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NATURAL AND INDUCED SEISMICITY OF THE NORTHWEST BOHEMIA BROWN-
COAL DISTRICT AND THE ABJACENT ORE MOUNTAINS
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Germany

bezechoslovak Academy of Sciences, Bocni II, 14131 Prague, Cze-
choslovakia

Abstract: The seismic activity of the region is &nalysed on the
basis of recent microseismic observations. The significant diffe-
rence in the mean annual frequencies distribution to macroseismic
observations as well as the shallow depth explain to an induced
character of the recent microactivity in the vicinity of the
open-pit mines. In the energy-time history of the last 20 years
three phases characterized by a constant and gradual energy
release can be distinguished. Together with an increasing trend
of b-value a favourable state with regard to seismic risk may be
assumed.

Key words: microseismicity, macroseismicity, open-pit mine,
Northern Bohemia

1. INTRODUCTION

The area under study is situated in the Northwest Bohemian
brown-coal district (approximately within 50.5 - 50.7° N and 13.4
-13.8° E) on the boundary of the North Bohemian Basin to the Ore
Mountains crystalline anticlinorium.

In spite of a seismotectonic mobility of the region in the
past the recent macroseismic activity is very low; there had been
no macroseismic observations since 1910. However, a microseismic
activity 1is traceable by means of recordings of local seilsmic
stations.

The stability of high steep slopes is decreased by stripping
a 150 m thick overburden of the brown-coal seam in the basin
close by the foothills. Considering the extensive mining exploi-
tation one cannot exclude triggering landslides or rockfalls in
case of occurrence cf moderate local earthquake.

To investigate relationships between macro- and microseismi-
city and mining operations with regard to a possible risk factor
a systematic observation of current seismic activity is of highly
interest.

Two local stations were put in operatien in the central part
of the region in 1982 (Vyscka Pec VPC) and 1990 (Hora Svate Kate-



i
|
|
| [ N
i
|
|
|

0.63%
s

,.
4y
~ 0

4

calcula

was

M

PROCI

o
ucs

I B W 0 L R
(@] (@] (@]
[en} co «©

~ (@] (@]
L0 () (e}

A
i

DATA
arate earthguakes.

gni

e 2 .
PSRRI 5 (RN W R )} . f Dt [

s

&
2

8

£

50.40
50.20

14.00 14.50 2.00

S)

13.2

13.00



" or
W
.y 3 ._l m..w
s O fxy C
@] o ) [l pay

i

o

(el

S

S -
[ResPeRend
-.Kr -
e

i

<3

=

B v e

Wy

“xtin o
=F

=
.,ay)

o

Nt



~ 204 -

where A is measured in nm, T in sec and D in Xm,
and converted into magnitude consistent with the classification
of macroseismic data by relation (TOBYAS, MITTAG 1991)

M o= -3.2 + 1.45%M . (3)

For stronger events amplitude ratio between Rg- and Sg-wave
could been calculated as a constant value of about 3.

The continuous and stable recording at stationr BRG guaran-
tees a complete and homogeneous data set.

3. MAGNITUDE-~-FREQUENCY-RELATIONS

The observed macroseismic data, listed in PROCHAZKOVA et al.
1987, fit well the relationship between the cumulative frequency
N and surface wave magnitude M in the form

log N = 3.27 - 0.67%M . (4)

An egual span of magnitude classes dM = 0.6, corresponding appro-
ximately to one unit of epicentral intensity, was used to derive
magnitude-frequency distribution. Good approximation of the cumu-
lative frequency by a single linear relation indicates that
observations are complete in the given narrow magnitude range and
that the events occured in one zone with uniform seismotectonic
conditions.
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Fig. 3. Single frequencies versus local magnitude. The limit
between complete and incomplete data is marked by vertical line.
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In relating freguency of microearthguakes to local magnitude
My a data set of 3100 .events was classified into magnitude inter-
vals of 0.1 unit. The frequency values plotted in Fig.3 are
cbtained as running averages over three consecutive valueg,
separated by 0.1 My units, i.e. as (N;+2*N,+N,)/4. This smoothing
is justified considering % . The so obtained
magnitude-frequency wcurve can be approximated by one straight
line in the ascenting part (1) and two in the descending part (2
and 3), representing by following equations obtained by least
square solutions

il

part 1: log N
part 2: log N
rart 3: log W

|
~10.66{+-1.45)
£.11(+~-0.25)
13.62(+-0.71)

6.62(+-0.78) %My , (5)
2.39(+-0.10) *M; , (6)
4.41(+-0.24)*M, . (7)

]

Corbining eqguation (5) and (6) the threshcld@ magnitude of M;=2.08
can be derived; i.e. the observation material can be assumed as
complete for magnitudes M;>=2.08 . The dual behaviour even for
M;>2.08 may be caused by an unsufficient span of observing period
or may be a hint to another seismotectonic regime for events with
magnitude M;>2.73 .

Annual cumulative frequencies
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Fig. 4. Cumulative freguencies per year versus magnitude for
micre~- and macroactivity. Microearthquakes are denoted by triang-

les, macroearthquakes by crosses. Lines represent least squares
solution. 2 :

Assuming a stable and consistent long-term tectonic stress
release and considering the different time periods it is useful
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1og(EsN) = £.83 4+ G.73#%M

) (10)

of macroseismic event
leased (E*N}, in spite of
opposite dependence
cording to combination of

log(E#*N) = 9.76 ~ 0.55%M; , (11)

ith lower magnitudes of
r es to the total amount
ual events. That wmeans, that the

es would be increased, if

= crosarthouak
= ude below threshold are considered.
This uer more reflected in relative release
of tectonic strain B~/ < presented in Fig.S5. Comparing the cumula-
tive strain release of macro~ and mnicroearthguakes in an egqual
scale, an eguivalent high rate for microactivity as during short
activ periods of macroesarthguakes is visible.
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Fig. 5. Cumulative square root of seismic energy. release for
macroseismic data since 1784 (A) and for microearthgquakes obser-
ved during 1972-1991 (B).

ed course of microseismic energy release together

] 1
with variations of the b-coefficient of the magnitude~freguency
distribution is presented in half-yearly steps in Fig.6. We find
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that the cumulative energy releass may Dbe divided intoc th
phases of differant behaviour.

(1) The first phase up to 1974 1s characterized by a
rate with nearly constant energy release cf 194%*10 Joul
year and could be a hint to the unknown preceding relsase.

(2) The second phase encloging the longest time interval
from 1974 to the middle of 18E6 exhibit a gradual decreasing
behaviour. It begins with a high r%t& of 130%10- and fall down up
to a minimum rate of abhout 10%10° doule per year. The regular
course is interrupted only in the beginning of 1980 by a higher
rate similar to the first phase.

(3) Ssince the middle of 13987 a third shase of_ an again
constant energy release but with a lower rate of 38%10° Joule per
vear then in the firest phase iz olserved,
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Fig. 6. Cumulative energy release E and b-value variations for
microearthquakes observed during 1972 - 1991. Three phases are
indicated by the numerals I - III.

The b-value can be estimated immediately by a method of Utsu
(UTSU 1966) using formula

b = 0.434%n / ( M;~-n*M,) (12)

where n is the total number of earthguakes with magnitude M grea-
ter than or equal to Mg and Mi is the sum of the magnitudes M of
all the n earthguakes. With the threshold magnitude M_=0.18 a
mean value of b=1.65 for the whole data set was determined. This
value is greater than this (0.5-1.53) given usually for earthe&uake
(BATH 1973). Using 'a correction according UTSU for b-values grea-



ven limit a sliding calculation in half-yearly steps

time windew over the whole period cf 20 years wvas
M¢‘c the m’nlmuv length of the time window for
variati a numerical test was done. It was
a‘staw*e vaiue fer time intervals from about

mordance te thiz demand b-values were computed
iy

ervals and assigned to the interval centre in
ncreasing trend of b-value with stronger
second half ef the observed period is discer-

5 CGONCLUSICNS

Based on cbservation of wezk seismic events within a nining
attenpt was made to connect this microseigmicity with the

area an
pPrevio stronger macrosesismic effects caused by the natural
tectonic ev ”nts within the same region.

Zimation of both magnﬁ*ude—" ulative freguency
lines with cocrrelation coefficients
294 indicates that the observations

are mym re

”ovmv er, i 1 different slope of the mean annual
distributien t to another nature cof mlcrocelsmlclty The
localised eplcentres in the vicinity of the coal mines together
W v the very shallow focus derived from strong generated Rg-
signals ( KAFXA 1650 ) as well as the high b-value may be an
evidence -for the induced character of the ebserved microseismici-
ty,

ur

of the induced Jcroselsr101ty in relation %to mining activity can

be made by interpretation of magnitude-freguency distribution and
energy-release in time history.

Both the aksence of strong main shocks and a high proportion

of snall-magn je events (relatively high b-value) indicates a

swarn—’lke o once of the sequence ( BATH 1978 ) with the

de rstanjing first assumption about characteristics
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bl continuously and gradually released by micro-
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ing toc the energy-time development three phases cha-
] by a stable long term energy release withcut abruptly
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tectonic pattern for induced seismicity in the region of o©p
browncoal mines. The increasing trend of the b-valus corre
to a decreasing storage of strain energy (BATH 15678). Toagaithe
with a constant current microseismic strain release similar ©
that of natural earthquakes in the past a favourable state wit
regard to seismic risk may be assumed.
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