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Izvleéek

Ugotavljanje recentnega premikanja ob prelomih je pomembna in obcutljiva naloga.

Vecje prelome namre¢ spremljajo $irSe prelomne cone, ki zahtevajo specifi¢cen pristop k geo-
detskim meritvam premikov prelomnih kril. Vektor premika prelomnih kril ali rezultanta
je vektorska vsota diferencialnih premikov znotraj prelomne cone. Zato predlagamo za
ugotavljanje premikov stabilizacijo geodetske mreze tock, postavljenih v prelomnih krilih
izven prelomne cone. Premik prelomnih kril se odrazi z deformacijo geodetske mreze. Na
podlagi njene deformacije je potem mogoce dolo¢iti rezultanéni vektor premika iz le-tega
pa vpad prelomne cone ter smer in velikost premika.

Abstract

Establishing recent displacements along faults is an important and delicate task. Larger
faults are accompanied by broader fault zones that require a specific approach to geodetic
measurements of fault block displacements. The vector of fault block displacements, or
resultant, is a vector sum of differential displacements within the fault zone. For the pur-
poses of recording the displacements we propose the stabilization of a geodetic network of
points positioned in fault blocks outside the fault zone, whereby the displacements would
be manifested in the deformation of the network. The resultant displacement vector can
then be derived from the latter deformation, and from that, the dip and strike of the fault
zone as well as the extent of the displacement.

Uvod

V zadnjih letih se v Sloveniji v okviru
ve¢ projektov izvajajo intenzivne geodetske
meritve premikov Zemljinega povrsja (We-
ber et al., 2006; Gosar, 2007; Riznar et al.,
2007) in interpretacije premikov na podlagi
uporabe metodologije PSInSAR in DInSAR
(Komac & Bavec, 2007; Ostir & Komac,
2007). V vseh primerih gre za razveseljiv
napredek v raziskovanju in interpretaci-
ji danes dejavne kinematike blokov, ki so

za tektoniko in seizmologijo teoretskega
in aplikativnega pomen. Razumljivo je, da
imajo posamezne metode razlicen doseg, ki
se ga raziskovalci gotovo zavedajo, vendar
bi opozorili na dve izmed uporabljenih me-
tod; na odliéno zamisel, da geolosko inter-
pretiramo vertikalne premike, ki jih dobimo
na podlagi rezultatov izmere ponovljenega
preciznega nivelmana, ki je stabiliziran po
regionalnih cestah zahodne Slovenije (Riz-
nar et al.,, 2007) in na opazovanja mikro-
deformacij znotraj prelomne cone ob Idrij-
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skem in Raskem prelomu (Gosar, 2007).
Projekta formalno nista povezana, dajeta pa
dovolj snovi za premislek o nadaljnjem delu,
ali bolje receno o metodologiji ugotavlja-
nja premikov ob dejavnih prelomnih conah.
Razveseljivo je, da bomo s predvideno ob-
novo nivelmanske mreze, pridobili moznost
ponovne doloc¢itve vertikalnih premikov na
obmocju Slovenije.

Ugotavljanje danes aktivnih prelomov
temelji na geodetskih meritvah premikov in
na ugotavljanju hipocentrov potresov zno-
traj doloc¢enih prelomnih con. Drugi nacin
je posreden, saj temelji na majhni natan¢no-
sti dolo¢anja potresnih zaris¢ in na bolj ali
manj verjetni povezavi dolocene prelomne
cone na povrsju s prelomno cono v globini,
v kateri je prislo do premika. Natancnejsi je
prvi nacin, ki pa zahteva dobro poznavanje
geoloske zgradbe povrsja. Geodetske meto-
de, ki temeljijo na drzavni mrezi osnovnih
tock GPS (Weber et al., 2006) doloc¢ajo le
splosne trende premikov ne dajejo pa od-
govora o velikosti in znacaju premikov ob
prelomnih conah pomembnih prelomov. Za
interpretacijo dinamike recentnih tekton-
skih procesov je pomembno poznati dina-
miko vsake prelomne cone posebej, pa tudi
spremembo dinamike vzdolz iste prelomne
cone.

Za dolocitev kinematike in dinamike pre-
lomnih kril dolo¢ene prelomne cone je treba
ob poznavanju regionalnega in SirSega tek-
tonskega okvira izvesti tri osnovne postop-
ke: 1. izbrano obmoc¢je natan¢no strukturno
skartirati, ugotoviti geometrijo prelomnih
kril in dolo¢iti ustrezno mesto za stabiliza-
cijo geodetskih merskih tock, 2. izvesti ni-
¢elno meritev in vsaj dve ponovitvi, na pod-
lagi katerih lahko dolo¢imo ¢asovni interval
ostalih ponovitev in 3. narediti geolo$ko in-
terpretacijo na podlagi ugotovljenih premi-
kov geodetskih tock.

Prelomne cone

V tem sestavku bomo zanemarili postop-
ke kartiranja in navedli le pogoje za posta-
vitev mreze geodetskih tock.

Prelomne con bodisi zmi¢nih, narivnih
ali normalnih prelomov imajo svoje speci-
ficnosti, vendar nepomembne za nase raz-
glabljanje. Potrebno je le, da predstavlja v
sploSnem prelomna cona pas, ki zajema no-
tranjo ali zmleto cono (jedro, strzen) znotraj
katere lezi glavna ali vodilna prelomna plo-

skev in zunanjo ali poruSeno cono z vzpo-
rednimi in priblizno vzporednimi prelomi,
ki predstavljajo Riedlove prelome. Poleg teh
nastopajo Se sekundarni prelomi, ki so na-
stali zaradi geometrijskih anomalij. Premiki
v conah aktivnih prelomov se dogajajo zno-
traj celotne prelomne cone bodisi v strzenu
ali v zunanji coni. Dogajajo se ob vidnih plo-
skvah ali po penetrativnih povrsinah. Vedeti
pa je treba, da je aktivnost prelomne cone
vezana na celotni presek prelomne cone ali
pa na segmente preseka z manjsim trenjem,
torej na posamezne strizne ploskve, glavno
prelomno ploskev ali dele zdrobljene cone.
Opisane vidike premikanja je mogoce opa-
zovati v golicah, zlasti v kamnolomih. Po-
memben element premikanja so rotacije
vecjih in manjsih blokov znotraj prelomnih
con katerih os vrtenja je lahko pravokotna
na smer pomika prelomnih kril ali pa tudi
posevna nanjo, odvisno od take ali drugac-
ne geometrije blokov. Zanemariti ne smemo
tudi posSevnega ali subvertikalnega iztiska-
nja blokov zaradi transpresijskega stanja
ali zaradi same geometrije blokov. V vsakem
primeru pa velja, da je vektorska vsota
diferencialnih premikov znotraj pre-
lomne cone rezultanta, ki je izraZzena
v premiku prelomnih kril.

Poleg prelomnih con posameznih prelo-
mov je potrebno lo¢iti tudi cone prelomov, ki
jih moramo obravnavati kot enoten struk-
turni objekt. V Zunanjih Dinaridih so po-
membni predstavniki prvega primera Idrij-
ski, Ragki in Divaski prelom, znacilen pred-
stavnik drugega primera pa je Kraski rob.

Ce upostevamo nasteta dejstva, kazejo
meritve ob posameznih ploskvah znotraj
prelomne cone le na stanje v ploskvi meritve,
ne pa v celotni prelomni coni. Zato je mer-
sko korektno le opazovanje premikov obeh
prelomnih kril zunaj prelomnih con.

Opisana problematika se je izjemno jasno
pokazala pri geoloski interpretaciji vertikal-
nih premikov, ki so rezultat ponovne izmere
preciznega nivelmana v zahodni Sloveniji
(Riznar et al., 2007). Meritve so dokazale
recentne premike v obmoc¢ju obsezne cone
prelomov Kraskega roba ter prelomnih con
Divaskega, Raskega in Idrijskega preloma,
ki bi jih lahko kvalitetno opazovali le z me-
ritvijo premikov prelomnih kril. Rezultati v
osrednji Sloveniji so ravno tako vzpodbudni
kot v zahodni, zato je za nadaljnje raziskave
potrebno izvesti ustrezne geodetske meritve,
ki bi dale kvalitativne in kvantitativne po-
datke o posameznih aktivnih conah.
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Metoda treh tock

S problemi geodetskih meritev aktivnih
seizmogenih con se je pri nas prvi intenziv-
no ukvarjal Ribari¢ (1978), ki je predlagal
metodo opazovanja premikov izven prelom-
nih con. Te se v svetu intenzivno izvajajo,
vendar so prirejene posameznim primerom.
Posebej znane so npr. meritve premikov ob
prelomu Sv. Andreja v Kaliforniji. Za siroke
prelomne cone in cone prelomov, ki so zna-
¢ilne za karbonatne kamnine Zunanjih Di-
naridov, bi bila najbolj ustrezna metoda treh
to¢k (sl. 1). Predlagana metoda uposteva le
geoloski vidik meritve premikov, v geodeziji
pa obstaja problem izbire lokacije, stabiliza-
cije in unicevanja geodetskih merskih tock.
Zato bo treba v praksi to dejstvo upostevati
in postaviti ve¢ toc¢k in rezultate meritev ob-
delati po predlagani metodi treh tock.

Za ugotavljanje aktivne tektonske dina-
mike je potrebno poznati prostorsko lego
prelomnih con v katerih se premiki dogajajo
in smer premikov prelomnih kril. Te podat-
ke je mogoce dobiti s postavitvijo geodetske
mreZe z najmanj tremi tockami, ki so stabi-

PRELOMNA CONA |
FAULT ZONE

Sl. 1. Lega merskega trikotnika nasproti
prelomni coni; a-b hipoteti¢na trasa pravokotno
na prelomno cono

Fig. 1. Position of the metrical triangle with

respect to the fault zone; a-b hypothetical course
perpendicular to the fault zone

lizirane izven prelomne cone; dveh v enem
prelomnem Kkrilu in ene v nasprotnem, pri
pogoju, da med tockama v istem krilu ni
pre¢nih prelomov ali drugih porusSitev. Na
sl. 1 je narisana tudi hipoteti¢na trasa a-b
pravokotno na prelomno cono, ki ponazarja
nepremaknjeno stanje prve izmere. Premik
prelomnih kril (sl. 2) se odraza v deformaciji
trikotnika, ki jo je mogoce dolo¢iti z izmero
horizontalne in vertikalne komponente pre-
mikov dveh oglis¢énih to¢k glede na dolo-
¢eno navidezno stabilno oglis¢no tocko tri-
kotnika, v nasem primeru to¢ke 1. Premik
je ponazorjen tudi z deformacijo hipoteti¢ne
trase a-b, ki ponazarja deformacijo zaradi
diferencialnih premikov znotraj prelomne
cone. Vloga glavne prelomne ploskve in dru-
gih prelomnih ploskev je tu zanemarjena,
ker je za prikaz metode nepomembna. V ki-
nematskem smislu je bistven premik enega
prelomnega krila nasproti drugemu, zato je
za izmero potrebno poznati premik tocke 3
nasproti to¢kama 1 in 2. Na sl. 2 je prika-
zano idealno stanje, ki se izraza v stabilnem
in nespremenjenem odnosu daljice med to¢-
kama 1 in 2. Imenujmo jo osnovna daljica.

2,2 v

Sl. 2. Deformacija merskega trikotnika po prvi
ponovitvi izmere; a-b deformacija hipoteti¢ne
trase zaradi desnega premika
Fig. 2. Deformation of the metrical triangle after
the first repeated measurement; a-b deformation
of the hypothetical course due to a right shift



448

Ladislav Placer & Bozo Koler

NAVIDEZNA

PLOSKEV PREMIKA
APPARENT DISPLACEMENT
PLANE

SMER

PRELOMNE CONE
FAULT ZONE STRIKE

Sl. 3. Grafi¢na konstrukcija navidezne ploskve
premika po prvi ponovitvi izmere

Fig. 3. Graphic construction of the apparent
plane after the first repeated measurement

Vecjo deformacijo daljice 1-2 bi morali ob-
ravnavati kot znak neprimerno izbrane lo-
kacije za stabilizacijo geodetskih tock, zato
lezita tocki 2 in 2'na istem mestu. Toleranéni
premik toc¢ke 2 nasproti to¢ki 1 bi bil potem-
takem odvisen od velikosti premika toc¢ke 3.
Pri pogoju, da je premik prelomnih kril do-
volj velik, je po prvi izmeri premika tocke 3
do 3' mogoce dolo¢iti hipoteti¢no lego navi-
dezne ploskve premika, za katero domneva-
mo, da je vzporedna prelomni coni. Zato je
njuna slemenitev vzporedna. Lego navidez-
ne ploskve premika je mogoce dolociti ana-
liti¢no in grafiéno. Grafi¢no je predstavljena
na projekcijski polkrogli na sl. 3, kjer je na-
videzna ploskev premika doloc¢ena s sledni-
co prelomne cone in prebodis¢em daljice 3—
3!. Za natancnejso dolocitev lege navidezne
ploskve premika pa je potrebno izvesti vec
ponovitev izmer v ustreznih ¢asovnih inter-
valih, odvisno pa¢ od velikosti premikov in
stopnje natanc¢nosti dolo¢itve premikow.
Premiki tocke 3 so lahko linearni ali pa
poligonalni. Pri linearni usmeritvi je posto-
pek dolocitve navidezne ploskve premika
enak kot na sl. 3, pri poligonalni usmeritvi
(sl. 4) pa obstojata dve moznosti. Ce se pre-
miki dogajajo v eni ali ve¢ vzporednih plo-
skvah znotraj prelomne cone, se bodo pre-
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Sl. 4. Deformacija merskega trikotnika
pri nelinearnem premikanju po ve¢ izmerah

Fig. 4. Deformation of the metrical triangle
in the case of nonlinear displacements after
several repeated measurements

bodis¢a stranic poligona (3 — 3! — 3% — 3™ 3V
— 3V) razvrstila v eni navidezni ploskvi pre-
mika (sl. 5), katere slemenitev je vzporedna
slemenitvi prelomne cone. Tak primer bi
utegnil biti obic¢ajen. Drugace je, ¢e so tocke

NAVIDEZNA
PLOSKEV PREMIKA
APPARENT DISPLACMENT PLANE

Sl. 5. Grafi¢na konstrukcija navidezne ploskve
premika pri nelinearnem premikanju po ve¢
izmerah

Fig. 5. Graphic construction of the apparent
plane in the case of nonlinear displacements
after several repetitions
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prebodis¢ stranic geodetske mreze razmeta-
ne v prostoru, tedaj domnevamo, da se pre-
miki dogajajo ali po ravninah katerih sled-
nice so vzporedne slednici prelomne cone
(sl. 6) ali pa bi morali upostevati toleran¢na
kota slemenitve in vpada prelomnih ploskev
znotraj prelomne cone, ki smo ju prej dolo-
¢ili s statisti¢no obdelavo prelomne cone in
poiskati ustrezne resitve. V obeh primerih
bi slo za hipoteti¢na ugibanja. Verjetno bi
se anomalije pojavljale tudi zaradi majhnih
premikov, ki bi bili blizu ali v mejah natanc¢-
nosti dolo¢itev premikov oziroma statisti¢-
no neznacilni. V takSnem primeru bi morali
podaljsati ¢as med posameznimi izmerami.
Pri statisti¢no znacilnih premikih pa bi bilo
vzroke mogoce iskati v heterogeni zgradbi
prelomnih con, npr. zaradi zozitve prelom-
ne cone pri iztiskanju klinastega bloka, ki
bi lahko povzrocil premik prelomnega krila
pravokotno na prelomno cono in podobno.
V takih primerih bi morali obravnavati iz-
brano mesto za stabilizacijo geodetskih tock
kot neprimerno.

Pri postavitvi veé toc¢k (sl. 7) lahko pri-
merjamo rezultate vecjega Stevila trikotni-
kov, vsekakor pa se vzporedno s Stevilom
poveca tudi zahtevnost izbire lokacij.

Projekt PIVO (Weber et al., 2006) daje
odgovor na trende globalnega premikanja
Jadranske mikroploSc¢e. Za ugotavljanje ki-
nematike manjsih blokov znotraj mikroplo-
$Ce, je potrebno izvesti ustrezne geodetske
izmere na manjSem obmocju. Predlagana
metoda sledi temu namenu. Precizne nepo-
sredne meritve znotraj prelomne cone Ra-
Skega in Idrijskega preloma (Gosar, 2007)
dajejo le odgovor o aktivnosti ene od plo-
skev znotraj prelomne cone, bodisi glavne,
bodisi vzporedne, na pomembno vprasanje
o smeri premikov prelomnih kril pa ne daje-
jo odgovora. Metoda je primerna le za ozke
prelomne cone z izrazito glavno prelomno
ploskvijo, ki so pogostejse v metamorfnih in
magmatskih kamninah kot v karbonatnih.
Bi pa uporabljena metodologija utegnila biti
pomembna vzporedna merilna metoda pri
ugotavljanju premikov v seizmogenih pre-
lomnih conah, ker omogoc¢a permanentno
spremljanje dogajanja pred, med in po po-
tresnih dogodkih.

Glede na majhne premike ob prelomnih
conah na obmocju Slovenije, je potrebno
racunati na dolgoletno opazovanje in vec-
kratne izmere, zato je izbira obmocij za
postavitev geodetske mreze tock zahtevna.
Potrebno je izdelati natan¢no strukturno

Sl. 6. Prikaz nelinearnega premikanja
prelomnega krila v razliénih navideznih
ploskvah premikov ob predpostavki,
da slemenijo v smeri prelomne cone

Fig. 6. Demonstration of nonlinear displacement

of fault block in various apparent displacement

planes, based on the premise that they have the
same strike as the fault zones

geolosko karto obmoc¢ja na katerem bi iz-
vajali geodetske meritve in doloc¢iti geome-
trijo blokov ter postaviti ustrezno geodetsko
mreZzo tako, da se izlo¢ijo tisti sekundarni
premiki, ki bi utegnili zabrisati generalni
premik prelomnih kril. Izbira obmocja za
stabilizacijo geodetskih tock zahteva torej

Sl1. 7. Metoda treh to¢k v mrezi ve¢ geodetskih
merskih tock

Fig. 7. Three-points method within the network
of several geodetic measurement points
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detajlno poznavanje strukturnih razmer na
obmocdju, kjer bomo izvajali geodetske me-
ritve, ki ga lahko dosezemo z detajlnim kar-
tiranjem.

Geodetski vidik

Geodezija je veda, ki se ukvarja z mer-
jenjem in predstavitvijo Zemlje, vklju¢no z
njenim gravitacijskim poljem. Polozaj po-
samezne toc¢ke v 3D prostoru dolo¢imo v
horizontalni in vertikalni ravnini na osnovi
izmere geodetske mreze toc¢k. Ce na posa-
meznih tockah izvajamo izmero v razli¢nih
¢asovnih obdobjih, potem lahko dolo¢imo
premike teh tock. V tem primeru morajo biti
tocke geodetske mreze trajno in kakovostno
stabilizirane, da zagotavljajo enoli¢no po-
novitev terminskih izmer.

Lego tock lahko dolo¢imo na osnovi te-
resti¢ne geodetske izmere ali z uporabo si-
stema meritev GNSS (globalni navigacijski
satelitski sistem) oziroma GPS izmero. Ce
uporabimo metodo terestricne geodetske
izmere, potem dolo¢imo lego toc¢k v hori-
zontalni in vertikalni ravnini z razliéni-
mi geodetskimi merskimi metodami. Lego
tock v horizontalni ravnini lahko dolo¢imo
na osnovi kotnih opazovanj (triangulacija),
merjenju dolzin (trilateracija) ali kombina-
ciji obeh tipov opazovanj. Lega tocke v ver-
tikalni ravnini je dolo¢na z visino tocke nad
neko izhodi$¢no, primerjalno ploskvijo. Z
geodetskimi merskimi metodami dolo¢imo
vi§ino to¢ke na osnovi opazovanih zenitnih
razdalj in dolzin med to¢kami (trigonome-
triéno viSinomerstvo) ali z metodo geome-
tricnega nivelmana, ki spada med najna-
tanénejse geodetske merske metode. Ce iz-
vedemo geodetske meritev z GNSS, potem
dolo¢imo lego tocke v horizontalni in ver-
tikalni ravnini isto¢asno. Katero geodetsko
izmero uporabimo za dolocitev lege tock,
je odvisno od velikosti in oblike geodetske
mreze, zahtevane natanc¢nosti in namena iz-
vajanja geodetske izmere.

Poleg izmere geodetske mreze toc¢k, so v
geodeziji pomembne tudi raziskave metod
statisti¢ne analize odkrivanja in dolocanja
premikov ter deformacij v geodetskih mre-
zah. Te metode so poimenovali metode de-
formacijske analize. Deformacijska analiza
je postopek, ki na osnovi geodetskih meri-
tev, z metodami statisti¢ne analize, odkri-
je in dolo¢i premike to¢k v prostoru ter iz
premikov izhajajoce deformacije geometrije

geodetske mreze. S postopkom deformacij-
ske analize iz geodetskih meritev v dveh ali
vec terminskih izmerah ugotavljamo, ali se
je med terminskimi izmerami spremenila
(relativna) lega geodetskih tock, ki v ideali-
zirani obliki predstavljajo naraven ali zgra-
jen objekt.

V okviru deformacijske analize morata
biti izpolnjena naslednja temeljna pogoja:

1. Pogreski, ki se pojavljajo pri merjenju
ne smejo voditi do izracunov premikov,
ki so drugacni od dejanskih premikov.
Vzrok temu dejstvu so lahko bodisi
pretirano veliki pogreski meritev kot
posledica malomarnosti ali nezadostne
strokovnosti opazovalca, pogreskov
instrumentov, zunanjih vplivov, na-
pak v funkcionalnem ali stohasti¢nem
modelu izravnave meritev v geodetski
mrezi, neprimerne izbire metode izme-
re ali instrumentarija in drugo.

2. Zagotovitev zadostne verjetnosti do-
loc¢itve domnevno stabilnih tock. Pri
deformacijski analizi je klju¢nega po-
mena zanesljivo dolo¢anje stabilnosti
to¢k v ¢asu med ponovitvami termin-
skih izmer. V postopku dolo¢anja pre-
mikov toék namre¢ velikost premikov
dolo¢amo glede na stabilne (najstabil-
nejSe) tocke v geodetski mrezi. Neiz-
polnjevanje tega pogoja nujno vodi do
napacnih zakljuckov v prikazu dejan-
skih premikov. Pri tem nam dodatne
informacije drugih znanosti in strok
lahko pomagajo pri interpretaciji ugo-
tovljenih premikov.

Neizpolnitev temeljnih pogojev za opti-
malno reSitev problema deformacijske ana-
lize vodi v napacno interpretacijo rezultatov,
ki se posledi¢no izrazajo v nepravilno izra-
¢unanih premikih in nepravilno interpreti-
ranih deformacijah obravnavanega obmocja
(Stopar et al., 2007).

Sklep

Meritve po satelitski metodi GPS na ob-
moc¢ju Gumina-Gemone (Schmitt & Mar-
chesini, 1999) in opazovanja v jedru pre-
lomne cone Idrijskega preloma (Placer,
1982) kazejo, da premiki na obmo¢ju severo-
zahodnega dela Jadranske mikroplo$c¢e niso
vedno linearni. To razlagamo z domnevno
interpretacijo, da se v tem delu Jadranska
mikroplo$¢a podriva pod Juzne Alpe in drsi
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ob dinarsko usmerjenih prelomih. Pri tem je
drsenje ob prelomih NW-SE lahko povezano
s podrivanjem ali pa se dogaja samostojno,
npr. ob Idrijskem in Ravenskem prelomu, ki
sekata Juznoalpsko narivno mejo. Poligo-
nalnost utemeljujemo torej z domnevo, da se
posamezni nacini premikanja lahko dogaja-
jo istocasno in zaporedoma (Placer et al,,
1999; Zupancic et al., 2001). Premiki ver-
jetno tudi niso istosmerni ali enako inten-
zivni na celotni dolzini preloma. Zato meni-
mo, da je treba strategijo geodetskih meritev
na obravnavanem obmocju prilagoditi tem
hipoteti¢nim predpostavkam.

S tem utemeljujemo potrebo po izvedbi
ustreznih geodetskih meritev za dolocitev
premikov in smeri premikov aseizmi¢no in
seizmi¢no aktivnih prelomov Slovenije. Pri
slednjih predlagane geodetske metode izme-
re omogoc¢ajo opazovanje in primerjavo pre-
mikov na povrs§ju in v hipocentrih, kjer je
smer pomika mogoce dolo¢iti iz potresnega
mehanizma. Postavitev smiselno razporeje-
nih tock geodetske mreze ob danes dejavnih
aseizmic¢nih in seizmié¢nih prelomnih conah
in conah prelomov bi morala postati dolgo-
ro¢na stalnica Slovenije, saj ima znanstveni
in infrastrukturni pomen.

Kot zanimiv preizkusni objekt se ponu-
ja idrijsko rudisce zivega srebra, ki je pre-
sekano s Idrijskim prelomom. Oba dela pr-
votno enotnega rudisca, idrijski in ljubevski
del, sta desnozmi¢éno zamaknjena za 1950
m (Mlakar, 1964; Placer, 1982). Na povrsju
nad rudnikom in v bliznji okolici je bilo sta-
biliziranih ve¢ geodetskih toc¢k in sicer iz-
hodis¢ne za jamsko izmero in tiste za ugo-
tavljanje posedkov zaradi odkopavanja in
plazenja. Nekatere geodetske to¢ke znotraj
in izven vplivnega obmocja odkopavanja
so bile tekom 20. stoletja enkrat ali veckrat
izmerjene, tako da obstaja moznost rac¢un-
ske kontrole starih izmer in vkljucevanje
ohranjenih starih geodetskih tock v izva-
janja novih izmer. Zato predstavlja obmo¢-
je idrijskega rudnika enkraten poligon za
postavitev izhodis¢ne geodetske mreze pri
¢emer bi lahko uporabili katero od starih
to¢k v kombinaciji z novimi. Idejo smo pred
leti ze sprozili, vendar je na zalost zaspala.
Idrijski prelom je pomemben strukturni ob-
jekt na meji med Juznimi Alpami in Dinari-
di, njegov severozahodni del pa tvori mejo
Jadranske mikroplosce. S tega vidika je po-
leg Ravenskega preloma pomemben objekt
seizmotektonskih raziskav v zahodni Slove-
niji.

A Proposition for Geodetic Recording
of Active Fault Zones

Extended Summary

The area of the north-eastern part of the
Adriatic microplate and broader in Slovenia
has witnessed, within the frames of several
projects in recent years, intense geodetic me-
asurements of displacements of Earth’s sur-
face (Weber et al., 2006; Gosar, 2007; Riz-
nar et al., 2007). Alongside measurements,
interpretations of displacements were also
given using the PSInSAR and DInSAR me-
thodologies (Komac & Bavec, 2007; OStir
& Komac, 2007). All this represents a wel-
coming advance in both research and inter-
pretation of the presently active cinematics
of blocks that are of considerable theoretic
and applicative importance for tectonics
and seismology. Having said that, it is clear
that different methods have different ran-
ges. In that respect, we would like to draw
particular attention to two methods that
were applied. The first one is the excellent
idea of repeated precise levelling along re-
gional roads of western Slovenia (Riznar et
al., 2007), which is still in progress, and the
second one is observations of microdefor-
mations within the fault zone along the Idri-
ja and Rasa faults (Gosar, 2007). Although
the two projects are formally unconnected,
they nevertheless offer enough material for
pondering on the future work, or better, on
the methodology of establishing the displa-
cements at the active fault zones.

The presently active faults are based on
the geodetic measurements of displacements
and on the determinations of earthquake
hypocentres within the fault zones. The se-
cond method for establishing these faults is
indirect, based on a low accuracy of deter-
mining the earthquake foci and on a more or
less probable connection of individual fault
zones at the surface with those in the depth,
where the movement occurred. The first of
the two methods is more accurate, but it re-
quires good knowledge of the geologic struc-
ture of the surface. Geodetic methods based
on the GPS national network of basic points
(Weber et al., 2006) determine only the ge-
neral trends of displacements without giving
information on the extent and character of
displacements along the zones of important
faults. The interpretation of the dynamics of
recent tectonic processes, however, requires
the knowledge of the dynamics of each fault
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zone separately as well as the variations of
the dynamics along the same fault zone.

Fault zones may be active in their en-
tirety or only in some of their segments.
Displacements within them may be linear
(unidirectional) or polygonal (multidirectio-
nal), depending upon rotations and geome-
try of internal blocks. In any case, it holds
true that the vector sum of differenti-
al movements within the fault zone
equals the resultant expressed by the
displacement o f the fault blocks. It
is therefore correct to record only the di-
splacements of fault blocks and not the
differential microdeformations within the
fault zone.

Geodetic measurements of displacements
along fault zones are widely performed aro-
und the world, but are being modified to suit
individual circumstances. The displacement
measurements along the St. Andreas fault
in California, for example, are particularly
well known. The most appropriate method
for the broad fault zones and zones of faults
typical for carbonate rocks of the External
Dinarides that comprise the north-eastern
part of the Adriatic microplate appears to
be the three-points method (fig. 1). The pro-
posed method considers only the geological
aspect of displacement measurements. For
geodesy, on the other hand, this leaves the
problem of site selection as well as stabiliza-
tion and destruction of the geodetic measu-
rement points. Hence these problems should
be considered in practice and a sufficient
number of points positioned, while the mea-
suring results should be processed according
to the proposed three-points method.

Establishing active tectonic dynamics re-
quires the knowledge on the spatial position
of fault zones, in which displacements occur,
as well as on the direction of fault block di-
splacements. These data can be obtained by
creating a geodetic network of at least three
points that are stabilized outside the fault
zone; two in one fault block and one in the
opposite block, providing that no cross-fa-
ults or other deformations occur between the
points in the same fault block. Fig. 1 shows
also the hypothetical a-b course, which is
drawn perpendicularly to the fault zone that
represents the undisturbed state of the first
measurement. Displacement of fault blocks
(fig. 2) is manifested in the deformation of the
triangle that can be determined by measu-
ring the horizontal and vertical components
of displacements of two corner points with

respect to the determined apparent stable
corner point of the triangle, in this case Po-
int 1. Displacement is illustrated also by the
deformation of the hypothetical a-b course
that represents deformation due to the diffe-
rential displacements within the fault zone.
The role of the principal fault plane and
other fault planes is here neglected, since it
isnot important for the demonstration of the
method. Essential in the cinematic sense, on
the other hand, is the displacement of one
fault block with respect to the other block,
whereby it is necessary to know the displa-
cement of Point 3 with regard to Points 1
and 2. Figure 2 shows the ideal state that is
reflected in a stable and constant character
of the line between Points 1 and 2. Let us
call it the basic line. A larger deformation
of Line 1-2 should be considered as a sign
of inappropriate selection of the location for
stabilizing geodetic points, and the cause of
Points 2 and 2'lying on the same spot. Tole-
rance displacement of Point 2 with respect
to Point 1 should thus depend upon the size
of the displacement of Point 3. Providing
that the displacement of fault blocks is lar-
ge enough, it is possible to determine, after
the first measurement of the displacement
of Points 3 to 3!, the hypothetical position
of the apparent displacement plane that is
considered parallel to the fault zone. Their
strikes are thus parallel. The position of the
apparent displacement plane can be deter-
mined analytically or graphically. The plane
is graphically represented on the projection
hemisphere on fig. 3, where the apparent
displacement plane is determined with the
strike of the fault zone and the point of in-
tersection of Line 3-3'. For a more accurate
determination of the position of the appa-
rent displacement plane, several repeated
measurements in appropriate time intervals
are necessary, depending upon the magnitu-
de of displacements and degree of accuracy
in displacement determination.
Displacements of Point 3 can be linear
or polygonal. When linear, the procedure of
determining the apparent displacement pla-
ne is equal to that shown on fig. 3, whereas
in the polygonal displacement (fig. 4) two
possibilities exist. If displacements occur
in one or several parallel planes within the
fault zone, the points of intersection of po-
lygon sides (3 — 3! — 3" — 3™ — 3V _ 3V) lie in
one apparent displacement plane (fig. 5), the
strike of which is parallel to the strike of the
fault zone. Such might be the usual case. The
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situation is different if intersection points
of sides of the geodetic network are scatte-
red in space; in that case the displacements
are supposed to occur in planes, the direc-
tions of which are parallel to the directions
of the fault zone (fig. 6). Either that or the
tolerance angles of strike and dip of the fa-
ult planes within the fault zone should have
been considered, which had previously been
determined by statistical processing of the
fault zone, and thereby find the correct solu-
tions. Both cases would involve hypothetical
guesswork. Anomalies would most probably
appear also owing to small and statistically
insignificant displacements close to or wi-
thin the limits of detection in measuring the
displacements. In that case, the time interval
between individual measurements should be
increased. In the case of statistically signifi-
cant displacements, however, the causes co-
uld be sought in the heterogeneous structure
of the fault zones, e.g. due to the narrowing
of the fault zone caused by the expression
of a wedge-shaped block that could result
in a shift of the fault block perpendicularly
to the fault zone. In such cases the selected
sites for stabilization of geodetic points sho-
uld be considered as inappropriate.

When a larger number of points is positio-
ned (fig. 7), the results of a larger number of
triangles could be compared. An increase in
number, however, also causes the selection
of point positions to become more deman-
ding.

Measurements according to the satellite
GPS method in the Gemona area (Schmitt
& Marchesini, 1999) and observations in
the core of the fault zone of the Idrija fault
(Placer, 1982) furnished indications that
displacements in the north-western part of
the Adriatic microplate are not always li-
near. This is explained by the hypothetical
interpretation of the Adriatic microplate
being underthrust in this part under the
Southern Alps and sliding along the fa-
ults of the Dinaric strike. Sliding along the
NW-SE striking faults can either be asso-
ciated with underthrusting or it occurs in-
dependently, e.g. along the Idrija and Ravne
faults that cut through the Southern Alpine
thrust front. Polygonality is hence based on
a hypothesis on simultaneous or successive
occurrence of individual kinds of displace-
ments (Placer et al.,, 1999; Zupancic¢ et
al., 2001). Displacements are most probably
not of the same direction and intensity along
the entire fault length. We therefore believe

that the strategy of geodetic measurements
on the territory in question must be adapted
to these hypothetical assumptions.

The above serves as the base for justi-
fying the need for performing appropriate
geodetic measurements in order to establish
displacements and displacement directions
of aseismically and seismically active faults
in Slovenia. The proposed geodetic mea-
surement methods permit observation and
comparison of displacements on the surfa-
ce and in hypocentres, where the direction
of displacement can be determined from
the seismic mechanism. The positioning of
appropriately distributed points of geo-
detic network at currently active aseismic
and seismic fault zones and zones of faults
should become a constant and long-term
obligation for Slovenia due to its scientific
and infrastructural importance.

An interesting test feature for this purpo-
se is the Idrija mercury ore deposit, which
is cut by the Idrija fault. The two parts of
the originally single deposit, the Idrija and
the Ljubev¢ part were shifted dextrally for
1950 metres (Mlakar, 1964; Placer, 1982).
Several geodetic points were stabilized on
the surface above the mine and in the im-
mediate surroundings, which were the star-
ting points for underground measurements
and points for recording subsidence cau-
sed by mining and landslides. Certain geo-
detic points within and outside the area of
influence of mining were measured during
the 20™ century on a number of occasions,
thus creating the possibility of calculation
control of old measurements and inclusion
of the preserved old geodetic points into the
process of taking new measurements. Con-
sequentially, the Idrija mine area represents
a unique polygon for establishing a basic
geodetic network in which some of the old
points could be used in combination with
the new ones. We already advanced this idea
several years ago, but it was unfortunately
not realized. In that respect we should emp-
hasize that the Idrija fault is an important
structural feature at the boundary between
the Southern Alps and Dinarides, and its
north-western part represents the boundary
of the Adriatic microplate. From this point
of view, the Idrija fault represents, alongsi-
de the Ravne fault, an important feature of
seismotectonic research in western Slove-
nia.
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