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Correlation Cu | Mo | Zn Pb Ag Ni Co Cr \% Mn
Cu 1.00 | 0.45 |0.49 0.49 | 0.02 0.36 | 0.68 | 0.23 0.38 0.35
Mo 0.45| 1.00 |0.37 0.39 | 0.02 -0.03| 0.43 [-0.10 | 0.14 | 0.32
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Cr 0.23 | -0.10 |0.33 0.02 | -0.04 0.73 ] 0.34 | 1.00 0.48 0.39
\ 0.38 | 0.14 [0.40 0.23 | 0.05 0.48 | 0.44 | 0.48 1.00 | 0.36
Mn 0.35 | 0.32 |0.38 0.14 | -0.09 0.35] 0.58 | 0.39 0.36 1.00
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function nngp=neurogp (datl,dat?2)

clc

fprintf ('This program classifies geochemical data to two classes such
as');

fprintf ('\ndispersion and blind.It employs Artificial Neural
Network (ANN) ") ;

fprintf ('\nfor the classificaton and uses the genetic algorithm (GA)
for');

fprintf ('\ndetermining ANN weights in the learning process of the
neural network.');

fprintf ("\nwritten by Ali Akbar Soleymani, spring 2008."'");
fprintf(''");

pause;
%***************Classification****************************************

* K

datl=(log(datl));
dat2=(log(dat2));

sdatl=select (datl) ;sdat2=select (dat2);
data=[sdatl;sdat2];
[C,ul=fcm(data, 2);

u=u';
a=(C(:,1)<=min(C(:,1)));
c=(C(:,1)>= maX(C(.,l>>>;
bml= u( ,c==1);

zdm=u (:,a==1) ;

rl=length(sdatl);
r2=length (sdat2);
aa=find (zdm>=.0) ;
ab=find (aa<=rl);
bb=find (bml>=.0) ;
bec=find (bb>rl&bb<=r2+rl) ;

sel b=data (bb(bc),:);
sel a=data(aa(ab),:);

[rsa]l=size(sel a);
[rsb]l=size(sel b);

rana=randperm(rsa) ;
atr=round(.7*rsa);
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ranb=randperm (rsb) ;
btr=round(.7*rsb) ;

sel data=[sel a(rana(l:atr),:);sel b(ranb(l:btr),:)];
test data=[sel a(rana(atr+l:end),:);sel b(ranb(btr+l:end),:)];

ta=[ones (l,atr);zeros(1l,atr)];
tb=[zeros (1l,btr);ones (1,btr)];
tar=[ta, tb];
%*******************GANN***********************************
clc;

p=sel data';

t=tar;

[1 11]=size(p);

m=8;

mm=0;

[n nn]l=size(t);
maxt=max (max (t));

count=0;

clear error;
wpopulation=randn (50, m* l+m*n+m+n) ;
pop=wpopulation;

s=zeros (m, 1+n);

for 1i=1:300
[r cl=size (pop):;
ram=randperm(r) ;
a=round (0.4*r) ;
pl=pop(ram(l:a),:);
rep=crossover (pl);

b=round (.22*r);

j=pop (ram(a+l:a+b), :);

Jjum=mutation (j);

pop=[pop;rep;jum];

[r cl=size(pop);

for o=1l:r

if mm==0
bias=pop (:,m*1+m*n+1:end) ;
weight=pop(:,1l:m*1+m*n);
for k=1:m
for j=1:1+n
s (k,j)=weight (o, (k-1) * (1+n)+j) ;
end

end
A=s(:,1:1);
B=s(:,1+1l:end);
bl=bias(o,1:m)"';
b2=bias (o,m+l:end)';
MM= (A*p+repmat (bl,1, length(p))):
M=transl (MM, maxt) ;
PP=(B'*M+repmat (b2, 1, length(p)))
P=transn (PP, maxt) ;

-~

else
AA=pop (o, 1:(m)* (1))
BB=pop (0, (m) * (1) +1: (m)* (1)+ (m)* (mm)) ;
CC=pop (0, (m) * (1) + (m) * (mm) +1:end) ;

AR



for k=1:m

end
for k=1:m
for j=1:n
B(k,3)=BB((k-1)*(1)+3);
end
end
for k=1:n
for j=1:mm
C(k,Jj)=CC((k-1)*(1)+7);
end
end
AP=transl (A*p) ;
BAP=transl (B*AP) ;
P=transl (C*BAP) ;
end
error (o)=erate (P, t);

end;

rame=randperm(length (error));
sel=selection(error,81);
e(1)=100*min (error) ;

fm=find (error==min (error));
popt=pop (fm, :) ;

pop=I[pop (sel, :) ;pop (rame (1:23),:)];

plot (e, 'r', 'LineWidth',2);

xlabel ("ITERATION') ;

ylabel ("ERROR (%) ") ;pause (.01);
end;

ee=min (error) ;
%**‘k*‘k**‘k*‘k****‘k****‘k*‘k*print*‘k*‘k****‘k****‘k*‘k*************************

* Kk Kk x
weightt=popt (:,l:m*1+m*n) ;
biast=popt (:,m*1+m*n+l:end);

for k=1:m
for j=1:1+n
s (k,Jj)=weightt (1, (k=1)* (1+n)+7);
end
end
count=count+1;
p=sel data;

fi=fopen('out.txt','w'");

for i=1:2

[P,mm]=simgp (p,s,biast,m);

VoA



end

nngp

nngp.
nngp.
nngp.
nngp.
nngp.

if i==

fprintf ('\nerror of Learning =%3.2f%%',100*erate (P, t));

else

fprintf ('\nerror of testing =%3.2f%%',100*erate(P,t));

end

P=P';t=t"';
[n nn]l=size(t);

fprintf ("\n\ttarget ") fprintf ("\t\t\t\t\toutput\n');

for i=1:n
for j=l:nn
fprintf (
end
fprintf ('\t\
for j=l:nn
fprintf (
end
fprintf ("\n'
end

[rr ccl=size (P);

p=test data;

"\t%2.3f",t(i,3));
th);
"\t%2.3f',P(i,3));

)7

ats=length(rana(atr+l:end)) ;bts=length(ranb(btr+l:end));

ones (1,ats)
zeros(l,bts)

ta=[
tbh=|
t=[ta, tb];

.output=P;
target=t';
weights=s;
bias=biast;
error=e;
neurons=m;

;zeros(l,ats)];

;ones (1,bts)];
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% GFEN

clear

load rawdata

sela=select (log(rast));
sels2=select (log(rson2));
% selsl=select (log(rsonl));
data=[sela;sels2?];

nclust=2;

nout=2;

nfeatur=4;
[C,u,objl=fcm(data,nclust) ;
u=u';
a=find(C(:,1)<=min(C(:,1)));

c=find(C(:,1)>=max(C(:,1)));
[ra cal=size(sela);
[rc ccl=size(sels?2);

rd cd]=size (data);
=

[
t=[ones(ra,l) zeros(ra,l);zeros(rc,l) ones(rc,1)];

for i=l:nclust
sigma (i, :)=sqgrt (sum((data-repmat (C(i, :),rd, 1)) .2/ (rd-1)));
end

alpha=randn (4, nout) ;
betha=randn (1, nout) ;
%**************layer one R i i b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b
for i=l:nclust
memberl (:,:,1)=
repmat (C(i, :),rd, 1)
end

exp (-0.5* (log (data) -
) ./ (repmat (sigma (i, :),rd,1)));

%**************layer tWO
dAhkkhkhkkhhkkhkhkkhhkhhkhhkhkhkhkkhkhkhkhkhkhkhkhkhhkhkhkhkkhkhkhkhhkhkhkhkhkhkhkhhkhkkkxkhk*xxk
k=0;
for il=1l:nclust
for i2=1:nclust
for i3=1:nclust
for i4=1:nclust
k=k+1;

weight(:,1i1,1i2,13,14)=memberl (:,1,1il) .*memberl(:,2,1i2) .*memberl (:,3,12
) . *memberl (:,4,12);

Y.



rweight (:, k)=weight(:,i1,1i2,13,14);
end
end
end
end

%**************layer three
ok khkhkhkhkhhkkhkhrhkhkhkhhkkhkrhkhkhkhhkhkrhkhhkhhkhkrhkhhhhkkhkrhkkhhhkhkkxkx*k

normalweight=rweight./repmat (sum(rweight,2),1,k);

%**************layer four

R e b b b b b b S b b b b b (S db i db d b b b b b Sb S d S b b b b (ah b S S A b b b b (S b a4
population=randn (50, 80) ;

pop=population;

for ii=1:400
[r cl=size (pop);
ram=randperm(r) ;

b=round (.2*r) ;
Jj=pop (ram(l:b),:);
Jjum=mutation (j);
pop=[pop; jum];

[r cl=size(pop);
ram=randperm(r) ;
a=round (0.4*r) ;
pl=pop(ram(l:a),:);
rep=crossover (pl);

pop=[pop; repl;
[r cl=size(pop);
for o=1l:r

popl=pop(:,1:64);
pop2=pop (:,65:end) ;
for kk=1:16
for j=1:4
s (kk, j) =popl (o, (kk-1) *4+7) ;
end
end

alpha=s;
betha=pop2 (o, :);
for i=1:k

fl(:,1i)=sum((repmat (alpha(i,:),length(data),1l).*data),2)+repmat (betha (
i), length(data),l);

f2(:,1)=sum( (repmat (alpha (i, :),length(data),l).*data),2) +trepmat (betha (
i), length(data),l);

end
outputl=normalweight.*fl;
output2=normalweight.*f2;

Y\



%***************layer flve
Ak khkhkhkhkhhkkhkhkhkhkhkhhkhkhrhkhkhkhhkkhkrhkhhhhkkhkrhkhhhhkkhkrhkkhhhkhkxkx*k

outl=sum(outputl, 2);
out2=sum (output2, 2) ;

out=[outl out2];
error (o)=fitness (out2,t(:,2),0.3);

end;

[r cl=size (pop):;
rame=randperm(r) ;
sel=selection (error, 84);

e (1i)=100*min (error) ;
fm=find (error==min (error)):;
popt=pop (fm, :) ;
oer=error<=min (error) ;
poer=pop (oer, :);

pop=I[pop (sel, :) ;pop(rame (1:22),:)];
plot(e, 'r'");
plot (e, 'r', 'LineWidth',2);

xlabel ("ITERATION') ;
ylabel ("ERROR (%) ") ;pause (.01);

Y



Abstract

Conventional geochemical exploration models, which are used for determining
anomalies in both local and regional scales, are generally based on multi-variable
statistical analysis, metalometry, vertical geochemical zonality and other
geochemical methods. In general, these methods have several limitations: 1) the
separation of anomalies, which their data do not have normal distribution, is
problematic, 2) the separation of anomaly from background, where the anomaly is
associated with the formation mechanism, is difficult, 3) the results of various
anomalies do not correlate on contour maps, and 4) the preparation of pattern
recognition for various anomalies is not suitable. These limitations cause the process
of interpretation to be time-consuming and costly. It seems that the method of neuro-
fuzzy networks for specific mining geochemical exploration is very proper. Fuzzy
theory considers uncertainties in recognition of multiple anomalies and artificial
neural networks possess high capabilities in learning existing models. The
combination of these two tools creates a suitable technique for recognizing multiple
anomalies, and is capable of using standard exploration existing models and
considering their uncertainties, and thus, reduces exploration costs and produces
reliable results. This technique has been used in this thesis to discriminate dispersed
molybdenum mineralization zones from blind molybdenum mineralization zones.
The results obtained by applying this technique are in good agreement with the
results obtained using conventional methods, and in addition, the technique does not

contain the above limitations mentioned for conventional methods.
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