
Capítulo 3 ɀ Coda wave attenuation in the Parecis Basin, by Barros et. al., 2009 

Tese de Doutorado: Sismicidade, esforços tectônicos e estrutura crustal da ZSPG/MT ɀ IG - UnB. 50 
 

Capítulo 3 

 

Coda wave attenuation in the Parecis Basin, Amazon Craton, Brazil: sensitivity 

to basement depth 

 

Lucas V. Barros    < lucas@unb.br> 

Observatório Sismológico, Universidade de Brasília, 

70910-090 Brasília ï DF, Brazil, 

 

Marcelo Assumpção   <marcelo@iag.usp.br> 

IAG, Universidade de São Paulo, 05508-090, São Paulo ï SP 

 

Ronnie Quintero    < rquinter@una.ac.cr> 

OVSICORI-UNA, Universidad Nacional de Costa Rica 

 

Vinicius Martins Ferreira   < vinicius2002@gmail.com> 

Observatório Sismológico, Universidade de Brasília, 

70910-090 Brasília ï DF, Brazil 

 

Corresponding author: Lucas V. Barros 

Observatório Sismológico, Universidade de Brasília, 

70910-090 Brasília ï DF, Brazil, 

 

Key Words: 

Amazon craton ï Brazil; coda wave attenuation; Porto dos Gaúchos seismic zone. 

Article history: 

Article submitted to Journal of Seismology on April 8, 2009  

Under revision: from October 01, 2009 

Revised version: January 8, 2010 

lucas@unb.br
mailto:marcelo@iag.usp.br
rquinter@una.ac.cr
vinicius2002@gmail.com


Capítulo 3 ɀ Coda wave attenuation in the Parecis Basin, by Barros et. al., 2009 

Tese de Doutorado: Sismicidade, esforços tectônicos e estrutura crustal da ZSPG/MT ɀ IG - UnB. 51 
 

Abstract 

 

Small local earthquakes from two aftershocks sequences in Porto dos Gaúchos, Amazon 

craton - Brazil were used to estimate the coda wave attenuation in the frequency band of 1 to 24 Hz. 

The time-domain coda-decay method of a single backscattering model is employed to estimate 

frequency dependence of quality factor (Qc) of coda waves. Qc values have been computed at central 

frequencies (and band) of 1.5 (1-2), 3.0 (2-4), 6.0 (4-8), 9.0 (6-12), 12 (8-16) and 18 (12-24) Hz. The 

independent frequency model approch is used for the calcualtion of the geometrical attenuation ( ), 

effective attenuation (Qe) and geometrical spreading ( ) parameters. 

Five different datasets were used according to the geotectonic environment as well as the 

ability to sample shallow or deeper structures, particularly the sediments of the Parecis basin and the 

crystalline basement of the Amazon craton. The coda quality factor was modeled using QC = Q0f. For 

the Parecis basin Qc = (98±12)
)08.014.1(

f ; for the surrounding shield Qc  = (167±46)
)04.003.1(

f ; and for 

the whole region of Porto dos Gaúchos Qc  = (99±19)
)02.017.1(

f . 

We found for the cratonic zone  = 0.014; Qe
-1 

= 0.0001,  å 1.12; for the basin zone with 

sediments of 500 m:  = 0.031, Qe
-1 

= -0.0003,  å 1.27 and  = 0.047, Qe
-1 

= -0.0005,  å 1.42 for the 

Parecis basin with sediments of 1000 m. 

Analysis of the attenuation factor (Qc) for different values of the geometrical spreading 

parameter, indicated that an increase of geometrical parameter generally causes an increase in Qc, 

both in the basin as well as in the Craton. But the differences in the attenuation between different  

geological environments are maintained for different models of geometrical spreading.  

It was shown that the energy of coda waves is attenuated more strongly in the sediments than 

in the basement. Thus, the coda wave analysis can contribute to studies of geological structures in the 

upper crust, as the average coda quality factor is dependent on the thickness of sedimentary layer.  

 

3.1. Introduction 

 

Seismic attenuation plays an important role in studies of the earth structure, from which useful 

information on medium properties can be inferred. Determination of source parameters must take into 

account the proper attenuation characteristic of the wave path. Moreover, it is essential to seismic risk 

studies and seismic hazard assessment, and consequently to seismic risk mitigation. In the last three 

decades different studies in many parts of the world have used coda waves from small earthquakes to 

determine local attenuation properties of the crust (e.g, Herrmann, 1980; Singh and Herrmann, 1983;  

Pulli, 1984; Ibáñez et al., 1990; Gupta et al., 1995; Dias and Souza, 2004).  

Coda waves from small local earthquakes are the superposition of backscattered body waves 

generated from numerous heterogeneities distributed randomly in the lithosphere (Aki, 1969; Aki and 

Chouet, 1975; Rautian and Khalturin, 1978). Therefore, the great variety of paths traveled by these 

scattered waves provides information concerning the average attenuation properties of the medium 

instead of just the characteristics of a particular path (Gupta et al., 1995). The attenuation of the 
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seismic waves in the lithosphere is highly frequency dependent and is caused by the combination of 

two effects: scattering and anelastic attenuation (Havskov et al., 1989) and it is difficult to separate 

each other, since both have similar dependence on t ravel time or distance (Aki, 1969; an d Havskov et  

al., 1989). Anelastic attenuation is strongly dependent of the tectonic environment as demonstrated in 

many studies carried out in different places of the world (e.g, Havskov et al., 1989).  

One factor that increases seismic hazard in intraplate regions is the low attenuation of seismic  

waves, which travels in more homogeneous medium than that of interplate regions. Thus, despite the 

low seismic activity in stable continental regions, the level of ground shaking caused by a moderate  

intraplate earthquake  reaches a larger area compared to similar magnitudes  in plate border areas 

(Nuttli, 1973). Moreover, because of the low seismicity, studies of seismic wave attenuation in stable 

continental interiors are rare, particularly in Brazil, due to poor coverage of seismic stations. In Brazil, 

only Dias and Souza (2004) and Carvalho and Souza (2006) estimated coda Q attenuation. They 

studied the seismogenic João Câmara area in NE Brazil, and suggested that the seismogenic fault is  

a boundary between two different seismic attenuation zones. Additionally, Souza and Michel (1998) 

have studied Lg coda Q attenuation in South America covering most of the continent.  

In the present paper, the single scattering model has been used to study the coda Q 

attenuation in Porto dos Gaúchos Seismic Zone (PGSZ) located in the Parecis basin, Amazon craton 

and the independent frequency model approch (Morozov, 2008) is used for the attenuation calcualtion.  

 

Fig. 3.1 - Simplified tectonic domains of the Parecis basin (modified from Bahia et al., 2007) with the sequence 

of WNW-ESE trending grabens and basement highs. The thick solid line (N60
o
E) in the Caiabis 

graben is the WSW-ENE fau lt from Leite and Saes (2003), extrapolated with dashed line towards the 

1998/2005 epicentral area. The red square indicates the study area shown in Fig 3.2. The stars indicate 

the epicenters of 1998/2005 and 1955 earthquakes, and the beach balls are the focal mechanism 

solutions for 1955 (Mendiguren and Richter, 1978) and 1998/2005 earthquakes (Barros et al., 2009).  

 

 PGSZ has one of the most expressive seismic activities in Brazil. Three of the 14 

largest intraplate earthquakes (magnitudes Ó 5.0 mb) reported in the Brazilian continental lithosphere 

occurred in PGSZ. This includes the largest earthquake of all stable continental interior of the South 

American plate, occurred on January 31, 1955, with 6.2 mb and VIII-IX inferred MM intensity, shown by 

the large star in Fig. 1 (Barros et al., 2009; Johnston, 1989). The other two occurred on March 10,  
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1998 (5.2 mb, MMI VI) and on March 23, 2005 (5.0 mb, MMI V) in the same seismic zone (shown by 

the small star in Fig. 3.1)  100 km NE of the 1955 epicenter. In this area a recurrent seismic activity 

has been observed since 1959, with several earthquakes occurring in subsequent years (Barros et al., 

2009).  

The economic development of this region in the last decades, increases the importance of 

seismic risk studies, inexistent for this area.  Estimates of attenuation coefficients are important for 

seismic hazard assessment. This attenuation study aims to contribute to future seismic source studies  

and to mitigate seismic risk in the region.  

 

3. 2. Tectonic setting and seismicity of the study area  

 

The Porto dos Gaúchos Seismic Zone (PGSZ) is located in the center north of Mato Grosso 

State, in the contact between the southern part of the Amazonian craton and the northern part of the 

Phanerozoic Parecis basin (Fig. 3.1).  

The study area (Fig. 3.2) includes the Precambrian basement of the Amazon craton,  

composed mainly by granitic/gneissic rocks, and Phanerozoic terrains with sedimentary rocks of the 

Parecis basin. The Precambrian basement of the Amazon craton belongs to the Rio Negro -Juruena 

geochronologic province with 1.8 to 1.55 Ga (Tassinari et al., 2000), with an important feature, the 

Caiabis graben of Mesoproterozoic age (~1.36 Ga, Leite and Saes, 2003, as shown in Fig.3.1). For 

simplicity, we will call the area outside the basin as ñcratonò. 

The main trend of the gravity anomalies  near the PGSZ is oriented in the NW-SE direction 

related to the Brasnorte gravity high (Fig. 3.1). However, the epicentral distribution of the recent (1998 

to 2005) seismicity correlates better with a series of ENE-WSW aeromagnetic lineaments near PGSZ 

which probably indicate major basement faulting during the geological evolution of this area (Barros et  

al., 2009). 

In Porto dos Gaúchos a recurrent seismicity has been observed since 1959 (MM Intensity IV -

V), two years after the arrival of the first settlements in that remote area of the Amazon forest. Since 

1980, with the installation of regional stations in the Amazon, seven events with magnitudes between 

3.5 and 4.4 were detected. On March 10, 1998, a 5.2 mb and MMI VI was detected. A local seismic 

network was deployed by the University of Brasília to study the aftershock activity (Fig. 3.2). This  

network, with up to seven 3-component stations, detected more than 2500 events until December 

2002 when it was deactivated.  
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Fig. 3.2 - Basement depth in the Parecis basin as obtained by Receiver Function techniques applied to local 

events (Barros and Assumpção, 2009). The solid line indicates the limit between the Amazonian 

craton and the Parecis basin (Barros et al., 2008). Triangles and squares denote seismic stations. 

Stations OLA2, FBO2, PDRB, and JAKB belong to 2005 seismic network (squares) and station FSJB 

belongs to both networks. All the rest (triangles) compose the 1998-2002 network. Stations ending in 

B are broad-band station (30 sec to 50 Hz) and the rest are short period 3-component stations (1 Hz-

100 Hz). 

 

On March 23, 2005, another shock occurred in PGSZ, with magnitude 5.0 mb and intensity V 

(MM). One week later five stations were installed to monitor the aftershocks. This time the stations 

could be installed closer to the known epicentral area. In three months, this network detected more 

than 3,500 micro-earthquakes. Hypocenters were located with a velocity model derived from a seismic 

refraction experiment (Barros et al., 2009).  

Focal mechanism studies of the 1955 earthquake by Mendiguren and Richter (1978) indicated 

a pure reverse faulting with P axis oriented roughly in SE-NW direction. Both the 1998 and 2005 

earthquakes sequences occurred in a single WSWïENE oriented fault zone with right-lateral strike-slip 

mechanisms suggesting compressional SHmax roughly in the E -W direction (Barros et. al., 2009; Fig.  

3.1). The epicentral zone for both the 1998-2002 (hereafter 1998 sequence) and 2005 sequences 

(about 6 km long) are indicated by circles and squares in Fig. 3.2. This figure shows the basement 

depth in the Parecis basin as obtained by Barros and Assumpção (2009) using Receiver Function 
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techniques applied to local events. It can be seen that the seismicity occurs in a basement high 

(PDRB station is located on an isolated granite outcrop within the basin). The sediment thickness 

increases from north to south up to about 1,400 m depth beneath FPOR station. The stations CMA, 

JAKB, OLAV and OLA2 delimit areas where the basement drops from about 300 m to 1,000 m depth.  

 

3. 3. Coda-Q method  

 

Coda wave of local earthquakes can be explained as backscattered S-waves from lateral 

heterogeneities distributed uniformly in the lithosphere (Aki, 1969; Aki and Chouet, 1975). The 

scattering is produced by irregular topography, complex surface geology, and heterogeneous elastic 

properties of the rocks, faults and cracks, which are more frequent near the surface and less in deep 

region (Kumar et al., 2005). This implies that the decay of coda wave amplitudes as a function of lapse 

time (time measured from the origin time) are similar to each other for different earthquakes in a given 

area, independently of the source and receiver locations (Biswas and Aki, 1984). The decay of coda 

wave amplitude with lapse time, according to Aki (1969), at a particular frequency, is only due to 

energy attenuation and geometrical spreading but independent of earthquake source, path 

propagation and site amplification. The attenuation of seismic waves is the sum of intrinsic and 

scattering attenuation, where in the first case the energy is converted in heat through anelastic 

absorption and in the second case it is redistributed through refraction, reflection and diffraction at  

random discontinuities present in a homogeneous medium (Kumar et al., 2005).  

After the advent of coda wave theory by Aki and Chouet (1975) and Sato (1977), many studies  

(e.g., Rautian and Khalturin, 1978; Herraiz and Espinosa, 1987; Kavamme and Havskov, 1989; Kumar 

et al., 2005) have shown that the coda Q factor increases with frequency through the relation 

Q(f) = Q0 

0
f

f
                                                          (3.1) 

where Q0 is the quality factor in the reference frequency f0, usually 1 Hz, and  is the frequency 

parameter, which is close to unity. These parameters vary according to the heterogeneities of the 

medium, seismicity, tectonics and geological features of each region (e.g, Jin and Aki, 1988 and 1989;  

Moncayo et al., 2004).  

Assuming single scattering from randomly distributed heterogeneities, Aki and Chouet (1975) 

showed that the coda wave amplitude at frequency  f and elapsed time from the origin, t, can be 

expressed as: 

A (f,t) = S(f)t-v  
t

fQ

f

e
)(

                                                       (3.2)  

Where S(f) is the source function at a frequency f,  is the geometrical spreading parameter and Q(f) 

the coda wave attenuation quality factor (Qc), representing the attenuation of the medium. S(f) is  

considered a constant as it is independent of time and radiation pattern. The parameter  can 

assume the values 1.0 (for body wave scattering), 0.5 (for surface wave scattering) and 0.75 (for 

diffusive waves). As coda waves are mainly S to S backscattered waves (Aki, 1981; Kvamme a nd 
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Havskov, 1989), the spreading parameter =1 is used in this study. However, as Aki and Chouet 

(1975) noted, the dependence of different envelopes on time are relatively insensitive to the  value. 

For most frequencies the estimates of Q(f) for = 0.5, 0.75 or 1.0 in the Kanto region differ by less 

than 20%. For PGSZ these estimates are in the range observed by Aki and Chouet (1975) for 

frequencies up to about 10 Hz as will be discussed later.  

Equation 3.2 is valid only i f the coda window begins at least after twice the S wave 

propagation time, 2(Ts-To),  to avoid the effects of direct S-wave in the coda window and to validate 

the assumption used in the model that receiver and source are very close (Rautian and Khalturin,  

1978). Or in other words, the scattering is not a function of the distance between receiver and source.  

Taking the natural logarithm of the equation 3.2 we obtain:  

 

ln A (f,t) + vln(t) = ln(S(f)) ɀ ʌÆÔȾQ(f) 

ln [A (f,t)t] = k ɀ bt, for v = 1                                                 (3.3)  

 

The above equation represents a straight line where Â Є ʌÆȾ 1Ã and k = lnS(f). Hence, Qc 

can be obtained from the slope of the linear regression of ]*),(ln[ ttfA  versus t, for a constant 

frequency. Then, in order to determine Qc the seismogram is initially narrow-band-pass filtered at  

different central frequencies. Qc is determined for each frequency band and lapse time window, as will  

be seen in the next section. For this the SEISAN package was used (Havskov and Ottomöller, 2008).  

 

3. 4. Data selection and analysis 

 

 The choice of data for analysis was preceded by a careful selection, of magnitudes, station 

locations, epicentral distances, outcrop geol ogy at the stations, and event depths. The duration 

magnitudes range from 1.2 to 3.4, and epicentral distances range between 1 km (JAKB and PDRB 

stations) to 72 km (JUAB station). The two earthquake sequences (1998 and 2005) were monitored by 

two different seismic networks. In the first case, the stations were installed further from the source and 

the network had a larger aperture (about 80 km), with stations installed in igneous outcrops of the 

craton (JUAB and SJOB) an in the Parecis basin (Fig. 3.2). Both networks used broadband (Güralp 

CMG-40T, 30 sec to 50 Hz) and short period 3-component sensors (S3000EQ, 1.0 Hz to 100 Hz).  
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Fig. 3.3 - Examples of unfiltered and band pass-filtered traces for two events recorded at different epicentral 

distances and depths. The first  recorded by station JUAB (a) in the craton (70 km distance) during the 

1998-2002 sequence, and the second recorded by the close station OLA2 (b) in the basin (8.5 km 

distant ) during 2005 seismic sequence. In each figure, the top trace is the original unfiltered signal 

where the three vertical lines indicate (from the left) origin time (To), window start (2(Ts-To)) and 

end of the coda window (2(TS-T0) + WIN). On top of first trace is shown the station code and event 

identification. The abbreviations are: H=depth (km); M=coda magnitude; TP = P onset time; TC = 

start of coda window (in sec) from the origin; WIN = window length; start = start of coda window in 

terms of S travel time, always = 2(Ts-To); F= central frequency in Hz; CO = correlation coefficient; 

and S/N=signal-to-noise ratio. The fitted envelope of each filtered segment is shown as a decay curve 

for each central frequency. 

 

Data was grouped by different geotectonic environments as well as the ability to sample 

structures at depths, depending on the event focal depth and the thickness of the sedimentary  

package at the station, which is shown to be a determining factor in the coda Q values. In this sense,  

the events could be divided into five different groups, as indicated in Table 3.1. 

The events of the 1998 sequence occurred with depths between 0 and 6 km, with the majority  

(70%) between 3 and 6 km. The event sequence of 2005 was shallower, the deepest reaching only 3 
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km depth. Therefore, the events of 1998 and 2005 seismic sequences should sample different  

volumes of the Parecis basin. 

To test the sensitivity of coda waves to the thickness of the basin sedimentary package, group 

C was divided into two subgroups: one composed by the six stations in the northern part of the abrupt  

transition in the basin depth (BAT, FJKB, FSJB, FBO2, FBON and PDRB), and the other composed by 

the six stations to the south of the transition (CMA, JAKB, OLA2, FANB, TAGL and FPOR) as shown 

in Fig. 3.2 and Table 3.1.  

 

Table 3.1. Distribution of the station groups A to E according to station geology. Last two columns show 

resulting Qo , ɖ and corresponding standard deviation (ů) fitted for all window lengths, as shown in Fig. 3.6. 

Group No. of 
Events 

Sequence Station 
Location 

Epicentral 
Range (km) 

Stations (Fig.2) Location QoÑů ɖÑů 

A 19 2005 Basin 1 - 10 
FBO2, JAKB, FSJB, 
PDRB and OLA2 

Basin 73±30 1.29±0.18 

B 28 1998 Basin 4 - 20 

BAT, FJKB, FSJB, 

FBON, OLAV, CMA, 
TAGL, FANB and 
FPOR 

Basin 110±30 1.10±0.13 

C 47 1998/2005 Basin 1 - 20 A + B stations Basin 98±12 1.14±0.08 

D 39 1998 Craton 35 - 70 JUAB and SJOB Craton 167±46 1.03±0.04 

E 86 1998/2005 
Basin and 
Craton 

1 - 70 all stations, C + D 
Basin and 
Craton 

99±19 1.17±0.02 

C1 47 1998/2005 
Northern 
Basin 

1 - 20 
BAT, FJKB, FSJB, 
FBO2, FBON and 

PDRB 

Northern 
Basin 

103±30 1.19±0.14 

C2 47 1998/2005 
Southern 
Basin 

1 - 20 
CMA, JAKB, OLA2, 
FANB, TAGL and 
FPOR 

Southern 
Basin 

78±23 1.17±0.14 

 
The method applied in this work can be resumed in five steps. An example of processing is  

shown in Fig.3.3 for two different events, one recorded by station JUAB (craton) in 1999 with 

epicentral distance of 70 km, and the other by station OLA2 (basin) in 2005, located 8.5 km from the 

epicentre.  

1. The traces are filtered using narrow band-pass, six-poles Butterworth  filters, at central frequencies F 

= 1.5, 3.0, 6.0, 9.0, 12.0 and 18.0 Hz, with bands of 1 -2, 2-4, 4-8, 6-12, 8-16 and 12-24 Hz, 

respectively;  

2. Measurement windows are defined, starting at twice the S-wave travel time (START=2.0 in Fig.3.3),  

with durations from 25s to 60s, in steps of 5s. Fig. 3.3 shows the results for a window length (WIN) of 

40s. The signal-to-noise ratio (S/N) of each window and central frequency is determined by the ratio of 

the rms  amplitude of the last five seconds of the window to the rms amplitude of 10 seconds of noise 

before the P-wave arrival. Windows with S/N less than 2 were discarded. 

3. For each central frequency, the amplitude of the coda envelope (A(f)) is determined and the 

regression line of equation [3.3] is fitted.  Qc is determined from the regression coefficients. The 

amplitude decay corresponding to the calculated Qc is shown in Fig.3.3 with the blue lines. The 

correlation coefficient (CO) of this regression is used as a quality check of the Qc. Only Qc obtained 

with CO better than 0.45 are used. For the first event in Fig.3.3, Qc for F=6Hz was not used (CO 

worse than 0.45). For the second event, frequencies of F= 9 and 12 did not have good enough 

correlation and were also discarded. 
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4. For each window length and central frequency, an average Qc is determined with all earthquakes for 

all stations of the group (with S/N>2 and CO better than 0.45).  

5. For each window length Q0 and ɖ are determined with eq. [3.1]. 

 

Fig. 3.4 - Plots of Qo (a) and frequency parameter  (b) with window length for groups A (2005 stations in the 

basin), B (1998-2002 stations in the basin),  D (stations only in the craton). 

 

Several tests with different thresholds for the signal-to-noise ratio (S/N) and the correlation 

coefficient (CO) were tried. S/N = 2 and CO = 0.45 represent a good compromise between rejecting 

too much data and getting a reasonable number of events to calculate the average Q for each group.  
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Table 3.2. Average Qc for each window length and central frequency. N is the number of Qc values used for the 

average and  is the standard deviation.  

(a) - Quality factor and standard deviation for the Parecis basin (group C) 

Nº 
Window 
Length 

1.5 Hz(1-2) 
vŎҕˋ 

N 
3.0 Hz (2-4) 
vŎҕˋ 

N 
6.0 Hz (4-8) 
vŎҕˋ 

N 
9.0 Hz (6-12) 
vŎҕˋ 

N 
12.0 Hz (8-16) 
vŎҕˋ 

N 
18.0 Hz (12-24) 

vŎҕˋ 
N 

1 25 150 ± 56 18 205 ± 86 62 443 ± 202 41 650 ± 442 12 830 ± 673 3 2263 ± 399 3 

2 30 198 ± 72 16 229 ± 79 58 487 ± 242 33 769 ± 492 11 1155 ± 798 4 2422 ± 460 5 

3 35 216 ± 76 20 251 ± 86 58 527 ± 284 27 1132 ± 319 13 1744 ± 932 11 2713 ± 566 8 

4 40 221 ± 72 31 249 ± 91 42 538 ± 253 17 1384 ± 458 21 1996 ± 820 22 3423 ± 687 33 

5 45 234 ± 84 30 251 ± 90 34 665 ± 346 23 1494 ± 549 23 2133 ± 692 32 3269 ± 581 43 

6 50 228 ± 74 24 254 ± 82 24 741 ± 323 17 1601 ± 354 21 2263 ± 356 27 3367 ± 753 47 

7 55 229 ± 71 22 263 ± 90 20 895 ± 366 17 1601 ± 351 20 2201 ± 294 24 3119 ± 515 33 

8 60 210 ± 55 21 248 ± 73 14 887 ± 334 15 1566 ± 340 17 2138 ± 283 20 2979 ± 277 25 

 
 

The functional formula Qc=Qof
n
 for each window length is:     

1)  (79±16)f
(0.96±0.12)

;       2)  (91±25)f
(0.97±0.16)

;      3)  (90±29)f
(1.09±0.17)

;     4)  (92±32)f
(1.2±0.15)

;   

5)  (101±33)f
(1.18±0.14)

;     6) (102±31)f
(1.2±0.12)

;      7)  (113±30)f
(1.16±0.11)

;   8)  (110±27)f
(1.16±0.11)

. 

 

(b) - Quality factor and standard deviation for the Amazon craton (group D).   

Nº 
Window 
Length 

1.5 Hz(1-2) 
vŎҕˋ 

N 
3.0 Hz (2-4) 
vŎҕˋ 

N 
6.0 Hz (4-8) 
vŎҕˋ 

N 
9.0 Hz (6-12) 
vŎҕˋ 

N 
12.0 Hz (8-16) 
vŎҕˋ 

N 
18.0 Hz (12-24) 

vŎҕˋ 
N 

1 25 145 ± 49 12 377 ± 73 11 769 ± 179 13 1132 ± 162 20 1528 ± 284 24 2241 ± 342 33 

2 30 145 ± 47 10 523 ± 67 6 841 ± 158 11 1325 ± 244 23 1629 ± 307 22 2542 ± 400 33 

3 35 155 ± 37 9 673 ± 91 5 979 ± 271 14 1337 ± 273 17 1830 ± 381 23 2593 ± 416 28 

4 40 177 ± 24 7 683 ± 85 3 1101 ± 257 14 1632 ± 360 21 1959 ± 395 23 2699 ± 465 28 

5 45 199 ± 57 6 815 ± 143 2 1240 ± 375 10 1739 ± 421 18 2127 ± 475 21 2804 ± 542 28 

6 50 228 ± 69 5 886 ± 0 1 1349 ± 308 5 2095 ± 450 13 2428 ± 580 18 2958 ± 457 22 

7 55 225 ± 20 4 1220 ± 0 1 1343 ± 362 2 2225 ± 687 7 2692 ± 688 16 3280 ± 610 23 

8 60 240 ± 0 2 0 ± 0 0 1527 ± 361 2 2074 ± 622 5 2990 ± 822 16 3424 ± 644 21 

 
 

The functional formula Qc=Qof
n
 for each window length is:  

1) (105±9)f
(1.07±0.04)

;    2)  (113±21)f
(1.09±0.07)

;   3) (133±34)f
(1.05±0.1)

;  4) (158±41)f
(1.02±0.1)

; 

5) (183±52)f
(0.98±0.11)

;  6) (205±68)f
(0.97±0.12)

;   7) (203±76)f
(1±0.13)

;     8) (220±105)f
(0.99±0.15)

. 

 (c) - Quality factor and standard deviation for the region (group E).  

Nº 
Window 
Length 

1.5 Hz(1-2) 
vŎҕˋ 

N 
3.0 Hz (2-4) 
vŎҕˋ 

N 
6.0 Hz (4-8) 
vŎҕˋ 

N 
9.0 Hz (6-12) 
vŎҕˋ 

N 
12.0 Hz (8-16) 
vŎҕˋ 

N 
18.0 Hz (12-24) 

vŎҕˋ 
N 

1 25 148 ± 53 30 220 ± 99 73 493 ± 243 54 886 ± 567 32 1397 ± 659 27 2242 ± 341 36 

2 30 173 ± 66 26 242 ± 94 64 544 ± 286 44 1074 ± 634 34 1532 ± 579 26 2525 ± 404 38 

3 35 192 ± 66 29 264 ± 103 63 626 ± 369 41 1239 ± 324 30 1802 ± 643 34 2619 ± 443 36 

4 40 211 ± 64 38 260 ± 105 45 699 ± 398 31 1498 ± 453 42 1977 ± 632 45 3048 ± 673 61 

5 45 227 ± 79 36 261 ± 104 36 773 ± 443 33 1593 ± 536 41 2130 ± 615 53 3068 ± 616 71 

6 50 228 ± 72 29 261 ± 93 25 825 ± 396 22 1759 ± 448 34 2326 ± 452 45 3225 ± 677 69 

7 55 228 ± 65 26 274 ± 106 21 928 ± 387 19 1726 ± 463 27 2374 ± 487 40 3183 ± 558 56 

8 60 213 ± 55 23 248 ± 73 14 933 ± 373 17 1658 ± 417 22 2448 ± 607 36 3167 ± 489 46 

 
 

The functional formula Qc=Qof
n
 for each window length is: 

1) (69±13)f
(1.17±0.09)

;      2)  (77±16)f
(1.18±0.1)

;      3)  (88±19)f
(1.17±0.1)

;    4)  (98±26)f
(1.18±0.11) 

; 

5) (108±30)f
(1.17±0.11)

;    6) (111±33)f
(1.18±0.11)

;  7)  (118±31)f
(1.16±0.11)

;  8)  (112±30)f
(1.18±0.11)

. 

 

 
3.5. Results 

 

 Quality factors were estimated for five different datasets, each one representing a particular 

configuration of stations in relation to the seismic sources (Table 3.1 and Fig.  3.2). Datasets A and B 

aim to evaluate the effects  of the network aperture and average event depth  in the estimates of coda 

waves Qc; Datasets C and D  sample two different areas: Parecis basin (dataset C) and craton 

(dataset D). The average Qc for the whole region was obtained using dataset E (C + D).  The results 
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for the basin, craton and the whole region are presented in Tables 3.2a-c, for the six central 

frequencies and eight lapse time windows.  

Fig. 3.4 shows the differences in the behaviour of the coda waves for different windows 

lenghts. Groups A and B (basin stations for small and large apertu re networks of 2005 and 1998) 

show similar behaviour and the results show no significance dependence on windows lengh, given the 

uncertainties in Q0 and ɖ. However, without considering dispersion, Q0 to  group B doubles in relation 

to group A, almost for all windows length. Probably due to the fact that group B samples deeper 

structures, and in this case, besides shallow sediment also basement of Amaz on craton, unlike group 

A that samples mainly shallow basin sediment. Group D (stations in the craton) shows a t rend of 

higher Q0 compared to basin stations (groups A and B). The increase in Q0 in cratonic area should be 

related to deep penetration of seismic waves in Earth parte where rocks are more homogeneous and 

consequently with low attenuation (hight Q0). This suggested that attenuation is stronger (lower Q) for 

the groups that sample predominantly basin areas.  

To further investigate the sensitivity of the coda waves to the depth of basement top in the 

Parecis basin (i.e., sediment thickness) we divided the basin stations (group C = A + B) into two 

subgroups: C1 sampling the shallower (northern) part of the basin, and C2 sampling predominantly 

the deeper (southern) part of the basin. Groups C1 and C2 are on opposite sides of the abrupt change 

in basement depth (Fig. 3.2).  

Despite the large uncertainties, the stations in the deep part of the basin (C2) confirm the 

trend of stronger attenuation (lower Q) compared with shallower basin (C1) or cratonic stations (D).  

Fig. 3.5 shows that Q0 increase with window length for subgroup C2 (stations on the deeper 

parte of the basin) and no systematic behavior presents for stations on shallower basin. Given the 

uncertainties in Q0 and ɖ we estimated the representative attenuation coefficients by taking the 

average of the Qc measurements for all eight window lengths, as show in Fig 3.6 a-e. For each group 

the functional form Qc=Qo f  was fitted using the average Qc of the eight window lengths. The 

results for all groups are shown in Table 3.1. 
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Fig. 3.5 - Plots of Qo (a) and frequency parameter  (b) with window length for sub-groups C1 (six stations in 

shallow, northern part the of the basin)  and C2 (six stations in southern, deeper part of the basin). 

 

 

3.6. Discussion 

 

The estimates of the average quality factor for coda waves (Qc) for the five groups (Fig. 3.6 a-

e) are different, both with respect to the values of Q0, and the frequency parameter ɖ. This can be 

explained by the fact that each data group samples different volumes of the crust, due to the positions 

of stations in relation to the seismic source (hypocentral distance) as well as to their geotectonic  

environment. Thus, the lateral heterogeneities sampled by each group are different, and affect, 

therefore, in different forms the coda wave energy decay. 
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The most significant difference shown by our results concerns to the two main geotectonic  

environments sampled by the coda waves: Phanerozoic sediments of Parecis basin and the pre-

Cambrian basement of the Amazon craton. Moreover, the sedimentary basin thickens rapidly from 

north to south (Fig. 3.2). Depending on the position of the seismic station, the coda waves sample 

more sedimentary or more basement rocks, two contrasting environments in terms of density, seismic 

velocities and heterogeneities. All these factors affect differently the decay of the coda waves. In 

addition, stations more distant from the source sample deeper structures, and in this case sample 

predominantly the crystalline cratonic basement, where the rocks are denser, presumably more 

homogeneous and with higher seismic speed. This generally implies an increase in coda quality factor 

Q (lower attenuation) due mainly to a reduction in heterogeneities as observed by (e.g, Pulli, 1984).  

The results for groups A and B (Figs. 3.6a,b) confirm this. For group A (closer stations and shallower 

events) Qc= 29.1
73 f . For group B (more distant stations and deeper events) Qc= 10.1

110 f . Therefore,  

different  structures contribute to the differences observed in the coda wave frequency dependence,  

because of the different station distances and focal depths. The increase in Q0 could be explained by 

the decrease in heterogeneities with depth. The results for the basin area (group C = A + B, see Table 

3.1), Qc=98
14.1

f , and the craton (group D), Qc=167
03.1

f , can be explained in a similar way.  

The effect of the thickness of the sedimentary layer in the coda wave attenuation is more clear 

if we compare the Qo and the frequency parameter ɖ from subgroups C1 (northern stations) and C2 

(southern stations), as shown in Table 3.1. For the shallower,  northern part of the basin  Qc = (103 

±30)
14.019.1

f  and for the deeper, southern part Q=(78±23)
14.017.1

f . This shows that the energy of 

coda waves is attenuated more strongly in the sediments than in the basement. Thus, coda waves 

could be used to help characterize geological structures in subsurface as the coda Q is highly affected 

by the sedimentary layer thickness. 

The differences between Qc in sedimentary and basement environments are more 

pronounced in low frequencies, as can be seen in Fig. 3.7 for the craton (group D) and the southern 

part of the Parecis basin (group C2); which is thicker (see Fig. 3.2). The larger Q0 (167) in the craton 

compared to the lower Q0 (78) in the deep basin can be interpreted as due to a more homogeneous 

medium of the cratonic basement rocks.  
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Fig. 3.6 �± Qc(f) for all data groups with fitted relationship Qc = Q0f . Data points refer to the eight windows 

lengths (WL). (a) group A (2005 stations in the basin) Qc=73 ; (b) group B (1998-2002 stations 

in the basin), Qc=110 ; (c) group C (stations A + B) , Qc=98 ; (d) group D (stations in 

the cratonic basement), Qc=167 , and (e) group E (all stations of both networks), 

Qc=99 .  R
2
 is the correlation coeffic ient. 

 


