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YflK 551.243:550.34.012 OpnrHHaJiHH HayqHH pa^

flETEPMHHAHHJA nAJIEOCTPEC TEH30PA nPHMEHOM 
HHBEP3HOr METO/JA

ofl

BpaHHCJiaBa B jiarojeB H h a h B p a im cjia B a  TpHBHha

HHBep3HH MeTO  ̂k o j h  ce y CBeTy HHTeH3HBHO p a 3 B H ja  t o k o m  nocneflHje jieLteraije, npencraBJBa po6ycTaH 
MaTeMaTHHKO—CTaTHCTHHKH nocrynaK peKOHCTpyKHHje najieocrpec TeH3opa Ha 0CH0By MepeHHX n o B p u iH  
MexamMKor HHCKOHTHHyHTeTa h  a-JiHHeat(Hje (crpHja) Ha f tH M a . C o63HpoM Ha CBe HHTeH3HBHHjy npHMeHy, 
oBaj pan HMa 3a ^hjb jja npHKa>Ke 0CH0BHe TeopnjcKe nocraBKe caMor MeTOffa.

K jb y « e  p e ia :  n a jieo c rp ec  TeH3op, HHBep3HH MeTO^, MHHHMajiH3aijHja, pynType, a-jiH H eaunja ( c r p H j e ) .

y u o a

y  CTpyKTypiiHM anajiH3aMa o/i cyniTHHCKe Ba»CHOCTH je peKOHCTpyKii,Hja ejrancoHjja 
;iec{)opManHja, o / u i o c h o  flCTepMHiianHja npocTopnor nojioacaja oca C T p ec a . To cjiejp  H3 
'iHiheiiHne jja je ynpaBO CTpec reHepaTop TeKTOHCKHX j(ef|iopMannja cTeHa h hiijivko- 
Baita nanoncKor CTaiba y BHMa.

KjiacHHan MeTO  ̂ (A n d erson , 1942) 0M0ryhaBa peKOHCTpyKijHjy oca CTpeca npBeH- 
CTBeHO na 0CH0By cnperHyTHX CHCTeMa noBpniH CMHijaiha. O ce MaKCHMaJinor h mhhh- 
MajiHor CTpeca ce Hajia3e y paBHH ynpaBHoj Ha npece'iiiHHV K0H>yr0Bairax noBpniH, oji- 
hocho Ha ocy cpejiiber cTpeca h KOJiHiieapHe cy ca GnceK'ipncaMa yrjioBa Koje 3aKJianajy 
OBe noBpuiH. Kojj iiojej(HHa’iiiHX pynrypa (iieKon,yroBanHX njiaHapa) oce M aK C H M ajiH o r 
h cpejin>er cTpeca cy ({HiKcnpaiie, y 3aBHCii0CTH 03 KpeTaita no jiaToj pynTypn, 3a ojipe- 
i^eiiv yrjioBiiy BpejinocT (30-40°) y ojjhocv 11a a-jraHeaijHjv.

IIojiobhhom 7 0 -th x  iojiHiia pa3BHjeH je mctojj npaBHX jraejjapa (A n g e lie r  and 
M ec h le r, 1977), Kojn 0M0ryhyje jieTcpMHnanHjv nojba KOMiipecnje, ojiiiocho TeH3Hje 
K0HCTpyKHHj0M HojjajiHe paBHH ynpaBHe Ha MepeHy a-JiHiieanHjy (cTpnje).

MnBcpsiiH mctoji je pa3BHjaH tokom 8 0 -th x  roj(HHa h 0M0ryhyje jjerrcpmh 11 anhjv ne 
caMo npocTopHor nojioacaja oca cTpeca, Beh h JiHHeapHor oj^Hoca h>hxobhx MarHHTyjja, 
anajiHTHHKHM nyTeM. y3HMajyhn y o63Hp jiocajjaiinhe pe3yjiTaTe iheroBoi HCTpa*HBa- 
n>a, oisjje cy npe3eHTOBane TeopHjcKC nocTaBKe H H B ep 3H or MC’rojja y nejraira y3, npBeH- 
CTBeHO Hjiejnv, pa3pajjy h jionyny HTepaTHBHor nocTynaKa.

* EHepronpojeKT, Ko., E. JleitHHa 12, Beorpan. 
PyjjapcKO-reojiouiKH 4>aKyjiTeT, EyuiHHa 7, Eeorpaji.
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TEOPHJCKE IIOCTABKE HHBEP3HOr METOJJA

IdHBep3HH MeTOfl je MaTeMaTHHKO—CTaTHCTHHKH nOCTynaK MHHHMaJlH30BaH>a pa3- 
JiHKa TeopnjcKor h o6cepBHpaHor Moj^ejia, 36npoM HajMan>HX KBanpaTa. tberoBOM Heno-
cpejjHOM npHMeHOM 3a H Mepeimx pynTypa ca HopMajioM (i= l, 2 ....... n) h cTpnjaMa s,
(i=l, 2,..., n), Moryhe je MHHHMaJiH30BaTH,pa3JiHKe TeopnjcKHX h MepeHHX CTpnja (cji. 1), 
npeKo no3HaTor, JiHHeapHo H3pa*:eHor, oflHoca rJiaBHHX oca CTpeca R̂ CT̂ -CTj/CTj-CTs 
(B oth , 1959). Bpe^HocTH R cy H3 CKyna oj  ̂0 jjo 1, npn neMy je CT!>ct2>CT3, a CTj^. TaKo 
ce oji yKynHO rnecT, flo6njajy 'ieTHpn KOMnoHeHTe cTpec TeH3opa, ojihociio H,eroB jicbh- 
jaTopcKH ^eo T0, y JiHTepaTypn joui no3HaT h Kao penyKOBaHH CTpec TeH3op (A n g e lie r , 
1989.). fleBHjaTopcKH fleo T0 je cajip>Kan y TeH3opy o 6jiHKa T=k,T0+k2I, rjje cy kj h k2 
cKaJiapHe BejiHHHHe, a I jejjHHHHHa MaTpnija. KopnniheiteM napaMeTapa Tpen>a (Koxe- 
3Hje h yrJia yHyTpauiH>er TpeH>a) h "cKaJinpaiteM" kj h k2 jto6nja ce cTBapHa BpejjHOCT 
TeH3opaT  (A n g e lie r, 1989).

S

Cji. 1. KoMnoHeHTe aeBMja'ropcKor Tem opa Ha Schmidt-oBoj Mpe>KH (jiofta xeMHC(})epa): F -  pacejtna paBaH; 
s -  peajiHe crpHje; x , y , z -  reorpaijicKH peijiepeHTHH c h c t c m ; alt ct2, cr3 -  raaBHe oce HanoHa; Xo ,xi -  npo- 
jeK U H ja  CT( h  ct3 Ha paBaH pacejia; R -  TeopnjcKe cTpnje.

Fig. 1. Deviation tensor components on Schmidt net (lower hemisphere): F -  fault plane; s -  real striation; 
x, y, z -  geographic reference system; oi, ct2, ct3 - principal stress axes; to ,xi -  projections of <ti and 
c3 on fault plane; R -  theoretical striation.

ripeJiHMHHapHe npeniocTaBKe Koje npn npHMeiiH oBor Mcrojta Mopajy 6hth  
HcnyH>eHe cy:

-  j^a je aHaJiH3HpaHa nonyjiau,Hja p y n T y p a  (p a c e jja , nyKOTHHe CMHii,aH>a h t j j .)  pe- 
3yjiTaT, o j jh o c h o  nocjiejiH ija  u c iiio i KuneM am cKoi aiciuu;
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-  H'd ce KpcTaiba no uociuojehuM , uojeduitiiHHUM pyu iuypuM u o d e u ju jy  HesusucHo, nojj 
êjcTBOM HCTor npoce^Hor cTpeca, pejiaTHBHo xoMoreHor 3a aHajiH3HpaHO nojipv'ije.

riocTynaK MHHHMaJiH3ai;Hje pa3JiHKa TeopnjcKHX h MepeHHX cTpnja ce MO*e H 3B p- 

HIHTH Ha flBa Ha^HHa: J(HpeKTHOM HHBep3HjOM H HTepaijnjOM.

flHPEKTAH HHBEP3HH METO^

CyuiTHHa ĐBor MeTojja je y d u p eK m n o j p e ip e c u ju  -  MUHUMU/Iu3uifuju KOMnoHeHTe 
TaHreHi^HjajiHor cTpeca p  (cji. 1) HopMajiHor Ha MepeHe cTpnje s (A n g e lie r , 1979). 
TaKO ce, 3anpaBo, flHpeKTHO cpanyHaBa MaKCHMaJiHa BpeflHocT HopMajiHor cTpec TeH3o- 
pa, ij  fleTepMHHHuie paBaH y Kojoj HeMa cMHnaita. HaHMe, Teroop Kojn Hii3yKyje cTpec 
Ha pynTypHoj noBpuiH je:

cos {)/ d
2n

d  cos (y/ + — )
3

e f

e

f

4 n
cos(^ + ---- )

3 .

Orpec, naK, KojH flejiyje Ha caMoj noBpniH je oiijja a  = T • n rjie  je/7 jejiHiiH'iHH 
BeKTop HopMaJie Ha paBaH (ca CMepoM HaBHiue). IlocT aB JbaiteM  iio b o t BeKTopa o y 
paBHH pacej^a, HopMaJiHor Ha MepeHe C T p n je  s , Bpeĵ HOCT TaHreHiuijaJiHor HanoHa p  ce 
jjoGnja Kao CKajiapHH npoH3Bojj p  = o » 5  (cji. 2). Oryj^a <J>yHKi;Hja MHHHMajiH30Baiba 
HMa cjieflehn oSjihk:

n
,n)= , 0  = 1,2,. 

i=i
BpejinocT TanreiiHHjajnie KOMnoHeHTe p  no KOCHHycy npaBHa y/ he 6hth  MHHHMaJiHa y 
ohhm TaHKaMa paBHH y KojHMa je npBH H3boji (J)yHKi;Hje f(x) jejjHaK HyjiH;

d p 2 dp2 dp
H  = 0 ;  - * r -  =  0; -----

d p 1
-  0;

ć d de d f
=  0:

HaJia*eu>eM npBitx H3Bojja cfiopMiipa ce HopMajiaH CHCTeM oji qermpn jejina'iHHe, 'injiiM 
ce peuiaBaH>eM jio6njajy Bpe/HiocTH KOMnoHeHTH d, e, f  h V|/ Teraopa T. VBo^en.eM jicbh- 
jaropa y Ma'ipiniy TeH3opa h Hajia*eu>eM concTBeHHX BeKTopa h h,hxobhx concTBeHHX 
Bpeĵ HOCTH, JioKajiH3yjy ce oce MaKCHMajiHor, cpejjH>er h MHHHMajiHor cTpeca, Te jjo6nja 
BpejjHOCT R, Koja npejic'raBJba pejiaTHBaH ojihoc h>hxobhx ManiH'iyj(a.

HTEPATHBHH METOfl

MTepaTHBHH MeToj( je pejiaTHBHo jej^HocTaBaH MaTeMaTHHKH nocrynaK Hejiuneupne 
MUHUMUJiU3ttifuje y r j i a  Kojn 3 a K J ia n a jy  TeopnjcKe h peajme (TepencKH o 6cepBHpaHe) 
CTpnje y pacejjHoj noBpuiH. Oh 0M0ryhyje jieTepMHHar(Hjy j^eBHjaTopcKor c ip ec  TeHsopa 
T0 HTepannjaM a HiiHHHjajnior -  TeopnjcKor M o jje jia  y HeKOJiHKo cyKnecHBHHX KopaKa.

a )  I J o c u iu e jb u ib e  u n u i f u j u m o i  M o d e jiu  -  riojipa3yMeiia c jH iK cn p a ib e  'i p n  rjiaBHe 
oce cTpeca (a l5 ct2, ct3) y reorpac})CKOM pecfiepenTHOM cncTeMy x, y h z. Jloijnpaibe oca
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cTpeca Mopa 6hth  pyK0B0i)eH0 mbpcthm reojiouiKHM pe30H0M. MHflHKaTopH H,HxoBor 
npocTopHor nojioacaja cy TepeHCKH npHKyiubeHH nojjanH o pynTypaMa h KapaKTepy 
KpeTaiha, Koja ce no H>HMa y j^tom Bejihhhhckom noflpynjy He Mory 3aHeMapHTH. AHajiH30M 
pe3yjiTaTa cTaTHCTH'iKe o6pajje pynTypa h CTpnja yTBpl)eHHX Ha H>HMa, mbto/iom npaBiix 
jinejiapa, AHjjepconoBHM mctojjom, Kao h Ha 0CH0By HH3a jjpyrnx cTpyKTypHiix (fienoMena 
(K0H>yr0BaHH cncTeMH pyirrypa, nepacTe nyKOTHHe pa3BHjeHe y3 pacejj, cthjiojihth h j(p.), 
f{)HKCHpajy ce no'ieTHH, ojihocho HHHHHjaJiHH nojio*ajn oca cTpeca.

Cji. 2. KoMnoHeHTe TeH3opa Ha pace;inoj paBHH: x, y , z -  i corpaitjcKH petjjepeHTHH cHcreM. <J -  crpec Kojn nejivje Ha 
paBaH pace;(a, š  -  jejnun'inii BeKTop crpnja, n -  je;iMHHMHM BeKrop HopMajie Ha pacen, p  -  KOMnoHema 
TaHreniiHja.MHor HanoHa ynpaBHa Ha MepeHe crpHje s  , o -  jeaHHit'inn Beicrop ynpaBaH Ha crpHje 5 
KojiHHeapaH h cyripoTHo ycMepeH on p  . T  -  npojeKimja crpeca U  Ha paBaH pacejja.

Fig. 2. Tensor components on fault plane: x, y, z -  geographic reference system; cr -  stress acting on fault 
plane; s  -  unit vector of striation; n -  unit vector of the normal to fault; p  -  tangential strain 
component perpendicular to measured striation 1 , 0 -  unit vector perpendicular to striation s  , colinear and 
counter directed than p , X -  stress O  projection on fault plane.

riorpeuiaH  H36op HHHiuijajmor cncTeMa MO»:e, y MaTeMaTHHKOM cMHCJiy, jia bojih 
Ka ceKyHjjapHHM MHHHMyMHMa h JiimeapH3au,HjH, iu to  y KOHâ HOM ncxojiy Jiaje norpeui- 
He pe3yjiTaTe.

6) H3pciHyHaeaH?e p edyKoeuH o i ciupec iueH3opa -  riojipa3yMeBa najia>KeH>e f{iyHK- 
HHje f(R) H3 HiiHHHjaJiHor nojio»:aja oca cTpeca. CarjiacHO paHHjeM, Bpej^HocTH cJ^hkijh- 
je Bapnpajy y HHTepBaJiy T0-Tj, Tj. bcjih'ihhh R oji 0 ao 1 ca npnpauiTajeM 0.1 h npiiMe- 
u>yjy ce Ha cBaKy pynTypy H3 cKyna H , pajpi cpaHyHaBau>a TeopnjcKHX cTpnja (cji. 1). 
HaKOH Tora ce 36npoM najMaH>HX KBajipaTa HaJia3H m u h u m u a h u  y ijio e n u  d e nu ja ifu ja  
TeopnjcKHX h peaJiHHX CTpnja, ojjhocho Bpeĵ HOCT fleBHjaTopcKor CTpeca, Haj6jiH>Ka Teo- 
pnjcKOM Moj;eJiy.

H) H iu e p a ifu ja  u n u ifu ja jm o i Modejiu  -  Uojjpa3yMeBa dm pepenifu jam o m u j u i  uo- 

MepuH>u HHHHHjajiHor nojio>Kaja oca CTpeca h Bpeĵ HOCTH R y HHJby HaJia>KeH>a Bpeji- 
hocth j^eBHjaTopcKor -  peflyK0BaH0r CTpec TeH3opa, Koja onTHMajiHO ojjroBapa Teopnj- 
ckom Mojiejiy.
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3AKJbyHAK

MHBepsim mctoji iiecyMii.HBO npeflCTaBJba KBajiHTaTHBaH ckok y CTpyKTypHHM aHa- 
JiH3aMa pynTypHor cKJiona. C je/(He cTpaHe npHMeHa 0B0r MeTojia oMoryhaBa KBaHTH- 
4)HKau,Hjy oSjiHKa CTpec ejiHncoH/ja (stress elipsoid shape ratio), a c /ipyre KBaiiTHcjiHKa- 
iinjy CTBapHe BpeflHocTH najieocTpeca y jjaTOM nepHoyy reojioniKe HCTopnje. 0'iyna ce 
Henocpejiiio M o*e npHMeHHTH y peKOHCTpyKii,Hjh TeKTOHCKe eBOJiyu,Hje, y Hiimin.ep- 
CKO-reojiouiKHM KajiKyjiau,HjaMa HanoHCKor c ra ib a  y cTeHaMa, y yTBpt)HBan,y ycJiOBa 
npepyflHe h nocTpyjine tck to h h k c  npn HCTpa>KiiBaii,y JioKHiirra MHHepajiimx cnpoBHiia, 
Kao h y npyrHM reojioniKHM flnciiHnJiHHaMa.

Ho, nopeji jio6pnx cTpaHa HTepaTHBHH MeTon, Kao h cBaKH Jipvrn MaTeMaTH'iKH 
nocTynaK, Kojn iipnpojjne npoiiece noKyuiaBa Jia anpoKCHMHpa h n p e B e j ie  y MaTeMa- 
THHKe (J)opMe, H M a cBojnx orpaHHHeiba h HejiocTaTaKa. C Tora ce OBaj MeTojj, npn p e -  
uiaBaiby reojiouiKHX npo6jieMa, Mopa Kpajibe kphthhkh npHMeibHBaTH, iiocef)iio y 
KOMnjieKCHO H3pacejiaHHM h BHiiief[)a3iio y6paHHM TepeHHMa, KaKBH cy TepeHH Ha npoc- 
TopHMa Harne 3eMJbe.
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PALEOSTRESS TENSOR DETERMINATION BY INVERSE METHOD

by

B ra n is la v  B la g o jev ić  and B ra n is la v  T riv ić

The inverse method, developed and improved in the last decade, is a robust mathematical statistical 
procedure of the paleostress tensor reconstruction on measured planes of mechanical discontinuity and 
a-lineation (striation) on them. Its increasing use is the reason for this presentation of the fundamenta] 
principles of the method.

Key worđs: paleostress tensor, inverse method, minimization, fractures, a-lineation (striation).

INTRODUCTION

Reconstruction of the deformation ellipsoid, or determination of the three-dimensio- 
nal position of stress axes, is fundamental for a structural analysis, because stress is the 
generator of structural deformation and of strain state induction in rocks.

The classical method (A n d erso n , 1942) can be used to reconstruct stress axes pri- 
marily on the basis of conjugate systems of shear planes. The axes of the greatest and 
least stresses lie in the plane perpendicular to the conjugate planes intersection, i.e. to the 
axis of mean stress, and are colinear with bisectrices of angles between these planes. In 
some fractures (unconjugate planes), axes of the greatest and least stresses are fixed, de- 
pending on the movement along the fracture, for determined angular value (30°-40 ) in 
relation to a-lineation.

The method of straight dihedrons was developed in mid-seventies (A n g lie r and 
M e c h le r , 1977), which enables determination of the compression, or tension, field from 
the imaginary model plane perpendicular to the measured a-lineation (striation).

The inverse method, developed in the eighties, allows an analytical determination not 
only of the three-dimensional position of stress axes, but also of the linear relation of 
their magnitudes. Taking into consideration the results of its study, this article presents 
theoretical statements of the inverse method on the whole, and primarily conceptual, 
elaboration and extension of the iterative procedure.

Energoprojekt Co, Bulevar Lenjina 12, Belgrade. 
Faculty of Mining and Geology, Djušina 7, Belgrade.
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THEORETICAL STATEMENTS OF THE INVERSE METHOD

The inverse method is a mathematical-statistical procedure for minimization of differen- 
ces between the theoretical and the measurement models by the sum of least squares. Its direct 
application for N measured fractures with normal n, (i=l, 2,..., n) and striation Sj (i=l, 2,..., n) 
can minimize the difference between the theoretical and measured striations (Fig. 1) via the 
known, linearly expressed, relations of principal stress axes R^CTj-CT/CTj-CT, (B o th . 1959). R 
values are from the set from 0 to 1, at CT!>ct2>ct3, and CT^CTj.Thus, four of the total six 
components of the stress tensor are obtained, or its deviation T0, also referred to in litera- 
ture as the reduced stress tensor (A n g lie r , 1989). The deviation T0 is contained in the 
tensor of the form T=kjT0+k2I, where kj and k2 are scalars and I is unit matrix. The ac- 
tual value of tensor T is obtained using the friction parameter (cohesion and angle of in- 
temal friction) and "scalation" of kj and k2 (A n g lie r , 1989).

The preliminary assumptions which must be satisfied for the use of this method are:
-  that the analysed fracture (faults, shear cracs, etc.) population was a result, or 

consequence, of the same kinematie act;
-  that the movements on existing, discrete fractures are independent, under the ef- 

fect of the same average stress, relatively homogeneous for the analysed area.
There are two procedures for minimization of differences between the theoretical and 

measured striations: direct inversion and iteration.

THE DIRECT INVERSE METHOD

This method is essentially a direct regression -  minimization of the tangential stress 
component p  (Fig. 1) normal to the measured striation s (A n g lie r , 1979). It is, in fact, 
a direct calculation of the highest value of the normal stress tensor, i.e. determination of 
the shearless plane. The tensor inducing stress on the fracture plane is:

T =

cos \f/ d
2 n

d cos( \fj + ---- )
3

f

4 n
cos{y + ----)

3 .

Then the stress acting on the plane itself is a  -  T • n , where Ti is unit vector of the 
normal to Ihe plane (upward directed). Setting a new vector o in the fault plane, normal 
to measured striation s , the obtained value of the tangential strain p  is a scalar product,
p  = o • <7 (Fig. 2). Hence the minimization function can be written as:

n

/ ( x ) =  Z a 2 5( ' = 1>2, ...,» )
/=1

The value of tangential component p  in cosine direction y/ will be the least in points of
the plane where the first derivative of function f  (x) is equal to zero;
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4 ~  =  °; ̂  =  0; ^ .  =  0; 1 ^  =  0;
^  dd de CJ

When the first derivatives have been found, a normal system of four equations is 
formed and each solved for values of components d, e, f, and (p of tensor T. By introduc- 
ing deviator in the tensor matrix and finding own vectors and their own values. the axes 
of the greatest, mean, and least stresses are localized, and R value is obtained, which rep- 
resents the relative relation of their magnitudes.

THE ITERATION METHOD

The iteration method is a relatively simple mathematical operation of nonlincar 
minimization of the angle betvveen the theoretical and real (field observed) striations in a 
fault plane. It is used to determine the deviating stress tensor T0 by iteration of the initi- 
al, theoretical , model in several successive steps.

a) Setting up initial model means fixing three principal axes of the stress (CTj. ct2, 
ct3) in the geographic reference system x, y, z. Location of stress axes must be guided by 
sound geological reasoning. The indications of its three-dimensional position are field- 
-collected information on fractures and the character of movement, which cannot be neg- 
lected in the given field of magnitude. Analytical results of the statistical processing of 
fractures and striations on fractures by the method of straight dihedrons, Anderson 
method, and on the basis of many other structural phenomena (systems of conjugate 
fractures, feather jointing in faults, stylolites, etc.) fix the initial positions of stress axes.

A wrong selection of the initial system may, in mathematical terms, lead to seconda- 
ry minima in lineation, and eventually to wrong results.

b) Calculating reduced stress tensor means derivation of function f (R) from the 
initial position of stress axes. Like above, the function values vary within the interval 
T„—T[, i.e. R quantity from 0 to 1 at 0.1 increment, and are applied to each fracture of set 
N, for calculation of the theoretical striation (Fig. 1). Then, the sum of least squares is 
used to find the least angular deviation of both theoretical and real striations, or the 
value of the deviating stress, closest to the theoretical model.

c) Iteration of the initial model means differential small displacements from the 
initial stress axis positions and R value for finding the value of the deviating, reduced 
stress tensor, which is an optimum equivalent to the theoretical model.

CONCLUSION

The inverse method is certainly a qualitative upgrade in the structural analysis of 
fracture pattems. The use of the method enables quantification of the stress ellipsoid 
shape ratio on one hand, and quantification of the actual paleostress value in the given 
period of the geologic history on the other. Hence, it can be used in reconstructions of 
the tectonic evolution, in engineering-geological calculations of the strain state in rocks, 
in establishing conditions of pre-ore and post-ore tectonics during explorations of mineral 
resources, and in other geologic disciplines.
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Besides the advantages, the iteration method, like any other mathematical procedure, 
which attempts to approximate and translate natural processes into mathematical forms, 
has its limitations and inadequacies. This method, therefore, must be critically applied to 
geological problems, particularly in complex fault and manifold areas, as those in this 
country.
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