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Orebody modelling and reserve estimation are now subject to sophisticated 
procedures, but folded strati form and stratabound deposits present particular 
problems in transforming coordinates of samples and blocks into their correct 
relative positions prior to deformation. In this paper an approach is taken 
whereby a geologically interpreted reference plane is used as a control. The 
study area is the Rio Tinto Minera copper mine near Santiago de Compostela, 
Spain. The transformation procedure on the 'unfolded' state is described, its 

limitations assessed and advantages considered. 

Introduction 

Recent advances in computer hardware, 

mathematical modelling and geostatistical 

techniques have meant increasingly that quite 

sophisticated procedures are being used in 

orebody modelling and reserve estimation. As a 

result it is becom i ng important that the 

geo 1 ogi ca 1 knowledge of a depos it be used to 

control the application of such techniques. 

Thi s aspect has been illustrated by many 
authors at previous APCOM conferences 2,3,5,8 

generally by the application of separate 

estimation models for different mineralised 

units within a deposit. 

In folded stratiform and stratabound deposits 

more compl icated approaches are necessary in 

order to transform the co-ordinates of samples, 

and blocks, into their correct relative 

pos it ions pri or to deform at ion. Previ ous 

workers have frequently resolved the problem 

into two di mens ions by projecting i nformat ion 

points onto a local or global reference surface 

represented by a single mathematical model.6,10 

Other studi es have extended thi s approach to 

three dimensions. 2 This paper presents an 

alternative approach whereby a geologically 

interpreted reference plane is used as a 

control for finding the relative positions of 

samples prior to deformation. 

The techni que di scussed here was developed 

during reserve estimation work on the deposits 

worked at Rio Tinto Minera's copper mine near 

Santiago de Compostela in northwest Spain. 

These copper deposits are thought to represent 

deformed stratabound mineralised stockworks 

within a metamorphosed ophiolite complex 

emplaced during the Hercynian orogeny.1,4,9,11 

These deposits are described briefly below, 

followed by an explanation of the modelling 

technique used, and a discussion of its wider 

applications and some of its limitations. 

Copper deposits near Santiago de 
Compostela, Spain 

History 

The copper deposits currently worked by Rio 

Tinto Minera in the province of Galicia, 

northwest Spain, are situated 25 km east of 

Santiago de Compostela (Figure 1). 

MODELLING DEFORMED STRATIFORM AND STRATABOUND DEPOSITS 187 



Copper mining in the area was started by 
Sociedade Riotinto Patino, SA in 1976 on the 
Arinteiro deposit (12 Mt averagiQg 0,7% Cu) 
following a successful exploration programme in 
an area of known sulphide mineralisation. 
Several other deposits have also been 
discovered in the area (see Figure 2), and 
mining in recent years having been shifted to 
the Bama and Brandelos deposits. Plant 
throughput in recent years has been just over 2 
m ill i on tons per annum, averagi ng around 0,5% 
copper. 

Geological setting 

The ore horizon in the deposits consists of 
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an apparently stratabound level of pyrrhotite
chalcopyrite mineralisation hosted by a highly 
deformed metabasite succession belonging to the 
Ordenes complex (see Figure 1). This unit has 
been interpreted as an ophiol ite complex 
emplaced during the Hercynian orogeny.1,4,9,1l 

Mineralisation within the deposits is closely 
associated with coarsely garnetiferous 
amphi bo 1 ite whi ch is generally surrounded by 

finely crystalline non-garnetiferous 
amphibolite sitting in unmineralised schists 
(see Figures 2,3). The amphibolite units appear 
to represent a single deformed metabasite 
level, whose outcrop pattern in the mine area 
refl ects the presence of a major 1 ate, gently 
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FIGURE 1. Simplified geological map of northwest Iberia 
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northward plunging, open fold. Earlier 
isoclinal fold stl"uctures present within the 
metabasite horizon have been highly flattened 
by subsequent deformation, so that for 
evaluation purposes the ore horizon can be 
treated as a single, fairly openly folded, 
unit. 

The metamorph i c characteri st i cs of the 
deposits were studied in detail by Williams 11 
who concluded that the ore horizon probably 
represents a stockwork system of intensely 
a ltered basalt i crocks vei ned with quartz and 
sulphides. Hydrothermal alteration and 
mineralisation are postulated to have occurred 
adjacent to a submarine fault zone. 11 ,12 

Geological evaluation of the deposits 

Following initial targeting of favourable 
areas within the metabasite unit, mainly by 
geological mapping, the deposits have been 
evaluated by diamond drilling. An initial grid 
spacing of 200 m x 200 m was closed down to 
100 m x 100 m, and then 50 m x 50 m, in the 
areas of interest. Most of the drillholes are 
vertical, except in structurally complex areas 
where several inclined holes have been 
necessary. All mineralised core has been split 
and sampled in one-metre lengths and analysed 
for copper. 

The geological interpretation used as a basis 
for orebody modelling recognises three main 
rock types, namely: 

a) Coarse garnetiferous amphibolite 
b) Finely crystalline amphibolite 
c) Schists 

A fourth rock type, namely, finely 
crystalline garnetiferous amphibolite, which is 
transitional between the first two, is 
recogn i sed in some areas. 

Using the results of surface geological 
mapping, and geological logging of drillcore, 
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these units were interpreted on two sets of 
vertical sections (E-W and N-S), and the 
interpretation was then transferred to 
horizontal plans, at 10 m intervals, 
corresponding to the benches used in the mine. 
A computer fi 1 e contain i ng a block model 
representation of the orebody geology was then 
generated, by digitising contacts from these 
plans, in order to allow block grade estimation 
to be controlled by the geological 

interpretation. 

Structural interpretation 

As discussed above, the main deformation 
event which had a major impact on the orebody 
evaluation was the late folding event which 
generated the main northward plunging anti form 
which controls the outcrop pattern of the 
metabasite horizon (Figure 2). There are also 
severa1 1 ate faults whi ch di vi de the 
mineralised unit into different structural 
compartments and wh i ch a 1 so formed 1 oc i for 
more intense weathering than elsewhere on the 
depos its. The work descri bed below refers to 
the Bama and Brandelos deposits which were the 
subject of thi s study. As i 11 ustrated in 
Figure 3, mineralisation of ore grade is 
closely controlled by the coarse garnetiferous 
unit, and can in general be interpreted as a 
si~gle stratabound mineralised unit. Some 
subsidiary mineralised zones occur, but are 
sanera lly inferred to be concordant wi th the 
;Jain ore. 

In order to allow this geological 
i nterpretat i on to be used to control the 
estimation of block grade values, it was 
decided to define a structural reference plane 
which could be stored as a set of control 
poi nts foY' subsequent use. The reference plane 
chosen was an interpreted median plane within 
the mineralised unit, as illustrated ·in 
Figure 3. In order to be able to account for 
lateral, as well as vertical, displacements 
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between points caused by folding it was also 

necessary to define an easting and northing 

reference co-ordinate. 

The median plane was interpreted on two 

section sets, and points were then marked on 

the plane at 25-metre intervals from the 

reference co-ordinate 1 ine crossing each 

section (see Figures 3 and 6). These points 

were then entered onto the computer using a 

digitising table, and stored for subsequent 

use. Figure 4 shows the set of reference 

points for part of the area studied, along with 

contours on the reference pl ane. The 

northeastern boundary of thi s area is defi ned 
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by a major NW-SE fault, the other boundaries 

being defined by the limits of drilling 

information. The contours indicate the general 

form of the reference plane, and highlight the 

presence of a north-south monocl inal fold in 

the southeastern part of the area studied. The 

effects of this folding on the I,J grid should 

be noted. 

Transformation of coordinates to 'unfolded' 
state 

The reference plane used is defined by the set 

of control points (lying on the plane) 

described above. The philosophy behind the 
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FIGURE 4. Reference points for part of study area 
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technique used to determine the 'unfolded' co
ordinates of a given point (sample or block 
centre) is to use the three reference points 
closest to it to define the local orientation 
of the mineralised horizon. Since different 
combinations of reference points are used 

across the area being studied, the final effect 
is to model the mineralised horizon as a 
muhifa.::eted surface analogous to a tortoise 
shell, or one of the mirrored globes used to 
reflect light in discotheques. 

For purposes of clarity, present day co-
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FIGURE 5, Sketch of method used to calculate model K coordinate 
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ordinates are referred to as X (east), Y 

(north), Z (elevation), and their transformed 

'unfolded' equivalents as I, J and K 

respectively. 

from the two different section sets used, which 

lie very close together are averaged to give a 

single reference point durinQ these 

calculations. Using the three points selected, 

the value of K is obtained by calculating the 

orthogonal projection distance, of the point 

being estimated, onto the plane defined by the 

three reference points (see Figure 5). The sign 

All the stored reference points are 

considered when selecting the three points to 

use in calculating the value of K. In order to 

avoid instabil ities in the modell i ng poi nts, 
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of K is determined by whether it is on the same 

side of the plane as a given reference origin 

point, but could alternatively be derived from 

a preassigned geological code. 

Havi ng determi ned K, va 1 ues for I and J are 

then arrived at in turn by comparing the point 

projected onto the microplane (see Figure 5) 

first against the set of control points taken 

from the east-west sections, and then against 

the set from the north-south sections. The 

technique used is the same in both instances 

and again relies on the selection of three 

reference points adjacent to the projected 

point. The three closest points are selected 

wi th the provi so that two of them must have the 

same I (or J) value, and the third must be 

different. This enables the local strike of 

COPPER 

the reference plane to be determi ned, and the 

required value is then obtained by 

interpolation following the local trend (see 

Figure 6). 

To use this transformation procedure for 

grade estimation, all sample co-ordinates must 

be transformed pri or to sel ect i ng the 

estimation model to be used. Geostatistical 

studies can then be carried out using the 

transformed co-ordinates so that grade 

variation within the pl ane of the mineral ised 

unit is looked at. 

Experimental variograms for copper in the 

area studied, using actual and transformed co

ordinates are presented in Figures 7 and 8 for 

comparison. Although broadly similar one 

should note that there is a significant 
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FIGURE 7. Experimental variograms for copper, using actual coordinates 
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loweri.ng of the apparent nugget effect, for the 

horizontal directions, in the unfolded case. As 

might be expected, given the fairly wide 

separation between drillholes compared with the 

downhole sample spacing, the three-dimensional 

variation is fairly similar in both cases. 

When a model based on the transformed data is 

se 1 ected, the procedure then used to estimate 

block grades is to first carry out the same 

transformation on the block centre co-ordinates 

and then proceed as in a standard situation 

using the transformed sample co-ordinates. 

Since each block has a reference number, for 

storage purposes, independent of the co

ordinate systems, the reverse transformation 

does not have to be carri ed out. 
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Discussion 
There are several 1 imitations to the 

technique described above, the main one being 

the difficulty of automatically determining the 

sign 'of the K co-ordinate. In the case 

described this was done by taking a reference 

origin point a considerable distance below the 

centre of the area studied, and assigning K a 

negative value if it was on the same side of 

the microplane as this point, or positive if on 

the other side. This approach would obviously 

run into problems where overturned fold 1 imbs 

occur. This could be overcome by using twice 

as many rock type codes in the block model, and 

assigning a different code for the same rock 

type depending on which side of the reference 
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plane a block falls. Such an approach would 
a 1 so allow the set of reference poi nts to be 
derived directly from the block model, by using 
the block boundaries at code changes to define 
the reference points on the median plane. This 
approach has been used in a study on another 
deposit where the elevations of the footwall 
and hangingwall surfaces of an ore horizon were 
modelled. 

Instabilities in the transformation of co
ordinates may sometimes arise in areas where 
sharp changes in attitude of the reference 
plane occur resulting in adjoining microplanes 
with quite different orientations. This 
problem could perhaps be surmounted by doing a 
more detailed interpretation in such areas, and 
then increasing the density of reference points 
available. Checks could also be added to ensure 
that the projected point on the microplane 
falls within, or very close to, the limits 
determined by the reference pOints used. 

Despite these 1 imitations, it is considered 
that this technique offers a valuable aid to 
the modelling of folded stratabound mineralised 
horizons. One of the main advantages is that 
the unfolding technique can be directly related 
to the geological interpretation used in 
generating the block model. It also allows the 
geologist involved to have more control on the 
direction of influence of particular sample 
values, particularly if the reference plane is 
,interpreted directly onto sections showing 
grade values as well as rock types (e.g. Figure 
3). Modification of the interpretation used is 
also facilitated since, once the reference 
points in the area affected have been modified, 
only samples and block values fall ing within, 
or immediately adjacent to it, need to be 
altered. 
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