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Abst.ract.: About. 200 shocks were analyzed using :fault plane solution

mot.hod, t.o obtaín řaul t. plane oríentatíon as well as slidíng vec t.or

di r ect.Lori ř or- :foeal meeha.nisms o:f every shock. The results 01 lault.

pl ane 501 ut.i on met.hod were di vi ded i rrt.o t.hl'ee gr oups aCCOl'di ng t.o

di:ff'erent. orient.at.ion of' nodal planes. As one can o.ssumed, t.hey

represent. three t~ypes o:f the movement in the source.

Th,? or-darit.a t.Lon of -Lhe rupture plane and tne di r ec t.Lori of -Lne

sliding vector were used to cal cul ale slress lensors :for lhé abové

ment.ioned t.hreé groups o:f t.r emors . The knowlédgé o:f t.énsor cornporrerrt.s

give opport.unit.y t.o det.ermine t.hé origin o:f t.he st.ress :field a:f:fect.ing

the tremors occurrenCé.

Key words: mining induced seismicit.y f auLt. plane solulion, slress

t.ensor inversion

1. I NTRODUCTION

The delerminalion of the stress state pl'evious t.o t.he sudden

energy release is one of' t.he most. .í mp.orLarit. problem in mining

seismology. The st.ress t.ensor analysis is useful for thé déterminat.ion

of slress st.alé in t.he pasl (Anglier, 1979; Malek et. 0.1, 1989,) basing

on ~he :fiald angular measuremenl o:f slria~ions and faul~ fissure
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or Lorrt.a t.Lori as well as on foeal mechanism data r'eeeived f r cim the

seismological research.CYeh et a1, 1991) One can a1so assume ~hat the

only speciric state of stress cause Lhe racL or sliding on Lhe fault

plane. Tha t. condition seems to be satisfied during lhe t.rernor , when

the sudden slip occur in lhe very short time.

The determinationof stress state causing the mining t~emors let

us suppose t~he possi bl e mechani sm 01' each event and pr-obabl y determi ne

the cause 01' these event-s. The applieat..ion of lhis melhod in the daily

mining activit.ies could increase the saťely of mining workss , .i f the

standard procedures would be app1ied on mines.

2. FAULT PLANE SOLUTION FOR MINING TREMORS.

The mechanism 01' analyzed t.rernor s was determined by Sagan and

Zuber ek C1991) as a par t, 01 gr ea ter number OI sei smic events in -the

Upper Silesian Coal Basin CUSCB)area. T1'1edetermined ř ocaL mechanism

ean be divided into three groups according to different orientat.ions

of nodal pl anes :

a) both planes have gota verlical orientaLion Clype 1);

b) one pl ane i s a1most. hor i zont.al and t..he seeond one i s elose t..o

vert.ica1 Ctype 2)

c) both planes are orienled diagonally wilh a middle dip angle

Ct.ype 3).

The above dislinguished result..s was used as an original dala for

lhe stress -censor analysis.

The planes oriented close to W-E direction from t.he first. type 01

tremors was ehosen. This t.ype of' tremors was det.ermined as a lype,

whieh eould be eonnecled wilh t.he tect.onic movements. on t.hE;!W-E

discont..inuities widely represen1:-ed on the research ar-ea, and being

aet..ive during t..he La sst. phases of Alpine orogeny. The vert..ieal W-E

planes could be t.he rault planes of the major lat..iludinal fault. zones.

These planes with lhe slip d.ír s-ct.Lori on 1:-hemeonsist.. the fir-st sel of

original data.

The seeond 'lype oi: foeal meehanism CiI one assume the ve.tical

plane as a faul t. plane) can be .i nt.er-pret.ed as the event..s elosely

eonneet..ed t.o mining due t..o big dispersion or the slrike angle. The

det.ermined orient.ations of' t..hese planes aren't. paralIel 1:-0 t.he

existing rault.. direet..ions and have got.. rather a random dist..ribulion.
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On the other h.arrd, if one assume t.he horizont.a1 p1anes as a ruplure
plane, il is difficull lo imagine lhe mining mechanism or such kind of
shear ing pr ocess. The sl ip on t.he hor i zont.al p1 anes i s we11 k nown in
tect.onics as a resu1l of lhe slrike-slip movemenl in t.he deep
basemenl, wbich cause t.he inlel'layer slip in lhe over La ye-d roek mass.
Bot.h kinds of lhe result. Cvert.ica1 and horizont.al planes wit.h t.he slip
vector orient.at.ion) were used as a second and a t.hird set. OI ori9ina1
dat-a.

The t.remors of' t.he -lhird t.ype have bo-lh diagona1 nodal planes,
t-ha-l means -lhe rup-lure occurs on lhe p1anes wit.h dip angle 40-60°.

Ther e is not. a shar p boundar y bet.ween t.he second and t.hi r d t,ype
mechani sm. The second type ,"'"4.sdi sti nqjz.í. sl;).edif Ohe of> lhe p1 anes has
dip angle ··'1ess lhen 30°. The ř our t.h set. of' original dat.a was
det.ermined on lhe basis or lhird t.ype nodal plane orienlat.ion. t.aking
inlo account. only lhe planes para1lel t.o lalit.ude CW-E direct.ion).

3. DETERMINATION OF STRESS TENSOR FOR THE GROUP OF TREMORS

The dala oblained rrom the rirst motion or P-waves analysis and
grouped due lo roca1 mechanism similarit.y were used for obt.aining mean
st.ress lensors. The sing1e slress t-ensor delermine lhe direct.ion and
the sense OI the movemenl in lhe Iocal area. We assumed fo110wing t.hal
for different. t.remors of -Lhe similar Iocal mechanism s-Lress t.ensars
dif':fer no-l so much. Thus, for groups o:f Lt'émors occurring in -Lhe
limit.ed area the mean st.ress tensor exist. CYeh et. a1, 1991). The basic
concept. of t.he met.hod used :for accoun-Lfng af t.his lensar Vlas

minimizing the di:f:ference belween t.he aclual slip veelor and Lhe
comput.ed shear slress.

Because -Lhe direct.ion and -Lhe sense af shear stress are not.
affect.ing by absolute values of stress companents. and also by

iso~ropic s~ress. ~he number 01 independent s~ress companen~s can be
reduced Lo Iour (Anglier, 1979). The slip me-cban i ssm needs ~he SLress
companenls na~ have in -lhe same signs. It is expedient -lo selecL fr-am
a11 -lhe -lensor -lhese :ful:fi1ling -lhe condi-lion:

o (1)
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and norma1izing condi~ion:

2 2
+ T22 + T33 C2)

Aceor di ng lo t.hese condi li ons lhe foll owí ng par ame~el-iza t.ion 01'

~he s~ress lensor is possib1e CMa1e~ el a1. 1991):

r cos Ijl CI (3

T CI cosC 1jl+2rr/3) r C3)

l
(3 r cosC 1jl+4rr/3)

The fault plane i5 charac~erized by Lhe unit vector n normal to
it.. The uni t, di spI acement veelor u on the faul t plane is pel-pendi cul al-
to the auxiliary plane and make with the horizontal line the angle ~.
The unit n is oriented toward the faull plane dip and ~ is measured
opposite clockwise.

The resultant stress veetor aeling on lhe faull plane is o=Tn.
Its normal and tangential componen~ are equa1:

On = [nCTn) Jn C4)

where s is the uniL vector para11e1 to the faull plane. The sll-ess
components on and 0l hold fo1lowing relalion:

o o
n

C5)

and furlher:

CsTn)s Tn - CnTn)n (6)
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The LangenLi al sLress uni t. s shoul d be in agr eement w.i lh lhe
di spI acemenl uni t, u lhus lhe righl si de of eq. 6 can be lheor et í. cal
va1ue of 0. and lhe 1efl side is lhe empirieal one. For lhe group of

"fau1l p1anes we defined lhe residua1 veelor :fo

:f 3C k -1) +i
Ck) [ Ck)]CnTn)s. - CTn). -CnTn)n.
111

C7)

where n~k) sCk) are lhe direeLional cosines of nk and Sk for the k-t~
1 1

faull plane respeetively. This veetor depend on parameters a, ~, y and
~. to optymalize this parameters the merit [unction

f f C8)

was minimalized using lhe leasl square melhod. To impl-ove the
convergenee of lha iteraliva sLaps lhis method was modified aeeording
Lo Mei ron C1965) . The it.erati ve Pl- oeedur e Vlas pr oceeded due lo lhe
f cir mu lae:

C9)

",here: t.. is the veetor cf parameters a,~,y,~

A the matrix of the- parti al de-rivati ve-s ď[ /ďl
Q lhe damping maLrix
p lhe damping coefficienL.

The ealculalions had been eonLinued unlil Lhe givan aeeuraey was
achieved. The slarling va1ues f or ileraLlve process wel-e obLained from
rnat.r Lx equa~ion:

ClO)

where X, Y are Lhe 11)alrixof e01umn veelor nk and Sk'

As we proved it., TCO) were lha besl slarling value for lhe
it.erat.ive proeess.
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The best approximated stress tensor was transÍormed to the
diagon<>;l one and its eigenvalues as wall as aigenvectors were
calculated numerically CPoller, 1982). AII lhe caIculalion described
above were done using t.he program STAtvHT !nade by aut.hore for lhe
comput.er 1MB PC.

4. RESULTS AND CONCLUSIONS.

The above descr i bed mel hod was used f' c.r- cal cul a t.L ng lhe :rour
parameters oÍ the slress lensor as we11 as for delermining lne
eigenvalue oÍ compuled t.ensor. The four sels of or' i g1 na1 dala
presented in c hap t.e-r- no. 2 wa s used. The resu1ls of lhe ca1cu1alions
are presenled on Figures 1,2 3, and 4. lhe eslimated values of tensor
paramelars in lhe Tab1a 1.

Table T. Result.s oÍ an ana1ysis oÍ 4 investigaled set.s.

,
CI (3 Y lil

1-sl set. -0.4167 0.1694 -0.4650 -2.1150
2-nd set -0.0268 -0.0398 0.0399 2.1391
3-rd set. 0.0215 0.0405 -0.0882 0.6957
4-t.h set. 0.2326 -0.0351 -0.1330 1.4089

The first. set 01 data represanl t.he Íoeal mechanism consist.ing 01
t.wo verlical planes, which shows lhat. lhe slip in the focus Is
orien"led horizon"lally. The great.esl slress component. is exlensional
and orient.ed close lo horizont.al plane on lhe W-·E direct.ion. Bo t.h
ot.hers eomponent.s are compressional anci orientad diagonally Csee Fig
1). This kind of st.ress component.s paltern is harcí t.o explaín by t,he
pure or mining s"lress. Suchtypa of st.ress el11psoid 1s inslead wall
known in g10bal leclonics in some t.heories of expansions of t.he Ear~h.
In t.h í s case lhe oríent.alíon OI t.he boU...,ot.hers axis is not. .í mpcir La rrt,
because of their srnall values.

The seeond set OI data represents t.he slip on Lhe close to
vert.ica1 planes in ~he sacond lype OI t.remors. The gl'eat.est.st.ress
componemt. is ext..ensi onal and or 3_ent.ed al most. ver ti call y, and t.ne



u)

II

- 77 -:-

N

+

Fig.1. Resul"ls 01 "lhe s"lress "lensar analysis f or "lhe Iirst. se"l 01
dat.a: a) camput.ed t.ensar companent.s in t.he equal area Schmidt.
projec"lion on "lhe upper hemisphere Ct.he larges"l, in"lermedia"le and
small es"l squares are t.he axi s 01 maxi mum , i n"lermedia"le and mi ni mum
st.ress); b) "lhe horizontal sect.ion 01 st.ress ellipsoid; c) "lhe
verlical sect.ion 01 slress ellipsoid along the A-A' line.
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----m--
I

N

Fi9.2. Result,s ot" !Ghe slress 'lensor- analysis iř c.v: lne second sel ar
da~a Cot.hers symbols as in Fig.1)
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Fig.3. Resulls or lhe slress lensor analysis for lhe lhird sel of dala
Colhers symbols as in Fig.1) I

aj
N

13
+

b) N
t A:r
I

c)

IKf:
I

Fi g. 4. Resul t.s of l.he s t.r- ess -Lensol' anal ysi s řor -Lhe four th set. uf
data Colh~rs symbols as in Fig.1)
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me,jium arid sma11est. component.s are compressional and oriented almost

horizont..al1y (as on Fig. éD. This or a erit.at.t orrs cou1d be int..erpľeled as

a kind of ľooI Ico11apse wi-th lhe slab1e slate 01 horizontal components

of stress. There is riot. a riat.ur aI tect..onic st..at..e 01 stress simi1ar t.o

t..he detJect..ed orie , so t.riat. kind 61 tremors seems t.o be cLoss e.ly r e.lat.e-d

to mining works .

The third and fourth sets of data gi ve the stress components

pa-ltern vlith lhe biggesl compr-e-se í oria.I componenl orienled a1mosl

horizonla11y with slrike azimuth para11e1 to W-E direclion (Fig 3 and

4) . The second and -thi r d components ar e a1most equa1 and or i ent..ed

vert..ica1ly and horizont..a11y to t..he N-S direction. The same s-lress

state seems to affect on the occurrence of lhis lwo type 01 lremors.

The W-E direclion is one of the mosl impoľlant leclonic direction in

lhe USCBarea conrl<~cled wilh t..he slrike-s1ip movemenl al orrq t..he W-E

Iaults caused by Alpine rotation 01 Carpathian massiI 01' in the other

opinion 01 the movement on t..he so ca11ed "50°" Nort..h fraclure zone.

One can be sure -lhat.. il hard to exp1ain this kind of stress patlern by

the simp1e mining aclivily. The more exacl exp1anation 01 these stress

st..ates require the wider t..ectonic sludies as we11 as lhe direcl

invesligalions of st..ress st..at..e surrounding lhe mine excavation.
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