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Since statistical and computer methods are nowadays finding manifold fields
of application it is logical that they should also be used in mineral prospection.
This article shows how these methods can be applied to advantage in Turkish min-
eral prospection. A long list of pertinent references will enable the interested read-
er to delve more deeply into the subject.

It seems reasonable to expect that the geometry of veins and replacement
bodies in a mining district should provide a clue to a better evaluation of suspected
mineral trends and, if they exist, lead to new discoveries. For this purpose data
compiling of known occurrences is suggested for interpolation and extrapolation
into adjacent currently nonproductive areas. This research project is mainly con-
cerned with application of statistical methods and computers for the discovery of
the quickest and most rational way of estimating possibilities for hidden ores.

As is well known, fractures are commonly loci of veins and replacement
deposits and some, although not containing ore themselves, represent significant
structural trends with which ore is associated. For example, NW fractures are
preferentially mineralized and NE ones are barren at Göynük and Dereköy anti-
mony mines (Aral, 1970), whereas intersection of N-S/NW-SE and E-W/NE-SW
fracture lines exert a control at Hopa-Murgul Cu-pyrite-and Zn-bearing ore deposits
(Kraeff, 1963). On the other hand, the Pb-Zn-Gu mineralized area from Trabzon
to Hopa is related to NW trending structure (Sawa & Hamamcıoğlu, 1971). A
statistical study of the literature by Landwehr (1967) revealed that in the prepon-
derant number of the meso- and hypothermal occurrences in western United States,
the mineralized fractures, and dikes, and often the larger igneous masses, strike
northeasterly.

Statistical analysis of the factors controlling localization of known epi-
genetic ore deposits as a guide to the discovery of hidden ore bodies was ap-
plied in 1963 in the Colorado Mineral Belt, U.S.A., which measures some 1500
sq miles (Ayler, 1963). Compilation of orientations of strike and dip of ore-bearing
faults, fractures and joints, as well as their spacing in a given mining district, may
lead to determination the tectonic controls of mineralization. And, of course, other
controls such as lithology of host rocks, associated intrusives, hot-springs, etc. lend
themselves to similar analysis. This may be carried out by a questionnaire, pre-
pared according to a coding system, which covers all items that might be of in-
terest in exploration studies of a mineralized region. Statistical analysis will not
only provide a better understanding of metallogenic problems of that area but will
enable estimates to be made of the possibility of finding new ore bodies.
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A research project, initiated by Visiting Prof. A.K. Snelgrove, along these
lines is underway at Middle East Technical University. This study is made up of
three parts: A questionnaire, tectonic elements and empirical net.

The first part is a questionnaire covering many important items about
each occurrence (Table 1). The main purpose of the questionnaire is to collect
significant information in simplest form and store it in a «bank». Any sort of
statistical analysis could be made using the data collected in the «Data Bank». In-
formation collected from other sources than the questionnaire may be stored in
the same way too, for example, the data collected by Remote Sensing studies. It
is believed that besides its numerous statistical benefits, the questionnaire will also
help the field geologist to orient himself during his work and know the aspects
which have priority. Some questionnaires had previously been prepared in M.T.A.
Institute, but they were not sufficiently detailed for statistical purposes.

The second part involves defining the ore-bearing tectonic elements by
computer and evaluating them by means of statistical analysis. A coding form and
a computer program were prepared for this purpose (Tables 2 and 3). In the
coding form the geologist should note the number of ore-bearing faults, fractures
and joints observed in the field according to their orientations. In the coding form,
strike is recorded to the nearest 10 degrees in groups from north to east and north
to west. Eighteen strike-rows are needed for this purpose (such as N 00-10°E,
N 21-30°W etc.). Dips corresponding to each strike are defined in four intervals as
00-20°, 21-50°, 51-70°, 71-90°N and S. The coding form is so arranged that the
geologist can note the number of mineralized faults, fractures and joints on one
sheet of paper. One coding form is made for each mine and 18 data cards are
needed to be punched for each mine, each corresponding to a strike-row. The
program, which is a computer application of 18 X 24 matrix, is so arranged that
every dip interval of one coding form is added to the corresponding dip intervals
of the subsequent coding forms. By this program, if sufficient data are given, it
is possible in a few minutes to find the number and trend of mineralized struc-
tures, for instance N 81-90°E/71-90°N trending faults, or fractures or joints in a
region or in the whole of Turkey. The output is similar to a normal input coding
form, but more (four) digital spacings have been saved since many observations
from different mines are added. An example was processed in M.E.T.U. Computing
Center : Three coding forms are used as an input and 54 data cards punched,
and for each dip interval 1 is inserted. The output was as expected (Table 4).
The program is so arranged that time spent and data cards punched are mini-
mized; the strike-rows which have no value written in dip intervals do not need
to be punched.

The coding form and program may be modified to find the general trend
of planar structures (bedding, schistosity, joints) of different rock types (Table 5).
The stored data evidently will serve to indicate the general characteristics of each
rock type on regional and country scales.

The data collected from questionnaires can be interpreted and presented by
means of graphs, lists and histograms which may also be prepared by computer.
For this purpose Table 6 shows a computer application to some statistical analysis
formulas (Fang, Robinson, Ohya, 1971). It is believed that if properly used, ex-
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tended, and evaluated, compiled statistical data should provide useful tools to us
for determining relative favorability of prospecting areas within and near the total
area studied. The studies most probably will lead to discovery of some relationship
among ore deposits, host-rock, intrusives and structural controls that have not yet
been defined. Many additional sorts of studies can be made with the suggested
coding system. If more complete and recent data could be obtained, other poten-
tially useful applications could be made. If the questionnaires are applied to re-
ports which have already been written, it will serve to re-evaluate them and make
the information in them more useful. The collected data will be particularly im-
portant in the immediate future. For example, it is believed that the stored mate-
rial will be useful in solving metallogenic problems related to the newly developing
concept of Global Tectonics.

The last part deals with computerizing mineral prospection data made by
the new method, «Empirical Net» and describes the further studies planned to mini-
mize unfavorable factors.

Mineral discovery by chance was at one time the only «method» availa-
ble to the prospector. By this method it was possible only to find obvious ore
deposits which were exposed at the surface. More recently, refined techniques and
new exploration methods have been developed which make possible the discovery
of hidden ore-bodies. Now is the time for aplication of computers. A new ap-
proach being developed at M.E.T.U. is to apply computer techniques to mineral
exploration.

One of the most exciting prospection methods proposed in recent years is
construction of an empirical net as a guide to the discovery of hidden ore-bodies.
Empirical net consists of lines of stress-trajectories drawn equidistantly parallel
to ore-bearing major lineaments and mineral belts. The most attractive feature of
this method is its ready adaptability to processing.

The theoretical basis for constructing an empirical prospecting net is given
in papers of Varnes (1962) and Kutina-Pokorny-Vesela (1967). Basically the meth-
od depends on the theory of «plasticity in plain strain», proposed by von Mises
(1925) which states that the shear fracture (fault) patterns in an isotropic (homo-
geneous) medium show systematic sets of trends. The most common distribution
of fractures and associated ore veins is classified by Kutina et al. (1967) as follows:

1. In the form of two sets of equidistant planes, one set being commonly
more or much more distinctly developed than the other,

2. In the form of curved surfaces, which may also appear in two sets, but
the distances between them are not equal, and

3. In more complex forms.

There are many factors affecting the number, set, spacing and trend of the
lineaments. For example, inhomogeneity of the upper part of the Earth's crust, in
which the search for ore deposits is being done, considerably influences the stress
distribution and has an important effect upon the localization of faults and frac-
tures. Nevertheless, it is significant that, in spite of this serious factor, at places
faults repeat themselves at equal intervals, so that the principle of equidistances
may at times be successfully applied even in an anisotropic medium. Several
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examples of equidistant distribution of faults are known. The studies of Varnes
(1962), Jung (1965), Kutina et al. (1967), and Kutina (1969) may be mentioned
in this respect. In Figure 1 the equidistant distribution of NNE-trending faults
in Czechoslovakia is shown. A statistical study made by air photographs in Wizard
Lake-Alberta revealed that four sets of fractures trending WNW, NNE, NNW, and
ENE are distributed regularly and symmetrically (Blanchet, 1957) (Fig. 2).

One of the main purposes of constructing an empirical net is to find the
intersection points of different sets of mineralized lineaments which are presumably
the most favorable places for prospecting new mineralized zones. This approach
is emphasized by Badgley (1965). According to him, many mineralized districts
(such as Bagdad district, Arizona, Central City area in the Front Range mineral
belt, Colorado, and Silver Plume, Boulder Creek) lie close to areas of intersection
of major faults. He believes that favorable ore-hunting districts can be outlined
by systematic fracture-intensity studies of a detailed nature. Empirical plotting
of four sets (E-W, N-S, NE-SW, NW-SE) of equidistantly spaced shear stress tra-
jectories was done by Kutina (1969), based on regularities in distribution of three
sets of actual faults and ore veins in the continental area and on the landward
prolongation of the big fracture zones of the northeastern Pacific (Mendicino,
Pioneer, Murray, etc.) (Fig. 3). The intersection points of four systems of tra-
jectories are proposed as the favorable prospecting places for unknown hydrothermal
deposits in the Cordilleran part of the United States.

A program was prepared to plot empirical net by means of computer in
M.E.T.U. (Table 7). The program is so prepared that it gives the coordinates of
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the points of intersections of equidistantly spaced sets of numerous lines trending in
several directions. These points of intersections are also shown in output as a graph
(Table 8). These points of intersections have been easily transferred to topographic
maps since their coordinates are known. Table 8 shows the graphical representa-
tion of four sets of mutually intersecting faults, trending N 64°W, N 45°E, N-S,
and E-W. As the program is processed, the machine finds the coordinates of the
points of intersections of first two sets of lines and keeps them in the memory to
compare the vertical distance between these points with a third group of lines. If
this distance is zero or equal to a pre-determined distance «d» it will be either
kept in memory to compare with another set of lines or it will be printed as a
graph.

The main reason for application of computer programming in the empirical
net method is to evaluate large amount of various data in the shortest time. By
computer application several empirical nets may be constructed for faults, mountain
range and river trends, mineralized fracture-joint systems, seismic and volcanic
activity lines, hydrothermal alteration zones, geochemical and geophysical anomaly
trends, and geographic distribution of known mines. It is believed that comparison
of these graphs will suggest some points favorable for mineral prospection.

In order to estimate most favorable places by the empirical net method the
data given should be strictly correct. The distance between lines of sets and their
trends must be precisely determined by statistical analysis. In country-scale em-
pirical net studies, it should be noted that lines of trajectories may be curved, not
straight, and another program should be prepared for this purpose. Some modifi-
cations should also be made in the present program, in the case where stress trajec-
tories are not equidistantly spaced.

For maximum utility, the data storage must be supplemented by a well-
organized store which must also publish the statistical results frequently. Only by
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these means will the researches made in universities and other institutions have
a strong and safe base.

It is hoped that the recommended questionnaire or a more detailed one
will find application in Turkey. For this purpose it is suggested that well-miner-
alized regions such as Biga Peninsula, Pontids, and Menderes and Kırşehir Mas-
sifs should be given priority and then should be extended to all of Turkey.

In conclusion we tender our thanks to Prof. A.K. Snelgrove and Dr. Tuncel
Yegülalp who encouraged the study and we also thank Hikmet Saka who pre-
pared the computer program shown in Table 2 at M.E.T.U. Department of Com-
puting Sciences.

Manuscript received April 12, 1971
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