BULGARIAN ACADEMY OF SCIENCES

SPACE RESEARCH IN BULGARIA, |
Sofia - 1978

Fault Structures Obtained by Geological
Interpretation of Space Images

H. B. Spiridonov, V. S. Djepa-Petrova

New trends in studying various natural phenomena and objects appear
within the development of aero- and space methods of Earth investigations
through outer space. Particularly great are the possibilities for the Earth
sciences of geology, geomorphology, soil studies, hydrology, and the like.
Space images processing provides for the accumulation of enormous guanti-
ties of statistical material which broadens our knowledge inthe field of Earth
sciences. Particularly great are the prospects revealed by the statistical pro-
cessing of fault structures obtained by a visual method of geological inter-
pretation of space images.

This paper uses space multizonal images provided by the American
technological satellite ERTS-1 for the purpose of statistical processing of
fault structures. The photographs were obtained in four spectral ranges:
0506, 0.6--0.7, 0.7—0.8, and 0.8—1 um, i. e. in the visible and the near-
infrared regions of the spectra. The geographical coordinates of the photo-
graphic centre are: N 41°42/E 026°03; N 41°40/E 026°05. The space pho-
tograph comprises a surface of $=33502 sq. km. It embraces the South-
Eastern part of the Bulgarian territory, the Eastern Rhodope Mountains
included, as well as most of Western and Eastern Thrace, which are part of
Greece and Turkey.

The Eastern Rhodope block, which is the subject of the geological
interpretation, is part of the Rhodope Median Massif. Four structural com-
plexes participate in its tectonic configuration, namely: Archaen, Proterozoic,
Caledono-Hercynian and Alpine. They form analogous structural plans [2].
The Eastern Rhodope morphostructural block has been the theatre of intense
tectonic manifestations, mosily of a hereditary nature [2]. The ditferent
lithostratigraphical complexes are affected by multiple faults, in which the
sequential structural decomposition of the massif is reflected.

All the fectonic disturbances have been separated irrespective of the
corresponding structuaral plans, during the interpretation of the space pho-
tographs. The fault disturbances have been mapped (Fig. 1) on the basis of
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the geological fault structures interpreted (mazinly on channels 5 and 7,
with wavelengths 0.6-—0.7 and 0.8—1.1 wm). The map obtained was compared
with the available tectonic, geological, neotectonic, geomorphological, soil
and seismo-tectonic maps. Analogous Greek and Turkish maps were also
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Fig. 1. Map of the fault structures obtained by the geolo-
glcal interpretation of the space images
i - confirmed feults; 2 — sugwested {awits

used. Most of the fectonic structures, interpreted on the space images,
confirmed the already known faui! zones and faults. In addition, new struc-
tures unknown to the geclogical maps were identified. Together with the
definite selection of most fault structures, a considerable number of them
had provoked ceriain doubts. That is why these structures were divided
conventionally into two categories: a) faulis definitely identified on the
space photographs, and b) suggested faults not definitely discerned on the
space photographs. On the other hand, the space {mages embrace lerritories
of neighbouring couniries for which we are not in possession of detailed
cartographical geological materials, This fact alse coniributed to adopting
the decision for differentiating between the two faulf categories.

The two fault structure categories — confirmed and suggested — obfained
from the interpreiation of the space multizonal photographs, were used for
statistical processing with the specialized elecironic system of automated
digital recording for photogrammetric and cartographic information.

The set obtained with coordinates of the two fault-structure categories
can be used further on for compuier processing. For thal purpose the es-
sential indicators which characterize the multitude of faulis are determined
by the direction (4;) and length ([} of the faull, where:
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(1} @, = aretg (Yo, — Vi) Ko — X1},
{2) L= Xo; — X0, P+ (Yo — Y,

For the purposes of mathematical statistics, direction (d;) and fault
length {I;) can be lreated as elements of two general data populations.

The aunswer to the problem as to what is the functional dependence in
the discrete sequence characterizing the fault distribution along the direction
can be obtained by the autocorrelative function which gives the statistical
relation between # and ¢, where ¢=0.1,...,, N, by the familiar formula:

N
3) K= ;%,2 =) (tra—2),

where £; are the values of discrete sequence in a definife interval at fault
classification, and N is the number of directions in which the classification
is performed.
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It is well known that the value of the autocorrelative function at r=0
determines the discrete sequence dispersion.

The results obtained were processed further on by an ODRA computer.
All the fault lengths and directions were calculated by formulae (1)
and (2). A fault classification was performed every 5° 10° and 15°. The total
sum of the confirmed faults amounts to 185, that of the assumed ones
being 80. Some additional data for computer processing are given in Table 1.

Table 1

; Maximum Minimum Densily
- Num ber Summary 1
Faulis 7 ‘ ]en;?hfkm E"gll’:;km Ie"?{::]iﬂ““ 9:%[;““- -1
I j‘
Confirmed 165 1845.71 42.57 4.13 0.055081
Suggested 80 1261.88 ‘ 3175 4.98 0.03487

The classification results and the faull structure distribution are shown
on histograms and fault rose (Figs. 2, 3). Both the histograms and the fault
structure rose have been worked out at every 5° The classification and the
distributon of the iwo faulf types have been effected in the range from 0°
to 180°.

If we analyze thoroughly the fault distribution at intervals of 5° in the
range indicated for the confirmed omnes, and for the suggested faults-— by
histograms and the rose, we shall find considerable saturation (tips of the
histograms) in the following directions: 0°, 25° 40° 50° 90°, 105°, 125°
and 175°% An interesting fault concentration may be observed in the North-
Eastern quadrant in the range between 10° and 60° both for the confirmed
and for the suggested faults. A constant fault background is present here
and its tips are outlined in directions of 10° 25° 40° 50° The highest
concentration for the faults suggested is in the same quadrant in a direc-
tion of 20°
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A particularly big saturation of fauits is found in the interval from 90°
to 95° and the conceniration maximum is attained at 90° If compared fo
(1) there would be almost full coincidence both along the amplitude of
scattering (here it is of about 15% and in the fault conceniration in the
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Flig. 2. Histograms :

2 — conflrmed faules ; b — suggested faults

i

180"

Fig, 3. Rose of the fault structures:
a — conflrmed ; b — suggested

East-Western direction. This conclusion relates fo both confirmed and sug-

gested fault structures.

As far as the remaining interval concentrations in the North-Western
quadrant are concerned, they completely correspond to the main fault struc-
ture with directions of 120°—130° and 150°—170° (1).
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One basic problem arises here, namely: the determination of the speci-
fic distribution of the fauits examined and the respective verification with
the help of experimental data available. The histograms worked out (Fig. 2a, b)
show mixed distribution. The wverification of the uniform distribution

Fig. 4. Auiocorrelative functlon:
a — conflirmed fapits ; b — suggested fauiis

availability was performed according to the X;-square criterion (3) which
had shown that with a probability higher than 6.995 we could confirm that
the distribution differed from the hypothetic one at 35 degrees of freedom.

The autocorrelative function K{z) (3), which characterizes the functional
dependence in the discrete sequence upon classification at every 5° is shown
in Figs. 4a, b. The normalized correlative function

(5) Ke(n)= Kﬁﬁ;)a—

shows that we cannot confirm the availability of a considerable correlative
link between the different fault directions.

A successful step has been taken by processing the geolegical fault
structures obtained by the visual method of interpretation of the multizonal
space images of the Scuth-Eastern Bulgarian terrifory. Such a processing
has not been carried out until now. A comparison with (1) shows that the
interpreted fault strucfures reflect correctly the total disiribution of the
fault systems in the Eastern half of the Balkan Peninsula. This fact proves
once again that the suggested program of processing fault disturbances has
been correctly worked out and is being succeéssfully interpreted.
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PaznomMBbe CTPYKTYDbI, NOJAYYEHHLIE NIPU [EOJOTHYECKOM
AeN(PUPOBAHUM KOCMHYECKMX H300paKeHHit

X. B. Cnupudones, B, C. Howena-Memposa

(Pesiome)

B peayapraTe BHSYanbHOTO CTPYKTYDHOTO ReHIHGPHPOBAHNS MEOIGSOBAALREIX
KOCMHYeCKHX U300paxenuil, oxsatuBaomux Boctouksie Pogonh, BEAeNAIOTCH
AnHeiHble DASROMHBIE CTPYKTYDHL Ha OCHOBE 3THX CTDYKTYpP COCT4BaeHa Kapra
pasnoMHMX HapymewuH. [lonyyesHHe Junefiyble CTPYKTYDPH NOJPA3LEIAIOTCH
Ha AB€ KaTErOPHH: a) AOCTOBEPHO OTAEIK(PUPOBANHBIC PASIOMEL K §) Ipej-
NOJATa€MEIE PA3NIOMEL. DTH JBe KATErOPHH DA3NOMOB HCIOJBSYIOTCH AaAblue
AN cTarHeTriecKod o6paloTKH CNelUanK3aHPOBAHKON SJIeKTPOHHOH CHCTEMON
aBTOMaTHuecKOf HuppoBOH perdcTpanun (OTOrpAMMETDRIECKON H KaPTOTPa-
Puueckoit unpopmanus. Pacnpesnesenne PAsAOMHEIX CTPYKTYp HCCAeqyeTcH
METONaMY MATeMATHYECKON CTATHCTHKH,
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