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Remote sensing data obtained from sircraft and space
wystems sre known to be highly important to compose various
thematic goologicel mape such as lithological-stratigraphic,
1ithological-formation, tectonic, structure reference-horison
wape az well as mineralogenic {including metallogenic), geo-
morphological, bydrogeological, sngineering geology meps eto.

A% present, airborne end opsce photographs, including
narrog-hend multispactral ones $aken by photes TV cemeres
aund ecamners An the electrompgnetlic apocirum are used on a
broad memle %o coméile such maps Aerial side~looking radar
date obtalned Shrough the wes of an achive method im the
microrave {cantimetor) mpectrum are applied on @ snaller
scale, thermal infrared data being used experimentallys

Aerial and ﬁbac@ taages are of epecinl valuejﬁecnuao of
bread ground cﬁvo&ageg hatﬁrél integration ahd generalization
of topopraphic featmrém, one component of which is a geologi-
cal pattern, Sne photo shows rlunltaneousnly several geologlcal
bodies and piructures of any class what wakes 1t poassible to
aee thelr relatlonship. The integration effect on the photoes
showing minor details of the country build-up separated or
somplicated by othexr features mnkea it possible to observe
tho nhole atructures ageinst the background of minor features
that may escaps one's notics or may not be identi;ied in the

course of ground observations, Peatures of low classes come

out generalized on the photoes, owing to the faet major
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features of the country topography become obvious. The degree
of ground coverage, integration and of generali:qtion ia de=
pendent upon the type of studies and is® proportinal to the
denominator of their scales,

The above mentioned characteristice of aerial and space
photographs enable us to construct more precise geological
nodele than themailc geologicel mmps compiled without remotely
sensed data, The natural generalization of & geological
pattern on aerial and epace photographs presents & methodolo=
gical baois of the geologicml mapping haﬂed wpon remote
sensing date. Mapping of the earth's surface is always based
on generalieation of festures photographed without which one
cannot create a model incorporating physical feaiturem, ioee
any geologlcal map, In case the remots sensing data are not
avaliable, the generalization becomes, to a certain extent,
subjective and the degree of the eubjectiveness cannot be
predicteds In case of the remote mensing applicaetions, the
generalization of geological structures, linear features and
thelr relationship ie made on a true basis and may be easily
checked up.

The compilaiion of geological meps based on remote
sensing data falle into a number of consecutive processed.

Tht firet one 1s & transformation of images inte a given
projection, otherwise eerious errors may be made. The trans-
formation problems are solved to & considerable extent sns fer
ap the perial ﬁnd space photographs, taken in a projection
close to the central one, arve concerned, Geometric distortlons
complying, in this cese, with certain regularities may be
vemoved, The afﬁ-;ﬁthmn of transformation ¢f such images of

" the earth's surface sre elaborated, which enable us to carry

3.
out geometric transformation of photographn in practices

High altitude aerial photoes taken by long-focus objectives
may be used without preliminary transformation as these
remaln orthogonal even in tﬁe.cana of highly rugged topogra-
phy. This is quite en advantage of such photographs,

The transformation of photoes taken by the scanner and
radar methods is more complicated. The geometric distortions
are in this case due to accidental reasons such a8 advertenco
of the eircraft carrying the shooting camera from ite heading,
change in the £light velocity end that of the scanning, which
do not comply with certain laws. Therefore, it is d1fficult
both to éonatruot a stereomodel based on the images of such a
type and transform such photoes in a certain projection, The
problem 6: transformation of theme imeges may best be solved
by introducing, on boa;d the craft, the required corrections

for alterations of photographlc conditions. It is less

desirable that images be transformed by reducing these to a

selected standard model through the use of electronic scanning
transformers and computers.

The next stage in production of geological maps following
the transformation is interpretation of remote sensing data,
i, 1dentiflcation of geological bodies and gtructures,
drawing them as areal contours nnd linear elements ag well ao
finding out indications of any femtures produced by geological
proceases. The interpretation is necessarily porformed by means
of approprlate instruments through the use of stereolmpression,
In case overlapping photographs are lacking, a pailr of identi~
cal photographn is studies. Orbital images, whether original
or enlarged, are liable to identification. When gelecting merial

photoes for interpretation, one uses not only photoprints but
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also -onaipn and photomaps yielding a better coverage. The

game photoes are being studied at least by two interpretors
working independently so that the identification should be
more comprehensive and irue. In some circumstances, original
impges undorgo optical and/or electronic f£iltration and de-
composition mccording to their densities by means of TV oyatems.
1% helpa obtain adéitionnl information snd makes identification
morTs cortain., Heeans and methods of automation of the interpre-
tation process are being elaborated, computers are uged to
convart images into digital cherts, However, sutomatic methode
of identification and interpretation, in particular, are net
sompletely developed In the case of complex geological
fentures,

Identification resulta are plotted on photoplaué oxr pho«
tomaps what makes 1%t pommible to interpreie sepearate goologle-
cal Teatures observed 6n the photographe im total. The proce=
durs of geological interpretation of remoiely genpsd data i
based on %he theory of detecting natural geoleglcal featuren
frou photograpaic (radar, thermal~infrared) inages and,
practically, on elaborating end applying intprpretation criteria
found in the coucse of identification of geolegical features.
21%hough there are some difficulties in forming & uniform
theory of natural indicators, methods through which geological
information may be obtalned from remote sensing are belng
successfully developed and applled in practice. A contraste
gnalogue principle of detecting end identifying geological
features i8 highiy importent since it is absolutely imposeibie
to Antarprete geologlcal informstien desived from remote
senning without application of the nald principle. Practically,

interpretation and identification becoms one processe

Ho

The interpretation of the identified data is a wost
complicated siage of operations. In the first ingtance, an
{nterpreter applies his experience, who, on the baslas of re=-
cognition indicators, may assume a type of the geologicel fea-~
ture he deale with at the moment. Certain criteria for inter-
pretations of geologlesl foatures are worked out, In pome
capes, the criteria are gocd for large arees, for example, in
the esne of granitic intruslons belonglng %o the seme stage
of geologic history. Them, to disclose the gubgtance of re-
cognozed Features, one makes usc of avallable geologloal,
tectonic, geomorphologicel end other mape (according %o the
eubject of interpretation) as well as of field geologlcal and
geophysical information obtained from the reglons, All the
vncertein features newly disclosed that had not been plétted
on maps drafted before and those which interpretstion on the
basls of identification indicatione does not match with the
Known data ere $o be born in mind. All such features require
additional studies.

Tdentification end interpretation help reveal some bed-
ding feantures and dielocation plenes, dips of peneplane velica,
ptecpness of nlopes, lvcal diffevencea in elevations, thick-
peap of serios and rock bodles, as well as help obtain rhythe=
mograms, plot geomorphological profiles and geologicel crose-
sections, locate ey horiszons and complle gtructural maps by
photogrammetric instruments. Sometimes, thicknege of Quater-
nary valley sedimenis may be esilmated by aerial photographe.

The interpretation and classificatlon of recognized
features result in drafting up descriptive reporte to the mapse

which contents may vary due to amounts of information aval-

lable from remote s@ensing records ueed and to predetermined
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aspacis within which Interpretation was underiaken,

“hen comes @ stege at which the vesults of both ldenti-
fication end interpretation mre checked up on the baslas of
kngwp geological information, One of the steps of information
checks ig naatching of remotely sensed datse with geological
data from the availabls geologlcal maps. However, 1% occcurs
infrequently bhecause the identification waually yilelds a 104
of new geolegical information not plotted on geologlcal, tac~
tonic end other svaileble maps. Remote sensing spplicetions
ars primarily aimed a% obtaining new infewmabion. So, it is
guite a task to control, prove and define it concretly by
other data. It ie very important to selsct opiluum means snd
meatods at the control stege.

Controlling oi the geologlcal features obtained From
remote sensing date 18 a time consuming and expensive work,
particularly, in cese there i a necesoity of controlling Hhs
data derived from the identification of space and 6ther smalle
#scaled photographs covering vast areas. Therefore, not all the
recognized features are conirolled by field geological, geo-
physical and other investigetions. It ie only represenf:tiva
features of each type that are controlled in the field, data
obtained being extrapolated to other features of the same type.
So, when compiling maps, both the deductive (from the general
%0 the particular) and inductive (from the particular to the
general) principles are used, !hﬁ identification 6: remote
sensing data is aleo performed during the field operations.

After the office studies of field dafa are completed,
photegraphs are reidentified and reinterpreted on the basis
of new data. Pinal claseificaetion of géologicni features

based on immges are made and the deacfiption to the map is

To
apecified,

The final stage in complletion of a geological map is
the transfer of all collected dauta from photographe (phutoe
plans, photomaps) onto a map in a selected projection. If the
photographs have already'bean traneformed, the transfer does
not make & problem and is practically perforwed by means of
photogrammetric instruments and by eye. The transfer by eye
cannot always be usable me it cannot provide for required
acouracy for fhe areas that are scarce of landmarks; errors
in tho'oyi‘tranntor mey bring to the misinterpretation of geo-

logical features what may cause errors in trends and targets

of goological exploration,

Remote sensing data of various types end scales present

qualitatively different information what is due, firstly, to

a part of electromegnetic spectrum used and recording instru-

ments and, secondly, to degree of generaligzation of terrain

- detalls on photographs. Due to these factors geological featu-

res of various orders are 1dentif1ed on various scaled photo-
graphic images, Maps of differemnt contents are, mccordingly,
made on the basis of photographs of various types and Bcales,

On the bvasis of identification of TV pictures on a scale
of lees than 1:5 000 000 ®space® tectonlc maps are compileds.
The East Buropean Platform Map (Fige1) is an exsmple of such
a map, In such a case, major blocks of the earth's crust are
taken as & baels of mapplng, which are separated by faults
and differ in origin and structures.

Scamner satellite photographe which on the same scales
have higher acutance help compile maps of atructural-tectonic

reglon divisions. The map of regional division of the Turan

Plate (Fig.2) may serve as an example. Alongside with struce
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$ure-forming faults {including the so-called ®translucent®
ones which have not been found by ground geological murvey),
the map reveals regions different in tectonic features,
thicknesses and compositions of rocks building up the platform
nantle, Important data'on the origin of minerals in the area
are sasocliated with thye features,

The satellite photoes on a acele of 1:1 000 000 or clome %o
it (for example, photoen shot from thg 95oyuz~$2¥ and multd-

spactral scanuner lﬁagea taken from the ®ERTS®) are characte-

e

rised by msomewhat be%%er acutance, lower degreo of genorallza-

%ion of the terrain detailu:providing at the aanse ﬁime thelay-

noptic {pummery, wide~covering) nature of inforwatlon. I3

pexmite to compile more detailed mape of major reg%ouﬁ what may

bo Llluatrated by siructural geological maps for the Mangyshlnk

peninsula (Pig.3) and for Lake Balkhash (Pig.4). The aforesald

photographs made 1%t popsible to amark on tha sbove maps not

only etructure-formetion zones end a network of varicus fsulte

but elpo some lithological and stratigraphic units and gomplex—

as of intrusive formations, y ‘
%t is long ago since aerial photographs have succosafully

bean uased in compilation of medlum-scaled and large~acaled

photogeological, geological, geomorphologlcal, engineering I

geology, hydrogeclogical end other mapa. At the saue tine, F

all the bulk of spacs different-scaled photographs 18 applied ' l

for the purpose. Whan mappling ﬁ concrate ares, aerial photo-

graphs on verlous tcales are applied, if.e. all the photoes

avallable for the area, differing ir sceles thres and more

times @s much, It is worth mentioning that the plcturen taken

by converatlona’ cumeiaa, on conventional films, varying in

geales not less than three times, contain apprasciably diffe-

e
rant geologlcal informatlon, Por the past time, amall-scaled
porial photographe taken at altitudes of 7.5 to 12 km have been
applied, Thus, when carrying out geological mapping, aerial
photographs of not less than a pair of scales are being studied,
for exemple, plcturee on scales of 1:150 000 and 1:50 000
and/or of 11100 000 and 1:25 000, The horizontal photographing
on scales of 1:% 000 000 to 1:15 000 by a small dimension
comera bullt in a light elrcraft commences as early as during
the geologlcal investigations devoted to bridging of pite and
holes in wmost complex sites. Perspective eirborne and ground
stereoscoplie photographying 1s underken over highly rugged
terrain,

Well known geologlcal wape on medlum end lsrge scales
based on snnotuted merial data have been compiled for varlous
preas of the Soviet Unlon. Therefore, we are not discussing
and not glving examples of such maps. What 18 more ilmportant
to mention is that the aeriel data applications have eppenti-
ally changed the procedure and organizatlon of regionsl surveyss
At present, a geologl al party carrlem out studies over vast
gress covering a whole ¢f the geological atructure or its
major portion and in case of purveying on a seriza of topo-
graphic sheete. The selection of targete of field work 1s
based on the recognized aerial photograph data., The investiga-

tione are concentrated on complex sites for which there are

.plenty of dats nvallabie as well as on eites which are most

promising for exploretion. The mapping 1a performed from the
gens:al to the particular, ar a rule, through gradual extention
of obaervation pointe over th& whole of the turritory, repeated
interpretation of remotely sensaed deia and compllation of

advance sheets of the tcrritory under mapping at all the
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intermediate ptagess Pield obsexvation and offlce study Ag%a
are plotted on photoplana since the intarpretation of photo.
graphioc images of the terrain prosents a basis of tha compi~
lation of geologlcal end other mapy drafted im the course of
rogional survey. '

In conolusion 1% im worth emphasing that obviousmess of
remote sensing date make maps based on the above data repro-
ducible. Recognition of natural features and their inter-
pretation remain subjective to mome extent but pliotognphin
imeges of the natural objects are true. ‘
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Pig.1. satellite Tectonic hap ol thm Bastu Buropean klatform

compiled by I.I.Bashilova on the busis of TV pictures taken
from matellites of the 'bieteor' type.

i-major block boundaries, 'a' being for distinct and 'b' for
probable ones; 2 - boundaries of structure zones and indivie
dual structures tiwt are well (a) and poorly (b) recognized;
3 - regional high angled faults, 'a' for obvious and 'b' for
less obvious ones; 4 - thrusts, 'a' for regional and 'b'for
local ones; 5 - probable imbricate structures; 6 -~ various
structural lines; 7 - uplifts, arcoes, ewella, horsts, 'a'
for larger, 'b' jor medium and 'c' for small anplitude ones;
B - troughs, depressions, grabens,deep (a) and shallow (b);
boundaries of known basine; '9' lor oil and gas, '10'for coal,
11" for iron ores, '12' for Dneproveky basin (iron ore, ni-

ckel, boxite; coal etc.); boundaries of areas promising, accore

ding to identified records, for : 13 - oll an: gus, 14 = irup
ores, 15 ~ nickel, irc» ore, bouxite, enal.; 16 - expected oil
and gas fields; 17 - uhie upper cloud-limit; 18 -tihe area lack-
ing photographs good enough ror geoloyicul anu tectonie inter-
pretation., Other indices ( solid coloring, dotting) stand for
structural zones ard structural forms, different in structure
and setting within major blocks suggested by various TV ima-
ges. Major blocks of the East wsuropean ;latformi I - Kola-Kae
releky Block, II - Sweedish-Finlund Elock, IIT - (nega-Kams-
ky Elock, 1V -bvina-Vychegodskv Block, V - Voronezheky sloock,
VI - Belovussian Block, VII - Ukranian Block, VIII - Moscow
Syneclise, I{ - Pribaltic Block, { =3redneuralsky Block, LI =

"

Pechorsky Block, {11 - Uralo-Caepian Block, LIII - Gurieveky

= ‘
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Arch, XIV. - Kiev-Bobruisky PFlock; Structure zones : 1 - Onega
Rise, 2 - Nurmansky Nasseif, 3 - Keyvsky Synclinorium, 4 - Iman-
dra-Varguza Synclinorium, 5 - Inarsky Massif, 6 - Belomorsky
Massif, 7 - Pechengskeya Depression, 8 - Khibineky Pluton, 9 -
lovozersky Pluton, 10 - Karelsky kassif, 1% - Vyborgsky rapaki-
vi Massif, 12 - Salminsky rapakivli Nassif, 13 - Syktyvkaraky
Horst-Arch, 14 - Nyandomsky Massif, 15 - Vologda Nassif, 16 <Ki=
rovekaya Graben-Syneclise, 17 - Dvina-Mezensk Riee, 18 - Vycheg-
da Graben-like Trough, 19 = North Dvina Graben, 20 - Central Up=-
11ft of the Voronezhsky Block, 21 - Brestsky Horsi-Arch, 22 -
Dnlepar-Donntzeky Trough, 23 - Don-kedveditzky Horsi-Arch, 24-
Zhyguli Arch, 25 - Zhgnli-Pugachevaky Arch, 26 - Kostroma Uplifi,
27 - Krestzoveky Trough, 28 «Tykhvinsk Dislocations, 29 - Sara-
toveky Dislocatlona, 30 -~ Sarausky Pluion, 31 « Knybysheveky inw‘
tyuaive (?7) waseif, 32 - Daugavpils Massif, 33 - Priualtiyskaya
Syneclise, 34 - Bashkirsky Horet, 35 - Permskaya Zone, 36 ~Sred-
nepechorsky Massif, 37 - Intinsky Messif, 38 - Privoizhakaya Zo-
ne, 39 - DBaskunchak Zone, 4C - HElilon Zone, 41 ~ Pricespian Zone,
42 - Astrokhanskaya Zonas, 43 - Uralakaya Zon®, 44 - Chapaevekaya
Zona, 45 - Inzerskaya Zone, 46 = Sarapulskaya Zone, AT ~Kazange
kaya Zone, 48 -~ Ufimskaya Zona, 49 = ragnitogorskaya Zoneg, 50 -
lower Ob Graben, 51 - Chetlass Scazxp, 52 = Vymeky lorst=-Arch,
53 = Vafagar and Rybachy Peninsulas eparagmite, 54 = Lvov-Zhy-
tomyrskaya Zone of imbricated thruste.

Pig. 2. The kap of Structural-Tectonic Division of the
Turen Flate., It ie compiled on the basis of the acanner photo-
graph taken from the man-made satellite "keteor-18". Bounda-
ries of major structural forms : 1 - well identified, 2 = doubt=

ful, 3 - configurations of ring structures; faults : 4 - deep

- 3.
faults (sometimes accompanied by sutural troughse), 5 - regional
feulte; arched uplifis: 6 - higher ones, 7 - lower ones; depres-

slons, itroughs : 8 - deeper ones, 9 - shallower ones.

Fig. 3. The §tructural Geologilcal Map for the Mangyshlek Peninsu-
le compiled by S.M.Bogorodsky, I.K.Abrosimov, E.A.Vostokovae and
‘L.I.So0lovyuve on the basis of the pleture taken from "Soyuz-12",
1 - lower novocaspien sands; 2 - upper novocaspisn sands; 3 ~khva-
lynsk sands with pebble; 4 - Middle Miocene-lower Pliﬁoane lima-
stones and merls; 5 = Oligocene - lower Miocene claya; 6 ~ Paloo-
gene clays, marls and sandsj 7 - Danian - Paleogene limesiones,
marle and sands; 8 - Cretaceous sands end clays; 9 - Jurassic -
Cretaceous sandstones, siltetones end shalesj 10 -~ Permian - Tri-
assic pandstones, argillites and egiltstones; 11 ~ boundaries of
regional uplifte énd troughe; 12 - configurations of luca; uplifts
recognized well (&) and probable (b); 13 - lineaments proved by
geological and geophysical records [a) and assumed ones (b)j rew
glonel uplifts : ¥ - Buzachinsk Uplift, II - Mangyshlak-Central
Ustyurtsk Ulift, III - Beke-Bashkudunsk Uplift, Regional troughs:
IV - South Buzachineky Trough, V - Chakyrgansky Trough, VI -
South Mangyshlaksky Trough. locel uplifts : 1 = Uplift belonging
to Djaman-Orlinskaya group, 2 - Ashysorsky Uplift, 3 - Taschek-
unduksky Uplift, 4 - Uplift of the Koshkanskaya group, 5 = Koshw
nar -iiskunduksky Uplift, 6 - Uplift of the Tyubedjinskaya
group, 7 - Uplift of the Zholospenskaya group, 8 -~ Karaimansky
Uplift,

Pig. 4 .The Structural Geological Map for Lak Balkhash based

on multiapsetral scamner pictures from *ERT3",
4 1 - boundaries between )ithological and structural complexes




R
“liable to identification (indeces standing tor_-cﬁa 1ithologin
cal- and-stratigraphioc uhits.nnd intrusive formations); 2 -
structural innas; markexr follds: 3 - no;:ﬂgurntic;nu_ of ring struc-
tures; 4 - major faults_scpﬁrating.atruntural blocka; 5 ~ oihor

major faults,




