
Geol. 1Vjesnik Vol. 37 str.117-126 Z&greb 1984. 

UDC 551.243:553.492.1 Izvor:Di znanstveni rad 

Est,rnatlon of Tectonophysical Stress In Bauxite 
Ore Deposits 

Ivan TOMASIC and Ivan DRAGICEVIC 
Faculty of Mining, Cieology and Uil hngineering Yterrotijeva 6, YU-41UOO Zagreb 

As a consequence of directed stress. faults, joints, fractures, fissures and 
other discontinuities are situated in a:ppropriate position according to the 
axises of maximum, medium and minimum normal stress o., 0 1 and o1• Recon­
struction of stress axises re1ated to orientation of discontinuities ·in host rocks 
of a bauxite ore deposits was done by means of graphical tectonophysical in­
terpretation method. 

INTRODUCTION 

· The investigation was performed at the Jajce bauxite deposits. The 
bauxite bearing region was investigated in details by measuring and 
analysing discontinuities i. e. numerous joints, fractures, fissures and 
faults and by study of wider geotectonic framework. 

The obtained data were used for defining of tectonophysical stress in 
the deposits as well as an complement: to analysis of geomechanical 
characteristics of the roof walls. 

In the last few years, it is a site intensive. underground mining. Because 
of lack of e:::xperiance, and partly due to incomplete investigation, the 
exploitation is followed by unexpected events. 

The greatest problem is sinking and striking in of the carbonate elastic 
hanging wall layers. 

The strikings are frequent above open underground spaces, wherefor 
a tensile strain zone is formed, whose depth depends upon their size 
and span. The main cause for those events are complex tectonic pro­
cesses, i. e. clirected tectonophysical stress lasting since the Cenomanian 
time up to n-ow, and causing uplifting, folding, and breaking of the rock 
masses and formation of the presentday tectonic framework. Other 
possible cau.ses responsible for the processes are .geomechanical and 
mineral characteristics of the roof wall rocks. 

Systematic investigation of stress acting in the Earth crust, in geo­
logical past and presentday as well, may be practicly applied in diffe­
rent activities as geology, geophysics, mining and civil engineering. 

The presented paper is result of needs for structural investigation, 
particularly in domain of mineral row material deposits. 
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Fig. 1. The footwall 
SI. 1. Poclina 

GEOLOGY A!ND STRUCTURE OF DEPOSITS 

The bauxite deposits are placed onto the karstified Cenomanian lime­
stones. The roof walls are elastic carbonate sediments of the SeDonian 
age. 

Sporadicaly, in the roof wall occur thin layers or lenses of clayey 
marls and calcarenites. The deposits are in a primary position, an.d only 
locally disturbed by normal faults with small vertical components. The 
roof wall and footwall layers are well uncovered enabling gathering of 
data for determination of tectonophysical factors. 

The investigated locality is distinguished by relatively higher ore pro­
ductivity( great number of deposits at a small surface, with significant 
reserves of high quality bauxites). The deposits differ in size and shape . 
They are usually elongated like channel or lenses, or they are flatten 
and p;mlike (fig. 5). Generally, it is hard to find two similir deyosits, 
regarding shape. At some places, bauxite is thick up to 40 m. 
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Fig. 2. Bauxite 
SI. 2. Bokisit 
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Physical and chemical characteristics of ore bodies are mainly constant. 
Certain deposit types, according to colour and inner structure may be 
excluded sporadicaly. 

Tectono physical Reconstruct ion of Stress 

Stereo net diagrams of pole normals of joints for deposit were done, 
and shown simplified on fig. 1, 2, 3 and 4, in order to reconstruct and 
assess tectomophysical stress. The joints on elaborated samples are re­
presented by average position of joint system in bauxite deposit and its 
hanging and roof wall. 

In the course of investigation, it was determined, that there is no 
significant discordance among spatial characteristics of particular joint 
systems. 

The analyses results confirm the statement on fig. 1 (footwall), fig. 
2 (bauxite), fig. 3 (bauxite) and fig. 4 (roof wall). -
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Fig. 3. Bauxite 
Sl. 3. Boksit 
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According to presented average positions of joint systems i. e. their 
orientation and mutual spatial relationship, it might be assumed, that 
in the complex »roof wall - bauxite - footwall« dominate two joint 
systems, and in geological past there was insignificant movement <>f the 
main stress axises as well. It has led to axis dispersion inside each of 
the particular joint system, as shown on fig. 3. Lesser disagreement are 
caused more by significant diversities in physico-mechanical character­
istics of the bauxite in relation to the carbonate foot wall and the elastic 
roof wall layers. Only in the foot wall rocks exists a third joint system, 
which is poorly expressed, and shows weak departure from the second 
one. 

Numerous elaborated data (317) enabled use of obtained results on 
fig. 3 for reconstruction and assessment of the main stress axises. The 
results are concordant with the most expressive joint system of the foot-
wall and roofwall layers. · 
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Fig. 4. The hangingwall 
SL 4. Krovina 
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The maximums and submaximums of the joint pole normals I M-252/80, 
II S-349/78, III S-77/82 and IV S-158/82, displayed on fig. 3, were used 
as a basis for reconstruction of stress axises. 

A procedure for the main stress axis determination is developed by 
G z o vs k i y (1975), 0 ch ere ten k o and Tr o sch en k o (1978), as 
follows: the axis of the minimum main normal stress (o3) concides with 
the bisectrix of the sharp angle between two joint systems, and the 
medium normal stress (o2) acts along their intersection, while the axis 
of the highest normal stress (o1) is perpendicular to the previous ones. 
As a result, v.re have obtained directions of force acting (fig. 5), which 
caused stress of the rock masses, joint formations, faults and other 
dislocations, important for presentday defining and exploitation of the 
deposit. On tile basis of obtained results for the main sress axises a1, 
a! and a3; as ~ell as data from fig. 1, 2, 3 and 4, it may be estimated, 
that the movement of the particular axises was from ± 5° to ± 100. It 

. prf>Ves, that i:::D: tJ:i~ past, there_ has been several phases _of structural 
: - . . . 
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Fig. 5. Schematic block diagram of the bauxite deposit 

and main axises of stress 6 11 6 2 and G3 

SL s. Shemcitski blok dijagram lezista boksita i glavnih 

osi naprezanju G1, 6 2 i 63 

LEGE.ND: 
LEGENDA: 

The hangingwoll : carbonate etas tic: senonian deposit 

Krovina boks1ta : karbonatne klasticne naslage senona 

Bauicite 

Bok sit 

The footwall : cenoma:1ien l imestones 

Podina bokslta : c:enomanski vapnenc:i 

Bedding p!anes 

Ravnina sloja 

Plane of the system joints I 
Ravnina I sistema pukotina 

Plane of the sys.tern joints 11 
Ravnina 11 sistema pukotina 

Plane of the system joints 111- (only in the footwal.l inslgnlflcantly cleveloped) 
Ravnina Ill sistema pukotlna.-(samo u podlni neznatno izrafen) 
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remodeling of the rocks. It is likely to be, that the foot-wall rocks at 
this locality 'Were slightly disturbed before formation of the bauxite 
deposits. It was not till the becoming of the bauxite deposits and sedi­
mentation of the roof-wall layers that the roof-wall and foot-wall rocks 
and the bauxite were structurally remodeled (fig. 1, 2, 3 and 4). 

CONCLUSION 

According to performed geological and tectonophysical investigation, 
reconstruction and interpretation, it may be concluded, that the foot­
wall of the 'bauxite ore bodies, has not been markedly structurally 
changed till deposition of the hanging wall layers, when simultaneously, 
all of them together (i. e. the footwall, bauxite and hangingwall) under­
went intensive structural alternation. 

The analysis has pointed out that the maximum stress axis (o1) is 
perpendicular onto the Dinaric liniament NW-SE i.e. it coincides with 
former supposition about direction of the maximum stress action. Also 
may be assumed, that in the past, there were probably acting more 
complex tectonic processes pressing from a deeper parts of the Earth 
crust. It is supported by position of the mean stress (o2) and mutual 
spatial relationship among crosscuts of the mean discontinuity dips, 
which amounts something less than 90°, i. e. less than 45° with sharp 
angle bisectri:x. 

It is also estimated, that obtained analitical elements, primarily mean 
angles of joint pole normals, inside of each particular joint system, 
amounts over 80°, and their strike and main stress axises o1, o2 and o3, 

may be useful by choosing optimal orientation in the underground 
works. They can be important for determination of size and shape of 
underground space, which should have the smallest area perpendicular 
at the maxiIDum stress action. The analysis results of discontinuities, 
in the same case, may use as a basis for geomechanical investigation 
of unstable, and striking-ready bauxite roof-wall rocks. · 

Generally, -the established method may be usefully applied and con­
tribute for better knowledge and prediction of structure of deeply 
buried bauxite deposits, and space in the fault zone, as well as disloca­
tions during performance of investigation works. Studying deposit tec­
tonic and tee tonic fabrics may give a series of useful data for increase 
of ore reserves, for safety reasons, and for better defining and coordina­
tion of mutual spatial relationship of joints and deposit geometry. 

It may particularly effect the method of excavation i. e. choice and 
shape of underground spaces and openings according to direction of 
stress action axi,ses and deposit tectonic fabrics'. It may also contribute 
to better understanding of deeply situated processes in the earth crust, 
defining directions and size of forces, which point out their origin. 

Strain of rock masses, as a result of directed pressures and own weight 
of rock masses is very dangerous in mineral deposits. Marginal parts of 
underground spaces are soonestly, influenced by alteration. It should be 
also mentioned that the sites and samples, released from strain in rock 
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mass, are sometimes in the course of time deformed up to breakage, 
since, in that case, strains act in opposite directions relatively to the 
ones in rock mass. 

Received on December 15th 1983. 
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Ocjena tektonoflzi~kih naprezanja u leziStu hoksita 

I . Toma.sic i I. Dragicevic 

Kao posljedica razlicitih usmjerenih naprezanja, pukotine tj. diskontinuiteti op­
cenito se nalaze u odgovarajueem polafaju u odnosu na osi na:jveeeg, sredn:jeg i naj­
manje~ normalnog naprezanja o1, ar i o1• Grafiokom metodom tekrtonofiziCke inter­
pretac1je izvrsena je rekonstrukcija osi naprezanja prema orjentaciji dislkontinui­
tela u stijenskoj masi leZista boksita. 

UVOD 

Istraiivanja su provedena na leziStirna boksita kod Jajca. Podrucje lei:ista obu­
hvaceno je detaljrum istraiivanjem, mjerenjem i analizom obHja puikotina i rasje­
da, tj. diskontinuiteta i studijom ~ireg geotektonskog sklopa. Dobweni reailtati ko­
risteni su za definiranje tektonofizickih naprezanja u lefistu i dopunu analize geo­
mehaniCkih karakterisNka kro'V'ine. 

Zadnjih godina provodi se intenzivna podzemna ek.s.ploatacija lezi.Sta. Z bog ne­
dostataika is'lrustva i d ijelom zbog nekompletnih istnmvanja dolazi do nepredvidenih 
posljedica u tdlru i poslije eksploatadje tj. is:koristavanja leZista. Najveee probleme 
stvara slijeganje i zaru5avanje krovinskih karbonatnih iklastienih naslaga. Rusenja 
SU ucestala iznad otvorenih podzemnih prostora, gdje se stvara vlaena Z:Oila cija 
dubina oVii.si od njihove velitine i raspona. Glavnim uzroaima ovtl:h procesa smatra­
ju se slc:xleni tektonski procesi tj. usmJerena tektonofizioka naprezanja koja traju 
od cenomana do dana:s a uzrok su uzdimnja, horanja i pucanja stije11S1kog masiva 
i formiranja dana8njeg tektonskog sklopa. U uzroke se jos mogu ubrojiti geomeha­
nicke i mirneroloSlke bateristike krov!inskiih klasticnih stijena. 

Sistematieno imeavanje naprezanja koja djeliuju u ZemlJinoj 1kori, ika:k,o u ~eo­
l<>Skoj pro8losti tako i danas, m0'1e se praktieno primijeniti u TaZnim djela-tnost1ma 
kao sto SU geoloska, geofizicka, n.tdarska i grac'.levinska. Zbog toga je i ovaj Tad re­
zultat potreba strukturoloSikih istrafi.vanja posebice u domeni lezista mineralnih 
sirovina. 

GEOLOGIJA I STRUKTURA LEZISTA 

LefiSta boksita nalaze se na okrseniim vapnencima cenomana. Krovinu im cine 
karbonatrne klastiene naslage senona. Mjestimifuo se u krovini javljaju tanji pro­
slojci iii lece glinovitih lapora i ka~karenita. LcliSta su u primamom pol<>Zaju, a 
samo su mjestimice poremeCena nomialnim rasjedima malih skokova. Naslage po­
dine i krovine uglavnom su dobro otkrivene i omogucuju "Prikupljanje planarnih 
elemenata iz kojih su dobiiveni podaci za utvrc'.li·vanje tektonofizickih paran::letara. 

Istrafiivani lokalitet odlikuje se relativno vel1kom orudnjeno8Cu. (velik broj lefis­
ta na maloj povrsini sa znatnim rezervarna visokokvalitetnog boksita). P ojedina 
Iezista su razlicitih dimenzija i obl~ka. Obicno su izdufena u oblrku kanal:a i leea, 
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i1i SU plosnata i zdjelicasta ('sl. 5). Opeenito je tesko naci po obliku dva slicna le-
:iiSta. Na pojedinim mjestima bolcsit je debljine i do 40 m. · 

Fizikalno kernijske osobine rudnih tijela su uglavnom ·konstantne. Samo se po­
negdje mogu izdvojiti odred:eni tipovi boksita s obzimm na boju i unut·ra~nju struk­
turu. 

TEKTONOFIZICKA REKONSTRUKCIJA NAPREZANJA 

Za rekonstruckciju i ocjenu tektonofiziclcih naprezanja izradeni su konturni dija­
grami polova normala na ravnine pU!kotina u le:iistu, te su pojednostavljeno prika­
zani na islikama 1, 2, 3 i 4. Pukotine na obrad:enim primjerirna repre.zentirane su 
srednj;im pole>Zajem Diza pukotina 1'stog sisitema u naslagama boksdta ti njegovoj pc>­
dini i krovini. 

U tolw istraZiiVanja utvrd:eno je da kod orjentacije pojedinih sistema pukotina 
u sklopu podina - boksit - krovina nema znatnijih odstupanja, Calk sto viSe ~ 
stoji znatno podudaranje. To potvrduju rezultati analiza u le:iiStu na slikama 1 
(podina), 2 (boksit), 3 (boksit) i 4 «krovina). 

Prema pr.i!ka.za:nim srednjiiun polofaj,ima rum puikotina istog &istema tj . prema 
orjentaciji istih i njihovom med:usobnom prostornom odnosu, mofe se pretposta­
viti da u komrplekisu podina-boksit-;krovina dorniniraju dva sistema pukotina, te 
da je ·u geoloskoj proslosti dolazilo do neznatnog pomicanja glavnih osi naprezanja. 
To je dovelo do stvaranja disperzije unutar svaikog pojedinog sistema pukotina, 
kako to najbolj e prikazuje sHka 3. 

Manja odstupanja vise su m.rokovana znatnijim razli!kama u fiziOkMnehanickim 
svojst·vima boksita u odnosu na karbonatne podinske i iklasticne krovinske naslage. 
Tek u podini (sl. 1) posroj.i Ii tTe6i sistem pUkotina koji je slabije, odnosno neznatno 
izra:ien, a pok112uje manje odstupanje od drugog sistema. 

Zbog broja obrad:enih podataka (317) dobiveni rerultati na slici 3 poslufili su za 
rekonstrukciju i ocjenu glaivnih osi naprezanja. Ovi se rezultati podudaraju s naj­
izra:ienijiim sistemima pukotina podinslcih i krovinskih naslaga. 

Generalno prikazanim pukotinama na slici 3 pripadaju maksimalni i submaksi­
ma1ni polovi nomiala na rav:niine pukotina I M-252/80, II S-349/78, Ill S-77/82 i IV S­
-158/82, na temeLju kojih je i~rsena rekonstrukcija osi naprezanja. 

Glavne osi naprezanja obieno se utvrduju prema Gzovstkiju (1975), Ocere­
teniku ii Troscenku (1978),ikoj,i su razradi1i metodu rekonstrukcije. Pri tome 
se os minimaln.ih glavnih normalnih naprezanja (o1) poklaipa s bi1sektrisom ostroga 
kuta izme<lu dva sistema J?Ukotina, a srednje noxmalno naprezanje (02) djeluje duf 
njihove presjecnice. Os naJveceg normalnog naprezanJa (o1) okomita je na erethod­
ne dvije osi. Kao rezultat dobiiveni su pravci djelovanJa sila (sl. 5) tkoje su blle uzro­
kom naprezanj a istijena, formiranja pukotina, rasjeda i drugih dislokacija koje su 
bitne za definiranje i razradu le:hsta. Na osnovi dobiiVenih rezultata · za glavne osi 
naprezanja 0 1, o 1 ·i o3, ·te na temelju podataka iz sli'ka 1, 2, 3 i 4 moZe se ocjeniti da 
je u geoloskoj proslosti dolazilo do pomicanja pojedinih osi oko njihovih .srednjih 
vrijednosti (sl. 5) od ± 5• do ± 10'. To potvrduje da je bilo 'Vise faza stru.kturnog 
proobliikovanja stijena. Vjeroj131tno je da su stijene podfae na ovom lokaliitetu bile 
111eznatno porenieeene priJe nastanka lefista boksita. Tek poslije odlaganja materi­
jala za nastanak le£Sta boksita i talo:ienja krovinskih naslaga zajedno su strukturno 
preobli'kovane i stijene podine, rudno tijelo i krovina (sl. 1, 2, 3 i 4). 

ZAKLJUCAK 

Prema provedenim geolostkim i tek,tonofiziC'kim istra:iivanjima, rekonstrukciji i 
interpretaciJi, t:DO:ie se zakljuciti da podina le:iista rudnih ti:jela istira:iivanih boksita 
nije poslije talozenja bila znaeajnije struktumo promijenjena, sve dok 111isu bile 
istaloiene krovinstke naslage, kada je zajedno s njima i rudnim tiijelom pretrpjela 
intenzivne sitru'.ktume promjene. 

Analiza je p okazala da je os glavnih noxmalnih naprezanja (o1) okomita na di­
narslci :pravac '.J>ru:ianja SZ-JI tj. da se ipodudara s dosadasnjim pretpostavkama o 
pravou djelovanja maksimalnih naprezanja. Mo:ie se pretpostaviti da su u proslosti 
vjerojatno djel"°"ali Ii slo:ieniji tektonski procesi s potiscima iz dublj.ih dijelova zem­
ljine kore, CemtlU u prilog ide os srednjih naprezanja (o2) i medusobni prostorni od­
nos presjeka prosjeenih nagiiba ravnina pukoHna ·koji iznosi ne§to manje od 90°; 
odnosno manje od 45° uz bisektrisu ~trog kuta. 
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Taikoder je utvrc1eno da dobi<Veni elementi ove analize, prvenstveno prosjeeni 
kutevi nagiba ploha pu:kotiina unutar pojedinih sistema pukotina iiznose preko 809, 
te nj.ihovo pniZanje i osi glavnih naprezanja 111, 111 i 113, mogu ikorisno pe>slufiti za 
izbor optirnalne orjentacije IJ>O<kemnih radova i biti od utjecaja posebi:ce na velicinu 
i obUk podzemnih otvora 1koji bi, smatra se, morao biti naijmanje povriine dui 
pravca najvecih naprezanja. Rezultati analize diskontinuiranosti u ovom primjeru 
posluzili su takoder 1kao osnova za geomehanicka istrafivanja u nestabilnoj i obru­
favanju sklonoj krovi!Ili boksita. 

Opeenito, ovaiko postavljena i razrac1ena metoda moze korisno poslufiti i dopri­
nesti boljem poznavan:ju i prognozi strukturne grade duboko skrivenih leZiSta mi­
neralnih sirovina, te prostora u zoni rasjeda i dislokacija prilikom provoctenja is­
trafnih radova. Izueavanje tektonike lefiSta i tektonskcg sklopa mote dart:i niz ko­
risnih podataka za povecanje rezervi i njihovo iskorL1enje, za sigumost razrade 
istih, pn•e!'lstveno za definiranje i uskla4ivanje mec!u ;cbnog prostornog odnosa pu­
kotina i geometrije leZista. 

Posebice more utjecati na metodu eksploatacije udnc.mo izbor i obli.lk. podzemnih 
otvora i prostora s obzirom na djelovanje osi napr.:-z:rn ja i tektonskog sklopa le­
zista. Takoc!er mofe doprinesti teoriji o procesima koji nastaju u duJbokian dijelo­
vima Zemlje, definirajuCi pravce i vel:icine sila, koji ueu6uju na njihovo porijeklo. 

Kod leZista mineralnih 1sirovina naprezanja stijensk1h masa kao rezultat usmje­
renih pritisaika ·i vlastite tt2ine masiva stoga su veoma stetna i opasna. Rubni dije­
lovi podzemnih prostora na:jprije su izlofeni promjenama. Posebno treba spomenuti 
mjesta i uzor-ke koji su osloboc!eni naprezanja u ma:>ivu, koja se ponekad s vre­
menom deformiraju i do raspadanja jer u tom slueaju r. 1prezanja djeluju u su­
protnom pravcu od onih u masivu. 


