Whitney, California,




The tip of the iceberg...




EARS Best Estimate of Vp/Vs (2013/01/17 12:03:01 UTC)
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Abt et al., 2009

Negative Sp Phase
Interpretation
v MLD

" S];RZ’ID (LD) - Atlantic Margin, Maryland

Ps RF Amplitude  Epicentral Distance  Sp RF Amplitude  Epicentral Distance Shear Velocity
(Fraction of Direct-P) (degrees) (Fraction of Direct-S) (degrees) (km/s)
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VTV (CI) - San Andreas Fault

Ps RF Amplitude  Epicentral Distance  Sp RF Amplitude  Epicentral Distance Shear Velocity
(Fraction of Direct-P) (degrees) (Fraction of Direct-S) (degrees) (km/s)
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COP: Vp=6.42 K=1.85 #RFs=108 NWG31: Vp=6.5 K=1.72 #RFs=46
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time after P-arrival (s)

Arrivals vs. Ray
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arrival time of vertically incident
S-wave after P-wave

III Vp, Vs, K
l K=V,/V,

tPS=fO L dz
PVi(z) Vip(2)

Easy! Take the integral of the S-wave slowness
minus P-wave slowness



Within a layer of constant velocities

tPs = ATPS = AZ _ AZ
VS VP
H Vp, Vs
o

Find the expected arrival time for vertically traveling P and S
waves in layer with Vs=3.5 km/s, Vp=6.4 km/s, H=40 km.

40km 40km

fp, = - =1145-6.25s=5.1s
35km/s 64km/s




Within a |2 : : walocities




Arrival time of a non-vertically incident
Pds wave

IL /‘ Vp, Vs
l ,

1 = [ (Vo) ? = =V, () - paz

D

Need to know Vp, Vs, and
of the incident P-wave



vertical component

5 of S slowness Vp, Vs, K
 vertical component

D ,  of P slowness

vertical
component of P =
slowness

vertical
componentof S =
slowness

Lps = fl(;\/VS(Z)_z -p° —\/VP(Z)_2 - p°dz

— 40%4/3.52-0.06% —\6.47 —0.06
=5.4s



we have done examples solving the
forward problem of calculating what
TIME a phase from a given depth
would arrive

Given depth, Vp, Vs, and p, we found t.

= [P V@ = P =V, -z



now we want to solve for what depth a
phase was produced depending on its
arrival time

with constant Vs and Vp that do not depend on depth
arrival time equation becomes:

 ps =Z(\/VS_2 _p2 _\/VP_2 _pz)

solving then for depth z

tPs

\/VS_Z D pz N \/Vp-z N pz

=<




we pick the arrival time of the Ps phase,
calculate p, and assume Vp, and Vs

tPS
\/Vs_z o pz _ \/Vp-z o pz
Pds arrival time =5 s, p = 0.06 s/km
and Vp=6.4 km/s and Vs =3.5 km/s

5
V35220062 -4/6.472 -0.06

=<

4



5
V352 -0.06% =642 -0.06>

4

Z =37 km

how sensitive Is this value of
Z to our assumptions?



Vary Vp to observe the SMALL effect on
crustal thickness estimates

Vp (km/s) K (Vp/Vs)|Vs (km)|p (s/km)|H (km)
6.10 1.73 3.53] 0.06 |40.12
6.14 1.73 3.55] 0.06 | 40.36
6.18 1.73 3.57] 0.06 | 40.60
6.22 1.73 3.60 0.06 |40.84
6.26 1.73 3.62 0.06 |41.08
6.30 1.73 3.64 0.06 |41.32
6.34 1.73 3.66/ 0.06 | 41.56
6.38 1.73 3.69 0.06 |41.79
6.42 1.73 3.711 0.06 |42.03
6.46 1.73 3.73] 0.06 |42.27
6.50 1.73 3.76/ 0.06 |42.50
6.54 1.73 3.78 0.06 |42.74
6.58 1.73 3.80] 0.06 |42.97
6.62 1.73 3.83] 0.06 | 43.21
6.66 1.73 3.85 0.06 |43.44




Vary Vp/Vs to observe the LARGE effect on
crustal thickness estimates

Vp (km/s) K (Vp/Vs) Vs (km) p (s’km) H (km)

6.40 1.70 3.76 0.06 43.67
6.40 1.72 3.72 0.06 4248
6.40 1.74 3.68 0.06 41.36
6.40 1.76 3.64 0.06 40.29
6.40 1.78 3.60 0.06 39.28
6.40 1.80 3.56 0.06 38.31
6.40 1.82 3.52 0.06 37.40
6.40 1.84 3.48 0.06 36.52
6.40 1.86 3.44 0.06 35.69
6.40 1.88 3.40 0.06 34.90
6.40 1.90 3.37 0.06 34.13
6.40 1.92 3.33 0.06 33.41
6.40 1.94 3.30 0.06 32.71
6.40 1.96 3.27 0.06 32.04

6.40 1.98 3.23 0.06 31.40



arrival time of vertically incident
PpPs-wave after P-wave

A A

Vp, Vs, K
K=V,/V,
D
t=f0 1 + 1 + L dz
"dry () Vo) Vi) V.(z)

tps=f0 1 + 1 dz
PVo(z) Vi(2)



as we saw for the direct Ps wave the
arrival time Is:

Lps = fDO\/VS(Z)_2 -p _\/VP(Z)_2 - p dz

following the progression explained for the
PpPs reverberation phase, its arrival time is:

Lppps = fz()) \/VS (Z)_z — p2 + \/VP(Z)_2 — pde

similarly the PsPs + PpSs arrival time is:

O —
ZLPSPS+PpSs = fD 2\/VS (Z) : — Pde




we pick the arrival times of the Pds, PpPs,
and PsPs+PpSs phases, calculate p, and
assume Vp, and Vs

16
= Zp,py
\V352-0062 +642-006> ] L.,
37.Tkm =z, p, :
21
) 5 = ZPSPS+PpSS l '
24352 —0.06

37.6km = < psPs+PpSs

Pds time =5 s, PpPs = 16 s, PsPs+PpSs time = 21
s, p= 0.06 s/lkm and Vp=6.4 km/s and Vs =3.5 km/s

PpPs 16

21



How do we account
376km = ZPSPS+PpSS

for these
37.Tkm =z, p, differences?

Are they all resulting from an
37.0km = < pg interface at the same depth?

Were the phases all picked
correctly?

Could we have made an incorrect
assumption?



keep Vp constant and vary Vp/Vs, each
system has a different behavior

< ps ZPPPS ZPSPS+PpSS
Vp (km/s) K (Vp/Vs) Vs (km) p (s’lkm) H (km) H (km) H (km)

6.4 1.70 3.76 0.06 43.7 39.7 40.6
6.4 1.72 3.72 0.06 425 394 401
6.4 1.74 3.68 0.06 414 391 39.6
6.4 1.76 3.64 0.06 40.3 38.8 39.1
6.4 1.78 3.60 0.06 39.3 385 387
6.4 1.80 3.56 0.06 383 382 38.2
6.4 1.82 3.52 0.06 374 379 378
6.4 1.84 3.48 0.06 36.5 376 373
6.4 1.86 3.44 0.06 35.7 373 36.9
6.4 1.88 3.40 0.06 349 371 36.5
6.4 1.90 3.37 0.06 341 36.8 36.1
6.4 1.92 3.33 0.06 334 365 357
6.4 1.94 3.30 0.06 32.7 36.2 353
6.4 1.96 3.27 0.06 320 36.0 35.0

6.4 1.98 3.23 0.06 314 357 346



Crustal Thickness vs. Vp/Vs
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Zhu and Kanamori, 2000



Zhu and Kanamori, 2000




NB201: Vp=6.52 K=1.76 H=39 #RFs=173

A




A Review: 3 Equations

- = L py
JVi*=p* =V,” - p’
_ Lppps
WV =pr eV = p?
LS PsPs

2\/V 2



Example: Arizona




33°15'N

Intrusive Rock Units

[ Tgc - Catalina granitic pluton

(] Tw/Twm - Wilderness granite suite

[C] Kgl - Leatherwood quartz diorite

] Yo/Yom - Oracle-Ruin granite suite
[

> (
LEMN a =5.0 Vp = 6.2 Vp/Vs = 1.86 Moho = 29km

26 28
depth km

31°562’ N
111°15° W
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19°E

-118°E A17°E

Relevant rock units

Period
Precambrian

Paleozoic

Mesozoic

Cenozoic

Type
Assorted

Metamorphosed
sedimentary/volcanic

Granitic

Serpentinized ultramafic

Metamorphosed
sedimentary/volcanic

Nonmarine sedimentary
Marine sedimentary

\olcanic

el
KCF = Kern Canyon fault
MFZ = Melones fault zone

HLF = Honey Lake fault
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Example:
Norway

Frassetto et al., Submitte|d 1000




BSD
Vp=6.38
H=29.0
K=1.88
#RF=104

1ime after P-arrival (s)
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EARS Best Estimate of Thickness (2013/01/17 12:03:01 UTC)
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EARS Best Estimate of Vp/Vs (2013/01/17 12:03:01 UTC)
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Schimmel and Paulssen, 199
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Interface Resolution
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"Long Valley

foundering root
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asthenosphere







