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l. Definition of the Problem

The remote sensing of the Earth by air- and space-b-orn hfgh sensitive it
ments provides for"images (photographs and. photoelectr.oir pictures) .of
and water surface in se*veral ranges (channels) of the visible atrd near inl
portion of the electromagnetic spectru
iion and the different lormations are
Based on this information, the geologi
the location, shape and sizes of vario
and circular structures are compiled.

lective characteristics (SRC). Referrin
Bulsaria in cataloguing the SRC of th

and the maident radiation on the reiere
reflective coefficient and spectral cha

2. Instruments and Measurements Techniques

on the Spectral Reflective Coefficients Of Volcanite
Granitoides and Gneisses

loped a portable sPectromete
and obiects in oitro and

nsists of twentY channels wit
range of 400-800 nnn at
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-13o. The natural sunlight is used in fielcr work and u rf.non lamp with prof 100 w or other artificial source of light, and the non-unr?rt4tiy tur ruu w or orner afilIlclal source of Iight, and the nolr_unifoiflllty o
spectral characteristic of irradiation within -the range of 400-B00nril'd'oes
exceed 300/0. A specially designed screen B0 mur in"dianheter is used as irglcg 9U..J. The screen has a photometric characteristlc close to the onideal dillusion reflective '"vhite sirrface. The average sRCo lr'ouet-gso/o
the no.n-uniformity of SRC within the ranse of 40"0-900 nm is i0.2s010'."The irregular potyted
with nat aces was adclitior
Polislred, and the solar ze
angre va much as nossihleangle va much as possible
influence of the diffuse scattered light by the surroundi4g objects, the inr

ld,un{ the,samp.les were placed bn black-mat tissue. t"n dependence on

3, Brief Petrographic Characteristics of the Rocks

samples to measure the coefficient of spcctral brightnesd are taken from
ous outcrops observed in different parts on the Bulgartan territory and

samples_ from two big groups of volcanic rocks are seledted - acid and r
ium ac-id. The samples are taken mainly from the Rhodlpes and the wespart of sredna Gora mountain, i. e. soirttr and -west of $rilgaria. rtre grou
lgtd rqclp comprises rhyolites.(samples Nos. 1-6), rtryodapttE (No. f, d?le
(Nos. B-9) and the medium aciri roiks are pLesented t{ No.' t0 - latite
No. 11 - andesite.

age of the volcanic rocks is paleogene and tfey are relatecl to
Alprne orogenic volcanism. They occur as florvs, subvolcdnic bodies and didrprrrtr urugcrlrc volcanrsm. Iney occur as llows, subvolc4nic bodies and di
rntrud.ed in.the.crystalline.complex and the gr .oides of the Rhodope ma
as rvell as in,depres.sions located_between itJ or morflhostructures.

4.gng the acid volcanic rocks the rhyolites are wfldespread. Their c
llp_n _ryrlire., is the.presence of aphanitic .ground mass, cgmposed of potass
telspar, quartz and volcanic glass. In it_phenocrysts df plagioclasa, felsqraftz and sometimes bio.tite, amphibole and pyroxene are qbserv"ed. The grori
ii"::,_y:trg: por,phyry, individuals is. from-BS t_o 300/3. Th{ rhyolites,are"mai
of felsitic (samples Nos- 1-1), p.orphyry (No. 5) ,na" r.,virin.i 1No. ol t"ri
Accessory minerals it tF rtryoiitei ir6 iircon,'tourmaliidu-titu,itrr, riagne
The rhyolite texture is fluidai banded.

Macroscopically the plagio.rhyolitb-rhyodacite (No. z) has fine porphyrre -. holocrystalline [or'. the ground mass, The main rock-forming'nii
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r-als are: plagioclase, felspar, biotite", amphibole unO lri.fv qiartr.

The coarse oorohvritic delenites are srhvoln"rtri" lX.lilo rr,
to medium-grained alotriomorphic texture. Main intratettuiic minerils are:
xene, amphibole, plagioclase, :quartz and felspa (sanidin{). Accessory: zi
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apatite, tif4pite, magnetite, orthite, sorne
rite, sericite also occur,

secondary minerafls as epidote, chlo

The mediunr acid volcanic rocks are plesented by flatite (No. 10) a
andesite (No. 11). These are melanocratic rocks with
site) texlure and massive stiucture. Microsconicallv

typica[ hialopilitic (and
site) texlure and massive sfiucture. Microscopically the grqund mass is apha

glass. Forhyries of plagionitic composed of plagioclase, pyroxene, volcanic
clase, pyroxene and amphibole may be observed
olivine.

b) Granitoides

They are irom Rilo-Rhodopean batholites. Samples of glanodilrites, biotitr
granites and two-mica granites are collected. I{ere are sampleg of numbers : 4584
4732, 301 l, 7t07, 2086, ffi68, 2193, 8653, 3735, 2224,' I bnct IL'I'he granitoides are mainly coarse- to medium-grainqd granular rocl<s
Their structure is mostly hipidiomorphic grauular, sometiges rporphyritic anr
in certain cases - cataclr stic. Their texture is massive, sometimei Darallel
Main rock forming minerals are: felspar, qtattz, plagioclase, biotite and two-mi
muscovite. Secondary and accessory ninerals are: orthite, tftanite, zircon, ap
tlte and ore rrinerals.

c) Oneisses

Two types
and 5005).

Gneisses are fine- to medium-srained rocks
ture and parallel texture. The main-rninerals are:
muscovite. Accessories are: zircon, rutile, apatite

4. Discussion of Results

here and 
"very 

rar-ely

with lepid(granoblastic stru
plagioclase, quarlz, biotite at
and ore minerals,

are considered: biotite and two-mica (samplps Nos. 340, I

Both within -the period of measurements and when dis(ussing the resul
the factors with greatest influence on the rock SRCO may bg defined separat
ly in two principal groups: internal and external.

Among the external factors the main role is played by the source o1

light, which may be of natural or artificial origin, but its lnfluence is known
as a rule and could be considered in data interoretation.

Among internal factors significant is the influence of ttje structural-textur
al feature, the mineral and chemical compositlon, the surface of the measured
samples, etc.

When measuring the spectral brightness of the differerft genetic
of rocks, sun was used as a source of light. The strength 0f solar irradiation
for the geographic latitude of Sofia (eastern longitude -1320'45'; northern
latitude -- 4241'02") depends on solar location over hQrizon, i. e, on the
zenith angle. Measurements were performed during the autrjmn of 1978, Sept.
30 and Oct. 3-+, within the interval 1l:23-15:51."During th{:se clays the zenith
angle changed from 46 to 65'. When comparing the measqred values of the
SRCO for the three days and for.the interval;of noorr-houis oi the aututnn
season, it was detelmined that the solar zenith angle is of weak irflportance
(Tables 1 and 2).
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a) Volcanites

indices as shape, size of porphyries, but there is considelable difference in
quantity of ground mass. Referring to this index, the acid volcanic rocks

Data obtained by urements of acid volcanic locks show that h
est is the SRCO o. 1-rhyolite taken from the llastern Rhodo
Sarnple No. 2 - r the saine volcanic regiod is defined by 1o.,

indices of spectral Both samples do not differ in such struct
the
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almost aphiric structure for the porphyry and holocrystalline - for the gro
mass. This structurai index of the sanrple brings it closer to the rhyol

tp Lo 240/0 in the IR range. The other sample (No. B) df coarse-grained
phvric delenite does not diifer from No. 9 in structural indices (sizerphyric delenite does not diifer from No. structural indices (sizes
shape of rninerals) but its indices are with 1gc7o higheq on the averag€
macroscopic comparison of the two samples a dilference betlireen the surf

on the average
macroscopic comparison of the two samples a dilference betlir
under which the measurements are taken, appeared. Fpr sample No. 9
rough and uneven, with difference between roughnesses {rp to 5 nm. At
other conditions one more index is introduced, namely the Surface of the nr

ed samples. Under natural conditions, this index would probdbly be of

the electromagnetic spectrum, between 400-500 nm. In lhis range the pe
shows values of spectral brightness of 100/0 higher anfl _the {i.flere_1-c-e

importance because of physico-chemical rock weathering, dust, developmen
microorganisms, etc.

The dominant colour of the acid volcanic rocks is rose-violet and
rose. The perlite (sample No. 6) represents an exception - it is almost w
and the rhyolite (sample No. 4) is of intensive red coldur. And in fact, t

these rock samples have shown .SRCO indices which differ from the otl
and this influence is especially remarkable within the $hort-wave interval

ale
Lite
lly
ers
of
ite
ith

reference to the rliyolite of in"tensive teO ioioui 
-atiains 

15070. This differe
is the smallest within the range of 546-557 nm.

The latite (sample No. 10) and the andesite (sample No" 11) refer to
medium-acid rocks. Here a steep decrease of the reflectiv€ capacity is obs

The latite (sample No. 10) and the andesite (sample No" 11) refer
um-acid rocks. Here a steep decrease of the reflectivf capacity is ortreulurn-aclo rocKs, nere a sleep oecrease or rue retresrrvp caPacrly rs uur

ed. A slow increase of the SRCO is found for the latite - from 14 to I

detected between 753 and 802 nm: The latite demonstr{tes another pec
ty .- from 557 to 802 nm the values of SRCO are alqrost the sa4e. C
ously, within the increase of the dark-coloured mineralsJ the reflective c
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city of the volcanic rocks considerably decreases and this i$ to be traced wit
in the whole measurement range of the electromagnetic sppctrum.

The colour of the medium acid rocks is: grey-greenish for the latite a

dark grey for the a ndesite. The following peculiarity hag been determin

,ylp--d t
t.,/ *d'3 r--+"o- -+'-

tu--+"
,p--* J

bG -o /.F.

7

fi- -''oo

r I
0

JYe
.U-ta,.r ,--.n

u{4- -c'- - O- + v
JAr -,-

--sJ
4rg
DI

2

if-^..-'
.a- v

titXlr

cufve
4,6- rllle;,7 - plnglorhyoltte-rhyodac
curves samples

cne,qBa



il00l 5(J0 600

Fig. 2. SRCO curves of granitoides and gneisses

i#r'illl?'#,lii1't'o; ),ft';,?|!i,'.'.'.ur"$h. ?68?:,B|Bld?',' 
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under all rneasurements the SRCC of the lathite is higher than the andesite
SRCO bv 4-501o on the average.

Measurements have shown that the rock surface influ{nces significantly

b) Granitoides

When measuring tl-re coefficient of ligirt brightness of granitQides, it was deter
mined that its highest value.s are attained with the two-mic4 granites and gra
dually decreases to the biotite. granites and tlre granodiqrites.

ihe two-mica granites perform SRCO changes from 48i510/o at-40[] nm
59-640/o at the neai infra-red region. The lower values of lample II compar
to sample I are drle to the gr the mineral grains.

The biotlte granites have 28 to 600/0. Their average- val
are between 35 Ind 56070 (Fig . Lowest are thd values of sam

No. 2224 (from 28 to 40"50/o). that this is due to the weathe
sample surface and the greater quantities of the biotite.I{ig{rest spectral bright
ness values has sarnole 

-No. 
2086 at 775 im - 620/0. The reflective capacitl

increase results frorn-the augmented content of salic minefals as_the percent
age'of tire potassium felspal is particularly^ high' th"^!g
smooth. For-the cataclastic b:otite granite (Sample No.865,

salic minerals.

between 400-500 nm with very poor decrease within the inperval 4ll'425 nm
The second plateau is within the range of 700-802 nm also 'fvith weak decreasr
after 775 nm. In fact the two plateaux represent ranges within the optic spec

trum with width up to 100 nm, where the reflecti 'e capacilty is constant. Thi
refers to the group of acid and medillm acid rQcks'
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Fig. 3. SRCO averaged curves of volcanites, granitoids and gneisses
j,alli::i:lii. *'anite$: 2 - biotite granltes; J - sranodiorites; 4 - rhyo[tes; ,t r-.] Bnetsses;
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Another clearly exspressed peculiarity of .the
increase of the spectral brightness within the
feature gradually decreases with the increase of

studied s{mples is the r{Pi
interval of 500-700 nm. Thi
the darli-coloured silicaiter

for the following conclusions:
l. Direct pioportional dependence - exists between the ground mass qqan

tity and the SRCO for the acid volcanic rocks.

5, Conclusions

The measurements and the interpretations of the results oblained give ground

" 2. Acid. rocks have higher sRCo values than the .m$diurn-acid and t

basic rocks.
3. The predominant quantity of salic minerals augments the SRCO a

the rock structure is manifested tfrrough the size

sizes of the porphyries the SRCO decreases and y

5. Smooth and polished rock surfaces increase^the^SBgO'
6. Samples of weathered surface have low^er 

^S^RCO 
thfln

7. Rock of massive texture have higher SRCO than lthe

l

Pesynrrarbl Id uHTepnperauuff I4sMepeHHI?

cneKTpaJIbHbIx oTpaxaTeJlbHblx xapaKTepEcTIlK
ByJIKaHHTOB, TpaHaTOHAOB H rHellcoB

X. E. CnupudoHoe, A. X, Rpyuoa, H. R' Kattloa, C. H, (oauee

(Pesrcue)

B Aassoft pa6ore flplrBo.tl,flTcs pesyJlbrarbl uelrlepeunti c x orpax(areJl

vice versa.
4. The influence of

the minerals: at greater
versa.

6. Samples of weathered surface have low^er 
^s^RCo 

th{n the fresh
7. Rock of massive texture have higher SRCO than lthe ones of p

(banded) structure.' 
8. itre tlgtrter colour of rocks increases the SRCO and vice versa'
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