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AMPLITUDE ATTENUATION AND INDUSTRIAL NOISE
ORIGIN IN THE EASTERN ALPS

W. LENHARDT and K. ARIC

A seismic model of the crust is presented, based on data evaluated by the ‘Alpine
Explosion Seismology Group’ (AESG). Information taken from the amplitudes are
denved. It is shown that the amplitude decay in this region can be simulated by introducing
a relatively low quality factor (Q) in the crust.

The resulting Q values appear to be relatively small since they include scattering
effects. Based on two different seismic phases, direct P-wave and Moho reflections, a crustal
model could be divided into an upper and a lower part. The upper crust showed relatively
constant absorption with Q at 6 Hz is about 90. In the lower crust a slight trend could be
observed, starting with <9=350 in the west and increasing to 550 inthe east. Geothermal sources
should be situated in the upper crust due to the lower Q at shotpoint F.

Industrial noise covered the range of signal frequencies. Most of the noise could be
attributed to agricultural machines and appeared to be monochromatic.

Keywords: seismic modeling, crust, quality factor, absorption, noise

1. Introduction

In September 1975 seismic measurements were carried out in Europe-
an cooperation on a long range profile (Alp 75) along the strike of the Alps
between France and Hungary [AESG, Reporter: H. MILLER 1976]. Fig. la
shows the refraction profiles 04 and 05 of ALP 75 with shotpoints D near
Innsbruck, E near Judenburg and F in Hungary and also the main tectonic
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units. Some technical data of the ALP 75 shots used in this study are given
in Table I.

Shot Type Elevation No. of Total charge
m charges (TNT), (<9

DL Lake 2250 K] 1500

2 Lake 2250 50 2500

El Lake 2050 0 1500

B Lake 2050 50 2500

Fl Boreholes 200 15 1000

2 Boreholes 200 K7J 2000

F3 Boreholes 200 60 4000

Table I. Description of shot points
/. tdblazat. A robbantépontok leirasa
Tabn. I. OnucaHve ToyeK B3pblBa

Seismic energies were observed up to distances of 500 km with a
MARS 66 recorder [BERCKHEMER 1970]. The equipment has a constant
transfer function starting at 2 Hz. The seismic records were bandpass
filtered from 2 to 30 Hz.

Intensive studies were carried out in seismic modelling based on
traveltimes [MILLER et al. 1977, ARIC et al. 1979]. A seismic model for
the East Alpine region published by ARIC [1981] was adapted and slightly
improved near the shotpoints and at the Moho, to fit the observed ampli-
tudes (Figs, la, Ib). For this purpose a ray tracing program [ARIC et al.
1980] was improved in order to include the computation of theoretical
amplitudes of first onsets and Moho reflections based on

ATheor ="0' ke mkz- ks mka

where
AQ0 amplitude at the shotpoint
ke geometrical spreading
kz  reflection and transmission coefficient
ks effect of free surface
ka absorption
During the computation of theoretical amplitudes and the evaluation
of the recordings, problems of seismic noise were encountered. Therefore,
the second part of this paper deals with the identification and problems
connected with the seismic noise [LENHARDT 1983]. Especially for the
determination of the main signal frequency of the first onset, we found that
noise spectra often covered the frequency range of the signal.
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2. First estimation of quality factor in the crust based on an
empirical law of amplitude decay

The evaluation of first onsets showed a remarkably constant decay of
amplitudes. Therefore, a first estimation of the seismic quality factor Q
[KNOPOFF 1964] based on a simplified crustal model (see Figs. 2 and 3)
was carried out [LENHARDT 1983].

0 50 100 150 200

Fig. 2. First estimation of Q=f(z) from
an amplitude decay of nr18 (km)

2. dbra. A Q=f(z) els6 kozelitése xr18
(km) amplitadécsokkenéssel

Puc. 2. MepBoe npu6nunxeHue

dhyHkumm Q=f(z) npn 3aTyxaHun
amnanTtyg X'18 (km)

Empirically we can approximate the observed amplitude decay by
A(x) =A0x~I8

which should also agree with the theoretical formula including both geo-
metrical spreading and absorption given by

A0
A(X) = s)

X surface distance from shotpoint (km)
a(x) depth-dependent absorption coefficient
S(x) length of ray path (km)
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a is related to Q by

o 2n
T 1-e~2aX

with X wavelength. In a lateral homogenous medium with constant gradi-
ent, the maximum depth of ray penetration is tied to the surface distance of
emergence by

|
\b

2() = )

z(x) maximum depth (km)
vo P-wave velocity at surface (km/s)
b gradient of the vo

hence a(x) as a function of depth can be described by the observation
distance a(x)~a(z). To find a variation of the absorption coefficient with
depth or distance, we can solve the problem iteratively by incrementing the
observation distance x (equivalent to the depth of penetration of the seismic
ray) taking into account the absorption which was computed from the
layers above.

Therefore

-In +2£ 9))/ (xjI* e~2Vy))
ti ti
Si

af

Xj surface distance (km)

S} ray path length in layer i (km)
sj ray path length in layerj (km)
aj absorption coefficient of layer;]

The factor 2 in the summation of the ray paths in the recently computed
layers refers to the down and upgoing ray. By introducing the simple model
for the crust with velocity of

v=\f +k-z\ Vj =6.00 km/s; £=0.04 1/s

z depth (km)
V average P-wave velocity (km/s) from z (km)
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and the initial condition where the first layer has a constant absorption and
velocity, we find the depth dependence of Q. Figure 2 shows the resulting
discrete function Q=f(z) using the dominant frequency of s Hz.

In the upper part of the model we get Q values less than 150. Since the
lower crust should show much higher values (Fig. 3), aray tracing program
was adapted to enable Q to be computed from a crustal model derived from
traveltimes observed in the East Alpine region. By using both of the first
onsets (refracted P-waves) and reflections from the Moho, it was possible
to divide the crust into an upper and a lower layer with constant Q. As a
result of three shotpoints at large distances from each other (distance about
220 km) a slight lateral change in Q becomes apparent (Fig. 3).

It can be stated that the upper crust has an almost constant Q of about
90. ARIC et al. [1980] introduced a low-velocity layer in the upper crust
near to shotpoint E to explain reflection onsets. This thin zone at a depth
between s and 12 km was interpreted by ARIC [1981] as the ‘Schieferhiille’
of the Austroalpine unit (PREY [1980], see Figs, la and Ib). This layer is
also supported by theoretical amplitudes which show their maximum in the
observed range between 60 and 90 km.

The absorption in the lower crust seems to be very much less, hence
the Q-factor is higher. We find Q values of 350 in the western part which
increase to 550 in the east shotpoint F. This result contradicts the usual
concept of low Q — high geothermal gradient. Therefore the source of heat
in Hungary has to be expected in the upper crust [ARIC et al. 1987].

Knowledge of the origin of seismic noise is interesting from several
aspects. First of all the design of a seismic array strongly depends on the
background seismicity. Further, if recorded data are disturbed by unwanted
stationary time series, the design of filters can be optimized by applying a
noise analysis. Practically all unwanted signals and time series are usually
understood as noise. Now we can differentiate between sources of natural
origin and those that are man-made. Whereas emitted time series of natural
sources are extremely broadbanded due to different mechanisms like tides,
wind and natural background seismicity, man-made noise in the near field
due to industry mainly lies between 2 and 50 Hz. Especially in this
frequency range we have to expect signals on the seismic long range
profiles.

The evaluation of industrial noise is determined and limited by am-
plification. Recordings in the near field (10 km) could not be used since
the signal to noise ratio was too high and a filter to remove the noise became
ineffective. Due to the amplification which is chosen for a good evaluation
ofthe first onset, the noise is simply covered by white noise from digitizing.

As a lower level of industrial noise an empirical amplitude of 104 cm/s
was chosen.
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3. Evaluation and identification of seismic noise

As mentioned above only a frequency range from 2 to 30 Hz can be
interpreted. Time intervals of 256 samples equivalent to 2.56 seconds were
analysed by FFT [COOLEY and TUKEY 1965] of each vertical component.
Since the amplitude decay approximately follows an exponential law we
have a short explanation on the distribution of noise amplitudes for the
profiles (Fig. 4).

The amplitudes of the seismic waves which were caused by the charges
fired by ALP 75, were comperable if they were weighted by x1 8 (km). Yet
Fig. 4 shows a signal to noise ratio exceeding 1.0 in about 100 km which
calls for effective filtering in the far field for that charge and geometry of
blasting. At distances up to 100 km first onsets and noise amplitudes can
have similar amplitudes (Fig. 4). It should be mentioned that any kind of
distributed shots (borehole, lake) produced similar signals and the fre-
qguency range always overlapped with that of the noise. A variation of signal

X(km)

Fig. 4. Noise amplitudes on both profiles and their increase due to distance weighting to ensure
that the amplitude of the first onset is constant. The dots are the observed noise amplitudes along
the profiles. The signal has a reference amplitude from 0.1 to 3. Minimum noise amplitude
belongs to MO'4 cm/s
4. dbra. Zaj-amplitidok a szelvényeken és novekedésiik az els6 beérkezések konstans
amplitadoéjat biztositva a tavolsag szerinti stlyozasnak megfeleléen. A pontok az észlelt
zaj-amplitadékat jeldlik. A jel referencia amplitidészintje 0,1-3. A minimalis zaj-amplitddé
MO'4 cm/s-nak felel meg
Puc.4. AMnnnTyga WymMoB No Npoduao 1 ee yBesIMYeHNEe COrNacHoO B3BELUMBAHMWIO NO
paccToAHWIO NPY COXPaHEHWN MOCTOAHCTBA aMNANTYAbl MepBbIX NOCTYMAeHNA. Toukamu
0603HaYeHbl HabMOAeHHbIE aMNANTYAbI WyMa. YPoBeHb aMNANTyfbl ONOPHOr0 cUrHana
0.1-3. MunHuUManbHasa amnauTyga wyma cootTBetTcTByeT 1104 cm/cek
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form by shot geometry and charge on a long-range profile seems to be
impossible due to the absorption of seismic waves in the earth.

Noise interpretation can be carried out only at distances greater than
10 km from the shotpoint. At smaller distances the amplification of the
equipment was usually very low in order to read the amplitudes. Similarly
MEISSNER and STEGENA [1977] (pp. 51-53) observed that a noise level of
104 cm/s limits the radius (10 km) of seismic observations around each
station.

Especially next to the Tauem window (Fig. 3), in absence of any
industry, only 16 2/3 Hz were observed but not completely explained. The
Austrian Railway usually uses this frequency otherwise it should not
influence stations at a distance of more than 10 km (Fig. 5). One feature
which appeared very soon was the strong amplification of low frequency
noise (2-5 Hz) in sedimentary basins as described STEINet al. [1967] and
PLESINGER and WIELAND [1974], in the same range of amplification of
factor 10. Extremely high absorption in sediments is the reason for the loss
of the higher parts of the frequency spectrum and the low frequency parts
of the seismic signature are enhanced due to resonance.

Low frequencies (4-6 Hz) are also produced by industrial organiza-
tions equipped with machines such as saw-mills (Fig. 5) which are very
frequent in the Alpine region. Other industries (coal mining, steel) cover a
frequency range from 2-6 Hz that is precisely the expected spectra from
blasts in the far field. Since the frequency content of the P-wavelet lies
between 5 and 6 Hz for P-waves at distances from 30 to 200 km, mono-
chromatic noise emitted by industry could be eliminated by using filters.

rel.frequency rel.frequency

dominating frequency in cps dominating frequency in cps

Fig. 5. Dominating frequencies of noise and their corresponding sources
5. abra. Dominans zaj-frekvenciak és a hozzajuk tartozé forrasok
Puc.5. loMnHMpyoLLMe 4acToTbl LWyMa U 0TBeYaloL e UM UCTOUYHUKN
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AMPLITUDOCSILLAPODAS ES IPARI ZAJOK EREDETE A
KELETI-ALPOKBAN

W. LENHARDT és K. ARIC

Az “Alpine Explosion Seismology Group” (AESG) altal kiértékelt adatokon alapul6
szeizmikus kéregmodell kertil bemutatasra. Levezetik az amplitiddkbol nyerheté infor-
mécidkat és megmutatjak, hogy az amplitidécsokkenés ezen a teriileten a kéregre vonat-
kozd, viszonylag kicsi Q faktor bevezetésével szimulalhatd.

Az eredmeénykeént kapott Q értékek alacsonynak bizonyultak mivel tartalmazzak a
szOrdédasi hatasokat. Két kiilonbézd szeizmikus fazisnak megfeleléen—direkt P-hullam
és Moho-reflexiok—a kéregmodell egy fels6 és egy also részre oszthatd. A felsd kéreg
viszonylag alland6 abszorpciét mutatott Q=9Q értekkel 6 Hz-nél. Az alsé kéregben egy
enyhe emelkedd tendencia figyelhet6 meg C=350-t61 Q=550-re, nyugatrol kelet felé
haladva. Az F robbantopontnal jelentkezd alacsonyabb Q-nak megfelelGen geotermikus

forras valdszin(i a felsd kéregben.
Az ipari zajok lefedték a jelfrekvenciak tartomanyat. A zajok legnagyobb része
monokromatikusnak bizonyult és mez6gazdasagi berendezéseknek tulajdonithato.

MPNYNHA SATYXAHNA AMNANTY A4 N MPOMBbILWAEHHBLIX LUYMOB B
BOCTOYHbIX ANBIMAX

B. NTEHXAPAT, K. APUK

Moka3blBaeTcA celicMMyeckasd Mofefb 3eMHOW KOpbl, OCHOBaHHaf Ha
WHTepnpeTaunn AaHHbIX, BbINOMHEHHOW (AESG). MpuBoaaTcs AaHHbIe, NOAyYaemble
no amnauTygam, M NoKasbiBAeTCA, YTO 3aTyxaHue amnianTyf Ha y4yacTKe XOpoLlo
CUMYNMpyeTCcs BBefeHWeM (hakTopa Q OTHOCUTENbHO HE6O/MbLION BeNNUYUHbLI, U
OTHECEHHOI K Kope.

MonyyeHHble B pe3ynbTaTe BeNMYMHbI Q OKasanucCb HU3KUMMKU B CBA3N C
BAMAHWEM Aaucnepcun. Mogenb KOpbl, COCTaBjeHHas Mo [BYM pa3HbiM BOHAaM
(npamas P BonHa v oTpaXKeHUs 0T NoBEPXHOCTU MOX0), pasfenseTcsa Ha BEPXHIOO 1
HUXHIOI0 4acTb. BepxHAs Kopa XapaKTepu3yeTcs MOCTOAHCTBOM abcopbumu npu
(?=90 Ha 6 ru. B HWXHel Kope OTMeYaeTcsa TeHAEHUMS cnaboro MoBbIWEHNS
3HavyeHns Q c 3anaga (>=350 Ha BoCTOK Q=550. CornacHoO HM3KMM 3HayYeHusaM Qy
TOUYKM B3pbiBA F B BepxHeli Kope MpeanofioraeTca Hanauume reoTepmMumyeckoro
NCTOYHMKA.

Ovnana3oH 4acTOoT CUrHanoB MepeKkpbIT WYMOM MNPOMbILIIEHHOTO
nponcxoxpaeHus. OCHOBHaf 4acTb LIYMOB OKa3anaCb MOHOXPOMAaTUYHON, W,
no-BUAMMOMY,CBA3aHa C PaboTON CeNbCKOXO03AMCTBEHHOW TEXHUKM.
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célok, uj, 6sszefoglald jellegli anyagok osszeallitasa, eladas, nem jarulunk hozza. Az
egyedi kéréseket kérjiik a szerkesztének cimezni. Nem szamolunk fel dijat a kiadvanya-
inkban szerepl6 abrak, tablazatok, rovid idézetek mas tudomanyos cikkben vagy kényv-
ben valé Ujrafelhasznalaséért, de az idézés pontossagdt és a forras megjeldlését
megkivanjuk.









