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intrusions in the present research. 
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Introduction 

In 1971 the Koillismaa Research Project was 
established in the Departments of Geology and 
Geophysics of the University of Oulu in order 
to explore the critical ore areas of Koillismaa. 
This project was supported by Government 
funds directed towards basic research in connec-
tion with ore exploration in northern Finland. In 
addition to the above mentioned departments the 
Institute of Data Processing and the Institute of 
Electron Optics of the University of Oulu have 
also participated in the project. 

The research area comprises the basic intrusive 
belt from Syöte to Näränkävaara close to the 
eastern border of Finland (Enkovaara et al. 1953; 
Matisto 1958; Fig. 1). In the intrusives features 
typical of basic layered intrusions are found 
(Wager & Brown 1967), and ore showings typical 
of layered intrusions are also present. The belt 
forms a most interesting example of basic 
magmatism and related ore forming processes 
(Ohenoja 1968; Piirainen & Juopperi 1968; Juop-
peri 1972; Piirainen et al. 1974). The genesis, 
movements and crystallization of basic magma 
form a chain of events which it is possible 
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Fig. 1. The location and geology of the research area (modified after Simonen 1960) 

to trace only by exact geological mapping and 
petrological, mineralogical and petrogeochemical 
investigations. In this way wide, multivariate 
data materials are gathered whose manipulation 
by conventional methods is a labourious task. 
ADP therefore offers facilities for carrying out 
this program. 

These were the factors behind the planning of 
the Koillismaa project. The main aim was to 
obtain answers to the questions related to the 
problematics of the above discussed basic mag-
matism, with the emphasis on forwarding the 
discovery of ore deposits not only in the basic 
intrusive belt under investigation, but also in 
other basic intrusions elsewhere. 

The development of ADP methods has formed 
an essential part of the research aims of the Koil-

lismaa project. As a result of this work the 
following ADP based geological research method 
has been developed for application to the basic 
layered intrusions in this specific case. 

The geological basis of the research 

Geological mapping 

On the basis of geological mapping of the 
layered intrusions carried out by the Outokumpu 
Oy and Rautaruukki Oy companies it is known 
that certain horizons in the intrusions are very 
clear and easily traced along the strike of the 
layering. The dip of the layering varies little 
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Fig. 2. A schematic picture of a layered intrusion in Koillismaa. 

within the cross section of each individual 
intrusion (Fig. 2). Thus the use of a mapping 
method which presupposes certain continuities 
was considered valid. It was decided to carry out 
the geological mapping of the intrusions along 
profiles crossing the intrusions thus leaving the 
gaps between profiles with lesser attention, 
unless there was any specific reason for a closer 
examination of them. 

The geological mapping in this special case 
was carried out so that the observation points 
formed a line that is almost perpendicular to the 
strike of the layering. Naturally, keeping in mind 
the sparse outcrop density in Koillismaa, straight 
observation lines cannot be created, instead a 
rather winding row of points is obtained which 
forms a 0.5—1 km wide zone across the rock 
formation under investigation (Fig. 3). The 
lateral extent of each individual observation point 
within the zone varies from a few metres to 
approximately 100 metres depending on the size 
and shape of the outcrop. However, the observa-
tion is written down on the mapping document 
as a single point. The intention is that the 
observation zones are located across the rock 
formation to be mapped by utilizing all the 
available preliminary information, such as aerial 
photographs, topographic maps, geophysical 

data etc. The distance between the profiles varies 
so that, for example, across an approximately 
30 km long layered intrusion seven profiles are 
mapped, the reciprocal distances being 2—6 km. 

It is worth emphasizing that the row of 
observation points does not have to be on a 
straight line in order to make a profile, but the 
observation zone can be located in any normally 
mapped area whose structure is suitable for this 
type of research. 
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Fig. 3. A n observation zone across a layered intrusion. 
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The construction of a profile from the observed data 

After the observation zone is established a 
point is chosen on it through which a vertical 
plane is placed. The observation points are 
projected on this plane in the direction of the 
strike of the layering or lamination (Wager & 
Deer 1939). The direction of this vertical plane 
is determined by tectonic observation so that it 
strikes perpendicularly to the layering, supposing 
that the plunge is horizontal, and the observation 
points are projected perpendicularly to the 
vertical plane. If there are essential differences in 
the strike of the layering within the observation 
zone, the zone is divided into sub-zones and a 
vertical plane is placed across each individual 
sub-zone on which the observations of the 
corresponding sub-zone are projected (Fig. 4). 
In such a case the observations are thus projected 
on a broken plane, ie. on a plane that is composed 
of two or more parts. 

As changes in the topography of the terrain 
are noticeable in Koillismaa and as, on the other 
hand, the dips of the layering are gentle (30°— 
40°), any errors caused by these factors have to be 
corrected for in connection with the projections 
on the vertical plane. This is done by choosing 
a horizontal level, the so called artificial ground 
level, on which the observation points are pro-
jected in the direction of the dip of the layering/ 
lamination (Fig. 5). With this method the dis-
tortions caused by topography are compensated 
for and the resulting order of layering on the 
constructed line equals the true one. 

If desired, the profile line can be turned so 
that it strikes perpendicularly to the layering 
(Fig. 6). 

Martti Löytynoja and Tauno Piirainen 

Fig. 4. The projection of observation points on the 
vertical broken plane. 

Fig. 6. The profile line turned perpendicular to the 
assumed layering. 

Fig. 5. The projection of observation points on the artificial ground level. 



An ADP-based mapping system fot investigations of layered intrusions in Koillismaa area, 161 

KOILLISMAAN 
TUTKIMUSPROJEKTI KARTOITUSLOMAKE 

15 <6 17 18 

x- koordinaatti 

2" , 25 , 76 , " , 

PETROGRAFIA 
53 54 55 56 57 58 59 60 63 64 65 66 67 68 69 70 71 72 75 76 77 78 

ü a strati, kortti gratia 

K E R R O S P A K S U U S 

1. < 2 mm 

2 . 2 - 2 0 mm 

3. 2 - 2 0 c m 

4. 2 - 2 0 dm 

5. 2 - 2 0 m 

, >20 m 
vaihteleva, 
piirretty luonnos 

. Kerrerp§lneKkäfn 
kerrospaksuuden yia-

• rajaa ei voi .havaita 

. ei havaintoa 
S T R U K T U U R I 9-12 

kerroksellinen 

kerrallinen 

v ir takerroksel l . 

maam. kerroks. 

mapman virtaus 

magm. kontakt i 

in t rus i i v i rakenne 

suoniqneissi 

^a i t ami j jmatü t t i 

ptygm. poimut 

Muskeinen 

I j ier Jynyt 

ka tak l as t i nen 

k i . l yhenteet 
R A E K O K O 13-14 

1. ka rkea rake inen 

2. suur i rake inen 

3. kesk i rake inen 

4. pieni rakeinen 

5. hienorakeinen 

6. vaihtelevå raekoko ; 

• > 2 cm 

e 1 - 2 cm 

e 3 - 10 mm 

s 1 - 3 mm 

B < 1 mm 

kuvaus 

CO .kerros-paksuus 
» , '0 , " i 12 i 

Ü ratkoko 

15 16 17 '18 

23 24 

• • • " 

rap pinnan väri 
hajarakeet 

r r r r i V i 
mineraali j y g f ^ 

l i I I I I I 
31 32 33 34 35 36 

T E K S T U U R I 15-22 

tasarake inen 

of i i t t inen 

p o r f y y r i n e n 

j>or_fyrob_[astinen 

juovainen 

k l as t inen 

ka t ak l a s t i nen 

I i i s t akke i nen 

p o i k i l i i t t i n e n 

la ikukas 

O£anobi.astinen 
ks. lyhenteet 

R A P A U T U M I S P I N N A N V Ä R I 23-24 

1 . v aa l ea 

2.punertava 

3.ruskehtava 

4.ruosteinen 

5.vaaleanvihreä 

tummanv ihreä 

harmaa 

k i r j a va 

muu; kuvaus 
H A J A R A K E E T 
muoto 2 8 , 3 4 

3. l evymäinen 

4. pyöreähkö 

5. vaihteleva 

6. muu; kuvaus 

25-36 
k o k o 2 9 , 3 5 m * ä r ä 3 0 , 3 6 

1. > 2 c m 

2. 1 - 2 c m 

3 3 - 10 mm 

4. * 3 mm 

5. kuvaus 

kymmen-
prosent-
teina 

P Ä Ä M I N E R A A L I T J A M I E L E N K I I N T O I S E T A K S E S S O R I T 

,37 . 38 , 39 .40 i 

I k i v i l a j i 

I I kivi laj i 

n 
58 S9 60 61 

13 
62 63 64 65 , 

, » , »? , M , H , at , »7 , 

• LO 
73 74 75 7« 77 78 

II kivi laj in määrä 

kenttänimi 

kort in numero jS. 
TEKTONIIKKA 
T A S O S U U R E E T 7 - 4 2 

A.kerroksel l isuus 

B . laminaat io 

C. l iuskeisuus I 

D. l iuskeisuus I I 

E. s i i r ros 

F. rakoilu I 

G. rakoilu II 

H. rakoilu I I I 

I. kontakti 

J . poimuakselitaso 
V I I V A S U U R E E T 

K. poimuakseli 

L. pienoisp.akseli I 

M.pienoisp. akseli I 

N.miner, pit. suunta 

O. s-pintojen leikkaus 
P . venymä 
Q. muut; kuvaus 
R. uurresuunta 

S I I R R O S -
SUUNTA 43 

l.oik. käden 
2 . vas . k ä d e n 

3.muu 

R A K O T I H E Y S 44-46 

1. 
4 - 6 
7-10 

10-20 
»20 

TASO / V I IVASUUREET 

O • rakotiheys kerrost. 

P O I M U T 

ö Ö 
i s 

ö 

KERROSTUMISALUSTAN SUUNTA 47 

1 oikein päin oleva kerroksellisuus 

2 nurin päin oleva kerroksellisuus 
3 pohja 0-179° 
4 pohja 180-3» 

pysty kerroks. 

P O I M UT Y Y P P I 

1. decollement 6. kink- poimutus 

2. disharmoninen 7. taivepoimutus 

3. isokliininen 8 . ptygmaattinen 

4. hiertymäpoimut. g. laahuspoimu 

5 . avonainen 
P O I M U N K Ä T I S Y Y S 

0. muu ; kuvaus 

1. oik. käden 2. vas. kSden 
POIMUN KOKO J A AVONAISUUS SO 

pienoispoimu * ' 

1 0 - 3 0 ° 

2 30 - 90° 
3 » 9 0 ° 
4 ei havaintoa 

poimu » l m 

5 0 - 39° 

6 30 - 90° 

7 »• 90° 
8 ei havaintoa 

Fig. 7. T h e mapping document o f the Koi l l i smaa project . 



160 Rauno Hugg, Markku Isohanni, Seppo Koivumaa, Martti Löytynoja and Tauno "Pi irainen 

The collection of data for the profile programs 

The geological field observations must contain 
sufficient information that the construction of 
the profiles is technically feasible. A form for 
geological mapping, referred to as the mapping 
document, was drawn up to meet the 
requirements of the Koillismaa project (Vuori-
miesyhdistys 1973, Fig. 7). 

The mapping document contains firstly an ID 
(identification) part (card 1, columns 1 —8) which 
codifies the observation point and the informa-
tion gathered from it in the field. Then comes 
information connected with the location of the 
observation point: 1 : 20 000 scale map sheet 
number, and the X, Y and Z coordinates to an 
accuracy of 10 m (card 1, columns 9—31). 

In addition to this information the strike and 
dip of the prevailing layering/lamination of the 
zone must be recorded fairly accurately (card 3, 
columns 7—42, A and B). Rock formations that 
cut the layering/lamination, eg. dykes, are not 
illustrated when the profiles are produced, but are 
collected in a separate data file which can be used 
afterwards, if necessary. 

Rock specimens gathered during the geo-
logical mapping are usually subjected to various 
different laboratory examinations the results of 
which can be presented on the profile. The 
chemical compositions of the rock are obtained 
as AAS assay results, or as semiquantitative 
XRF results. The chemical compositions of the 
minerals are determined by electron microprobe, 
and by microscope examinations that also gives 
the qualitative and quantitative mineral composi-
tion of the rock. 

The ADP system 

Data files 

In the ADP system employed in the Koillis-
maa project the data have been filed in several 
independent data files. The decision to do this 
then made it possible to plan and set up data files 

which meet the objects of the project, with regard 
to their structure and usability, in a relatively 
short time. 

In the profile representations of the layered 
intrusions both the field observations from the 
geological mapping and the petrogeochemical 
assay results are used. These data have been filed 
in separate data registers, ie. data registers of 
field observations, AAS analyses, XRF analyses, 
electron microprobe results, and thin and 
polished section description results. In producing 
the profile it is necessary to combine all the data 
of a certain geographical area. To make this 
possible every logical record of every data file 
contains an unambiguous identification code by 
which the data pertaining to one and same 
observation point can be connected together. 

The data of structural geology are punched on 
to cards on the basis of the mapping document. 
The data are double checked, the compass 
readings are converted to true geographic direc-
tion angles, the data are sorted by map sheets, 
and filed on magnetic tapes as card images. 

The petrogeochemical data are punched on to 
cards with codes of variables (Fig. 8). This allows 
for varying lengths of records and data terms. 
The code is a combination composed of 1—3 
letters and/or numbers, and its numerical 
equivalent is used in most of the programs of the 
profile program package as the identification of 
the variable. The assay data are recorded in 
packed form on magnetic tapes sorted both by 
map sheets, and by the code numbers within the 
records. 

A W 0 1 4 5 II1TIT .18 A L T 14 .15 FTT 6.50 M N T .155 
M G T 14.70 

A W 0 1 4 5 I I 1 C A T 8.96 N A T 3.04 K A T .29 V A T .007 

A W 0 1 4 5 III C R T .066 C O T .007 NIT .049 

A W 0 1 4 5 III CUT .014 Z N T .007 PBT 0 

A W 0 1 4 5 112 TIT .22 F T T 10 .05 A L T 11 M N T .18 
M G T 2 1 . 0 2 

A W 0 1 4 5 112 C A T 6.5 N A T 1.67 K A T .2 V A T .001 

Fig. 8. A n example of the punching of geochemical 
data on the data cards. 
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For the profile program the data files are 
transformed to matrix form (to the so called 
standard data file). In this temporary data file 
the numbers are in binary form, and all the 
variables have fixed positions. At the beginning 
of the data file there is a descriptive section in 
which the number, codes, positions, lengths and 
types of variables of the data file are given. The 
data are in this matrix form throughout most of 
the intermediate phases of the profile program 
package. 

Programs 

The profile program package is composed of 
several separate programs of which each one 
carries out a limited part of the total function. 
The interprogram data are transferred from one 
program to another by disc files that are in 
standard form. Thus the programs are independ-
ent. Usually, when the profiles are calculated, it 
is not necessary to run all the programs of the 
package, the number used depends on the 
characteristics of the research area and on the 
desired results. 

The programs contained in the profile data 
package can generally be divided into the follow-
ing types: 
— Data file processing programs by which the 

data can be transformed into the desired form, 
and by which data files, that are in the same 
form, can be combined. 

— Search and sorting programs by which 
a) observations that meet a given criterion 

can be picked up from the input data 
b) relevant variables can be selected from the 

set of all variables included in the file 
c) records can be sorted by a given variable 

— Projection programs that transfer the obseva-
tion points on the profile plane/line. 

— Auxiliary programs that can be used to make 
up the required parameter files and to 
determine the strike of the profile line. 

— Output programs which are composed of a 

21 7 3 5 2 — 7 5 

Fig. 9. The main phases in producing the profile. 

graphic plotter program, a line printer plott-
ing program and a listing program. 

The main stages in forming the profile are 
shown in Fig. 9. It is not necessary to analyse the 
strike of the layering if the strike is already 
known for the area. The general strike of the 
layering in the research area and the strike of the 
profile line are always manually determined by a 
geologist. The projections of the observation 
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points are done by coordinates and by the strike 
and dip of the layering. 

The following description outlines the opera-
tion of the main phases of profile formation in 
more detail. The classification of the phases has 
not been taken to the level of individual pro-
grams so the processes mentioned in the follow-
ing may be composed of several different pro-
grams. 

Firstly, the observations from the map sheets 
covering the research area are transformed to the 
standard form required by the profile program 
package. The search program picks out the 
observations that are relevant to the research 
area by means of the coordinates of the corner 
points given by the user. The area can be a 
polygon of any form provided that its angles do 
not exceed 180 degrees. The next step, if neces-
sary, is an analysis of the strike of the layering. 
This is done so that the program package, on the 
basis of observations of the strike of the layering 
in the area, can make a suggestion for the strike 
of the profile line, transfer the observation 
points to this line, and list the corresponding 
observations proceeding along the line. 

The projection of the observation points is 
done in two steps as indicated in Figs. 4—6. If 
the profile is not straight line, a number of the 
observation points may be so located that their 
projection can not be made automatically. The 
locations of such points have to be determined 
by the user. 

As a result of the preceding processes a disc 
file is obtained that contains the locations of the 
observation points of the area on the profile line 
and the distances of these points from the starting 
point of the profile, measured either along the 
artificial ground level or a line running perpen-
dicularly to the layering. In addition, the records 
have been ordered with reference to increasing 
distance from a given base point. 

The data of structural geology and geochemical 
observations for the area are connected to the 
points on the profile line by the identification 
code. At first, separate data files are formed for 
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Fig. 10. A histogram of A 1 2 0 3 distribution. 

both of the data groups, but later a combined 
data file can also be produced from the desired 
variables of these data groups. In addition, new 
variables can be formed from the ratios of the 
geochemical assay variables. Data files thus ob-
tained can then be used to print out the profiles. 
This can be in the form of either line printer 
point plottings or graphic plotter pictures of A 3 
size (297 X 420 mm). In addition, the final 
listings can be printed out from the values of 
desired variables on the profile. 

The use of the profile program package 

The program package has been designed solely 
for a time sharing environment. The programs 
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Fig. 1 1 . A CaO-MgO-Fetot ternary diagram. 

ask the user for the required parameters and the 
production of profiles is an interactive co-opera-
tion between man and computer. The object has 
been to make the program package as clear and 
easy to use as possible so that it can be operated 
without the help of ADP educated personnel. 

In all, approximately 30 separate programs 
belong to the program package. The program-
ming language is Fortran IV, but some subpro-
grams are also based on the assembler language 
(DAP-16). 

Examples of output 

A few examples of the output of the profile 
program package are appendixed (Figs. 10—13) 
in which a line printer has been used and the 

input data is composed of material obtained from 
one profile across a layered intrusion. 
— Fig. 10 is a histogram of A1203 distribution. 
— Fig. 11 is a CaO-MgO-Fetot ternary diagram. 
•— Fig. 12 describes the variations of sulphide 

forming elements in a layered intrusion. 
— Fig. 13 indicates the variation of the variable 

pair MgO-Fe t o t in a straight angle coordina-
tion. 

The figures described above (10—13) provide 
only a few examples of the output possibilities of 
the profile program package. With this program 
package it is possible to retrieve graphically the 
changes of any variables that have been either 
recorded in the field or analysed in the laboratory. 
Moreover, it is possible to appreciate visually the 
interdependence of different variables in several 
ways. Later on, it will be possible to plot tectonic 
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4 0 0 I 

Fig. 12. The variation of sulphide ore forming elements in a layered intrusion. 
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Fig. 13. The variation of the variable pair MgO-Fetot 
in straight angle coordination. 

diagrams and different tectonic element maps. In 
the final output form, a drum plotter attached to 
the computer will be used which will essentially 
improve the appearance and the accuracy of the 
prints in comparison with the present ones. 

The objects of the profile program package 

At the first stage of the profile program pack-
age variations in the strike of the layering in 

certain rock formations can be read visually as 
far as the cross section of this formation is 
concerned. All the above mentioned data files 
can be used as the input data for this program 
package, and so it is even possible to search 
visually for correlations between several different 
variables. Moreover, statistical methods can be 
applied that considerably widen the field of 
possibilities for its use. 

It is intended by means of this program pack-
age, to clarify possible former interrelationships 
of layered intrusions, which are, at present, 
separated from one another, their course of 
crystallization, the magmatic currents and pulses, 
etc. Above all, it should solve some of the 
problems of the crystallization of basic magma 
and the related ore forming processes. One of 
the objects of this program package will be to 
create a three dimensional block diagram by 
means of which it will be possible to examine 
more quantitatively the course of crystallization 
and the ore forming processes. By that time we 
also hope to be able to include in the method the 
empirical results of research on crystallization 
and ore forming processes in layered intrusions. 

The use of the profile program package is not 
limited only to the research of layered intrusions, 
but can also be applied to any rock formation 
having a certain degree of continuity. 
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