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Characteristics of the Relief
System within the Istrian Hummocy
Hills — Factor Approach

Darko Mihljevic*

Geomarphological system of the [steian hummocky hills has been explored by
s of the eie type factor analvsis, Four fundamental factors have been extracted,
They exploin 68,93% of tatal system variability, and together with the fifth unique
factor they aceount, Analyiis of the morphometric maps with inital variables shows
that the extreme values of the vallys network parametors are connected with the
upstrenm catehment area of the main thied order valleys, wich hove been drained
pwards the SW part of the Cepié palic basin, By interpretation of isofactor maps it
may he concluded that unhalance within singhe geomorpholagical subsystems was
cansed by sudden ﬂllctlmﬂ_ﬂﬂ af sea level during the Inte Wiirm and Haolocene, by the
recent subsidence of the Cepid polje basin hottom and finally by the left hordzontal
strike slip and a dip slip shift component of Pozin foult.

Key Wards: Istrion hills, factor analysis - R type, relief system, tectonics

Znatajie reljefmog sustava Isiarskop pobrda - faktorski pristup.

Reljuini sustav Istarskog pohrda istraden je postupkom faktorske obrade na sre
miatin. Ladveajenn su tetivl temeljno faktors koji objadnjavaje 69,93 % ukopne varijolil-
noski sustivi a5 petim unikvitetmim, 76,819 varijabilnosti ukepnog sustava, Obrido
murfometrijskil karata frvormib varijabli ukazala je da su ekstremne vrijednosti
parametars dolinske mrede povezane s ivoriénim dijelovima porjedja glavnih dolina
tredeg reda koje se odvodujoveju prema JZ dijei zavale Cepickog polia, Tumaden-
jem izofaktorskih kavata zakljuduje se da je neravnoteza unutar izdvajenih geomaor-
folodkib podsustova (foktora) uzrokovans gaglim oscilacijama razine moe krajem
virma i 0 holoceny, recentnim spudtanjem dna zavale Cepidkog polja, 1 lijevom |
nermalnom koemponentom pomaka duf Pazinskog ragjeda,

Kljudne rijeci: Istarsko pobrde, faktorska snaliza na »r« nadin, reljefni sustay,
tektonika.

INTRODUCTION

Research on correlations between geomorphological processes and shapes, 1. e
how passive and active factors of morphogenesis affect the present relief forms is
nowadays recognized as one of the basic principles in geomorphological research.
Interaction of relief elements within the peomorphalogical system has been viewed
* D ose, asistent, Geografski odsjek, Pricodoslovno-matematitki fakultet, Marulices trg 1%, HLOGD
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through cerrelations, by observation of simultaneous changes in relief parameters
{variables), among which no mutual scause-effect« relationship necessarily exists, however,
they can be aroused by some other (latent) cause (factor) hidden to the immediate
observation, By means of the factor analysis »R« type, it is possible to single out from a
large number of correlations of selected variables (morphometric relief parameters) asmall
number of fundamental variables {factors) explaining such correlations,
This factor analysis of the Istrian hummocy hills aims to find out the key factors,
fundamental for such correlation of variables, to find out the nature of correlation
between certain variables with singled out factors (factor structure) and to interpret
geomorphological sipnificance of the obtained factor structure.
Since the factor structure reflects mutual influence of passive (lithology and
geological structure) and active (tectonics and climate) morphogenetic factors, it will
be casier to apply and geomarphologically expound factor model of the Istrian hum-
mocy hills, from the following reasons:
~ Impervious flysh deposits, in which Istrian hills have developed, greatly increase
flow off component and thus decrease precipitation infiltration coefficient.
Conscquently, a dense network of hrook valleys, gulleys and rills will be shaped.
-3uch dense network enables measuring and quantitative expression of numer-
ous (statistically important) relief parameters {variables).
= Valley network, shaped on the low resistant flysh of the Istrian hills gets, due
to the dynamics of its development (alometric growth) within geologic time
measurermnent, very quickly adjusted to the existing balance and unbalance between
passive and active relief development factors; thus, concerning the given factor
structure, diagnosis, based on geomorphological situation and recongnition of
cavses stunding behind the changes in valley network elements is made possible.

= The area under research (Fig. 1a} is completely composed of flysh deposits
{except for the small areas of Cretaceous and Paleogene limestones in which a
part of steep incised valley of the brook Grdoselo has been shaped), of similar
or identical physically-mechanical properties, by which introduction of li-
thelogical variables into a factor model has been avoided (Peh, 1994) and such
simplified explanation, too,

- U basis of our present knowledge concerning peclogical structure and tecton-

ics of the Istrian hills (Siki¢ et al 1969, Siki¢ et al 1972, Siki¢ & Poliak 1973, Siki¢
& Pleniéar 1975, Magdalenié 1972), coinciding with the Pazin basin unit (Sikié
& Pollak, 1973), no remarkable structural changes have been noted, except on
its far north-gastern part, along the contact with Cidarija hills (Mihljevié &
Prelogovic, 1992). Thus, influence of tectonics within the Istrian hills (excluding
the surrounding tectonically active area of Utka and Ciéarija) is reduced in
peomorpholopical interpretation of factor strueture,

Faector processing =R« type
The relief factor analysis has been applied since 1970 {Dornkamp & King, 1971}
with many different procedures — research types of factor analysis. Since many authors
have discussed maodalities of factor processing » R« type (Blackith & Revment, 1971,
3
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Catte 1952, Dillon & Goldstein, 1984; Fulgosi, 1988; Mather & Doornkamp, 1970; Peh,
1990 a, b, 1992, 1994; Raffaaelli & Muti¢, 1982; and others) we briefly explained the
procedure applied in this paper.

Processing was started by organization of data into the matrix of original data nXm,
where n denotes number of variables and m number of samples. Matrix dimensions of
original data amount 1gX191. The first reduction of matrix dimensions pX g is contained
in a correlative matrix nRn, dimension 1sRa It is rectangular, symmetrical with
diagonally ordered units. Further reduction of correlative matrix dimensions nRy, 18
achieved by caleulation of unrotated factor matrix nAq of dimensions 843 by method
of main components (centroidal factors procedure) whereby correlation coelficients
between the picked out factors and variables define factor load of the given variable
on the given factor. Factor rotation procedure has been performed to achieve the
simplest possible factor structure (Thurstone, 1947), by means of Keiser varimax. At
extraction of optimum number of factors, three most frequently applied criteria have
been used:

- Keiser eriterium {217, (Keiser, 1958)

— criterium to drop all factors which do not meet the term {A>3)

—criterium to stop factor extraction when the first unique (specific) factor appears.

Since by factor model every variable may be expressed in terms of factors, so every
sample within certain variables can be connected with the singled out factor and can
be organized into a factor score matrix mZq of dimensions 19125, For the geomor-
phalogical interpretation of factor model, this is of vital importance because the factor
composition of samples in the given number of variables may be cartographically
displayed by means of factor scores, Composition of factors in every sample is shown
as cleviation from the arithmetic mean value in standard deviation units.

River basin of the third order valleys has been taken as the basic topological unit
of geamorphological system (sample). Since with increase of valley order, their relative
age increases too, selection of the third order valleys represents only one stage in the
evolution of the Istrian hummeocy hills, namely, the situation of the system up to the
formation period of the third order valleys, The third order valleys have been singled
out agcording the Strahler (1936) mathod. There are alltogether 191 of valleys on the
area of 336 sgkm. Total area of the river basin of the third order valleys amounts 158
sqkm, i, e. it covers 47 % of the area under research, whereas the average arga amounts
(.83 sqkm. The selected variables used in the factor model have been shown in the
Table L.

Prucessing of Morphometric Maps with Initial Variables

By interpolation of contours (Fig. 2b-21), main characteristies of initial mor-
phometric variables have been cartographically displayed in the measuring units {Table
I}, The following details have been noticed:

_ The largest number of valleys is situated in the spring areas (accumulation fans)
of river basin of the Galogorica, Karbun, Gradinje and Letaj brook, namely,
around rivers flowing off towards the southwestern part of Cepic polje, in fact
they belong to the catchment area of Raja (Fig. 2b).

s
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— Valleys are longer in the catchment area of Botonega, of Rakov and Vlaski
brook (Fig. 2c).

— The largest heights of the base denudation areas (Fig. 2d) are in the spring arcas
of Pazin brook. Concentration of contours follows 3 topographic watersheds of
the 3 main catchments: catchment of Rada, of the Pazin brook and of Mirna,
The beil-like shape of concentrated contours, marking topographic watersheds
of catchments, with its narrowest part at Pazinski Novaki (at about 2000 m)
indicates to the possibility of connecting the Rada and Mirna catchments.

Tab. 1, Initinl morphometic variables
Tab. 1, Polazne morfometrijske varijolle.

CLASS VARIABLES SYMBOL UNITS

I VALLEY NETWORK

1 Musnbier of valleys of first order i eI ative
1 Mumber of valleys of secomd order n enumerative
3 Total lenght of valleys of first order LI km

4 Total lenght of vakleys of second order Lz km

] Total lenght of valleys of third order L3 ki

18 Bifurcation ratio KB eamerative
I7 Bifurcation number BE enimerative
] GEROMETRY ELEMENTS OF

VALLEY NETWORK
[ Busen arca of thicd Ad km®
order valleys
i MEASURES OF HORIZONTAL
DISSECTION
16 Vallys censity [HH km / km”
15 Frekvencijn doling KLy mumber { km
v MEASURES OF VERTICAL
DSSECTION

T Eeight of valley maouth H2 m

] Height of valley source i} m

Y Height of higest point on watershed i m

1 Tatal basin relief UR m

11 Lacal relative relief of valley side ER m
12 Mlmim valley gradicnt HG m
13 Left valley side slope T1 deprees
14 Riplut valley side slope T2 e preas
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— The largest river basin areas of the third order valleys are in the catchment area
of Letajski brook and Botonega (Fig. Ze), and are linked with the present
possthilities of the river basin’s alometric growth.

— The highest watershed elevations are on the watershed of the Pazin brook and
of the Mirna river (Fig, 2g).

= The largest valley gradients ( Fig. 2h} are in the river basing of the valleys,
drained towards Cepic poljei. e. towards the catchment area of Rata basin. The
significant gradient increase of the Grdoselo brook valleys developed as a result
of its incision into limestone deposits,

— Valleys [requency (Fig. 2i) and drainage density (Fig, 2j) are also connected
with the valleys drained towards the Raga Cinyon,

= Incision depth of the main valley (Fig. 2k) is the biggest along Grdoselo brook,
a5 a result of the incision into the limestone basement and along the valleys in
the Raga catchment,

- Finally, the largest bifurcation ratio (Fig. 21), indicating transition of valleys
from the lower 1o the higher order, is registered in the river basins of the vitlleys
drained towards Cepié polje, i e towards the Rada canyomn,

By processing of the initial variables, shown by appropriate morphometric maps
(Fig. 2b-21), before their inclusion in factor analysis, it may be concluded that extreeme
values of all variables (relicf parameters of valley network) are primarily connected
with river basins of main valleys (third order) drained towards the southwestern part
of Cepié polie, i. e. they belong to the river Raga catchment.

Interpretation of Factor Structure and Discussion of Results

Rotated fuctor matrix (Table 1) represents the final solution of the factor model,

Besides analytic we also have a graphic solution of the factor model by projection
of variables into bipolar coordinate system whereof axes are orthoponal factor pairs
(Fig. 3a-3d),

Tab. 2. Rotated factor matsis - final solution of the factar mudel of the Istriae hills,

Tab. 2. Rofivana fakrarska matircs - konaéno TJedenje fakrorskog modela [starskog pobrda.

FAKTORI Fl F2 F3 Fd F= o

VARLIABLE h £

I i1 -0.073 2 (k04 0.2 [ 08
132 1492 0] [L13 .04 =023 .92 LY
L1 95 -[kAA -i.12 -[.111 0nl1s na4 (1R
Lz .75 (L0 LI -0.13 (13 061 r’.J.J'SJ_.
L3 (8.} ] ] 012 (104 (.05 4.8 o.0%
AZ LR -(.05 .50 -0.03 0.1 0.0 (83
H2 (.03 0.494 .14 .17 LG .94 0.6




D Mihljevié: Characteristics of the Relief System within the Istrian Hummacy Hills - Factor Approach

FAKTORI Fi 2 F3 F4 Fs
VARITABLE h E
H1 .15 047 .22 .33 -6 006 2,04
HO 0.1 .86 .24 0L 02 0as this
LR .27 -4 -8 QL4 .30 &4 219
RE ES] L17 027 0.55 il 058 .42
HG -[1.28 {06 M| 0.6 12 046 54
Tl N Y| 0005 .1 37 L7 .62 (%
T2 (L0 (.04 L7 w77 S otk .4t
FIy 0,16 -0z 092 012 (1.0 4% fir
DG ] -A1.0R 045 1} 0l 74 .26
LI 1l -0.52 013 022 0,13 .36 .64
KB 02 0.1 .17 0.0l (55 047 N
A R A6 2.58 2,24 237 1.24 13.52 118
A 2866 1598 2.m 1259 .64
A% cum 28,66 d4.04 ST 69,93 o8

In the rotated factor matrix (Table I1), factor loads of variables on 5 singled out
factors have been shown, 1. e, correlation cocfficients of variables with factors. Factors
are mutually orthogonal {cos 90 = 0) so they do not show interrelations.

Factor loads of variables with high coefficient correlation of the given factor are
marked by boldface numbers, These are so called diagnostic variables and they differ
from italivised secondary variables, the factor loads of which range between (13% and
{49 while their influgnee is not neglected in geomorphological interpretation, due to
the still comparatively high factor loads.

The key structure indicators of the factor model may be considered, Peh (1989,
19941 as follows:

— variance

- polarity or factor load sign of diagnostic and secondary variables

— character of diagnostic and secondary variables serving as identification basis,

namely, for determination of geomorphological factor significance

~ structural identification (name} of factors

— gonnection of certain variables with other factors

Since the area of samples (Fig. la and 1h) is located on almost completely
homogenous lithological base (Eocene flysh deposits), introduction of lithological
variables into the factor model of the Istrian hummocy hills, has been avoided.
Moreover, absence of lithologic variables due to the comparatively homogenous
lithologic field structure offers possibility that certain manifestations of variables at the
singled out factors might be interpreted as internal specific differences within the

O
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complex of flysh deposits in the sense of increased siltite or sandstone companent
within flysh deposits, which in return affect the manifestations of certain variables, On
the other hand, since according to our present knowledge, the flysh deposits in the
central part of Istrian hills have not been subjected to bigger recent teclonic move-
ments, or at least not to those which could be recognized in the structural reshaping of
layers, the possibility of lithofactor interpretation becomes even more important.
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The First Factor F1. The first factor explains 28,66 % of the total variance within
the system. It is positively monopolar, highly loaded by diagnostic variables 11, DZ,
LL, L2, L3 and A3; all of them representing elements of horizontal relief dissection,
{uite important is also the load of secondary variable RR, indicating the correlation
with diagnostic variables.

Regarding the geomorphological significance of diagnostic variables, this factor
may be called: the factor of horizontal relief dissection. Figure 3a shows graphic
solution of the maodel for the first two factor axes, caplaining 44.64 % of system variability.

The Second Factor T2, The second factor accounts for 13,98 %, L e, together with
the first 44.64 of total variance within the system. It is bipolar with highly positive factor
loads on variables H2, H1 and HO and negative on the variable BB. It is obvious that
the parameters of relicf height {H2, H1 and HO) are mversely dependent to the
confluence type of the main valley into the same or higher order valley; thus - the
hypsometrically lower the main valley is, the confluence will be realized with the higher
order valleys, From the sccondary mrmhlu, the variable UR indicates compa rmw-:l:,
high negative factor load, which means that in the highest relief zones larger values of
vertical reliet dissection appear.

Concetning the geomarphological significance of variables which on other factor
achicve high factor loads, this factor may be recognized as the denudation level Pactor.

It is very interesting that geomorphological descriptor UR appears as the second
hipalar variable with comparatively high factor loads ((.38-0.49) on all five singled out
factors, which points to the fact that its behaviour has been affected by several different
geomorphological and geological process, represented by the singled out factors,

The Third Factor F3. The third factor accounts for 12.70 %, and with the former
two factors for 37.34 % of variability within the entire system. Concerning diagnostic
descriptors, it is positively monopolar (FD and DG), showing bipolarity regarding
secondary variables UR and A3. Since the variables FD and DG represent {rom
peomorphological aspects outstanding parameters of valley density, their negative
dependance on variables UR and A3 is understandable, [t is possible to interpret this
factor as the valley density factor or denudation potential factor.

Graphic solution of the factor model by projection of variables onto the third and
fourth factor axis is displayed on Fig. 3b,

The Fourth Factor F4. The fourth factor explaing a slightly smaller variability of
the system (12,59 %) rL;__,’u'dInL the third factor, and topether with the former three
factors accounts for 69.93 % of total variance within the system. It is positively
monopolar with high factor lnads of diagnostic variables T1 and T2 and with somewhat
lower variahles HG and RR. Frorm secondary variables, there is UR of positive sign.

Fuctor structure points to positive correlative connections between slope inclma-
tions and dips as well as to meision of the main valley. In other words, the larger dip
and incision of main valley is, the more abrupt its slopes are. Graphic solution of the
factor mode] for the third and fourth factaor axis is shown on Fig, 3¢

This [actor may be identified as a slope inclination factor of the main valleys.

The Fifth Factor F5. The [ifth factor accounts for 6.88 % of variance and together
with previously singled out factors, accounts for 76.81 % of variability within the entire
system.

11
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This is unique factor with a positively polarized diagnostic variable KB and witha
secondary variable UR, The graphic solution of the fourth and fith factor axis is shown
on Fig, 3d. i

On Fig. 4A - 4D we displayed (by contours and isometrically) isofactor maps
obtained by interpolation of factor »quantity« values in every sample (191}, from the
rotated factor scores matrix, expressed in standard deviation units. :

Fig. 4. Tsofactor mops of the Istrian hillss A - Isofsctor map of the subsystem of horzontal relief dissection,
B - Bsofactor map of the subsystem of denudational levels, © = Isofactor map of the subsystem af
valleys density, D — Bsofuctor mag ef the subsystem of slope inclination.

S 4 Szfkrandor G Dia ke pobrd; A — Tzofakiork forie podsastave ovizontsine rascTonenosi refiela,
B Fzvisbcramica ket poelviestann dendaciskih mivan, € — Frofakrords it podssing poistode dalin,
! I | #
B = rofudirowsfiir karta poeliustave nemine poin,
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Isofactor map of horizontal reliel dissection (Fig. 4A) points 1o the greatly
increased deseriptor values of horizontal dissection (D1, D2, L1, L2, L3} in accumula-
tion parts of Vlaski and Rakov brook and in valleys tflowing from the north into the
Pazin brook valley. All subsystem variables of horizontal reliel dissection stand in
mutual positive corrrelation (Table 11 Fig, 3a) and are also positively correlated with
the appertaining area of their development (A3), pointing to the fact that the develop-
ment of valley network within the Istrian hummocy hills has been affected by allometric
arowth, that is 1o say, by extension of valley network according Lo the available arca.
Growth and development of the valley network oceurs by constant (retrograde) shaping
of low order valleys,

".'Illllllllll|l||.|!||’!|_|_|_||'-
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‘The assumption of allometric growth is an increase of field area where valley
network will be further developed. Aerial increase in concrete exam ple may be spurred
by relative lilting of central Istrian hills, i, e, by sinking of marginal arca andfor by
sudden fluctuations of medium sea level during Quarternary Era, which would be
reflected in change of denudation base heights. Lowe ring of denudation base will fairly
increase hydraulic gradient of valleys and thus greatly contribute to denudation proe-
esses. The most recent valleys developed very fast, as shown by the morphometric map
with initial variable KB. (rapid increase of bifurcation ratio between the first and the
second order valleys). During the late Wiirm and Holocene Era, a rapid transgression
of sea level oceurred, whiclh affected transport power of rivers, so in the high order
valleys the brook deposits aceumulated. In this way, typical traperoidal cross-section
profile of high order valleys developed. Ttis characterized by steep slopes shaped during
the lowest level of denudation base, conforming to the stage of »V« valley profile, .
namely to the stage of the most intense incision. After sea transgression and by increase
of denudation base height, an abrupt decrease of transport power and covering up
occurred, i. e, accumulation of brook deposits at the bottoms of former » Ve profile
valleys, so that the bottoms of the present day high order valleys are mainly flat.

Increase of descriptor value within subsystem of harizontal relief dissection in the
northern area of the Pazin brook tributaries may be connected with the fault activity,
indicated by the linear flow of Pazin brook and of its valley (Fojba or Borut brook) in
the length of about 11 kilometers, Since the valley extends in NE-SW direction, whercas
the regional stress occurts in N-S direction, we may expoct hath left and normal shift
compoenent along the assumed fault. Left component due to the orientation of the Pazin
brook valley related to the force direction of the regional pressure, and normal
component due to extension dircetion (conforming to deformation of ellipsoid related
to the above mentioned stress direction) vertical to the orientation of the valley
predisposed by fault, We may look for relief indicators of the left shift component along
the Pazin fault, in the confluence of north exposed valleys, with the Pazin brook valley,
under the angle of 45 degrees, (Otherwise we should expect confluence which is normal
to the orientation of the Pazin brook valley as was the case with the southern left tributaries.

Relief indicators of the normal shift component along the Pazin fault are indicated
by the positive factor anomalies within the subsystem of horizontal dissection within
the right tributaries. Normal shift component lowers denudation base of the northern
valleys on the spot of their confluence with the Pazin broak valley. In this way, relative
lifting to the north of Pazin brook valley occurs, affecting the repeated allometric
growth of valley network, liable for the existing unbalance within a subsystem of
horizental dissection,

Subsystem of denudation level (Fig. 4B) is characterized by extreemely negative
anomalies in the valley area gravitating towards SW part of Cepié polje, namely,
towards catchment of Rada and Botonega, Positive anomalies occur in the region of
Draguc and in the top part of Straevica.

As for bipolarity of descriptors, defining subsystem of denudation levels, negative
anomalies are marked by hypsometrically lower relief (lower values H1, H2 and H{)
but therefore by increased values of BB (bifurcation number) and of vertical compa-
nent of reliel dissection (UR). Since bifurcation number, Peh (1994), marks transition

14
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of main valley into the same or higher order valley, increased BB values denote the

~ areas of active relief structures. Increased values of anomalies within the Dragué hills

and StraZevica, concerning the geomorphelogical sipnificance od descriptors within the
subsystem, point to the hypsometrically higher relief but of small vertical dissection and
hifurcation values. Concentration of isofactor lines in SE part of the map (Fig. 4B)
points to the abrupt changes in anomaly gradients (and thus to the situation in
geomorphological system) which may be explained by the recent sinking of Cepié polje
bottom, as a result of field »closing« due to the retrograde rotation of Ucka, Mihljevic
& Prelogovic (14992).

Isofactor map representing the subsystem of valley density or a subsystem of
denudation potential (Fig. 4C), shows explicit positive anomalies in the catchment of
Karbun brook, drained towards Cepié polje, i. e. towards the catchment of Raga.
Increased factor loads of diagnaostic variables of valley frequency (FD) and of valley
density (DG) are followed by reduced vertical dissection values and areas of appertain-
ing denudation areas which is very interesting; i. e. on comparatively small denudation
areas, marked by small vertical dissection values, a large number of short gulleys and
rills (drainage rills) flowing directly into higher order valleys are shaped. Such a factor
structure of valley density subsystem may point to superficial lithological changes within
flysh layers in the sense of increased siltite component. Since flysh deposits charac-
terized by increased siltite component are of very low resistance, we may expect
{besides the already quoted sinking of Cepié polje bottom) the development of a dense
valley network on the relatively small denudation areas, as indicated by the factor
siructure of the mentioned subsystem, Finally, the last one, slope inclination subsystem
of the main valleys (Fig. 4D) indicate to the noticable increase of anomalies in a
comparatively elongated zone of valleys gravitating towards Cepi¢ polje and in the
Grdosleo brook valley.

The subsystem factor structure is characterized by high factor loads of diagnostic
variables RR and HG and by negatively polarized variable H1. In other words, steepely
incised slopes of main valleys are followed by deeper incision (RR) and by bigeer dip
gradient (HG), but aslo by lower absolute heights of upper base areas (-H1). Therefore,
concerning diagnostic descriptors of inclinations sussystem, positive anomalies in the
valley area gravitating towards Cepié polje may be interpreted in terms of rapid incision
which resulted not only due to the Fleistocene sudden sea regression but also due to
the present day recent sinking of the basin bottom. Positive anomalies in the Grdoselo
brook area developed because of the valley incision into limestone deposits, which due
to their mechanical resistance are always followed by steep (almost perpendicular)
valley slopes.

Conclusion

Application of factor analysis »R« type on the relief of Istrian hummocy hills,
prooved as suitable due to the densely formed network of valleys and gulleys, which
may be displaved through a series of morphometric easily measured and quantitatively
{numerically) expressed variables.

Application and explanation of factor structure is facilitated by homogenous
lithologic compaosition {flysh) and by neglipible structural displacement of lithological
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members within flysh deposits, especially in the central part of the Istrian hills and by
low resistance of flysh deposits to weatherin g, whereby valley network rela tively quickly
adjusts to the possible structural and {or) tectonic changes. |

Elaboration of morphometric maps composed on basis of initial variahles ex-
pressed the remarkable unbalance within the geomorphoelogical system particularly in
the valley areas drained toward C¢pié polie, namely, towards the river Raga catchment |
and towards valleys of the Botonega catchment, i. e. towards the river Mirna,

Final solution of the factor model is contained in the rotated { actor matrix. Rotated
maltrix of factor scores served as a basis for elaboration and unterpretation of isofactor
TI'l:]FS.

Faclor structure is characterized with 5 singled out factors, whereof the fifth one
is unigue (specific). As for their factor structure, these factors may be identified as:

F1 - horizontal relief dissection factor

F1 - denudation levels factor

F3 — valley density factor or denudational potential factor

F4 - slope inclination factor of the main valleys

By interpretation of isofactor maps we came to the conclusion that the unbalance
within individual geomorphological subsystem is cavsed by rapid changes in sea leve]
fluctuations during the Quarternary Era, which brought about an inereased hydraulic
gradient and denudation intensity, too.

Further elaboration of isofactor maps pointed to the recent sinking of the basin
bottom of Cepié polje and to the left and norm al shift component along the Pazin fault
indicated by relief, which is reflected through an instability of geomorphological valley
system situated to the north of the Pazin brook valley.
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SAZETAK
Znacajke reljefnog sustava Istarskog pobrda - faktorski pristup

Drarka Mihljevid

Reljerni sustay Istarskog pobrda istrafen je postupkem faktorske obrade. Primjena faktorske obrade
s« madalitet na teljef starskog pobrda, pokazala se pogodnom iz vide razloga;

= zhog gusto cblikovane meee doling i jarugn, koju je moguce zraziti kroz niz morfometrijskih varijabli,
koje se lako mjere | kvantitativoo {brojéana) zrafavaju,

= ehog relativio homogenog Litolofkog sastava (1i8) | neznatoom struktermom poremedenoiiu litolofkik
Elanewa unular flifnih noslaga, osabito u sredifnjem dijelu Istarskag pobrda

= slahe otpornosti flise na troenje, dime se dolinska mrefa relativio brzo prilagodava eventualnim
druktumnim i (ili) tektonskim promjenama.

Obrada morfometrijskib karata sascavljenib na osnovi poluznih vatijabli noznadila je lzrafenu
neravnatein geomorfolotkih sustuva osobito u zond dolina koje se odvodnjavaju prema zavali ﬂ:cpiﬁmg polja,
adiwane sliva rijcke Rofe i doling o stiva botonege odnosno tijeke Mirne,

Rotirana Faktorska matrica {Tab, 1) predstavljo konatng rjedenje fektorskog madela,

Usim analitickog prikazano je 1 grofidko refenje faktorskog modela projekeijom varijabli w bipolami
koordinatni sustay Eje osi predstavijaju ortogonalne parove faktora (sl, 3a-3d).

U rotiranoj faktorskoj matrici (Tab. II) prikazana su faktorska opteredena varijabli na pet izdvojenih
faktora, odnosno koeficijenti korelacije varijabli s faktorima. Faktori su medusobno ortogonalni (cos 50 =
) pin ne poknzuju medusobnu korelativnase.,

Kako je podrudje uzaraka (Slika 1a i Lb} locirana na gotovo potpuno homogenoj litolofko podlozi
(naslage cocenskog flifa), izhjegnuto je uwwodenje litolofkih varijabli u faktorski model reljefa Istarskog
pobrda. Tim vide, odsustvo litolofkih varijabli zbog relativne homogene litolodke grade terenn, pruta
migiinost da se odredene manifestacije varijabli na izdvojenim fkiorma tumafe kao interne specifidne
mzlike unntar kompleksa flignih nosdaga u smisly povedanc siftime ili pjeSlenjathke komponente 1 nasligema
flifa kofe povratne utjedu na manifestacije pojedinih varijabli. 3 druge sirane, kako se prema dosadogijin
spoznajama, naslage fida u sredifnjem dijelu istarskog pobrda nisu podvegavane znacajnijim novijim tekton-
Skim ulincima, ili harem ne onim kuoji bi bili prepoznatljivi u strukturnom preoblikovanju slojeva, moguénost
litfakior ske interpretacije jo vite dobiva na znadenju,

Povi fakeos FL tumadi 28,66% ukupne vatijance sustava, Pogitivie je monopolaran, visoko optereéen
dijagnostickim vanjablama D5, D2, L1, L2, L3 § A3 koje mwve predstavljoju clemente horizontalne raséla-
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njenast reljefa. Znacajno je i opterecenje sekundarme varifable RR, kojo ukazuje na povezanast s dijag-
nostickim varijablama.
8 obzirom na geomorfolodko znadenfe dijagnostickih varifabli, ovaj se faktor mode identificirati kag
fiktor forirontalee reidmfenastt reffafis,

Na slici 3a prikizana je prafigko rjefenje modela za pree dvije faktorske osi koje obijasnjavain 44,645
varijabilnosti sustavi,

Drugi faktor F2 tumadi 15,989, cdnosne zjedno s prvim 44,645 ukupne varijance sustava, Bipolaran
Je, s visokim pozitiviim faktorskim opteredenjima ne varijabloma H2, FIL § HOG negativaim na varijubli BB,
Oite je da su parametd visine reliefa (H2, 1§ HO) v obrouto zavisnom oduosu s naginom utoka glivne
dirline n doline istog ili viseg ranga i 10 na taj nadin da o se glavna doling nalazi hipsometrijski nize, to éa
njezin setok biti ostvaren § dolinuma widih redeovi,

Ol sekundarmih varijabli relatimo visoke negativio fakorsko opteretenje pokazuje varijabla UR, &o
znadi da se u zamami najvitey reljefa javljaju veds vedjednost vertikalne radSlanjenosti reljefa,

5 obwirom na geomarfelofko znacenje varijabli koje na drugom fuktoru posizu visoka faktorska
apterccenja, ovaj se fuktor moe prepoznati kao fakor derudaciiskili nivoa.

Zanimljive fe da se geamorfolodki deskriptor UR javlja kao sekundarna bipolama varijabla s relativin
visokim fakiorskim opteretenjima (0,38 = 0,45%) na svih pet izdvojenih faktors, So ekazuje da je njegmn
prnaianje utjecano s vite razlicitih geomorfoloikih i genlodkih procesa, koje reprezentivaju izdvojeni faktori.

Tredi faktor F3 objoinjuva 12.70%, o s prethodna dva §7,34% varijubilnosti cijelog sustava, § ehzirom
na dijagnosticke deskriptore je pozitiimo monopalaran (FI3 i DGY, a pokazuje bipolarnost u odnose na
sekumgdarme varijable LR § A3, Kako varijable FI2 i DG s ohzivom na geomorfologko znatenje predstwdjaju
izrazile parametre pustace doling, o je | razumljiva njihova negativig zavisna vezn 5 vazrijallama UR i A3,
Cowaj fakror moguce je tumadit kaa fikeor gustode delina 7 fakor demadastiskog porenciiali,

Graficko rjctenje faktorskog modela projekeijom vanjabli na tredu { éetvrtu faktorsku os prikazana je
na shot 3,

Cetvrli fakior objalnjava peznatne manju varijabilnost sustava (12,59 %) u odnosu na tredi, azjedng s
prethadna tri 649,935 ukupne varjanee sustava.

Pazitivno je manopalaran s visokim fakeorskim opteredenjima dijagnostickih variiabli TL i TZ, i neito
niim varijubli HG § RR. Od sekundarnih varijabli prisuing je UR pozitiviog predznaka,

Struktura fukkra wkazuje na pozitivie korelativie veze izmedu nagiba padina i pada te nsjedenosdi
ghavne doline. Drugim sijecima Sto je vedi pad | usiedenost glavne doline 1o ée biti i strmije njene padine
Chraficko rjefenje faktorskog modelo za treéu i detvitu faktorsku o prikazano je n slid 3o, Cheaj e faktor
mode identificirati kao fotor sl peding,

Peti fuktor BS oljagnjava 6,887 varjance, a 5 prethodno fzdvojenim 76, 812 varijabilnosti cijelog sustov,

Tor i wnikevitetni fakror s jednem pozitiviio polarizicanom dijagnostickom varijablom KB, i sekundur-
nom varfjablom UR. Grafitko rjefenje za Getveen | petu faktorsku os prikazano je na slici 340,

Mo skici 4A-4D (zolintjama | fzometrijski) prikazane se zofoktorske karte dobivenc interpolaciiom
vrijedinosti wkolifines faktora u svakom uzorku {1919, iz matrice rotiranih faktorskib bodo, izeafene o
Jedinicama standardne devijacije.

Izafuktorska karta hotzontolne ragélanjencsti reljefa (51 4A) ukazije na jzrmeito povedanje vrijednost
teskriptora hovizontalne raftlanjenast (D1, D2, L1, L2, L3 u prikupisnim dijelovima Viafkog | Rakovog
patoka i dolinama koje sa sievera utjedu u doling Pazinskog potoka. Sve varijable podsustava hosizontaloe
radtlanjenasti reljefa medusobno su positivio korclicane (Tablica T0 $lika Ja) a pozitivio su korelirane { sa
pripadnom povidinam na kojof se razvijaju (A3}, &o ukezuje da je razvoj dolinske mreds u okviey Istarshop
pabrda wvjetovan slometrijskim rastom, 4. Sirenjem dolinske mrede u skiadu s raspoloZivim prostorom., Rast
i razvoj dolinske miege odvije se neprestanim oblikevanjem dolina najniZeg ranga (retrogradno). Pret-
postavke alometrijskog rasta jest povedanje povedine terena na kojem ée se dalje roenijati dolinska mrek,
Povedaje povriine u konkretmom primjere mofe biti potaknuoto relativnim izdizanjem stedisnjeg dijely
Tstarskog pobirca pdnosno spuitanjem rubnog podrudja i (i) naglim oseilacijama srednje razine mora tijekom
kvartara, 8o de se odraziti w promjeni visine baze denudacije. Snizovanje denudacijske baze nagloée povedali
hidranlicki gradijent doling i tako ekstremno pojadan procese denudacije. Dolaei do brzog oblikovanja
najmladib doling nu St vkazuje morfometrijska karta polazne varijable KB, {magli porast kocficijenta
bifurkacije izmedu delina preog i drugog reda), Krajem visma i v holocenu doluzi do nagle trinsgresije mora,
§to pak utjede na smanjenje transportne modi lekudicn pa se u dolinama vigih redova skumuolira potagni
nanos. Mo taj nadin oblikuje se znnkoviti trapezoidni § popreéni profil dolina vigih redova. Oibiljefen je strmim
padinama ablikovanim za najnizeg nivoa denudacijske baze, koji odgovara fazi ablikovanja ¥ popretnog
profila doliva, odnosno faz! najintenziviieg usijecanja. Nastupajudom transgresijom mora i povedanjom
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: visine denudaciiske baze, dolazi do naglog opadanja transportne modi | do zatrpavanja, sdnosne akemulacije
* potofnog nanosa na dnima prethodnib doling »Ve profily, ke da se doa daneinjih dolina vifik redova
- Lglavnom v na.

Povelanje vrijednosti deskriptora podsustava horizontaline rad¢lanjenosti reljefa w podrugjn sieverno

* palofenih pritoka Puzinskog potoka mogn se povezati 5 aktivnodéu rasjeda koji e indicican ravnoertnim
* prudanjem toka i doline Pazinskog potoka (Fojbe ili Boruiskep potoka) u dugini od 11 kilometara. Budud
e pruZanje doline SI-JZ a smier regionalnog pritiska priblizne S-J za afekivabi je, i lijewa i normaln
- komponentu pomaka duz pretpostavijencg rasjeda, Lijevi kemponentu zbog oentacije doline Pazinskog

& & obairom 1a smjer sile regionalnog potiska, 2 notmalne Kompetentu pomaka zbog smjera ekstenzije

~ (sukladno deformacifi elipsoida s obzirom na spemenuti smjer stresa) okamite na pravac prozania rasjedorm

presdisponirane doline. Reljefni pokazatel] lijeve komponente pomaka duf Pazinskog rasieda mopy se teagiti
- nsutoku sjeverno poloZendh duling, s dolinom Pazinskog potoka, pod kutom od 45 stupnjeva. (u protiviom
- hifrebalo ofekivati konfluenciju koja je normalna na pravac proZanja doline Pazinskog potoks, koo §ta je to
~ slufajs jukno polodenim, eduosna ljevim pritocima), Reljefni pokazatelji notmalie kompanente kretanja
* duf Pazinskog rasjeda indicizoni su upravo pozitiveim faktorskin anomalijama unutar podsustova horizon-
L loine rabtlanjenosti u okvirn desnib pritoka. Normana komponenta pomaka snifava denudacijsku bazu

geverno poladenih dolina na mjestu nfihova sutoka & dolinom Pazinskog potoka. Na ta nadin dolazi do

- relatmog izdizanja sjeverne od doline Pazinskop potoka 5o wtjede na opetovani alometrijski rast dolingoe
B i e

mirede, koja je odgevama za poslojedu neravnoteu unutar podsustava horizontaine radflanjenosti.
Poabiustiv mivoa denucucije (51 4B) abiljeden je izrazito negativiim anomalijama w podrucju doling

~ koje gravitiraju JZ dijelu zavale Cepickog polja, odnosno slivu Rade § sliva Botonege. Pozitiviee anamalije

nataze so U podrodju Draguca i weho StraZevica, 8 obzirom na bipolarnost deskriptora kaji definiraju
podsustay denudacijskih nivoa, negativne anomalije obiljefene su hipsomettijski nifim reljefom (niske
wrijednosti HL, H2 i HO) ali zato povedunim vrijednostima BB {biturkacijskog broja) i vertikalne komponente
rastlanjenosti reljefa (UR). Kuko bifurkacijski broj, Pel (1994}, oznadava nadin prelaska glavive doline o
dolinu istor, il viteg reda, pevedane vrijednosti BE akazuju na podrodin aktiviih strektura, Povetane
wiijednosti anomalijn u akvire Dragudkog pobrda i Stragevice, o 8 obzirom na geomorfolodko znnéenje
deskriptora opissnog podsustava, ukazuju na hipsometrijski vidl reljef ali malih veljednosti vertikalne
rastlanfenosti | bifurkacijskog brojo. Zgodnjavanje izofaktorskib linija u JT dijelu karte (Slika 4B8) ukozuju na
magle promjene gradijenuta anomalijs (a time 1 stanja geomorfolofkog sustava) o se mode tumaditi
recentnim torjenjem dnn zavale Cepidkog poljs, kao posljedice widtvaranjae polja vslijed retrogradne
rotacije struktura Udke, Mihljevic i Prelogovic { 1992),
Lzofuktorska kavts koja predstavlja podsustay gustoce dolina ili podsustay denudacijskog potencijala
ikn 4C) pokazuje izrazite pozitivie anomalije v alivi Karbunskog potoka koji se advednjova prema zavali
kg polio, adnasng slive Rade, Povedane vijjednosti faktorskih opteretenja dijagnostickih varijabli
freivenzije doling (FI} i dolinske gustode (DG) pradene su, Sto je zanimljive, smanjenim vrijednostima
veritkalne rosdlunjenosti | povefing pripsdnih denudacijskib poveing, 1. na relativig malim denudocijskim
prinama, obiljeienim maotim izeosima vertikalne eastlanjencstd, oblikovan je veliki broj krotkih jaruga i
vedodering (odljevnih jaraka) koji dirckino utjedn u doline vifeg reda, Ovakva faktorska struktura podsustava
gustoce daling moze indicirati litolaike promjene u okviru kompleksa flifnih slojeva na paveding i to u smislo
pavetane zastupljenosti siltitme kamponente, Buduéi da su flifne noslage, obiljezene povedanom siltitnom
kompanentom lakde trodive, za oéckivati jo (uz ved naznadeno spudtanje dua zavale Cepiékog polja) razvoj
guice dolinske mrefe na relativino malim denudacijskim povréinama, na o faktorska strukiur spomenutog
prdsustava i ukazuje. Kanadno poshednji, podsustay negiba pading glavaik dolina (Slika 44), ukozuje ra
mama povedanja veljednosti anomalija o relativao jzduleno] zoni doling koje provitiraje prema zavali
Cepickog polia, te u dilin Cirdoseljshoog potaka, Faktorska stroktura podsostava obiljetena je i visokim
fakiorskim optercéenjima dijognosuckib varijabli RR i HG, i negativio polarizitanom vavijablom 1.
Brugim rijetima, strmije usjecene pudine glavnih dalina pradene sn vedom dubinom usjeenosti (RR) i vedim
grudijentom pada (HG), ali ni%Em apsolutnim visinama gornjih bazaih poviding (-H1). Zato se s obzirom na
dijpgnestiche deskriptore podsustava nagiba, pozitime anomalije v zoni doling koje Eravitirajn zavali
#kog polfs mogu tumadin kao posljedica naglog usijecanja kaje je posljedica ne samo pleistocenske nagle
regresije marn, ved | danadnjeg recentuog spuftanja dna zavale. Pogitiviee anomalije u zoni Grdoseljskog
potokn rezultat su usijecanja doline u vapnenatke naslage, koje su zbop svoje mehaniéke otpornosti uvijek
pratene strmeim (gotovo vertikalnim) dolinskim padinama.

Received: May 31, 1995
Frimljcno: 31, svibnja 1905,

19



	57002
	57003
	57004
	57005
	57006
	57007
	57008
	57009
	57010
	57011
	57012
	57013
	57014
	57015
	57016
	57017
	57018
	57019
	57020

