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Abstract

Surface waves have been used to estimate velocity variations within the earth at different scales, from small scale site
characterization for engineering purposes to global tomography of surface waves dispersion data. Generally group
velocities of surface waves along the bath from epicenter to recording give the average structure along the bath. In this
study, dispersion parameter extracted from surface wave waveforms where inverted for crustal structure with great
success, using least square inversion technique. Group velocity at 10, 15, 20, and 30s periods were obtained and
mapped. Group velocities of Rayleigh waves vary between 2. 229-2.768 km/s in 10s period, 2.461-2.857 km/s in 15 s
period, 2.581-2.944 km/s in 20s period and 2.789-3.656 km/s in 30s period accordingly. The group velocities agree well
with expected low group velocity values of the Mesopotamia, they seem to reflect clearly the effect of thick sediment of
the study area. Results are shown in 2D and 3D representation and generally agree with known or expected results from

available models derived from global or regional geophysical studies.

1. Introduction

Surface wave signals are generally the strongest arrivals
recorded at teleseismic distances. They provide some of
the best constraints on the earth's crust and upper mantle
structure. Their waveforms are more complicated than
body waves. They travel more slowly and decay less
with distance than body waves and they are dispersed.
Interpreting surface-wave dispersion measurements
provides an important method for determining the shear-
wave velocity variation in the earth. Modern studies of
surface waves and their application in structure
interpretation were propelled by (1) matrix formulation
of the multi-layered system period equation, which made
possible rapid, accurate computation of dispersion curves
for complex earth models, (2, and 3).

The modern use of seismic surface waves for studying
crustal and upper mantle structure started in the 1950s.
Several studies on observations of surface waves are
available for both global and regional models. Regional

surface wave studies of the crust and upper mantle were
reviewed by (4) presented surface wave dispersion for
different tectonic provinces. (5) Provided an overview of
how surface-wave data from earthquakes are analyzed to
infer details of the earth structure over particular
propagation paths.

Experimental methods for measuring surface wave
dispersion, including the Fourier phase methods, the time
correlation method, the band-pass filtering method, the
group delay time method, and various digital moving
window techniques, were described by (5). Dispersion
data derived for paths that traversed the study area
(Latitude: 33 -380IN , Longitude 40 -4500E ) were
obtained from the recent deployment of 10 seismic
stations in central and northern Iraq, North of Iraq
Seismological Network (NISN), (6), and 2 seismic
stations from International Research Institute of
Seismology ( [RIS) Figure (1).
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Figure (1) showing cover the area of the present

Eighteen seismic paths from seven seismic events
recorded by the NISN (4 events) and IRIS (3 events)

provided coverage to the study area, in North and North-
Western part of Iraq (Latitude: 33-380IN, Longitude 40-

234



First Scientific College of Science ,University of Tikreet

4500E); multiple filter technique (7, 8) was used to
extract Rayleigh wave group velocities from dispersed
wave field along the traversed paths.

2. Dispersion in surface Waves

Dispersion is observed in the frequency dependent travel
times of surface waves, resulting from the increase of
velocity with depth. In general, short period surface
waves travels slower than long period waves. Long
periods are more sensitive to the faster velocities found
deeper in the earth. Both Love waves and Rayleigh
wave’s exhibit dispersion and are used to estimate shear
velocity variations in the crust and upper mantle. In a
homogeneous elastic half-space with no damping,
Rayleigh waves propagate along the surface of the body
at a constant, frequency independent, phase velocity. In a
layered or vertically heterogeneous half-space different
frequency surface waves propagate with different phase
velocities and different wavelengths. Each harmonic
component of an observed signal has a velocity called
phase velocity, C ([]), defined by (9) as the instantaneous
velocity of the plane waves at a given frequency:

Clw) = el

k(w)
Where;
[} (The angular frequency) = 2 [If
f = frequency

k= wave number

For a given angular frequency ([ 1), C ([]) depends on the
medium parameters such as layer thickness (h), ([1)
density, shear and compress ional velocity wave
disturbances with wide spectrum of period interfere with
each other, producing constructive or destructive patterns
that influence the total ground motion.

3 Multiple Filter Analysis and Phase Match Filter
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The Multiple Filter Analysis performs extraction of
surface-wave group velocities and spectral amplitudes.
This process is done by filtering the input signal by
Gaussian filter, if we assume the dispersed single mode
surface-wave signal as:

L=

1 ale o
s(t)=— J A(w)eltir+dg,,
27 =

A filtered signal resulting from action of filter H ({]) of a
form like

— ot -0y’
H(w)=¢ .

g0=o— | Al@)H@)et5*)ds
2x =

Whose envelopes reaches maximum at the group velocity
arrival time. Searching for the peaks of the envelopes at
each period will map the dispersion ¢urves.

We generate phase-match-filtered (PMF) seismograms
from the original vertical components waveforms using
the do_mft program (10). This program uses the multiple
filter technique (MFT) (7) to plot the group velocity
curve for an event at single station. We pick the
fundamental mode dispersion curye from these plots
(Figure 2) and then use phasermatch-filter (PMF)
analysis (11) to generate the ¢orresponding PMF
waveform. Phase match filter is linear filter in which
Fourier phase of the filter is made|equal to that of the
given signal. The PMF waveforms jare preferable to the
original waveforms because they contain less noise and
allow for examination of only fundamental mode. The
PMF waveforms are then MFT |to obtain the final
dispersion curve, (12).
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Figure (2) Result of path from event 18 to Station KEKZ. Surface wave inversion technique.

4.Presentation of Surface Wave Group Velocity
Generally, surface waves dispersion provides good
indication of the shear wave structure of the crust.

In the ensuing sections we present group velocities for
Rayleigh wave paths across the study region, Table 1,
that are obtained from the Multiple filter analysis in a
three dimensional maps. Maps of Rayleigh waves are
created in period ranges between 10s to 30s.
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Table (1) Sample group velocity values observed in the study area at different periods.

Name Long Lat 10s 15s 20s 25s 30s
BHD11 43.4961 | 35.637 2.22931 | 2.46099 | 2.58094 | 2.76745 | 2.96984
BHD18 41.8283 | 35.802 2.235 2.468333 | 2.691 2.971 3.239
KDDAI12 | 44.01875 | 35.97295 | 2.37925 | 2.5449 2.79987 | 3.30367 | 3.6
KEKZ18 | 41.6839 | 37.15945 | 2.47838 | 2.6589 2.83788 | 3.064 3.27992
KESM12 | 44.70745 | 35.859 2.76825 | 2.85751 | 2.9444 | 3.14022 | 3.65618
KSBB11 | 44.1578 | 36.52055 | 2.69258 | 2.71556 | 2.65691 | 2.67258 | 2.85126
KSBB13 | 40.57455 | 35.1414 | 2.45225 | 2.54962 | 2.68439 | 2.97387 | 3.24101
KSBB18 | 42.49 36.68555 | 2.41291 | 2.55398 | 2.72821 | 2.9803 | 3.]19753
KSDI7 42.22965 | 33.4093 | 2.31316 | 2.53005 | 2.6367 | 2.79521 | 3.01313
KSJS13 40.39255 | 35.3689 | 2.44597 | 2.6019 2.75022 | 2.99616 | 3.27014
KSJS18 42.308 36.91305 | 2.46568 | 2.5782 2.74258 | 2.99532 | 3.22439
KSSS18 42.7535 | 37.0496 | 2.61683 | 2.68111 | 2.75909 | 2.94171 | 3.16673
KSWW13 | 40.35115 | 35.6953 | 2.52684 | 2.62932 | 2.79219 | 3.06308 | 3.24143
KSWWI18 | 42.2666 | 37.23945 | 2.54207 | 2.64466 | 2.74843 | 2.96551 | 3.19356
MALTO07 | 43.6138 | 35.97 2.71364 | 2.76232 | 2.71372 | 2.78552 | 2.87734
MALTO8 | 43.83085 | 35.2003 | 2.56577 | 2.61953 | 2.63444 | 2.59885 | 2.78861
MSL18 41.20955 | 37.35565 | 2.53132 | 2.68813 | 2.85909 | 3.10346 | 3.41336
max 44.70745 | 37.35565 | 2.76825 | 2.85751 | 2.9444 | 3.30367 | 3.65618
min 40.35115 | 33.4093 | 2.22931 | 2.46099 | 2.58094 | 2.59885 | 2.78861

4.1 Group Velocity at 10 Seconds
Group velocity at a period of 10 seconds is affected by
the upper 10 km of shallow sediments and the shallow
upper crust. Figures (3) and (4) represent regionalization
of group velocity at 10 sec across the study region in two
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Figure (3) Lateral variations of Rayleigh waves group velocity at 10 sec (in ku’J /sec).
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a»

Figure (4) Three dimensional representation of Rayleigh wave group velocity at 10 sec in N-NW of Iraq (in
km/sec).

4.2 Group Velocity at 15 Seconds

At 15 sec, surface wave would have sampled the crust at
places deeper than the 10 seconds. At nearly 15 km
where the upper crust is sampled. Rayleigh wave
dispersion measurements at 15 sec are sensitive to
velocities in the upper 15 km or so and affected by
crustal velocity, and crustal thickness. Figure (5) and

Figure (6) represent regionalization of group velocity at
15 sec across the study region in two and three
dimensional displays. We notice lateral as well as
vertical variations in the group velocities. Generally, we
notice slow group velocities which probably reflect the
thick sedimentary section of Mesopotamia Valley.
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Figure (5) Lateral variations in Rayleigh waves group velocity at 15 sec (in km /sec).
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Figure (8) Three dimensional representation of Rayleigh waves group velocity at 20 sec group velocity in N-NW
of Iraq (in km/sec).

4.4 Group velocity at 30 seconds

At 30 sec, Rayleigh waves are sensitive to the whole
crust with noticeable sensitivity to the deeper parts of the
crust including upper mantle. Figures (9) and (10)
display the group velocity values in both two and three
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dimensional distribution. The group velocities observed
at 30 sec period ranges between 2.789 and 3.656 km/sec
and correspond with typical continental crust. The effect
of lower crust is clearly shown.

T 1 T T T
39 40 a1 42 43 44
Figure (9) Map of lateral variations of Rayleigh waves group velocity values at 30 sec period (in km /sec).
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Figure (10) three dimensional representation of Rayleigh wave group velocity at 30 sec in N
km/sec).

Conclusions

A recent deployment of ten, three components broadband
seismometers  throughout central, northen and
northeastern Iraq has provided an unprecedented set of
seismic data. Observed seismograms from regional
events are phase match filtered to isolate fundamental
mode of Rayleigh wave surface. Eighteen paths that
traversed the study area were chosen from seven
earthquakes that occurred within the region were
analyzed.

At a period of 10 seconds Rayleigh wave to be most
sensitive to depth of approximately 10 Km. Variations of
Rayleigh wave group velocity at 10 seconds period
(2.229-2.768)Km/sec compare well to the variation in the
sediments thickness in the region.

The group velocity variations at 15 sec period Rayleigh
wave dispersion (corresponding to approximately 15 km.
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