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PREFACE

Application of satellite imacgery to regional qeoloqicai

and other studies has beer a subject of growing interest
in Finland since the early days of weather satellites.

When the participation in ERTS-1 ( now LANDSAT-1 ) proaram
of NASA became available, three Finnish vrograms of differ-
ent disciplines were suggested and became accepted by NASA.
One of these was the geological program ( No. SR-530-03 ),
the results of which are discussed in the present paper.

The program was accomplished by the Department of Geology

of the University of Helsinki in years 1972-1974 and later
jointly by this institute and the Outokumpu Exnloration.

The Geological Survey of Finland assisted at the work.

The research was carried out under the sponsorshin of

the Ore-geological Commission of Northern Finland, Ministry
- of Commerce and Industry of Finland.

Aside Dr. Heikki V. Tuominen, the principle investigator,
the program staff was formed by Mr. Jussi Aarnisalo, M.Sc.,
Mr, Kaj Osterlund, Ph.Lic., Mr. Viljo Kuosmanen, B. Sc., Mr.
Aimo Kuivamﬁki, B. Sc; and Mr. Jorma ‘Rdsdnen, B.Sc. A number
of geology students of the Unlversmtv of Helsinki also took
- part in the work. Dr. Jorma Kujansuu and Dr. Raimo Lauerma
from the Geological Survey of Finland assisted at the init-
_idl Stu@y of the imagery. Dr. Jouko Talvitie, Georhysics
Départmént of the University of Oulu, studied the imagery
covering the surroundings of the city of Oulu. Professor
Aimo Mikkola, Helsinki University of Technclogy, kindly

.. gave his personal ore data file to be used in the progoram.
The Ore Data File Project of northern Finland gave'add4t4
ional iInformation for the map of base metal dEDOSltS and

mineralizations . of northern. Flnland

In hlS comments OL the flrst draft of this renorL, the
Sc1entlrlc MODltOI pomnted out for 1nstance,' that the
use of the presented fracture map to aid ore prospectincg
was treated only superficially and that the lineaments

«.
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‘and fractures had not been classified éécdrdind to theic
‘structural significance. Attempts to comnlement the

report in these respects has required extensive addit-

ional investigations, which have delayed the finishihg

of the report.
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1.0 SUMMARY REPORT
1.1 General

- he main ochjective of the. procram was to study the appli-
cability of LANDSAT- 1 imagery to the detection of major
crustal fractures in the Baltic Shield. The test area
was situated in Finnish Lapland, north of the Arctic

Circle.

.In addition to the study of the main problem, a guick
evaluaton of the imagery for the survey of both Quater-
nary (glacial)VGQPOSits and Precambrian basement rocks
and formations was made ( Tuominen 1973 ).

The investigation was carried out by analyzing various
ground and airborne data in different ways. This mater-
ial was compare& with the LANDSAT imagery, which was
studied both visually and by other means such as photo-
_graphic processing, optical filtering and densitometric

studies.

To obtain the background data for the program, an extens-
ive analvsis of linears from about 1000 aerial photos
(scale 1 : 60 000, alt. 9 300 m) covoewing about 44 5000
sg. km'in the area of scene 1039-09315 and v101p1t5 was
made. For the same purpose, also the aeromagnetic maps
and the maps of bogs and watercources of northern Finland
were compiled into respective small-scale maps. LANDSAT- 1

took MSS images over F%nland and v101n1LV in three perlods

durlng June 1972 - Sept 1973 Of these 108 have been list- =

ed in a separate paper as an index of LANDSAT-1 scenes of
Finland for future users in Finland (Rarnisalo 1974).

The project has been concentrated mainly on the analysis
of two scenes, 1039-09315 and 1040~09371, coverina the




test site and vicinity. In addition, winter imagery
obtained in February - March 1973 and covering most

of northern Finland was used in the study. The images
were processed by various photographic methods, includ-
ing enlairged B&W and color composite prints, densitv-
sliced copies and both B&W and color-coded masking

enhancement pictures.

Technical problems were caused by some defects in the

70 mm copies (Tuominen 1973) and gradients in the density
level in all the processed images. Unavoidable delays
resulted from reconstruction of our optical filter labo- =

ratory.

A number of field trips.and low—altitude.flights were
| made to study the features discerned in the LANDSAT-1
imagery. During the summer of 1973 and 1974, also

field survefs were carried out in a test area in central
‘Lapland. The purposes of the survey was to study the
correlations between the bedrcck, glacial deposits, veqget-
‘ation and the density variations of LANDSAT imagery.

The analysis of the field data obktained is under wav and

will be discussed in a separate M Sc. thesis.

Six papcrs dealing with the LANDSAT-1 imagery of Finland
and with the major crustal fractures of the Baltic Shield

have been puklished.
1.2 Significant Results

Study of the MSS scenes 1039-09315 and 1040-09371 and of

- the Winter imagery obtained in 1973, has led, aftex various
proceésihg,to the following main results. Cultural features
show up distirctly in LANDSAT imageryv. Color-coded maskina
'enhancement pictures ‘band 5-pos-blue/band 7-neqg.-vellow)
appear to be especially suitable in this respect. Various
Quaternary features are revealed by the different bands.

e e




It seems evident that LANDSAT imagery will be a great
help in mapping such features. The énalysis of the
bedrock features has shown that schist belts can be
discerned from areas occupied by their basement rocks

or major mlutons. Frequently, however, the boundaries
of the formation remain obscured by thlck qla01ogenlc
.depOSlLS. The masklng enhanﬂement nlctures appear to
facilitate distinquishing between dlfferent rock format-
ions on LANDSAT. imagery. | '

A combined analysis of LANDSAT-1 imagery, aeromagnetic
and other maps and aerial photos has revealed a dense
network of bedrock fractures in northern Finland. They

form several . fracturing zones, which obviocusly renresent

‘surficial manifestations of major fractures. The fractures

follow, in general, the eight main trends of crustal shear

" characteristic of the Baltic Shield (Tuwominen, Aainisalo
and S8derholm, 1973), but show distinct deviations from
them in detail.

The major fracture zones divide the bedrock into a mosaic
of pelygonal blocks, which in many cases coincide with
the main rock units of the area and are characterized

by different patterns of intermal fracturing.

The known mineralizations in the study area show a tendency

to concentrate along the fracture zones. The association
of different typas of ﬁineralizations with fractures of
different trends seem D0551ble in the llqht of the data

- available. . '

Preiiminafy results.of_trend_analysis.made-byqutiqal-g
filtering of LANDSAT image 1039-09315-7, of the linears
interpreted from the image, and of the map of linears
interpreted from aerial photos suggest that-opticalf.'*
filtérinq of orioinal LANDSAT images micht provide a
rapld tool for the analy51s of major eructural trends

in exten51ve areas such as shlelds or entlle ‘continents.
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1.3 Recommendations

The results obtained are tentative, but they will
obviously cause some revisions in earlier 1nternretat—
ions of the major fracture zones of the Baltic Shield.

They reguire further testing based on various remote

sensing data and extensive field work. The significance

of these zones from the standpoint of ore prospecting,
especially Ni and'Cr, requires more study. The optical
filtering of LANDSAT imagery for analysis of structural
trends should be developed further. The possibilities
of its use as a tool in studies of tectonic patterns

in more extensive areas should be tested.

2.0 TECHNICAL REPORT

2.1 Image P1009531ng

: LANDSAT -1 took MSS-images of Flnland in three perlods

during June 1972 - September 1973. Of these images

108 were recorded from the Standard Catalogs (NDPF/
NASA User Services 1972, 1973) and llsted in a senarate
paper (Aarnisalo 1974, see p. 18, paper 4).

Since the test site of the program is situated in
Lapland (Fig. 1), the work was concentrated mostly on
the analysis of two scenes, 1039-09315 and 1040-09371.
During the image-processing studies, the images of

scene 1039-09315 were mostly used, since this scene.

covers about half of the proposed test area. However,
also the other images were processed by various
methods. All the processing was done by ﬁsing g.5"-
transparencies, since various defects were Ffound in

- the 70 mm products (Tuominen 1973).

vThe follow1ng proce531nq methods were used:

- Contact copying and enlargements for producing Ba&W |
copies of each band on the scales 1 : 1 000 000 and

L eae o
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Test site of the proaram (thin broken line) and the
coverage of the ERTS scenes mainly used in the study.
The identification numbers of the scenes are shown
in the picture. Shaded area shows the coveraage of
aerial photos used in the study. Southern border

of the area studied from the ERTS-scenes obtained
mainly in the winter of 1973, is also indicated

by dotted line.
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1 : 400 000 and negative CODleS (L : 1 000 000) of
“band 7. {Tuominen 1973). ‘ '

— Color composite prints on scales 1 : 1 000 000 and
1 : 400 000 (Tuominen op.cit.)

— Density-sliced copies (1 : 1 000 000) of bands 7,
5 and 4 for scene 1039-09315 and of band 7 for.
scenes 1039 09322 and 1040-09371.

- Masking methods for producing masking enhancement
pictires of scene 1039-09315 with spectraliband
combination 5/7 and 6/7, scales 1 + 1 000 000 and

~1 = 400 000. ‘

- Color processing of the masking enhancement pictures
of scene 1039-09315 (1 - 1 000 000).

- Equidensity processing (Agfa Contour-method) of scene
1039-09315 (1 : 1 000 coO0OQ).

‘Uncontrolled photomosaics ({1 : 1 000 000) were produced
from the images of band 5 as well as from the density-
sliced copies of the images of band 7. A 1 : 400 000
uncontrolled photomosaic was also prepared using the

color composite prints. Further, the original paper prints
of the imagery obtained mainly in winter were laid

into an uncontrolled photomosaic (1 : 1 000 000), which
covers northern Finland and its vicinity and extends

from the Gulf of Bothnia to the northernmost parts of
Finland in Zapland.

The processing of transparencies for optical filtering
was performed from the images of bands 5 and 7 as well
as from the masking enhancement pictures. -

The technical problems encountered in the processings
have been mostly caused by the gradients in the dehsity
level found to exist in all the processed images. (Fig.
2, a through d). 1In general,.the left halves of ‘the

o




a) An eéquidensity copy of b)

An equidensity copy of
image 1039-09315-5

image 1039-09315-7

c¢) A high-contrast copy of d)

A high-contrast cony of
image 1039-09322-7

image 1216-09174-6

Fig.2. Examples of density level gradients in variously

enhanced images. The upper central parts of the
right halves of the images studied agenerally nave
the highest density values, as shown here by
images processed by both the equidensitv method
and density slicing with high-contrast cooyina,
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Fig.3. A mosaic of LANDSAT winter images of an area
around the city of Oulu, Finland, nrocessed
by the equidensity method (Talvitie 1974)
Several distinct lineaments (indicated by
arrows with azimuthal trends) can be discerned.
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images appear to have a lower density level than the
‘right halves, the ﬁpper left corners having the lightest
tones. Also a narrow stripe on the lower edges of the

images seems to have lower density values than the central

parig of the images. The area with the highest densityv
valﬁes appears to occuxr in the upper central parts of

the right halves of the images. These features reseinble
the shading effect existing in the RBV-system (NASa/
GSFC 1972). They have hampered especially the use of the
equidensity method in the study of summer'imagery, since
the objects- having the same reflectance appear on differ-
ent levels of grey tones in different parts of a scene.
Thus the results of the equidensity processing were not
uniform over the whole scene. The same effect has been
found to cccur also in the winter imagery (Fig. 2 4),

~ which has been cotrected for the'linéar grey scale in -

NDPF. There the effect is, however, essentially weaker,

so that the equidensity method can be used in the analysis.

of large areas. Fig. 3 shows a mosaic of LANDSAT winter
images of an area around the city of Oulu, Finland, pro-
cessed by the equidensity method (Talvitie 1974).

2.2 Processing of Background Data

For the evalution of the results of the analyses of

LANDSAT imagery, the following background data were

used: |

- aeromagnetlc mams, profile 1ntervals 400 m,_flylnq_
alt. 150 m, scale 1 : 400 000, ‘ o

- aerlal'photos'(total about 1 000), alt. 9 300 m,
scale 1 : 60 000. ' : o

- general touographlc maps, scales 1 400 000 and
1l = 100 000.

- general geologic maps for basement rocks, scales
1 = 400 000 and 1 : 1.000 000,

- general gravity maps, scale 1 : 400 000.

The aeromagnetic maps were reduced to the scale of
1 : 1 000 OOO'-'ThiS was done to produce.a small-scale

L
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aeromagnetic map of northern Finland. A stereoscopic
lineament intexpretation was made from the aerial
photos. The results were compiled to produce a map
of photolinears of central Lapland, which extends
ovexr most of the area of scene 1039-09315 (rig.l).

The general topographic maps‘Were used to produce a
small-scale map of the bogs and watercourses in
northern Finland. This map was used to study the
topographic manifestations of the major fractures.
Also the height—contour elements of the topographic
maps (1. : 100 000 and 1 : 400 000) were used in the

fracture analysis.

New general gravity maps (Boucguer anomalies) of
narthern Finland (scale 1 : 400 000) made by the
Geodetic Institute of Finland at the beginning of
1974 were also reduced to the scale of 1 : 1 000 000
for comparison with other data. ' ' |

2.3 Field surveys

During the summer of 1973, a number of field trips

and lowaltitude flights were made to study the features
discerned in the different bands and color composite
prints (1 : 400 000) of LANDSAT imagery and to investig-
ate the appearancé of different ground features ih_the
imagery. Special attention was paid to the border zone
of the granulite:complex of Lapland, where the occurence
of large¥scale bedrock layering was suggested by the
LANDSAT imagery (see p.26 and‘Tuomihen.l973);

"Oblique false-color photos of different features discern—
- ible in the LANDSAT imagery were taken on low-altitude -
flights. .

. During the summers of 1973 and 1974 a field survey was
also carried out in a test area common to the geologic

ST
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(SR 580-03) and forestry (SR 580-02) programs of Fin-
land. The size of the area is about 96 x 16 Sg.km and
it is situated in central Lapland. The area consists
of different metamorphic and plutonic rocks, which are
extensively covered by glacial deposits. The purpose
of the study was to obtain information on possible '
correlations hetween the bedrock, glacial deﬁosits,
vegetation and the density variations in the differ-
ernt spectral bands of the LANDSAT imagery. The work
vas carried out by collecting soil samples, studying
the possible outcrops and observing the species of
vegetation at statistically defined sampling points,
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which were situated on profileé analyzed microdens-— : 5
itometrically from the LANDSAT imagery (scene 1039- i
09315). The results of this field work were analyzed i
by, for example, grouping the density values of differ- ‘
ent spectral bands according to the field observation i
variables and by using cluster analysis. The collect- i
ion of the field data was started in the summer of i
1973 and completed during the summer of 1974. The i
results of this study will be discussed in a M.Sc. %
thesis under preparation in the Dept. of Geology, i
s

]

University of Helsinki.

2.4 pPublished Articles and Papers

The following papers dealing with satellite imagery and
major crustal fractures of Finland have been published

during the project:

1) Aarnisalo, J. (1973) ERTSFtekokuututkimukset Suomes-—
sa {" ErRTS-satellite studies in Finland ", English
‘abstract). CGeofysiikan pdivdt Helsingissd 29-30-
05-1973 (Ed. E Jatila).

(The paper was read at a meeting of the Geophysical
Society in Helsinki May 29-30,1973. ‘The general ob-
jectives of NASA™s LANDSAT program are stated ancd the




2)

3)

4)

3)
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LANDSAT-system is briefly explained. The main object-
ives of the Finnish LANDSAT-1 programs are stated and
some preliminary results of these programs repvorted
by Ruittinen 1973, Kuusela 1973_and Tuominen 1973

are summarized.)

Tuominen, H.V., AarniSalo, J. and Stderholm, B.,
(1973) . ,

Tectonic patterns in the central Baltic Shield. Bull.
Geol.Soc.Finland 45,.205 -~ 217. o

Paarma, H., Aarnisalo, J. and Talvitie, J. (1974).

~On the tectonic control of weathered iron formations

in Finnish Lapland. Abstract. XI Nordiska Geologis—
ka Vinermdtet, Oulu/Uleaborg,1974 January 3-5, B.

- Abstracts, program, deltagarlista och allminna ins—

truktioner.

(Abstract of paper presented to the XI Nordic Geoclogic
Winter Meeting. Attention is drawn to the fact thét
in northern Finland the occurence of supergene iron
ore seems to correlate with lineaments detected in
LANDSAT imagery and small-scale (1 : 400 000) aerial
photomosaics) .

Aarnisalo, J. (1974) ERTS-kuvia Suomesta (Summary:
ERTS-scenes of Finland) Geologi 26, 73~8l. ,

(The paper lists 108 LANDSAT scenes (former ERTS )
obtained over Finland and vicinity during the period
June 1972 - September 1973, and deals briefly with
the cloud cover of the scenes. Also three index
maps of these images are presented and the possib- .
tlities of ordefing images from'the EROS Data Center
and LANDSAT reports from NTIS are mentioned.)

Talvitie, J. (1974): ERTS imagery as a tool for
tectonic and tectonophysical studies in the Baltic
Shield. | S B
Photogram.J. Finland, 6, 2, 174 — 184.

S
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*6) Aarnisalo, J. and Mikkola, A.K. (1975): Fracture
‘patterns of Finnish Lapland and their relation to
ore deposits. Abstract. Abstracts of keynote
adresses and short communications. Meeting of
European Geological Societies, Reading, U.K.,
Sept. 1975. ‘

3.0 RESULTS
3.1 General

In the first phase of the project, a brief study was
made of the types of information LANDSAT imagery over
Finland might, in general, prov1de to an Earth scient-
ist (Twominen 1973). It was noted that cultural feat-
ures are easily detected f£rom the imagery. Urban,
agricultural, timbering and foresi improvement areas,
highways and, occasionally, even Slde roads only some
10 - 20 m wide can be dlscerned In this respect, band
5 seems to provide the best information (Fig. 4.) of
all the bands. Colgr—coded masking enhancement pictures
(band 5-positive-blue/band 7~hégétive—vellow) appear-

ed to be espeCLally suitable for the analvsxs of cultur— ‘

al features. Even small glavel pits ‘and the vards of
isolated roadside houses are discernible. In Fig. 4.
Lhey appear as small llght dots by the roads. Fig, :
4 reveals also the effect of the tlmberlng areas on.the.
photo textures. The timbering and forest improvement
areas of different ages appear to have different grey
tones, the youngest being the lightest. It is evident
that numerous wide areas of this klnd disturb the natur-
v'al photo textures and grey tones, thus maklng geological
interpretations difficult. This applleq to the 1mages
of bands 4 and 5 in particular.

AN Bad et St AL bt




Fig.4.

LANDSAT image (1039-09315-5; of Central Lapland.
Different cultural features are readily discern-
ed: A: Lokka Reservoir, B: Porttipahta Reservoir,
C: Sodankyld, D: Kittild, E: Muonio, a) highways
and sideroads, b) timbering and forest improvement
areas, c) gravel pits and house yards by the roads.
Geologic information, as contained in general geol-
ogical maps and previous studies, is also abundant:
l. amphibolite ridge, 2. quartzite, 3. dranite,

4, mica schists and a distnct fold, 5. gabbro, 6.
granulite cornplex, 7. gneiss granite. Arrows
point at some distinct fracture zones in the area.




Bedrock features discernable on LANDSAT images in Finnish
Lapland.

a) Angeli anorthosite massif (An) (image 1040-09371;
band 7).

b) An amphibolite belt (A), see also Figs. 4 and 6
(image 1039-09315; band 7).

c) Layering (L) in the granulite complex (image 1040-09371;
band 7).

d) Layering (L) in the granulite comples and Nattanen
granite massif (N) (image 10329-C9315; band 7).

Angeli Anorthosite massif (a), the amphibolite belt (b)
and Nattanen granite (d) are shown on the general
geological maps, but they give only hints on the layering
of the granulite complex clearly detectable on the
LANDSAT imagery (c) and (d). Scale 1:1 000 000. North
is indicated by an arrow.




Fig.

6.

A masking enhancement picture (5/7) of scene
1030-09315. Several rock bodies and bedrock
structures are better revealed than in the
images of the single bands (compare Figs. 5
and 7).

The amphibolite ridge (A) seen in Fig. 5b

is clearly visible. The dark and light
stripes in the upper right part of the image
correspond to bedrock layering (L) (see also
Figs. 5 andg 7).




- 23 -

A quiek'eﬁaluation of LANDSAT imagery for the survey of
Quaternary features was also carried out. This was done
mainly by using ground data provided by the Geclogical
Survey of Finland { Dr. Raimo Kujansuu ). It was establ-
ished that several different tyres of glacmogenlc and
other formations can be detected from LANDSAT 1maaery.
Especially drumlin terrains, glacial fluting, eskers,
~glaciofluvial deposits and deltas were discerned. Also
different types of bogs were discernible as Well'as the
blockfields common in Lapland. It was concluded that
LANDSAT imagery is useful -iﬁ.mapping'glaciogenic Qua .r—

nary features.

The analysis of the bedrock features hae shown that
schist belts, as known from ground surveys, can be dis-
cerned from the areas gccupied by their basement rocks
or major plutons. These bedrock units have a rather
specific_morphographic appearance and thus different
phototextures so that they are3easily.lccated in the
images. However, the details of the boundaries between
different formations are usually hard to detect. They.
are often masked by Quaternary features - thick soils
and glaciogenie structures. Also the cultural features
hamper the detection of these boundaries. -In several

. places, rock bodies. are revealed by specmflc grey tones
caused by the vegetation growing on them The best
examples are the Angell anorthosite massmf in scene
1040~09371 and an amphibolite belt in scene 1030= 09315
(Fig. 5.). A certain grey-tone criterion cannot, ‘Thow-
ever, be applled ‘to the whole area studied, since in
Lapland the vegetation is hlghly dependent on latleude_'

and elevation. The timber 11ne runs Loughly E-W aver

the’ upper parts of scene 1039-09315. This causes mark-

ed variations in the general tvpe of vegetation within
dlfferences 1n elevatlon of a few dozen meters _ Relief_
of this magnltude is common in wide parts of Labland
and thus the grey tones of the same rock types may dlffer
. greatly in neighbouring areas. However, several different
rock formations are discernible on the cbmbined.baais




- 24 -
of the morphography and the grey tones (Tuominen 1973).

For the delineation of different rock formations from
LANDSAT imagery, the masking enhancement pictures (Fia.

6) may provide a considerably better tool than the images
of individual bands alone. For instance, the amphibolite
ridge is more clearly visible in Fig 6 than in Figs. 4 and
5:

Fig. 7. { On the following page ) ., Layering in the granul-
ite complex in northern Finnish Lapland.
a) Part of scene 1040-09371, processed by masking

enhencement (5/7).

b) Features interpreted from (a). Dark grey
areas in LANDSAT image, possibly indicating
bedrock layers; [ 1 Medium grey areas in
LANDSAT image, possibly indicating bedrock

layers; & Anorthosite; —— Possible rock

boundaries; - Bedrock trends; ——— ———
Prominent linears; Clouds.
c) Geological map of the area covered by (a), mo-
dified from Merildinen (1965). Granulite complex;
[ ] Granulites in general; WYl Fine-grained

garnet—quartz4feldspar gneisses; | , Coarse-

grained garnet-quartz-feldspar gneisses;

Garnet-cordierite gneisses; ... Coarse-grained

garnet-cordierite-quartz-feldspar gneisses.

Quartz-feldspar gneisses

Other rock types;
(arkose gneisses) with amphibolites as bands

and intercalations, mica gneisses; E=23

Granitic gneisses, migmatitic granitic gneisses
% Anorthosites;

and hornblende gneisses; :
B various other rock types (mainly hyper-

sthene bearing quartz diorites and granodiorites

within the granulite complex and amphibolites

or greenstones elsewhere).




25

.0e. 92 0092




- 26 -

Within the granulite complex of northern Lapland, LANDSAT
imacery (scenes 1039-09315 and 1040-09371) reveals bed-
rock features not clearly shown on existing geological
maps. In Figs. 5c and 6, several parallel darker and
lighter stripes can be discerned. They have approximately

the same strlke as that mapped for the granullte comolex
(Mikkola 1937 and Merildinen 1965) .

- Fig. 7a is a modified map of the northern parts of the
complex. Fig. 7b shows the same area in masking
enhancement picture of scene 1040-09371. Fig., 7c is a
'sketch map showing layering bedrock trends and more
prominent linears suggested by Fig. 7b. By comparing
the_different pictures, it becomes evident that .the
features visible on the LANDSAT image correlate with
the ground data and appear to reveal a laverlnq in
the granulite complex.-

3.3 Linears of central Finnish Lapland

The main obﬂective of'the project was to study the‘major
fracture and fault zones of northern Finland and their
relatlonshlps to mineral deposits. The problem was
approached in £wo steps. First, an area in central
Lapland {( see p. 10 )} was studied by producing various

. background data maps on the scale of 1 : 400 000 and
comparing these maps with derivativeé of LANDSAT*l
imagery on the same scale. The study was concentrat~
ed mainly in the area of scene 1039-09315 (Figs. 1 and
4) .  The winter imagery (scenes 1215—09102 and 1216~
.09160) coverlng the eastern parts of the area (Figs.
1 and 13) were also used. Second, a llneament analy51s
was performed on the LANDSAT 1magery obtained in the
winter of 1973 and on an scene of Sept. 1972. This.
study covered the parts of Finland situated north of.
the 65th parallel and was done on images on the scale

D P e e

T reodrdor




- 27 -

of 1L : 1 000 000. The results were then compared
with various background data maps on the same scale
for compiling a general fracture and fault zone map
for northern Finland.

The terms linear and lineament are used in this report
‘in much the sense defined by Hoppin (1974). This usage
was adopted to avoid confusion between features of
different magnitudes and, perhaps differing in import-
ance. Thus, linears are single lines on aerial photos,
topographic maps or LANDSAT imagery, being usually only ; 3
a few kilometers or tens of kilometers long, while o
lineaments are lines or zones of structural discordance
- of more regional extent (appearing in different types
of data). For clarity, in the following comparisons
the linears interpreted from aerial photos will be

called photolinears, and those interpreted on a scale
of 1 : 400 000 from LANDSAT imagery as LANDSAT-linears.
More regional linear features interpreted from LANDSAT

imagery on a scale of 1 : 1 000 000 are cOiréspondingly
called lineaments.

3.2.1 Comparison between photolinears and LANDSAT-

linears

Since orbital imagery had, even before the launching
of LANDSAT-1, proven useful in detecting major fract-
ures. and linpamehts (e.qg. ' Sabatini et.al. 1971, Lath-
ram 1972), it was consmdered necessary to compare the

- map of llnears, complled by conventlonal 1nterpretatlon
~of aerial photos, with the l;nea:s seen in LANDSAT
-imagery. . This was expected to provide information on
how the linear patterns detected in aerial photos
would appear in LANDSAT imagery.

A map of photolinears (Fig. 8) was made by stereo-
scoplc 1nterpretatlon of about 1 000 photos on the
scale of 1 : 60 000.
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8. Map of photolinears of central Finnish Lapland.
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Fig. 9. LANDSAT-linears interpreted from LANDSAT-1
scene 1039-09315.




The Work was carried out by several perébns,,each of
whom interpreted a given area, usually 60 x 65 sg.km,

Their results ware then checked and revised by the™
author.  This was essential, because each person has

~his own style of interpretation and the results would

have been heterogeneous. In the map of photolinears
(Fig. B), the areas dealt with by different inter-

preters are still detectable but, as -a whole, the map

is fairly homogeneous. The analysis.of the aerial

photos and the compilation of the map took more than

1 500 man hours. The total size of the area thus
studied is about 44 500 sqg.km.

S Fig. 10 { Om the following page ). Comparison of the
photolinears and LANDSAT-linears. Three

- example areas are shown from different parts
of Figs. 8 and 9. The size of each of the

areas is 36 x 36 sq.kms. Different relation-

ships between the photolinears and LANDSAT
linears can be noticed:

1) Photolinears arranged in en echélon patterh

along a zone of long LANDSAT-linears.

2) A zone of. short dlscrete subparallel photo-
'~ linears, detected as a long LANDSAT-linear.

3) Long photolinears detected also as long
- LANDSAT-linears. o

4) A zone of short dlscrete photolinears,

discernible as a zone of longer LANDSAT-

llnears.

5) East-westerly running zone of higher photo-
- linear density,. composed of subparallel and
en echélon photolinears. Detected as a zone
of subpalallel east—westerly Lunnlng LANDSAT-

.llnears.

6) LANDSAT-linears only partly détected also as

photolinears.
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Different types of photolinears were not separated

in the work. Thus the photolinears in Fig. 8 may be
due to morphographic and vegetational features, water—
couses and bogs, as well as to faults, fractures and
bedrock textures. Obvious glaciogenic features were
avoided.

A thorough search for LANDSAT linears was made on
scene 1039-09315. The interpretation was performed
mainly from 1 : 400 000 images of bands 7 and 5, but
color-composite prints ol the same scale and other
variously processed LANDSAT images were also used.
This work was carried out by the author within jﬁst
a few days. Figure 9 shows the LANDSAT linears
compiled from these data.

The distribution of the photolinears in Fig. 8 reveals

zones of subparallel photolinears or of photolinears
arranged in en eché&lon patterns (Figs. 8 and 10), several

of which can be traced through the entire map. The

longer photolinears (Fig. 8) frequently exist also as
LANDSAT-linears indicated in Fig. 9. Many of the shorter
ones are also discernible. On the other hand, there are
other LANDSAT-linears, which do not appear on the photo-
linear map or, more often, can be traced on it as a line

of short discrete photolinears after beinq first observed

as an LANDSAT-linear (Fig. 10). Tn addition, the LANDSAT
imagery‘haé revealed zones of subparallel LANDSAT-linears,
which appear on the photolinear map meraly as zones of higher
photolinear density.  In these cases, the photolinears
often show no clear orientational patterns parallel to the
LANDSAT-linears. The east-weésterly LANDSAT-linears, partic-
ularly, show up in this way on the photolinear map. '

To compare the strike-frequency distributions of the photo-
linears (Fig. 8) and LANDSATFlinears (Pig. 9), an equivalent

A a ot j
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Eircular sample area (@ about 140 km) was taken from
both maps of linears (Fig. 11, a and b). & corraspond—
ing area was also directly taken from LANDSAT image
1039-09315-7 (Fig. llc). The IR band was selected
because it shows least.cultural effects. The analysis
was done with an automatic scanning optical filter
(originally French F0O-100, with automatic scanning
facilities developed during the program)} using a
5%9-sector filter. This means that the diffraction
pattern of the input is scanned by a rotating 5°
opening in the focal plane. The relative intensities

of the 5Ousectors of the diffraction pattern were -
detected continuosly by a photomultiplier and fed

to a plotter. The curve thus obtained is analogous

‘to the relative strike—frequency distribution of the
input elements weighted with the length of the elements.
A circular'area was used because otherwise the rectangu-
lar screen of the holder of the input image would have
caused unwanted rectangular " coordinate axes " in the
diffraction patterns. The results are shown in Fig.

12.

The results show similar general trends in the 270 ©-
BGOOIrange, but appeér-to differ in the 0° - 90° range.
The linears interpreted from LANDSAT scene 1039-09315
(Fig. 12a) show two. dlstlnct maxima areas. In the
azimuths 320° - 10°,

linears has the same general form as in the other two

' the strlke—frequency curve of the

'cdtves'(b'and ¢ in Fig. 12), except that the linears
with a northerly orientation seem to have relatively
more weight in the 1nterpretatlon than in the or1q1nal
LANDSAT 1maqe (qu. 12 a and b).

O

‘In the 30° - 90~ range, the general trends of the curves

are different. In these directions, the relative quantity

of LANDSAT-linears is markedly hlgher than that obtained
from aerial photos (Flg 12 a-and b). This difference is
is evidently due to the direction of the illumination
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(«) photolinears

(b) LANDSAT-linears

(c) LANDSAT image 1039-
09315, band 7

The test areas for comparison of the strike-
frequency distributions of the photolinears,
LANDSAT-linears and of the corresponding
LANDSAT image.
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by the optigal filtering of an edquivalent circ-
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” a) the llnears lnternreted from LANDSAT scene

1039-09315 (Fig. ¢ ).
b) LANDSAT image 1039--09315-7,

.¢) the photolinear. mag of central TFinnish Lap—

land

The curves are not normalized and they may
contain some instrumental drift.
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during imaging time. The azimuth of the sun has been

167° (sun elevation 30°) or rnughly perpendicular to

the 35°2 - 90° trends. 1In the LANDSAT imades, the shadows
of the relief have strengthened the linears of these
trends. This can be noticed also in the strike-frequency
curve obtained directiy from the image (Fig. 12b).

The directions near the MSS-scanning lines have clearly
less relative weight in the LANDSAT image interpretation
than in the aexial photo interpretation when compared
with respective néighbouring directions (Fig. 12, a énd
b). The obvious neglect of the LANDSAT-linears of these
trends (280° - 315°9) is possibly due to the fact that the
~scanning lines in the LANDSAT image form a line rastex
the direction of which has tended to be avoided in the

search for linears.

The curve obtained directly from the LANDSAT image shows
the same trends'and maxima as the curve Ffor the photo-
linear map (Fig. 12 b and c}. '

The major differencas appear in the 30° -90° range show-
ing the illumination effect. Five of the peaks (290° -
300°, 305° - 3159, 325° - 3359, 355° - 05° ang 85° - 959)
are clearly common in both curves. Also three minor
maxima‘(lso —'209, 30° - 40°, 45° - 50°) appear to occur

as small peaks or bulges in bhoth curves.

-In'generai,-each of the curves shows minor peaks that do
not seem to appear in, or merge into, the wider neaks of
. the other curves. Differences of this sort may result
from the different_fine texturés in the input"pictures
or from the instrumental noise. At any rate, more work
is needed to find the sources of these differences.

It seems possible that'in many areas the linear opatterns
can be analyzed diréectly from the LANDSAT imagery by
'optiéal-filtéring. This would reduce the need of photo-

. interpretation, which is expensive, time-consuming and,

S
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generally, subjective.

3.2.2 Map of linears

Though interpretatiou_of 1inéars and lineaments have

for a long time been used in the study of geological
‘structures, espeoiallyffraciurES'andeaults, the pro-
cedure used by different authors vary considerably.

Even the definitions of these and related terms are
rather heterogeneous (e ¢., Hobbs 1911 Wilson 1941,
Brock 1957, Lattman 1958, Haman 1961). Hoppin (1974)

has recently discussed this subjéct and states that
lineaments and linears are different rather than eguival-~
ent features (see also p. 27) Nevertheless, the nature
of linears and lineaments as well as the procedures
generally used in mapping them from aerial or orbital
photos, top0graphic maps or other similar data, leads

to the inclusion of linear features that do not necessar-
- ily have structural correlations. Moreover, complete -
field checks of the interpretations are usually impossib-
le in practice. For this reason, the results of the
'interpretations are commonly biased-being influenced by,
anong other thlngs, the experience of the 1nterpreter

"~ and his expectatlons about the results, as well as by
the grid systems caused by cultural features (e.q.,
,flelds, roads, timbering areas; see Lattman 1958}, and
the geological, vegetatlonai and cllmatoloclcal hlstorv
of the study arxea. 1In Finland, for instance, Quater-
nary'glacial feafureS“such as fluting, drumlins and -
eskers, etc., often complicate the interorétation‘bv

~ strengthening the llneal features .n the directions of

the 1ce fIOW'and covering with drlft those of other
trends. '

et
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Fig. 13. Linears interpreted from LANDSAT-1 scenes

: 1215-09102 and 1216-09160 obtained in the
winter of 1973 (a). Index map (b) shows
the coverage of the interpreted area on
the map of photolinears (Fig. 8).

This kind of bias is obviocusly difficult to avoid.

: However,. the bias, or the misinterpretation of linears,
apparently tends to differ with different types of data.
As a consequence, the bias miéht‘be“reduced by tracing

" the linears from several types of data, and including |
in the final result only those linears found from more
than one source. This method evidently leads to the
detection of the most distinct and, pérha@s, geologically
most significant linears.
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On the other hand, some true linears will obviously
~ be excluded, but, in most cases, they probably come
from minor geological structures, Such'as-joints; |
small fractures, etc.

2 procedure of this kind was used in making a map of
linears for central Finnish Lapiand (Fig. 15). The
handling of two of the data sources needed, aerial
photos and LANDSAT imagery, has already been discussed
in the previous chapter. The map of LANDSAT-linears
(Fig. 9), which is based on summer imagery, COVers
 only the western and central parts of the area of the
photolinear map (Fig, 8, see also Fig. 1, p. 1l).
Winter imagery, scenes 1215-09102 and 1216-09160, was

used to obtain a wider coverage For the LANDSAT-linear

map (Fig. 13.). At third interpretation of linears

~ in the same area was done from the map of bogs and
watercourses on the scale of 1 : 400 000. The result
of this interpretation is shown in Fig; 14.

The three separate «ps of linears were superposed
on each other and all the linears, oxr parts of themn,
that were detected in at least two of the maps, were
redrawn on an overlay to obtain the final result of
the interpretation procedure. In addition , areas
where several closely situated subparallel linears
were located and areas of numerous linears crossing
each other we:e_delineated as zones of high linear
densilty. The map of linears obtained (Fig: 15) is
considered to contain the reliably detectable linears
of the area.

When studying Fig. 15 it must be remembered that in
the original interpretations of the different data,
no structural classification was used. Thus the
linears obtained evidently represent structural
features, such as faults and fractures, bedding or
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foliation of bedrock, dikes and joints. However, the
dense network of linears clearly reveals some character-
istic patterns. Several wider zones of subparallel
linears, as well as lines of discrete short linears,

can be traced over long distances, in some cases

through the whole area studied. For example, there is

an obvious zone of subparallel linears running through
the Sodankyld, Kittild and Muonio areas. Another clear
zone runs from north of Muonio ENE towards Ivalo. On
the other hand, some areas of distinctive linear pattérns
and densities can be discerned. 1In many cases these
areas seem to be confined to some major rock units

of the region (compare Figs. 15 and 27). For instance,
NE of Muonio there is a roughly triangular area of higher
linear density, which coincides with an area of granite

gneiss.

3.2.3 LANDSAT-linears discarded

To see to what extent the LANDSAT-linears found in scene
1039-09315 (Fig. 9) have been included in the final map

of linears (Fig. 15), the LANDSAT-linears, Or parts of
them, not included in the final map were Jrawn on a separ-
ate map (Fig. 16 a). Comparing Fig. 8 with 16 a, one will
notice that most of the LANDSAT~linears have been detected
also either in the aerial photos or in the bog and water
map. Only a few of the longer LANDSAT-linears or their

segments have been left out of the final map of linears.

The strike-frequency analysis of the discarded LANDSAT-
linears (Fig. 16 b) shows that they are mainly oriented
in three directions, 65° - 90°, 350° - 05° and 320° -
330°. Moreover, there occur three minor peaks in the
340° - 345°, 30°,and 40° - 45° ranges. The highest peak
in the 65° - 90° range is obviously due to the illumin-
ation effect ( see p. 33 ). The azimuth of the sun has
been 167° and the elevation 30°. | |
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Fig. 1l6. 'a) LANbSAT;linears of scene 1039-09315, or

parts of them, not included in Fig. 15.

b) The relative strike-frequency curve of
the LANDSAT-linears shown in (a). Ob-
tained by optical filtering. The azimuth
of the sun at the imaging time is marked A.
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Features roughly perpendicular.(??o) to this direction
tend to show up clearly on the image and have thus been
easily overemphasized in the interpretation. The peaks
320° - 330° and 350° - 05° coincide roughly with corres—

ponding maxima in Fig. 12, b and ¢, as do the minor

peaks at 309 and 40° - 45°. Thus they evidently indicate

true prevailing linear trends of the area. Linears of
these trends have been detected relatively more often or
‘as longer linears from LANDSAT imagery than from aerial
photos or the bog and water map. The reéson for this
might be that the linears in the directions of 320° -
330° and 350° -~ 05° are at a small angle to the incident
light (167° or 347°, marked A in Fig. 16b) and may, if
composed of valleys or slopes, be well revealed in a low
angle illumination by sharp, narrow shadows on one slope
and illuminated areas on the other (cf., Wise 19268). On
the other hand, the overemphasis of linears in the 320° -
330° range is also due to glaciogenic features, since
the general flow direction of the Quaternary ice sheet
in the southwestern parts of the scene area was from
about 320° - 330°

As a whole, con51der1ng the use of LANDSAT imagery in
‘the analy51s of linears, it seems pOSSlble to obtain
essentially the same results rather than by doing, for
instance, time-consuming aerial photo interpretations
of large areas. Moreover, satellite imagery often seems
to reveal linear features better over their whole length
than does stéreogréphic study‘of'lafgeéscale aerial
photos piece by piece. However, the specific illumin-
ation effects caused by the nearly polar sun-synchron-
ous orbit of LANDSAT should be kept in mind in the search
for llnears or lineaments from the images and especially
.ln the strlke-frequency studies of these features.

I a0 S by
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3.2.4 Classification and trend analysis of the
linears

As the different types of linears were not differ-
entiated in Fig. 15, the network became quite dense;
linears representing significant fault or fracture
zones, or their components, are difficult to disting-
uish from other linears.

It is well known that sudden changes in aeromacnetic
anomalies, such as disruptions, dislocations, systematic
bends, steep gradients, changes in the pattern of
anomalies, etc., frequently indicate faults and fracture
zones, while narrow anomalies mostly reflect magnetized
horizons and thus bedrock trends. The main bedrock
trends are also indicated by small-scale geological
maps. Aeromagnetic (1 : 400 000) and geological maps

(L : 400 000) were therefore used in the classification
of the linears. |

A criterion usedd( in many of the definitions of linears
and lineaments is the observed length. Different
authors have used different length classes but generally
the lower limit adopted for a linear has been one or a

few miles (e.g, Lattman 1958 and Hoppin 1974).

In the present work, with a few exceptions, linears

5 km and more in lenath have been considered signific-—
ant. Thus the linears shown in Fig. 15 were placed
into the following three classes:

- Class I: Significant'linears, repreéenting fault
and fracture zones (Fig. 17); lenath=z 5 km, visible
on aeromagnetic maps as sudden disruntions, disloc-
ations, systematic bends, sudden drops of intensity,
etc., of anomalies. Further ,certain shorter linears
hafe been accepted as sianificant if thev are obvious

parts of longer sianificant linears or zones of them.
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- Cl'ss II: Linears representing bedrock trends
(Fig. 18); parallel or subparallel to elongated
aeromagnetic anomalies or anomaly belts, or to
the general bedrock ?rends shown by geological

maps.

- Class IIT: Minor linears, renresenting minor
faults, fractures, jointing, dikes, etc., as
well as superficial features attributable to,
for instance, glaciogenic effects (Fig. 19};

“no observable correlations with aeromagnetic

anomalies or geological maps.

In Figs. 17, 18 and 19, certain differences can be
noticed in the areal distribution of the linears

of each class. These differences seem to correlate
roughly with the main  rock distribution of the linears
(Fig. 27). Class III linears are more frequent in
the areas of granitoid rocks and parts of the Pre-
Svecokarelian basement than in the schist areas

where linears of Classes I and II are relatively

more abundant. The schist areas generally have a
~higher and more complicated magnetic relief (Pias.

27 and 31). For this reason, linears of Classes

I and II are more easily found in them than in the
areas of granitoid rocks and parts of the basement.
As the magnetic relief in the latter areas is mainly
smooth, linears of Class III tend to be observed at

the expense of those of Classes I and II.

According to observations made by Autio (1975) in
central Finland, differences in the type and distri-
bution of magnetic linears show a regular correlation
with differences in the bedrock type. As studied in
the present work, the rates of occurrence of linears
correlating differently with the magnetic bedrock
properties may also be used as & criteria of the nature
of'the bedrock (see also p. 42and Fig. 15). -
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Tuominen et al. (1973) report the crustal shear in the
central Baltic Shield to have followed eight main
trends. This conclusion was drawn from a strike-
frequency analysis of foliation, gravity isolines
-and fracture lines (Fig. 21B) from areas of Finland
south of 67th parallel. To see whether the same main
trends occur also in the linears of central Lapland,
a strike frequency analysis was performed on each
of the three classes of linears (Figs. 17, 18 and
19) by optical filtering (see ». 33)."

The resulting strike- frequency curves are seen in
Fig. 20. The general strike freguency distribution
of Class I (Fig. 20a) differs clearly from those of
Classes II and ITI (Fig. 20, b and c¢), the latter two
shbwing rather similar general distributions. However,
certain correlations can be noticed between the serar-
ate peaks of each curve, although the peaks in Classes
IT and IIY are maostly rather small or mere bulges on
the slopes of the curves. The maxima of the strike
freguency curve for Class T (Fig. 20a) are.numbered
from 1 to 10 and those of the other curves (Fig. 20b
and c), which are considered analogous to them, are
numbered respectively. The Class I linears (Figs.l7
and 20a) seem to follow ten main trends, six of which
(320%-325° , 3289-335°, 350°-05°, 38°-45°, 50°-60°
and 80°-90°) coincide with Class II and IIT linears
(Fig. 20b and c). Three of the main trends of Class
"1 (307°-315°, 25°-30° and 65°-75°) seem to coincide
only with those of Class III.

One of the maxima of Class I (2980—3030) does not
form peaks in Class II or III, but may be reflected

'as-slight bulges in thé'lepessof these curves (Fig.
20b and c}.

There are also twd—other obvious maxima,
one common to Classes IT and III (09°-18°) and one
occuriﬁg in Class IIT only (275°-285°) , which fall
within frequency lows of Class I.
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The relative strike-frequency maxima (Fig. 20) of Figs.
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trike-frequency analysis of different classes
of linears: a) Class I linears, b) Class II
linears, and ¢) Class III linears. Obtained
by optical filtering. The curves are not
normalized and mey contain some instrumental
drift. Numbers 1 through 10 indicate the
maximum trends of Class T linears and respect-

ive peaks in the other curves.

17, 18 and 19 correlate fairly well with the results

of the trend analysis of photolinears, LANDSAT-linears
and the corresponding LANDSAT-image (Fig. 12 and . 36
The differences result obviously from the different
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21A

Main trends of crustal shear in the central
Baltic Shield as recalculated from Tuominen
et al. (1973, Fig. 4) (a), and the main
trends of the linears of different Classes
(b). The trends in (b) are numbered respvect-
ively as in Fig. 20 and categorized according
to their occurrences in different Classes of

linears:
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21B. Strike- frequency distribution for: (a)

foliation
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(b) Bouguer gravity isolines,

(c)

fracture lines;

from Finland between

60th and 67th parallels (Tuominen et al.
¥973,; Fig. 47)
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- sample areas (Figs. 11, 17, 18 and 19} and from the

procedure used in the compilation of the map of

linears (fig. 15). The curves in Fig. 12 have been

obtained from samples of the bulk data (Fig. 11),

which evidently include linears of superficial (glacio-

~ genic ?) origin. These have beéen removed, at least
pacrtly, from the map.of linears (Fig. 15) and thus

also from Figs. 17, 18 and 19.

Fig. 21A shows the main trends of linears obtained

in the present study (b) and the main trends of

. crustal shear {a) recalculated from Tuominen et al.
(1973, FPig. 4.)}. This recalculation was made by using
the azimuthal means and standard deviations of each
méximum of their strike frequency curves (Fig. 21B) for
foliation, gravity isoline and fracture line trends, res-
 pectively. Then the number of maxima present in each
one—-degree intervals as defined by the aforementioned

quantities, was counted. The azimuthal means® standard

deviations of the maxima thus obtained were used as re-
presenting the main trends.

In Fig. 21A (b) the main trends of the linears are
cateqorized according to thelr occurrence in the differ-
ent classes of linears. TFive of the trends of cateqory

A correlate rather well with the trends recalculated from

Tuominen et al. (1973). One, possibly two, of the category

B trends rarrelate with the trends reported by Tuominen
et -al. (op.cit.). Only two of the trends of Tuominen
et al. (op.cit.) do not have respective maxima in the
strike frequency distribution of Class I linears (Fias.
17, 20a and 21A), but occur as maximum trends for Class
II and/or Class III linears (categories D and E) (Figs.
18, 19, 20b and c, 21A4).

In addition, there are four trends for the Class I
linears that do not correlate directly with the trends
derived from Fig. 21B,

PP
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They are numbered 1, 3, 6 and 9 in Fig. 20a and belong
to categories'A throﬁgh'c in Pig. 21A(b). Their posit-—
ion, és compéred to the other maximum trends, however,
show a remarkable analogy. &1l of them are about 5°
to 10° to the left from the main trends of Tuominen

et al. (op.cit.) and of the corresponding maxima of
the present study. Moreover, they are all of the
same, or one degree lower, category as the respective
neighbouring maxima to the right.. Drawing on these
analogies, they may actually belong to the éorrespond—
ing trends of Tuominen et al. (op.cit;). As a matter
of fact, even the maximum 5 (Fig. 20 a) seéms-to'bé a
double maximum, with peaks some 5° apart. The differ-
ences of. this kind might be explained in three ways:

1. They may reflect rotation of some structur-
es 5% to 10° to the left at some stage
of the geological evolution and later re-
Jjuvenation of the corresponding structﬁre

in their original positions.

2. They may reflect a 5°-10° deflection (cf.,
Newhouse 1942, pp. 1l1l-12) of the correspond-
ing structures at the boundaries of some
lithologic units or major blocks.

3. They may reflect slightly different patterns
of the corresponding structures within differ-
ent lithologic units or major blocks:

Anyhcy, at this stage they are assumed to belong to the
same main trends of crustal shear (Tuominen et al. 1973)
as the neighbouring peaks to the right.

It seems obvious that the patterns of crustal shear
found in southern and central Finland have played an
important role also in the evolution of central Lavland.

However, judging from the data analyzed, the different

s
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trends evidently differ in nature and occur differ-
ently in different parts of the area. In certain
paxrts of the area, some of them may even ke lacking
(cf., Nanyaro 1975).

As the linears obtained in this study are considered
to'repréSent the structures mentioned in their classi-
fication (p. 45), the significance of their trends can
be deduced. The trends (320°-325%)+(328%-335%), 350°-
05°, (25°-30°)+(38°-45°), 50°-60° and (65°-75°)+(80°-
900) are evidently the most siconificant, since they

are reflected in bedrock trends as well as in trends

of significant fault and fracture zones, and in the
trends of minor fractures, jointing, dikes, etc. The
trend (298°-303%+(307°-315°) seems to come from fract-
ure and fault zones. Two of the main trends of Tuomi-
nen et al. (op.cit.) have obviously played a minor role
in central Lapland, since they are reflected only in
bedrock trends (09°~180), on in minor fractures, joint-
ing, dikes, etc. (275°-2859). ‘

To see how the Class I linears, representing significant
fracture and fault zones, are distributed over the study
area, the map df these linears (Fig. 17) was filtered
optically in seven different azimuthal sectors. The
fFiltration was performed with a 25° sector—-pass filter
so that each maximum trend of the linears falls within
at least one of the azimuthal sectors (Figs. 20, 22 and
23). Each filtration was photographed and the linears
belonging to each azimuthal sector thus obtained were
redrawn using the photos and the original map. The
approximate boundary between the_Svecokarelidic format-
ions and their basement complex (according to Simonen
1971, Fig. 2) was drawn on each filtered map.

The results of filtration show several characteristic
features in the distribution of linears of different

[T



Azimuthal Maximum trends

.sector included

3519-16°  350°-05°

259-30°

389-45°
500-50°

50°-60°
65°-7g°

Fig. 22a.

Areal distribution of Class I linears of differ-

ent trends in :central Finnish Lapland, northeaster-—
ly trends. Obtained by optical filtering (25 -sector-
vass filter) of linears in Fig. 17. The boundary

of the 8vecokarelidic formations (W-side) and their
basement complex (E-side) is marked with dotted line. -
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Fig. 22b.

Areal distribution of Class I linears of differ-
ent maximum trends in central Finnish Lapland,
northwesterly_trends. Obtained bu optical
filtering (25 -sector-pass filter) of the linears
in Fig. 17. The boundary of the Svecokarelidic
formationg (W-side) and their basemeuc comnlex
(F—51de) is marked with dotted line.
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trends (Fig. 22). Especially the linears in sectors
351°-16° and 77°-282° seem tobe arranged in zones, but
also the other sectors reveal zc.r: of longer, sub-
parallel linears extendinq in so.ue cases through the
map area (e.g., the sectors 480—730, 294°-319° and
3180—3439), In the area of Svecckarelidic formations,
the northWesterly linears appear to be more abundant

and generally longer than the northeasterly ones. The
linears in sector 318°-343° are clearly more abundant

in the Svecokarelidic formations than in their basement
complex. WNortheasterly linears are most frequent in the
northern parts.Of the basement complex. In sector 294°-
319°

linears within the two main lithologic units can be

{(Fig. 22}, a slight difference in the trends of the

noted: within the Svecokarelidic formations, these
linears appear to be oriented more westerly than within
the basement complex. | '

To study the differences obsrrved in the patterns of
linears between the Svecokarelidic formations and their
basement complex, a relative strike-fregquency analysis

of the Class I linears (Fig. 17) was performed separately
for the eastern and western parts of the area in two
ways. In the first, the map was divided into the two
parts along the approximate formation boundary (Fig. 22},
and in'the'Secdnd}'aldng'the line A-A shown in Fig. 24
The results are shown in Fig. 23 together with the relat-
ive strike-frequency curve of the whole map, The filter
sectors.uSed foerig. 22 are indicated along'the top

of the picture. The strike-freguency analysis confirms
clearly that the orientational patterns of the linears

in the Svecokarelian formations and their basement comp-
lex are different. However, there is no essential differ-
ence between the two ways of separating the areas. This
could mean that the border of the basement complex is
actually a zone where the pattern of linears changes.

In the area of Svecokarelidic formations, the strikes of
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the linears are concentrated into two wide maximum
ranges (Fig. 23, b and c¢). In the basement complex,
they form four main ranges of maxima (Fig. 23 d and
e). PFurther, obvious shifts in the positions of the
peaks can be noticed between'the two areas.

The peaks are numbered according to the respective
peaks in the curve for the whole area (Fig. 23 a).

As noted earlier (p. 54), the Class I linears (Figs.
20a, 21 A(b) and 23 a), have four maxima, 1, 3, 6 and 9,
which are related similarly to the nearest maxima to the
right, i.e., 2, 4, 7 and 10, respectively, and to the
corresponding main trends of the crustal shear (Tuomi-
nen et al. 1973) (Fig. 21 A). Trends 1, 4 and 9 seem
to prevail in the Svecokarelidic formations and trends.
2, 3 and 6 in the basement complex. Trends 7 and 10
are found in both areas. The curves of both areas

show minor maxima, which do not exist in the curves

of the other area, or have shifted 5°-10°.

The foregoing analysis indicates that the two main
lithologic units of the area, the Svecokarelidic
formations and their basement complex, both have
their own characteristic patterns of linears. - The
trends of the linears correlate in a general way
with the main shear trends reported by Tuominen

et al. (1973) but show distinct deviations in detail.
This suggests that the patterns of crustal shear are
also different in the two areas.

In Fig. 24 a and b, the azimuthal sectors (Fig. 22)
ccntaining thé characteristic trends of Class I

linears obtained for these areas are combined into

two maps to demonstrate the difference between the
patterns of the linears in the Svecokarelidic format-
ions and their basement complex. Fig. 24 c shows

the linears of the maximum trends common to both areas.
In Fig. 24 a, the basement complex is clearly character-
ized by one set of long linears with a northwesterly
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Fig. 24. a) and b): Azimuthal sector combinations from
FPig. 22 revealing different patterns of Class
I linears in the Svecokarelidic formations (iJ-
side) and their basement complex (E-side).

¢) Trends common to both areas.

The boundary of the Svecokarelidic formations
and their basement complex is marked with

dotted line. A-A: divide line for the second -
strike-frequency analysis. = . o
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trend or zones of linears with strikes Ffluctuating
between the maximum trends 307°-315° and 3200—3250._
The Svecokarelidic formations, again, are charactei-
ized by two distinct sets of linears, trending 298°-
_303O and 3280-3350, 0f linears trending northeasterly
(Fig. 24 b), on the other hand, the set trending 25°-
30° is apparently the most frequent in the northern
parts of the basement, which'is occupied by the granul-
ite complex (see Fig. 27). The set trending 65°-78°
forms a few distinct zones of linears within the Swveco-
karelidic formations. These zones seem to deflect to
the north at the boundary zone of the basement complex
and may continue there as sets of linears trending
38°-45° or 50°-60°.

The same kind of deflection 6f fracture zones at the
boundary of the Karelidic metasediments and their
basement has been noticed by Talvitie and Paarma
'(1973) in Koillismaa, south of the area of the present
study. There the boundary is reported by them to be

a block boundary formed by deep fractures. On the
other hand, different basement blocks identified in
the eastern parts of the Baltic Shield and in the
Russian platferm are characterized by different trends
and intensities of geophysical anomalies and by differ-

ent trends of faulting (Zhdanov and Sprygina 1968, Simo-—

nenko and Tolstikhina 1968) and, according to Salop
(L971), by different trends of folding.

It seems possible that the boundary between the Sveco-
karelidiq foimations and their basement complex follows
the boundary between two major blocks separated by a

deep fracture zone (cf., Perevoztsikova, 1974, Fig. 1),

3.3 Fracture zones of central Tinnish Lapland

The Baltic Shield is known to consist of a mosaic of
blocks separated by numerous faults and fractures of
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linears (heavy lines) combined with Class II linears (thin lines)

I
representing bedrock trends in central Finnish Lapland.
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Fig. 27. Generalized bedrock map of central Finnish Lapland, mainly after Simonen
(1966) . Later mappin 's by Outokumpu Oy, Exploration, are added. For

explanatiocua of rock types, see Fig. 32.
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different sizes (e.g., Tuominen 1957, Paarma and Marmo
1961, Paarma 1963, Harme 1966, Bogdanov and Khodotov
1967, Zhdanov and Sprygina 1968, Simonenko and Tolsti-
khina 1968, Mikkola and Niini 1968, Petrov 1970, Tal-
vitie 1971, Tuominen et al. 1973). Repeated movements
of the blocks along the deep fractures and faults have
played an important role in the evolution of the Shield
by controlling the formation of sedimentation basins,
the distribution of igneous rocks and the various phases
of folding and faulting (e.g., Mikkola and Niini 1968,
Petrov op.cit., Gaal 1972, Tucominen et al.,op.cit., Mik-
kola and Vuorela 1974, PerevoztSikova 1974). The fract-
ures and faults are therefore traceable also in geophysic-
al maps (e.g., Paarma and Marmo 1961, Paarma 1963, Simo-
nenko and Tolstikhina 1968, Krutikhovskaya et al. 1973,
Talvitie and Paarma 1973).

The nature of Class I linears as traces of fractures and
faults can be obsérved by superposing Plate I (same as
Fig, 17) on Fig. 25, which shows the trends of aeromagnet-
ic ancmalies in the study area. It can be noticed further
that the bedrock trends as revealed by the trends of these
anomalies as well as by Class II linears (Fig. 26) are
generally subparallel to some of the nearby Class I

linears. The zones of subparallel Class I linears frequent-

ly coincide with the boundaries of different rock form-
ations (Fig. 27 and Plate I) and surround areas of dis-
tinctive patterns of bedrock orientation (Figs. 25, 26,
27 and Plate I). Also the basigc intrusions tend tc be

distributed along these zones (Fig. 28 and Plate I).

It seems evident that the Class I linears and zones
composed of them are surface manifestations of major
fractures and faults dividing the bedrock into a mosaic
of blocks. These fractures and faults follow, in general,
the main trends of crustal shear characteristic of the
Baltic Shield, but have different patterns in the areas
of Svecokarelidic formations and their basement complex.

. &
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Plate II shows schematically the most prominent fractures
of the study area. The major block boundary between

the Svecokarelidic formations and their basement complex
seems to consist of several fractures running along the
transition zone between the areas of different shear
patterns (see p. 58 and Fig. 24). According to v. Gaert-
ner (1962) and Salop (1971), the southern boundary of

the granulite complex (Fig; 27) is also a major block
boundary.

3.4 Major fracture zones of northern Finland

To obtain a wider view of the fracture patterns describ-
ed, the study was extended to cover most of northern
Finland. The lineament study needed for this purpose
was made on LANDSAT-1 imagery obtained mostly in the
winter of 1973 (Fig. 29). The search for lineaments
was made on the scale of 1 : 1 000 000 since only the
more regional features were to be detected and the
interpretation scale has been seen to influence the
results (Tchalenko and Ambraseys 1970, Vuorela 1973
and Kuosmanen 1975). Lineaments were sought first
from each LANDSAT~1 image separately. Then the inter-
pretation overlays were placed together on a mosaic

of the images (Fig. 29) to show the lineaments continu-
ing from one image to another. Fig. 30 shows the
result of the procedure. The network of lineaments is
rather dense, although partly discontinuous owing to-
the cloud cover. It shows a number of long continuous
lineaments or zones consisting of them, which in many
cases can be traced through the entire area, extending
several hundreds of kilometers. Longer lineaments
seem to be concentrated especially in northwesterly
directions, but some clear northeésterly lineament

zones can also be observed.
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The prominent fractures detected in the more detailed
analysis of central Finnish Lapland were added to the
lineament map (Fig. 30) to complement it in the cloud-
covered areas, The resulting map was then compared

with the aeromagnetic map of the area, reduced to the
same scale (Fig. 31). The lineaments coinciding with
disruptions, systematic bends and deep gradients, etc.,
of the aeromagentic anomalies, as well as with pattern
variations and zonal disturbances in the magnetic field,
were redrawn on an overlay (Plate III). Other lineaments
were discarded. —

A comparison of Plate ITI with the general geological
map (Fig. 32) and the geophysical maps reveals the
following. The schist belts are commonly parallel

to; and the areas of different rocks and major
lithologic units bordered upon, the lineaments.

In the gravity map (Fig. 33), the gradiental, disrupt-
ion or discontinuity zones of the anomalies frequent-

ly coincide with the lineaments.

It seems obvious that the lineaments shown on Plate k
ITTI, being discernibie in the LANDSAT-imagery, aero-—
magnetic maps and gravity maps, as well as in the
distribution and orientation of different rock:

AL A

units, are traces of major fractures. The changes
in the character of the rocks and the geophysical
configurations across the fracture zones suggest
considerable displacements. Blocks distinguish-

able on the basis of differences in geophysical

and geological configuration and lithology are

Lo gk T

shown schematically in Plate IV. i

The blocks are separated by long continuous fractures

ERATs e

or fracture zones. Some of these 2zones, indicated . e
by letters on Plate IV, have been descrived as block
boundaries also in earlier literature. The blocks a
are transected by many other fracture zones, extend- ;
ing in some cases over the whole area. They divide
the main blocks into numerous smaller ones.
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The fracture patterns seem to vary slightly from block
to block. The greatest changes occur across the block
boundaries bordéring the main rock units of the area
(Plate IV and Fig. 32). Some fractures are deflected
or terminate at the block boundaries (e.g., at A-A
and B~B in Plate IV). These results sﬁpport further
the conclusidns reached in central Lapland (p. .

3.5 Mineraligations and major fracture zones

The relations bhetween ore deposits and lineaments or
fracture zones have for a long time attracted the
attention of researchers (e.g.,~Mayo 1958, Landhwer -
1967, Gorzhevskiy 1965, Kutina 1969 and 1971). In
general, a positive correlation has been proposed.

to exist between them. In Finland the problem has
been studied by,among others,Mikkola and Niini (1968),
Talvitie and Paarma (1973), Gaal (1972) and Mikkola
and Vuorela (1973).

Td determine whether such correlations might exist
in northern Finland, a map of known base metal depo-
sits and mineralizations (Fig. 34) was compiled from
data contained in various sources 1) . since the

1) Mikkola and Niini (1968),
Professor Aimo Mikkola”s personal data file on
the mineralizations of Finland,
Mikkola and Vuorela (1973),
Metallogenic Map &£ Rinland (Kahma 1973),
Ore Data File Project presently in progress in
‘northern Finland.

P
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source data include adequate genetic information in : ;
only a few cases, the ore deposits and mineralizations

were divided into three broad groups: oxides, except

‘Cr, sulphides,'écept Ni, and Ni and Cr. Especially

the oxide ygroup is heterogeneous, since it obviously

- includes mineralizations of both magmatic (Fe, Ti,

V) and sedimentary (Fe, Mn) origin. Besides, most of

the oxide mineralizations are marked only as Fe mine-

‘ralizations in the source data. So it was not possible g
to classify them into more homogeneous groups. Accord-

ing to Mikkola and Niini (1968} the sulphide mineraliz~
ations (Cu, Zn, Pb, Fe and Mo) originated or, at least,
were deformed under hydrothermal conditions or are of

P

 pegmatitic-pneumatolytic origin . The Ni and Cr mineral-
izations are associated with basic ignevus rocks and
belong to early magnatic ores (Mikkola and Niini, op.cit.).

The positions'of altogether 142 mineral occurrences
were plotted on the map, Fig. 34. Seventy-eight of

 them are oxides, except Cr, 45 sulphides, except Ni,
and 19 Ni or Cr mineralizations. By superposing

the map of fracture zones (Plate III) on Fig. 34,

close relations between the fractures and the mineral
occurrences can be perceived. Many of the occurrences
seem to be situated directlyv in the fracture zones,
that is, on the lines symbolizing these zones. Several
others fall at a distance of only about two kilometers
‘or less from a nearby line,'whiCh'in mény‘caSES actual-
ly represents a wide zone of fracturing. When these
distances are compared with the lengths - tens or even
hunﬂreds of kilometers - of the respective fracture
zones, and with the spaces between the zones, it seems
obvious that also-these occurrences are related to the
fracture zones. A summary of these relationships for
~each. group of_mineralizations_separately is presented .
 in Table 1. : R - | |




mineralizations (small symbols} in northern
Finland.

l: Oxides (Fe, Ti, V; Mn), 2: Sulphides (Cu,
Zn, Pb, Pe, Mo), 3: Ni and Cr. '
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‘Fig. 34. Base metal deposits (large symbols) and
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1| 2 3 4
Oxides 18 30 27 21
(P, Ti, V, Mn)
Sulphides 45 20 14 11
(Cu, Zn, Pb, Fe, Mo)
Ni and Cr 19 6 11 2
Total L 142 56 52 34

Table 1. Summary of the relationships of the mineral
" ‘occurences shown in Fig. 34 with the fracture

zones of northern Finland (Plate III). 1l:
Number of occurrences, 2: number of occurrences
situated within a fracture zone, 3: number
of occurrences situated at a distance of
about two kilometers or less from a line
indicating fracture zone, 4: number of
occurrences not correlating with the observed

fracture zones.

It appears from Table 1 that 34 or 24 % of the mineral
occurrences do not sbow any correlations with the

fracture zones, 52 or 37 % are situated in the immediate
vicinity of the zones, and finally 56 or 39 % are situat-
ed clearly within the observed fracture zones. Altogether
108, or 76 %, of the occurrences seem to have some correla-
tion with the fracture zones and 33 or 24 % do not.
Especially the Ni and Cr occurrences, associated with
basic igneous rocks, seem to be situated within or near
the fracture zones, but also sulphides and oxides show

~a clear tendency to concentrate along the zones.

An interesting question is whether the mineralizations

are concentrated in fractures of certain trends or not.
This kind of.infOrmation could'élso.be used in evaluat-
ing the different fracture trends for ekploration purposes.
Mikkola and Vuorela (1973) have studied this matter

- by tracing two main fractures from all the known ore

[
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deposits or showings in Finland and compiling strike
frequency rosettes with a 30° grouping from this data
(Fig. 35). They conclude that the most important
direction in this respeot seems to be NW-SE all over
Finland, but that in Lapland SW-NE trends are more
frequently found associated with the ore deposits

or showings than in other parts of the country.

To see whether this applies to the data used in the
present study, the trends of all the fractures
possibly associated with a mineral occurrence were
observed. The results were then grouped at 10°
intervals For each three types of mineralizations
and plotted as rose diagrams (Fig. 35). A summary
rosette was plotted for all the mineralizations
combined.

The strike-frequency rosette for fractures associated

with all the mineral occurrences (Fig. 35) correlates
well with the results obtained by Mikkola and Vuorela
{1273). The division of the NW-SE trending maximum
of Mikkola and Vuorela into two separate maxima in
this study is evidently due merely to the different
grouping of the data. Judging from these data, it
seems obvious that in northern Finland ore deposits
and mineralizations are associated mostly with
fracture zones trending 300°, 330° and 40°-50° on the
average, A small maximum occurs also in. the 0°
'directidn. On the other hand, the mineral occurrences
are evidently not generally concentrated along the
fracturesgtrending'about'BOo—lOOD-(0f~280°),'and 10°-
30°.

The strike -frequency rosettes for the fractures
associated with each different group of mineral
occurrences reveal a good correlation of oxide ahd
sulphide occurrences with fractures trending 300°
on the average. These rosettes have a smallex ‘
maximium in common also alonq the 50° trend. The
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Fig. 35. BStrike frequency rosettes of the fractures
associated with ore deposits and mineralizat-
ions of different groups in northern Finland.
Broken line in the rose diacgram for all
mineralizations indicate the strike frequency
rosette for Lapland obtained by Mikkola and
Vuorela (1973). It is not on the same scale
as the rosette for all the mineralizations.
The number of observed fractures in each
10° group is shown in the N-S axis of the
diagrams.

oxide occurrences are clearly associated also with
fractures trending 330Q, but sulphide occurrences have
only a minor makimum in this direction. They show,

on the contrary, a tendency to concentrate rather

along fractures with a northerly trend.

The strike frequency rosette for fractures associated
with Ni and Cr occurrences is markedly different, The

o
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300° trend, which is the most prominent in the two

other rosettes, is nearly completely missing. A wide

maximum area occurs in the 40°-70° range, with the

highest peak at 40°, and a maximum in the 10° direct-

ion.

The number of observations of Ni and Cr occurrences

is small. However, the absence of the maximum with

a 300° trend could be of considerable importance,

since it indicates that in northern Finland mineralized

basic and ultrabasic intrusions may not be associated

with Ffractures of this trend, but are rather concentrat-
ed in the fractures trending 330°, 4004700, and

perhaps 100, or roughly northward. This might also

lead to age and genesis problems involiving the

fractures. Nevertheless, if this kind of difference

is found also in further, morc detailed studies, it

could evidently be used as an exploration tool for Ni

and Cr deposits.

4.0

CONCLUSIONS

The following conclusions and suggestions may be made

about the use of LANDSAT-1 imagery in the analvsis of

geological features:

The imagery has proven useful in mapping

Quaternary glaciogenic features.

Precambrian schist belts can be discerned from areas
occupied by their basement rocks or major plutons.

The major formations are easily located, but in detail
the run of their boundaries tends to remain obscure.
Masking enhancement pictures nrocessed from bands 5
and 7 seem to provide a tool for more detailed
studies. '

Different structural features can be discerned from

Y N
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LANDSAT imagery. Large~scale lavering, folds,
fractures and faults have been identified in the
study area.

LANDSAT~1 imagery provides a rapid tool for the
analysis of major bedrock structures. Moreover,
these analyses are evidently far less exvensive
than the time-consuming aerial-vhoto interpretat-
iong of large areas. Simultaneous use of differ-
ent remote sensing and geopvhysical material (e.g.,
aerial photos, aercgeophysical maps, gravimetric
maps with LANDSAT imagery seems to provide the

best results in these analyses.

The interpretation of lineaments, representing
fracture and fault zones, from the LAMDSAT imagerv
is shown to have both advantages and disadvantages
when compared with photolinear studies. The sets of
linears with northeasterly to easterly trends are
shown clearly in LANDSAT imagery because of the
low-angle illumination effects and near-polar,
sun-synchronous orbit. On the other hand, linear
features trending near the scanning direction

of the MSS-system have obviocusly been neglected

in the interpretation of LANDSAT imagery, as is
shown by the trend analvsis of the linear maps.
This is possibly due to the fact that the

scanning lines form a line raster the direction

of which has been apt to be avoided in the search
for linears. These characteristics of the avpear-
ance of linear features in LANDSAT imagery should

be kept in mind when studyving them.

In latitudes where the seasonal variation is great,
& simultaneous study of winter and summer imagery
is useful in detecting geoloaical structures.

.
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- It seems possible that optical filtering might
provide a guick method to analyze LANDSAT imagery
for linear geological structures and structural
patterns in wide areas, such as the different
shields or even continents. Statistical studies
of this magnitude might produce new information

related to plate tectonics.

The present analysis of LANDSAT imacery and geophysical
data from northern ¥inland has revealed many zones of
fracturing, whichlobviously represent surficial mani-
festations of major fractures dividing the bedrock
into a mosaic of polygonal blocks. The fractures
follow, in general, the eight main trends of crustal
shear characteristic of the Baltic Shield; but they
have different patterns within several of the main
rock units, or main blocks, of the area. The major
fracture zones, and blocks separated by them, have
obviously played an important role in the evolution

of the Shield. They have controlled the development
of sedimentation basins and later deformations of

the sediments, thus affecting the present distribution
of the ancient supracrustal rocks. The deep fractures
are zones of greater permeabilitvy in the crust, into
which basic and ultrabasic rocks have been able to
intrude. Thus they have controlled the locations

of the ores associated with these intrusions. They
have evidently also offered channels for volecanism
and so controlled the distribution of wvolcanics and
the ore deposits associated with them. The movements
along the fractures and the higher permeability of
these zornes have also offered favorable conditions
for the mobilization and migration of ore-bearing
fluids,and for their concentration in chemically and
vhysically favorable places.
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NOTES ON THE PLATES
PLATE

T

IT

ITE

IV

Class I linears representing fracture and fault
zones. Same as Fig. 17.

Most prominent fractures of central Finnish:Lapiand—
dashes where inferred. Thickness of the line indic-

~ate the prominence of the zones.

Significant lineaments of northern Finland re-
presenting major fractures, or component parts
of them.

Schematic map of the main blocks in northern
Finland. Fracture zones separating the blocks are
shown as shaded areas. Dark shading: major block
bouﬁdaries, usually separating blocks differing in
their internal fracture patterns. Light shading:
other iﬁportant block boundaries. The zones
described in earlier literature are indicated by
letters:

A-A Sahama (1933), v. Gaertner (1962),

B-B Salop (1971) .

C-C Talvitie and Paarma (1973).
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