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Visible and near infrared radiation is reflected f rom vegetation and 
open vaters in Finland in summertime. Thus the variation in the 
intensity measured is primarily an informant of the variation in 
vegetation. Indirectly it is also a geological informant and therefore 
the botanical classification of intensity data is also geological by 
nature in a terrain in its natural state. 
For geobotanical prospecting of unexposed bedrock two extreme 
cases have been presented. In the first case the lithology keeps con-
stant but the bedrock topography and the superficial geology vary. 
Thus, the primary component recognized is the type of vegetation 
and the secondary one the superficial geology. The third component, 
the relative variation in soil thickness can be estimated through the 
stratigraphical sequence number of the topmost formation prospected, 
and the figures or pat terns of figures in bedrock topography and cor-
relative structures may be interpreted. 
In the second case there is an extreme variation in lithology, silicate 
— carbonate rocks, a slight variation in topography but the over-
burden remains ra ther constant. Now, a specific type of vegetation 
thrives above each lithological unit and the carbonate complex, for 
instance, can be prospected. 
Jouko Talvitie, Geological Survey of Finland, P.O. Box 237, SF-70101 
Kuopio 10, Finland. 

Introduction 

Bas ic r e s e a r c h in g e o b o t a n i c a l r e m o t e s ens -
ing h a s b e e n d o n e a t t h e U n i v e r s i t y of O u l u 
on f u n d s p r o v i d e d b y t h e A c a d e m y of F i n -
l and . T h e p u r p o s e of t h i s r e s e a r c h h a s b e e n 
to i nves t i ga t e , on o n e h a n d , t h e v a r i a t i o n of 
v i s ib le a n d n e a r - i n f r a r e d r a d i a t i o n r e f l e c t e d 
b y t h e g r o u n d and , on t h e o t h e r h a n d , t h e 
v a r i a t i o n in t h e i n t e n s i t y of long or t h e r m a l 
i n f r a r e d r a d i a t i o n e m i t t e d b y t h e g r o u n d a n d 
t h e c o r r e l a t i o n of t h i s v a r i a t i o n w i t h t h a t of 
k n o w n geo log ica l un i t s . I n t h e p r e s e n t p a p e r 
a r e r e p o r t e d t h e r e su l t s , p r i m a r i l y , t h a t w e r e 

o b t a i n e d f r o m t h e s e n s i n g of r e f l e c t e d r a d i a -
t ion. 

T h e r a d i a t i o n d a t a r e c o r d e d on d ig i t i zed 
t a p e s o r i g i n a t e d f r o m t h e f o u r - c h a n n e l 
L A N D S A T - 1 a n d t w o 1 1 - c h a n n e l a i r b o r n e 
s c a n n e r s . T h u s cou ld t h e r a d i a t i o n p r o p e r t i e s 
of g r o u n d t a r g e t s b e i n v e s t i g a t e d n o t o n l y 
b y m e a n s of i n d i v i d u a l c h a n n e l s b u t a l so in 
t h e s p e c t r a l s ense t h r o u g h m u l t i - c h a n n e l 
ana lys i s . T h e s u p e r v i s e d a n d a u t o m a t e d p a t -
t e r n r e c o g n i t i o n p r o g r a m u s e d w a s t h e 
R E C O G w i t h c o l o r - T V d i sp l ay , w h i c h in F i n -
l a n d is a v a i l a b l e a t t h e S t a t e T e c h n i c a l R e -
s e a r c h C e n t r e . 



64 Jouko Talvitie 

2 0 

r 

30 

r v 

t 

) ( D ) F 
A _ r c t i c v. { c i R _ c L E 

20 30" 
Fig. 1. Location of s tudy areas 1 and 2. 

Posing the geological problem 

Two areas were inves t iga ted (Fig. 1). Area 
1 is located in the level Bo thn ian coastal 
region. Avai lab le he re were both L A N D S A T -
1 and a i rborne da ta (Bendix scanner , resolu-
tion angle 2.5 mrad , f l ight a l t i tude 3 km). 
Shown in Fig. 2 is a s t ra t ig raph ic sketch, 
which depicts the set of geological p roblems 
posed by Area 1: 
1. The bedrock is composed of migmat i t e s 
(gneisses) and salic orogenic p lutonic rocks. 
It is t he re fo re fa i r ly homogeneous, b u t only 
s l ight ly exposed. The landscape thus shows 
up, in the main, only the s t ruc tu ra l and 
topographic f ea tu re s of the bedrock. 
2. Var ia t ion is a p p a r e n t ma in ly in the over -
burden , which reveals the fo l lowing s t ra t i -
g raphic sequence: bedrock, basa l till, beach 
deposits, si l ts-clays and peat . The till shows 
s t rong evidence of glacial t r anspor t . 

Area 2 is located (Fig. 1) in the Sokli sec-
tion of the Savukosk i district , f r o m w h e r e 
only a i rborne da ta a re avai lable (Daedalus 
scanner , resolut ion angle 2.5 mrad , f l igh t 
a l t i tude 6.7 km). The place is located in the 
hil ly p a r t of F innish Lap land , and the geo-
logical condit ions a re essent ial ly d i f f e r en t 
f r o m those prevai l ing in the o ther a rea in -
vest igated (Fig. 3). 
1. The bedrock exhib i t s e x t r e m e var ia t ion : 
fo rmat ions of ca rbona t i t e and phosphor i te 
rocks — fo rmat ions of sil icate rocks. Expo-
sures a re lacking. 
2. The ove rbu rden consists p r edominan t l y of 
till, va ry ing f r o m one to ten me te r s in th ick-
ness. It has been subjec ted only to sl ight 
glacial action. Over ly ing the til l a re some 
sandy deposits of glaciof luvial origin, and in 
m a n y places in val leys the re occur th in 
layers of peat . 

Area 2 has its ore-prospect ing aspect, t he 
separab i l i ty of the sil icate rocks f r o m the 
fo rmat ion of ca rbona t i t e and phosphor i te and, 
on the o ther hand, the separabi l i ty of phos-
phorus ore f r o m carbonat i te . 

This pa r t of the s tudy will be deal t w i th 
in the fol lowing, therefore , in g r ea t e r detail . 
In addit ion, Area 1 has been described ear l ie r 
as a pa r t i a l resul t of this t heme (Kilpelä et al. 
1978). 

Area 1: Geobotanical result 

A s u m m a r y of the geobotanical resul ts of 
the invest igat ions car r ied out in Area 1 is 
p resented in Table 1. I t expla ins the geo-
botanical fac tors opera t ing in the t e r r a in in 
its n a t u r a l s ta te as represen ted in the s t r a t i -
g raphic prof i le r eproduced in Fig. 2. At t h e 
lef t in the tab le a re the geological uni ts of 
the area, and at the r ight , correspondingly , 
the preva i l ing type of vegetat ion. The tab le 
shows tha t the var ia t ion in the surf ic ia l 
geology conforms sys temat ica l ly to the va r i a -
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tion in the type of vegetat ion. In the middle 
of the tab le is set f o r th the corre la t ion to the 
topographic s i tuat ion (elevation), humid i ty 
and day t ime t e m p e r a t u r e of the g round su r -
face as well as to the thickness of t h e over -
burden . 

Inasmuch as the g round in F in land in i ts 
na tu ra l s ta te is no rmal ly covered w i th vege-
tation, the ref lected radia t ion carr ies direct 
da ta only concerning the var ia t ions in vege-
tat ion. The surf ic ia l geology and o ther fac -
tors ment ioned in Table 1 can be char ted on 
the basis of ref lected radia t ion only indirect ly 
by re fe rence to the geobotanical corre la t ion 
presented — in short , considering t h e m as 
secondary fac tors f r o m the s tandpoin t of 
prospect ing. 

The r emote sensing p e r f o r m e d in accord-
ance wi th the scheme se t f o r t h in the fo r e -
going succeeded well. Only sand beds com-
posed a ca tegory of fo rmat ions the posit ion 
of which in the table is uncer ta in . Bu t if the 
na tu ra l s ta te is d is turbed, the d iagram d r a w n 
(Table 1) loses its s ignificance. 

The coun t ry rock in the area is f a i r ly 
homogeneous, grani t ic -granodior i t ic ; accord-
ingly, l i thological d ivers i ty could not be ob-
served to cause any var ia t ion in the vege ta -
tion. The assumpt ion was made, however , 
on the basis of observat ions made e l sewhere 
in the te r ra in , t ha t if any no tewor thy l i tho-
logical d i f fe rences occur in the bedrock, they 
are l ikely to appear as var ia t ions in the vege-
tation, no twi ths tand ing the n a t u r e of the 
overburden . »Anomalous» rock uni ts of this 
kind could thus be prospected by means of 
remote sensing. It wou ld faci l i ta te t h e suc-
cess of prospect ing if the till had unde rgone 
a min imum of glacial t ranspor t . 

Area 2: Geobotanical prospecting 
of Sokli carbonatite 

Data acquisition 

The su rvey f l ig th over the area was m a d e 
wi th an 11-channel Daeda lus scanner on J u l y 

Secondary factors Forest type 

Precambrian bedrock 
Boulder field-till 
Loose basal till 
Tight » 
(Sandy outwash) 
Silt 
Peat 

n 
a fD 

Dry heath 

Partly heath 

Moist heath 

Boggy 

Table 1. Geobotanical correlation observed in a terrain in its natural state. The arrows show into 
which direction the elevation, moisture and daytime temperature of the ground and the thickness 

of the overburden are relatively increasing. 

6 
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Fig. 3. Stratigraphic sketch of study area 2. 

5, 1977, at 2.13—2.45 p.m. The band wid ths 
of the channels a re shown in Fig. 5 a. T h e 
lines of f l ight ran s t ra igh t t oward the sun, 
wi th the sky cloudless. The m i n i m u m size of 
the g round e lement , at the nadi r , was h& = 
6.7 km X 2.5 m r a d ~ 17 m. The tota l angle 
of view of the scanner , which de te rmines the 
length of the s t r ip scanned in the te r ra in , w a s 
ip — 87°. The invest igat ion showed t h a t t h e 
scanner da ta obta ined were val id for geo-

Fig. 4. Variation in radia-
tion intensity in channels 2, 
4, 7 and 9 along column No. 
349 of data coordinates. 
Corresponding geological 
profile has been appended 
to lower par t of picture. 
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botanical classification all the w a y to the 
1V 

angle values — = 35°. The e r ro r induced 

Standard deviation of the intensity of 
fields 1—10 from the mean intensity in-

dicated in Fig. 5a, 

on the in tens i ty level of the rad ia t ion of the 
scanning geomet ry by angle va lues g rea te r 
t han this was too large, d is tor t ing the classi-
f ication. 

Bedrock 

The bedrock is t h roughou t over la in by soil, 
as a consequence of which the knowledge 
about it is based on ditching, dri l l ings and 
geophysical measuremen t s . The bedrock m a p 
is r eproduced in Fig. 6. It is easy to divide 
the bedrock l i thologically into two categories: 

1. Sil icate rocks (grani te gneiss, u l t rabasics , 
amphibol i te , fenite). 

2. Carbona t i t e complex (carbonat i te , rego-
li thic phosphorus ore). 

The fo rmer , wi th the except ion of the 
feni te , a re P recambr i an , and the la t te r Cale-
don ian-Appa lach ian in age (Vart ia inen and 
Woolley 1974). Preglac ia l wea the r ing of the 
bedrock su r face is to be found in situ, p ro -
viding evidence t h a t the erosive e f fec t of the 
cont inenta l ice sheet has been weak . 

Training or reference fields and 
radiation intensity 

Fig. 4 p resen ts the geological p rof i le of the 
bedrock and the corresponding var ia t ion in 
the radia t ion in tens i ty f r o m channe ls 2, 4, 7 
and 9. The f igu re indicates t ha t the var ia t ion 
in in tens i ty on the band w id th 0.80—0.89 jum 
(channel 9) ref lec ts most accura te ly the geo-
logical var ia t ion, upon which the ca rbona t i t e 
complex represen ts the highest level of in-
tens i ty and the gneissose g ran i t e the lowest . 
As the wave leng th shortens, this corre la t ion 
weakens and on shor te r wave leng ths (channel 
2) sca t te r ing in the a tmosphere p resumab ly 
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Table 2. Training fields and their geology. 

Class No Bedrock class Overburden 

1 Gneissose granite 
2 Ultrabasic rock 
3 Fenite, low grade 
4 Fenite 
5 Carbonatite 
6 » 
7 Phosphate rock 
8 » 
9 » 

10 Carbonatite 

causes so much background noise t ha t its use 
for classification purposes cannot come into 
considerat ion. The spectra l r ange of red — 
n e a r - i n f r a r e d proved in the p resen t ma te r i a l 
to be the most sui table for classification. The 
t ra in ing f ields for supervised classif icat ion 
were selected according to the bedrock geo-
logy, as shown in Table 2. The n u m b e r of 
g round e lements in each class was about 
f i f ty . 

The mean intensi t ies of the radia t ion re -
ceived f r o m ten t r a in ing f ields n u m b e r e d in 
Table 2 a re shown in Fig. 5 a. F r o m this f ig-
ure, we can see tha t on wave leng ths of 0.65 
; /m and longer the classes can be discr imi-
na ted best f r o m each other , especially w h e n 
we take into account the deviat ion presented 
in Fig. 5 b. Fu r the r , it can be noted tha t the 
classes of sil icate rocks (1—4) belong to low 
in tens i ty classes compared wi th the classes 
of the ca rbona t i t e complex (5—10). 

It is possible on the basis of Table 2 and 
Figs. 6 and 7 to es t imate the e f fec t of the 
qua l i ty of the o v e r b u r d e n on the intensit ies. 
The t i l l -covered ca rbona t i t e complex is r ep -
resen ted by classes 6—8. If the cover con-
sists also of glaciof luvial mater ia l , sands, as 
in class 5, the in tens i ty decreases, though not 
to the ex ten t of the classes of the t i l l -covered 
silicate rocks. If t he r e occurs an open bog in 
the ca rbona t i t e complex, the in tensi ty rises, 
as in classes 9 and 10. 

Classif icat ion 

A th ree -channe l combinat ion 7, 8 and 10 
was used for superv ised pa t t e rn recognit ion 
of the ten classes. The resul t is p resented in 
Fig. 7. 

When the val idi ty of the classification is 
examined (cf., Fig. 6), i t m a y be noted: 
1. Sil icate rocks fa l l into classes 1—4 almost 
to a 100 % exten t . 

2. Classes 6, 8, 9 (orange, b lack and gray , 
respectively) contain rocks of the ca rbona t i t e 
complex to an ex t en t of over 90 °/o, and 
classes 8 and 9 indicate specif ical ly the loca-
tion of phosphorus ore. These classes a re thus 
of cri t ical impor tance f r o m the ore-prospect -
ing s tandpoin t . 

3. Classes 5 and 7 (greens) a re spec t ra l ly 
s i tua ted be tween the classes consisting of 
sil icate rocks and the ca rbona t i t e complex 
(Fig. 5). Thus a reas belonging to bo th 
geological complexes fal l into these classes. 
On the o ther hand, the spec t ra l ly close Class 
6 indicates ca rbona t i t e exclusively. Class 10 
(yellow) is the class of open and luxu r i an t 
bogs re la ted main ly to the carbonat i te . 

4. The main shor tcoming of the classif icat ion 
presen ted in Fig. 7, when it is en la rged 
(scanned a rea totals 500 sq. km) so as to e x -
tend into the silicate rock area of the su r -
roundings, is in the fac t t ha t no t r a in ing 
fields, separa te classes, have been t aken f r o m 
the bogs occurr ing above the sil icate rocks. 
Accordingly, these bogs remain , on the basis 
of the tests, unclassif ied or fa l l la rgely into 
classes 5 and 7 (greens) — tha t is, they fa l l 
main ly into classes of lower in tens i ty t han 
the bogs of the ca rbona t i t e complex (9 and 
1 0 ) . 

Classification and vegetation 

As noted previously, the rad ia t ion used is 
ref lected by the vegeta t ion and the re fo re 

Till 

» 
» 

Sand and till 
Till 

» 
» 

Bog 
Bog 





Fig. 6. (Left) Bedrock of Sokli area, compiled by 
T. Vuotovesi in 1979. 
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Fig. 7. Automated and supervised classification 
result, a TV-display. The classes (cf., Table 2 and 
Fig. 5) 1—11 are indicated by the following colors: 
I brown, 2 blue, 3 red, 4 pink, 5 l ight green, 6 
orange, 7 da rk green, 8 black, 9 gray, 10 yellow, 
II whi te /unclass i f ied. Threshold 1 D/o. P ic ture 
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• Dwarf shrub 

^ Grass 

• Herbs 

H E R B S 

P I N U S 

D W A R F S H R U B S 

B E T U L A N A N A 
— n P U B . 
S A L I X S P P 

Q Pinus s y l v e s t r i s 

Picea abies ssp obosiata 

H Betuta pubescens 

J U N I P E R U S 

U 
• 
5 
6 

B E T U L A ' 

< B , 
Jun iperus communis 

Pinus sy l ves t r i s 

Picea abies ssp. obovata 

Betu la nana 

B pubescens 

Sal ix spp. 

Figs. 8A—D. Density of t ree layer (A), shrub layer (B), field layer (C) and bottom layer (D) as per-
centages of area of test fields. Each spectral class, 1—10, has been subdivided, a, b; except Class 7, 

a, b, c. Alongside each columnar diagram is a corresponding tr iangular diagram of densities. 
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Table 3. Spectral-geological classes 1—10 and their botanical subdivision according to Fig. 8 as well as 
the forest an bog types corresponding to the subclassification. 

Class No Number 
and subdiv. of test Forest or bog type and subdiv. fields 

6 Empetrum-Vaccinatum 
8 Empetrum-Myrtillus 

2 3 11 Cladina and Calluna-Cladina 
z b 4 Empetrum-Vaccinatum 

3 a 9 Empetrum-Vaccinatum (-Myrtillus) 
d b 9 Uliginosum-Empetrum-Myrtillus 
4 6 Uliginosum-Empetrum-Myrtillus 

5 a 8 Uliginosum-Empetrum-Myrtillus 
0 b 8 Like 5a but becoming peat-covered 

6 a 9 Uliginosum-Empetrum-Myrtillus 
b b 5 Hylocomium-Myrtillus 

a 2 Between types 5a and 6b 
7 b 7 — » — , swampy 

c 4 — » — , boggy 

8 ? 10 Hylocomium-Myrtillus 
b 6 — » — , swampy 

• 5 
10 Meadow 

• 5 12 Pine, tall sedge and flood bogs 
13 Open bog 
9 Open — pine bog 

pr imar i ly t r ansmi t s da ta on the var ia t ions in 
vegeta t ion. There was thus reason to de-
t e rmine w h a t sor t of vegeta t ion prevai ls in 
the area embrac ing ten classes r ep resen ted in 
Fig. 7. 

Taken as the s ta r t ing point of the inves t iga-
tion was the space covered in the test f ie ld 
by each species of p lan t . The vegeta t ion w a s 
divided into fou r layers in the order in which, 
v iewed f r o m the air, t hey covered the g round 
and each o ther : 1. t r ee layer, 2. s h r u b layer , 
3. f ield layer, 4. bo t tom layer . These l ayers 
were invest igated separa te ly in test f ie lds 
measur ing 10 X 10 m2 . The re w e r e a l toge ther 
158 such fields, which w e r e located in d i f -
f e ren t p a r t s of the region inves t igated (Figs. 
8 a—d). 

Fig. 8 a shows the ex ten t of g round covered 
by the t r ee layer . I t shows t h a t coni fers 
(Pinns sylvestris) p r edomina te in the classes 
of si l icate rocks, 1—4, and the b i rch (Betula 
pubescens) is p r edominan t in classes 5—8 of 

the ca rbona t i t e complex. Classes 9 and 10 of 
high in tens i ty a re treeless. The occurrence of 
birch in itself cannot be t aken as an indicator 
of the ca rbona t i t e complex, though, perhaps , 
its heavy density, and specifical ly its appea r -
ance in h e a t h y t rac t s may be s ignif icant . The 
increase in the densi ty of the b i rch and the 
decrease in p ine f r o m Class 1 to Class 8 ap-
pears to fol low the g rowth in the in tens i ty 
of n e a r - i n f r a r e d radia t ion (cf., Fig. 5). 

In Fig. 8 b is r epresen ted the densi ty of 
the s h r u b layer in the test f ields. It can be 
noted t h a t in the classes of sil icate rocks a 
slight s ch rub layer is composed by Pinus 
sylvestris, Betula pubescens and Juniper 
communis. Typical f e a tu r e s of the ca rbona t i t e 
complex classes a re Juniper communis and 
Betula nana. As species, these do not indicate 
the ca rbona t i t e complex, e i ther , t hough 
ev ident ly wi th respect to the densi ty of 
occurrence of the species. 

Fig. 8 c represen t s the densi ty of the f ie ld 
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Table 4. Species indicating exceptional luxuriance as density percentages met with in test fields 
5A—10B. Among the ones found outside the test fields but within the carbonatite complex, mention 

might fu r the r be met of Brunus padus, Rubus saxatilis and Saussurea albina. 

Class index 5a 5b 6b 7c 8b 9a 9b 10b 

Selaginella selaginoides 1 + 3 
Equisetum scirpoides + — + — — — 

Carex capitata — — — 5 — 

Moehringia lateriflora 1 — — — — 

Thalictrum simplex — + — + 17 
Saxifraga hirculus — — — — — 3 
Cirsium helenioides — 1 — — 45 + 
Sphagnum subsecundum 8 
S. teres — — — 1 — 

S. warnstorfii — — — 15 — 20 55 
Campylium stellatum — — — 13 
Paludella squarrosa — — — — — 25 5 
Tomenthypnum nitens — — — 1 — — 15 7 

layer . The species a re divided into th ree 
groups : 1. dwarf shrubs , 2. grasses, 3. herbs . 
The silicate rock classes a re charac ter ized by 
an abundance of dwarf sh rubs and a 
sparseness of grasses and herbs, whe rea s in 
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Fig. 9. The increase in luxuriance of vegetation 
f rom Class 1 to Class 8 (crosses) and the cor-
responding increase in radiation intensity of 
channel 8 (dots). The crosses show the sum of the 

density of the birch, grasses and herbs. 

the ca rbona t i t e complex classes the s i tuat ion 
is the opposite, exhibi t ing re la t ive ly m o r e 
l u x u r i a n t g rowth . It is to be noted tha t this 
luxur iance increases f r o m Class 1 to Class 
8 in re la t ion to the g r o w t h in the in tens i ty of 
n e a r - i n f r a r e d radia t ion (cf., Fig. 5). 

Correspondingly , in Fig. 8 d a re r ep resen ted 
the species of the bo t tom layer . T h e species 
indicated above the hor izonta l line, Cladonia 
for instance, th r ive on the sil icate rocks b u t 
not on the ca rbona t i t e complex. 

In Table 3 a re presented the fores t and bog 
types corresponding to Fig. 8. Listed f r o m 
the least fer t i le (dry heath , cf. Table 1) to 
the most l u x u r i a n t (moist heath) , t he fores t 
types are: 1. Cladina and Calluna-Cladina, 
2. Empetrum-Vaccinatum, 3. Empetrum-
Myrtillus, 4. Uliginosum-Empetrum-Myrtil-
lus, 5. Hylocomium-Myrtillus. Of these, the 
f i r s t t h ree occur only in the classes of sil icate 
rocks and Hylocomium-Myrtillus only in 
ca rbona t i t e complex classes 6 and 8. The 
fores t type Uliginosum-Empetrum-Myrtillus, 
l isted four th , occurs in i n t e rmed ia t e classes, 
bu t in the ca rbona t i t e complex classes it is 
more l u x u r i a n t in its g rowth . Of the fo res t 
types occurr ing in small pa tches in the region, 
ment ion should be m a d e of Ledum-Uligino-
sum and Geranium-Vaccinium, the l a t t e r of 
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Fig. 10. Number of species and pH level by-
classes (spectral classes 1—10) obtained f rom in-
vestigation of 158 test fields. The pH level was 

calculated: phmeasuied minus pHCOnstant. 

which can also be r ega rded as an indicator 
of the ca rbona t i t e complex. In the classifica-
tion, t he r e is no point of compar ison for the 
sil icate rock bog types; bu t it is no t ewor thy 
tha t also dry and open meadows fal l into 
Class 9 of the bog types. 

Only the most l u x u r i a n t fores t type in the 
classification, Hylocomium-Myrtillus, can be 
regarded as an indicator of t h e ca rbona t i t e 
complex in this a rea located no r th of the 
Arctic Circle. It r epresen t s at the same t ime 
t rac ts of heath , f r o m which the ref lec ted 
radia t ion intensi ty was the highest in the 
channel combinat ion used. An increase in 
luxur iance of vegeta t ion and in tens i ty of 
rad ia t ion could be observed previously (Fig. 
9) as an increase in the densi ty of b i rch 
(Betula pub.) as well as of grasses and he rbs 
and in a decrease in pine shading the l a t t e r 
(as v iewed f r o m an a i rcraf t ) . The pine is pe r -
cept ibly weake r t han the o ther types of vege-
tat ion ment ioned as a re f lec tor of i n f r a r e d 
radiat ion. 

The p lan t species indicat ing except ional 

luxur iance , which are me t wi th in the a rea 
of the ca rbona t i t e complex, a re a d i f f e r en t 
mat te r . Species in this ca tegory are l isted 
in Table 4. 

Fig. 10 shows tha t the average n u m b e r 
of species me t wi th in the area of si l icate 
rocks (Classes 1—4), as well as its pH value, 
a re lower t han in the classes (5—8) of the 
ca rbona t i t e complex. The pH of the bogs 
belonging to the ca rbona t i t e complex is l ike-
wise r a t h e r high (Classes 9 and 10). 

The t ra in ing f ields of th is classif icat ion 
were selected on geological grounds . On the 
o ther hand, the re would be reason to t ry 
selecting t ra in ing f ields on the basis of vege-
tat ion types or the p r i m a r y fac tor of geo-
botanical prospect ing and compar ing t h e 
classification resul t the reby obta ined wi th 
the geology. In any event , t he foregoing 
resul t of r emote sensing connects also the 
bedrock components of a covered area as 
cont r ibu t ing fac tors wi th the geobotanical 
prospect ing result . In the mul t id isc ipl ine 
sense, the resul ts b r ing together botanical , 
fores t ry , geological and even ore-prospect ing 
interests . It is ano the r s tory how col labora-
tion of such a b road scope can be organized 
on a pract ica l basis. 

Conclusions 

The d ry hea th vegeta t ion ref lec ts a min i -
m u m amoun t and the moist hea th vegeta t ion 
a m a x i m u m amoun t of radia t ion. The type of 
vegeta t ion is largely dependen t on the supe r -
ficial geology and the re fo re the l a t t e r can be 
classified indirect ly by means of remote 
sensing. In cer ta in cases it is possible t ha t 
also the li thology, though unexposed, re -
gula tes the type of vegeta t ion above and can 
be prospected. So in Lap land (Sokli area), 
w h e r e the cl imatic s tress is s t rong, the moist 
hea th type Hylocomium Myrtillus (HMT) 
was a re l iable indicator for the ca rbona t i t e 
complex and the most l uxu r i an t HMT in-
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d i c a t e d t h e p h o s p h o r u s ore . T h e v e g e t a t i o n 
t y p e s a b o v e s i l i ca te rocks w e r e less l u x u r i a n t . 
T h e c l a s s i f i ca t i on of t h e bogs i n Sok l i r e -
m a i n e d i n a d e q u a t e . 
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