4.3-4.4 - Receiver Functions

 What are receiver functions?

* What can they tell us about the Earth from the crust to mantle scale?

 Case Studies.
* Hudson Bay
* Ethiopia
* Sierra Nevada
» Mantle Transition Zone...
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Receiver Functions — Overview

Receiver functions are time series, computed from three-component seismograms that
show the response of Earth structure beneath a station. The waveform isolates P-to-S
converted waves that reverberate in the structure beneath the seismometer.

Three-Component
Station
. . S
Receiver Function —— 1' Free Surface

S wave
PpFPhs
A
\ PpShs
| R
A [| PsPhs
i | I / i | WA,
— S |‘—*.|',~'—-\~,r---v—~ AN B, Velocity Contrast h
|| Peshs 7 77
C Ammon |

F wave

/7

PpPhs PsPhs FPp Fs
+
PpShe C Ammon

Modeling the amplitude and timing of the reverberations can provide valuable
constraints on the underlying geology (H, Vp/Vs). The main features of the structure
can be approximated by a sequence of horizontal layers and the arrivals generated by
each sharp boundary looks something sketch on the right.

http://eqseis.geosc.psu.edu/~cammon/HTML/RftnDocs/rftn01.html




Receiver Functions — an Overview

Teleseismic arrival — steep angle of incidence
beneath the station. Vertical component is
dominated by P phases; horizontal components are
dominated by converted S phases.

S: seismogram, STF': earthquake source-time
function, P: along-path effects,
I: instrument response, H: receiver function.

STF, P and I are common to all 3 seismogram
components. P-to-S phases *should* only be on
radial component.

Aim: to isolate the receiver function P-to-S
converted phases that carry information about the
station subsurface.

Recerver Function Computation

Isolate radial receiver function by deconvolving vertical component seismogram from
radial (SV) component (same procedure for tangential, SH component). In the
frequency domain:

H(w) =R(w) / Z(w),
Where w is the angular frequency 2xnf. Z(w) and R(w) are the Fourier Transforms of
the vertical and radial seismograms. This is the “source equalization approach” E.g.,

Ammon, (1991).

A similar equation can be written for the tangential component of motion, defining the
tangential receiver function.

This is a simple concept, but in reality, reliable implementation is difficult because of
the instability of deconvolution.




Water Level Deconvolution (Langston, 1979)

L Amplitude Spectrum with
water-level highlighted

Small or zero values of Z(w) cause numerical
problems in the calculation. There are several
approaches to avoid this problem, the simplest is the
ad hoc approach called water-level deconvolution.
(Langston, 1979)

Frequency Deconvolution includes a ‘water-level” parameter to
\ Amplitude Spectrum remove spectral holes, and the result is convolved
After water-level with a Gaussian filter G(w):

"N\

\ //. H(w) = [R(wW) Z*(w) / Z(W)Z*(w)] G(W).

Filtered

Frequency

Other Receiver Function Methods

Other methods include:

— Deconvolution in the time domain by least squares (e.g., Abers et al.,
1995).

Iterative deconvolution in the time domain (e.g., Ligorria & Ammon,
1999).

Multi-taper frequency-domain cross-correlation receiver function
(MTRF), Park & Levin (2000). MTREF is more resistant to noise so
better for ocean island environments, for example. This advantage is due
to the use of multitapers to minimize spectral leakage and its frequency
dependent down-weighting in noisy portions of the spectrum.

Helffrich (2006) further developed the MTRF method to focus on crustal

and transition zone structures - ETMTRF: Extended Time Multitaper
Frequency Domain Cross-Correlation Receiver Function Estimation.




What Receiver Functions can tell us about the Earth
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Case Study: Offshore Scottish Highlands

Comparisons with controlled source data

50 km

2 Asencio et al.,

Flgure 1. Location map of study area, showing (1) seismic stations (black squares); (2) (2003)
of deep profiles (eastern portion of DRUM and GRID-9 profiles

shown in bold); and (3) contour (dotted line) of unmigrated two-way traveltimes to top of W

reflector (contour interval 0.5 s).
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Figure 3. Correlation of radial component of receiver functions (as function of event back .
azimuth) at (A) ORE station with major reflectors on DRUM deep seismic reflection profile Asencio et al., (2003)
and (B) RRR station with major reflectors on GRID-9 deep seismic reflection profile. Vertical
scale is two-way traveltime in seconds.




Case Study: The Sierra Nevada
Using Receiver Functions to Understand
Lithospheric Foundering

Effect of batholithic root removal on Moho
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CCP Stacking
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Frassetto et al., (2008)

Calculate receiver
function stacks for all
stations along a dense
array; carry out
migration to convert
time to depth >
detailed images of
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Case Study: Imaging the Mantle Transition
Zone With Receiver Functions
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Discontinuities at ~410 km and

~660 km are strong enough to
easily be imaged using single-

station receiver functions and
profile-based migrated sections.
(Minor discontinuities also e.g.
~520 km)

Bulk Crustal Properties

» H-x stacking method of Zhu & Kanamori (2000).
 Crustal thickness and Vp/Vs (k) trade-off strongly.

N
S(H, K:) = Z’W1Tj(t1) -+ w27’j(t2) — w3rj; (t3)

W1 (0.6), W2 (0.3), W3 (0.1) are weights.
Vp may be constrained by refraction data.
s(H,x) should be a maximum at the correct H

and Vp/Vs.
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Bulk Crustal Properties H, Vp/Vs

Can relate Vp/Vs to Poisson’s ratio.

Quartz: 6 =0.09

Chevrot & Van der Hilst (2000)

Plagioclaise Feldspar: 6 = 0.3

The abundance of these minerals controls
bulk Poisson’s ratio for many rocks.

QGranite: 0.24
Diorite: 0.27

Gabbro: 0.30
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Thompson et al., (EPSL, 2010)




Case Study: The Ethiopian Rift
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Later arrivals at rift stations than plateau stations — crustal thickening.

Vp=6.25, VpVs=1.85, H=40.70 Vp=6.15, VpVs=1.90, H=32.02 Vp=6.25, VpVs=1.73, H=42.56

W. Plateau Rift Valley E. Plateau

* Vp/Vs higher in the rift than the plateaus. But lower to the E than to the W.

* Crustal thickness similar on the plateaus but (a little) thinner in the rift.




NN EARS - Home
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EARS

Earthscope Automated Receiver Survey

\/—If you use results from EARS, please cite our article in The Electronic Seisr t il v al Research Letters, Nov/Dec 2005

Search by Station Search by Earthquake
Browse the network list Find earthquakes:
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