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ABSTRACT 

The Mineral Indus t ry  Research Laboratory,  Univers i ty  of  

Alaska,  has i nves t iga ted  t h e  a p p l i c a t i o n  of computers and 

s t a t i s t i c s  t o  mineral  d e p o s i t s  i n  Alaska. E x i s t i n g  programs 

have been adapted and new ones w r i t t e n  f o r  the computers 

a v a i l a b l e  a t  t h e  Univers i ty .  

The methods t e s t e d  are  t r end  su r face  a n a l y s i s  and geologic  

model making. An e x i s t i n g  c o e f f i c i e n t  of a s s o c i a t i o n  program 

was converted t o  For t r an  I V ,  bu t  was no t  appl ied  t o  an Alaskan 

problem. A t r end  s u r f a c e  is  a mathematically desc r ibab le  sur -  

f ace  t h a t  most c l o s e l y  approximates a su r face  rep resen t ing  

observed d a t a .  I n  geologic  model making, r eg ress ion  a n a l y s i s  

is  used t o  determine what geologic  f e a t u r e s  a r e  s i g n i f i c a n t  

a s  o r e  c o n t r o l s .  C o e f f i c i e n t  of a s s o c i a t i o n  compares samples 

t o  each o t h e r  on t h e  b a s i s  of a v a r i a b l e  being p resen t  o r  

absent .  

Trend su r faces  were computed f o r  d ips  and s t r i k e s  of geo- 

l o g i c  f e a t u r e s  ( v e i n s ,  f a u l t s ,  bedrock) f o r  Southeastern Alaska,  

t h e  Chichagof d i s t r i c t ,  and t h e  Hyder d i s t r i c t .  Resul t s  f o r  

t h e  f i r s t  two a r e  presented a s  maps. Trend su r faces  and 

r e s i d u a l  maps were prepared f o r  geochemical da ta  from t h e  Slana 

d i s t r i c t ,  Alaska .  A mineral  occurrence model was made f o r  a  

p o r t i o n  of t h e  Cra ig  Quadrangle,  and p o t e n t i a l  va lues  were com- 

puted f o r  c e l l s  i n  the a rea .  Appraisals  of p o t e n t i a l  va lues  

by five g e o l o g i s t s  are compared with those of the  model. 

An IBM 1620 mul t ip le  r eg ress ion  program is  included. 
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INTRODUCTION 

The computer, a s  is  we l l  known, has made poss ib le  t h e  

handling of l a r g e  amounts of d a t a ,  genera l ly  through s ta t i s -  

t i c s .  Geology has always been capable of  genera t ing  much 

l a r g e r  q u a n t i t i e s  of d a t a  than could be handled, and i n  the 

p a s t ,  ana lyses  have n e c e s s a r i l y  been based on l a r g e l y  q u a l i -  

t a t i v e  r a t h e r  than q u a n t i t a t i v e  cons idera t ions .  Computer 

programs have been and a r e  being w r i t t e n  and app l i ed  t o  many 

phases of geology, and i n  t h e  f a l l  of 1966, t h e  Mineral Indus- 

try Research Laboratory began a s tudy of some of these. The 

study has been conducted i n  t h r e e  s t a g e s .  Stage I ,  t h e  ga ther -  

ing  of d a t a ,  is a  cont inuing  process .  Stage I1 is t h e  develop- 

ment of new programs and t h e  adap ta t ion  of existing ones t o  

computers a v a i l a b l e  a t  t h e  Univers i ty  of Alaska. Stage I11 is 

t h e  exp lo ra t ion  of a p p l i c a t i o n s  t o  mineral  depos i t s  i n  Alaska, 

e s p e c i a l l y  i n  Southeastern Alaska. A l l  t h r e e  s t a g e s  are i n t e r -  

r e l a t e d ,  t h a t  i s ,  i f  i t  is d e s i r e d  t o  t e s t  a new a p p l i c a t i o n ,  

more da ta  may have t o  be a b s t r a c t e d  from t h e  l i t e r a t u r e  and a 

new program w r i t t e n  o r  adapted. 

So f a r ,  t h r e e  main a p p l i c a t i o n s  have been t r i e d .  Two of 

t h e s e  involve t r end  s u r f a c e  a n a l y s i s ,  and t h e  t h i r d ,  geologic  

model making. 

Trend Surfaces 

A t r end  s u r f a c e  is  a mathematically desc r ibab le  su r face  

t h a t  approximates a  s u r f a c e  represent ing  observed data. I f  

t h e  equat ion t h a t  is  t o  be used t o  desc r ibe  t h e  su r face  is 



s t a t e d ,  then it is p o s s i b l e ,  by t h e  method of l e a s t  squares ,  

t o  compute the  s u r f a c e  t h a t  most c l o s e l y  approximates t h e  

o r i g i n a l  data. Thus i f  a simple l i n e a r  equat ion i n  t h r e e  

unknowns is chosen: 

Z = a + b X - t c Y  

i n  which X and Y a r e  coordina tes  n o r t h  o r  sou th  and west o r  

e a s t ,  and Z is  something measured a t  those coordina tes ,  t h e  

c o e f f i c i e n t s  a, b,  and c ,  a r e  chosen s o  that only one p lane  

su r face  is  generated.  This plane s u r f a c e  is t h e  one f o r  which 

(Z1-2) is  m i n i m u m ,  where: 

Z1 = computed va lue  on the  p lane  a t  a coordina te  

Z = observed value a t  that coordina te  

Such a plane of course is t h e  s imples t  type  of t r e n d ,  and might 

w e l l  descr ibe  t h e  d i s t r i b u t i o n  of sediment size on t h e  continen- 

tal s h e l f  (Miller, Kahn, 1965) . 
S i m i l a r l y ,  a quadra t i c  equat ion can be chosen: 

z = a -I- b~ + CY + d ~ 2  + e m  + t ~ 2  

having t h e  same proper ty  of l e a s t  squares ,  o r  a cubic  equat ion:  

z = a + b~ + CY + + ~ X Y  + m2 + g ~ 3  + ~ X Y Z  + U ~ Y  + j ~ 3  

Such equatiofis up t o  sixth degree have been computed i n  

t h e  p resen t  study. It may also be d e s i r a b l e  t o  t ransform t h e  

d a t a ,  e . g . ,  t ake  logari thms,  squares ,  o r  square r o o t s ,  and t o  

then compute the  su r faces .  The higher  t h e  degree of the  equa- 

t i o n  chosen, t h e  more c l o s e l y  t h e  su r face  generated can approxi- 

mate the  su r face  defined by t h e  o r i g i n a l  d a t a ,  s i n c e  more inflec- 

t i o n s  can be included. It must be kept i n  mind, however, when 

viewing t rend su r face  maps t h a t  t h e  pat  t e r n  does no t  approximate 



t h e  t r u e  s u r f a c e  i n  a r e a s  away from the  data p o i n t s .  I f  this 

were n o t  s o ,  it would be  p o s s i b l e  t o  apply t r e n d  s u r f a c e  

a n a l y s i s  t o  a n  a r e a  and extend t h e  t r e n d  wi thout  l i m i t .  ~ c t u -  

a l l y ,  n e g a t i v e  and p o s i t i v e  v a l u e s ,  wi thout  p h y s i c a l  meaning, 

o f t e n  occur  n e a r  t h e  edges .  Contours nea r  t h e  bo rde r s  t he re -  

f o r e ,  should be  d i s r e g a r d e d ,  u n l e s s  it is  known t h a t  adequate 

d a t a  were a v a i l a b l e  t h e r e .  

There immediately become apparen t  two g e n e r a l  a p p l i c a t i o n s  

of t r e n d  s u r f a c e  a n a l y s e s .  ( a )  By computing a  s u r f a c e  t h a t  

v a r i e s  g r a d u a l l y ,  l o c a l  s h a r p  v a r i a t i o n s  a r e  e l imina t ed  o r  a t  

l e a s t  subdued. This  a l lows  r e g i o n a l  t r e n d s  t o  be traced and 

p r o j e c t e d .  (b) If t h e  computed v a l u e s  a r e  s u b t r a c t e d  from the  

observed v a l u e s ,  o r  t h e  t r e n d  s u r f a c e  from t h e  actual s u r f a c e ,  

r e g i o n a l  e f f e c t s  a r e  removed, l e a v i n g  accen tua ted  anomalies.  

This  removal of t h e  r e g i o n a l  t r e n d  has been a p p l i e d  fo r  a long 

time t o  geophys ica l  d a t a ;  t r e n d  s u r f a c e s  a l l ow a ref inement  of 

t h e  method p rev ious ly  unknown. 

I n  making a  t r e n d  map, t h e  computer f i r s t  computes 2 va lues  

between t h e  observed d a t a  p o i n t s  u t i l i z i n g  t h e  equa t ion  produced. 

These v a l u e s  a r e  t hen  a u t o m a t i c a l l y  contoured and t h e  computed 

v a l u e s  s u b t r a c t e d  from t h e  observed v a l u e s  t o  g i v e  r e s i d u a l s .  

The r e s i d u a l s  a r e  contoured by hand. F igu re  1 shows six trend 

s u r f a c e  maps made by t h e  IBM 360 Model 40. 

A complete d e s c r i p t i o n  of  t h e  t r e n d  program, i n p u t ,  method, 

and o u t p u t ,  f o r  t h e  t r e n d  s u r f a c e  program may be ob ta ined  by 

r e f e r e n c e  t o  MIRL Report  No. 9 (Heiner  and G e l l e r ,  1967) .  

Some of t h e  l i t e r a t u r e  reviewed sugges t s  t h e  a p p l i c a t i o n  
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of trend s u r f a c e  a n a l y s i s  t o  s t r u c t u r a l  d a t a .  A f t e r  s tudying 

t h i s  a p p l i c a t i o n ,  some caut ion  is advised ,  Trend su r face  

a n a l y s i s  is  no t  a  c u r e - a l l  approach f o r  handling d a t a ,  and 

l e a s t  of a l l  f o r  s t r u c t u r a l  da ta .  S t r u c t u r a l  information is 

d i f f i c u l t  t o  q u a n t i f y ,  and d i r e c t i o n  d a t a  (azimuths) must be 

c a r e f u l l y  handled s o  a s  n o t  t o  change t h e  t r u e  p i c t u r e  radi -  

c a l l y ,  o r  even make t h e  da ta  meaningless. For example, t h e  

average s t r i k e  of N 60° W and N 60° E could be due N or  due E .  

S t r u c t u r a l  da ta  f o r  Southeastern Alaska, the  Chichagof 

d i s t r i c t  and t h e  Hyder mining d i s t r i c t  were gathered and 

t r end  su r faces  computed. The r e s u l t s  of t h e  f i r s t  two are in- 

cluded i n  t h i s  r e p o r t .  Data a v a i l a b l e  from t h e  Hyder d i s t r i c t  

were n o t  s u f f i c i e n t  t o  produce s i g n i f i c a n t  r e s u l t s  and t h a t  

d i s t r i c t ,  t h e r e f o r e ,  was n o t  included,  

Data Gatherinq 

Data on mines i n  Southeastern Alaska were gathered from 

s e v e r a l  sources .  Published and unpublished reference  works 

were consul ted f i r s t  (Cobb, 1959: Cobb, personal  communication: 

Cobb, 1960; Cobb, 1962) , Copies of index cards  of unpublished 

S t a t e  Divis ion  of Mines and Minerals r e p o r t s  were a l s o  obtained 

from t h e  Divis ion .  The ind iv idua l  p r o p e r t i e s  were then  looked 

up, and p e r t i n e n t  information recorded on ca rds ,  one card t o  

each proper ty .  The unpublished r e p o r t s  of t h e  Divis ion of 

Mines and Minerals were a l s o  examined and information a b s t r a c t e d  

and recorded. 



Geologic Model Makinq by Reqression Analysis  

The Mineral Indus t ry  Research Laboratory has i n v e s t i g a t e d  

t h e  use  of r eg ress ion  a n a l y s i s  f o r  s e l e c t i o n  of t a r g e t  a r e a s .  

Bas ica l ly ,  r eg ress ion  analysis i s  a mathematical t o o l  which 

enables the computation of best f i t t i n g  s u r f a c e s  t o  a  set of 

independent v a r i a b l e s  by t h e  l east  squares  c r i t e r i a n .  

The g e o l o g i s t ,  i n  p icking  what he cons iders  t o  be a 

favorable  p l a c e  t o  p rospec t ,  is  guided by a number of f a c t o r s .  

Most o f  t h e s e  a r e  geologic ,  but a n a l y s i s  of p a s t  h i s t o r y  and 

geophysical  and geochemical t o o l s  a r e  a l s o  used. Examples of 

geologic  f a c t o r s ,  which, on a reconnaissance b a s i s  may be 

taken from a e r i a l  photographs o r  maps, a r e  nearness  of i n t r u -  

sive rocks,  f a u l t s ,  and type of bedrock.. S e l e c t i o n s  based on 

such c r i t e r i a  may be b iased  by t h e  person doing t h e  a n a l y s i s .  

Controls  f o r  o r e  i n  one s e c t i o n  of t h e  country with which t h e  

geo log i s t  is f a m i l i a r  may inf luence  his choice ; t h e s e  c o n t r o l s  

may o r  may no t  be' s i g n i f i c a n t  i n  the area being  i n v e s t i g a t e d .  

Another d i f f i c u l t y  encountered by a n  ind iv idua l  is the i n a b i l i t y  

t o  keep i n  mind add judge simultaneously more than a few inde- 

pendently varying con t ro l s .  Means a r e  a v a i l a b l e  f o r  removing 

personal  bias from t h e  s e l e c t i o n  of sea rch  a r e a s ,  and f o r  keep- 

ing t r a c k  of a l a r g e  number of v a r i a b l e s .  

There a r e  two po in t s  t o  remember: (1) A t r a i n e d  and ex- 

perienced g e o l o g i s t  may develop a "nose f o r  ore' '  t h a t  is at 

times very success fu l ,  and ( 2 )  a computer simply g ives  answers 

based on information furn ished  t o  it. Under c e r t a i n  circum- 

s tances  it can be a va luable  complement t o  t h e  g e o l o g i s t  noted 



abqve. It is t r u e  t h a t  a computer does remove t h e  b i a s  from 

the  choice of an a r e a ,  bu t  only because it g ives  100% l i t e r a l  

answers based upon i t s  information. One should heed t h e  

advice of E .  E, Morison (1966) quoted i n  Science,  "Thus they 

( e a r l i e r  machines) set c l e a r  limits t o  man's i n e p t i t u d e  (by 

breaking down). For t h e  computer t h e  l i m i t s ,  I b e l i e v e ,  are 

not  s o  obvious. Used i n  ignorance o r  s t u p i d i t y ,  asked a fool-  

ish ques t ion ,  it does not c o l l a p s e ;  it goes on t o  answer a 

f o o l  according t o  h i s  f o l l y .  And t h e  ques t ioner  being a f o o l  

w i l l  go on t o  a c t  on t h e  r ep ly . "  

COEFFICIENT OF ASSOCIATION PROGRAM 

An e x i s t i n g  c o e f f i c i e n t  of a s s o c i a t i o n  program by Kaesler, 

Pres ton ,  and Good, ( S t a t e  Geologica.1 Survey of Kansas, Spec ia l  

D i s t r i b u t i o n  Pub l i ca t ion  4 ,  1963) w r i t t e n  i n  Fortran I1 was 

converted t o  For t r an  I V .  This program is  designed f o r  comput- 

ing  simple matching c o e f f i c i e n t s  f o r  as many as 70 items with  

as many as 70 c h a r a c t e r s  o r  observat ions  i n  each. It compares 

samples t o  each o t h e r  on a b a s i s  of a v a r i a b l e  being p resen t  

o r  absen t  (Sokal & Michener, 1958, p. 1417) . Although the 

program has been adapted and is ready for use,  it has not  been 

app l i ed  t o  any major problems here .  The program is b e s t  des- 

c r i b e d  by quot ing  Kaes ler ,  e t . a l ,  (1963).  

"A number of c h a r a c t e r s  is examined f o r  each sample 

(p re fe rab ly  35 o r  more) and a 2 is recorded f o r  t h e  

proper ty  o r  cond i t ion  i f  p r e s e n t ,  a 1 f o r  the property 

o r  condi t ion  if absent .  Each column of data (sample) 

is  then  compared wi th  a l l  o t h e r s ,  and t h e  number of 
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c h a r a c t e r  s t a t e s  each column has i n  common with every 

other column is recorded. Character  s t a t e s  i n  common 

a r e  c a l l e d  "matches. " If data from two samples from 

a l a r g e r  s tudy  were 

t h e  number of matches would be 3. This number of 

matches is divided by t h e  t o t a l  number of comparisons 

( 5  i n  t h i s  case) t o  give t h e  c o e f f i c i e n t  of assoc ia -  

t i o n  o r  simple matching c o e f f i c i e n t  (here 3/5 = 0.6). 

"When comparing more than 2 samples, one should 

not  use d a t a  t h a t  show no change of s t a t e  i n  a row 

(Sokal and Sneath,  i n  p r e p a r a t i o n ) .  The reason f o r  

t h i s  r e s t r i c t i o n  is obvious i f  w e  cons ider  an extreme 

hypo the t i ca l  case. 

"Suppose t h a t  Pennsylvanian cyc lothems have been 

sampled f o r  the  following f o s s i l s  - Olenel lus  (Cam- 

b r i a n )  , S trophomena (Ordovician) , Polydiexodina 

(permian) , and Acanthoscaphites (Cretaceous) . Be- 

cause none of these  f o s s i l s  were found, t h e  da ta  would 

have p e r f e c t  matches a t  a l l  l o c a l i t i e s ,  and t h e  com- 

puted c o e f f i c i e n t s  of associatLon would equal  one. 

"Simi lar ly ,  i n  a minera logica l  s tudy of sand- 

stone it genera l ly  would be unwise t o  include quartz 

because it would normally be presen t  i n  all samples 

and would lead t o  an  u n j u s t i f i a b l y  l a r g e  c o e f f i c i e n t  



of a s s o c i a t i o n .  I "  

The simple matching c o e f f i c i e n t  indicates t h e  degree of 

s i m i l a r i t y  among samples reduced t o  t w o  s t a t e s  (Kaesler ,  et.al, 

The equat ion  f o r  the c o e f f i c i e n t  i s :  

Where : Ssm = the  c o e f f i c i e n t  

m = t h e  number of matches 

n  = t h e  t o t a l  number of comparisons 

Lack of a s s o c i a t i o n  i s  ind ica ted  by 0.00, maximum c o r r e l a t i o n  

Sample Problem 

The following d e s c r i p t i o n ,  problems, e t c .  are taken d i r e c t l y  

from Kaes ler ,  e t  . a l .  (1963).  

"In a n  a r e a  being inves t iga ted  e c o l o g i c a l l y ,  aam- 

p l e s  were obtained a t  5 s t a t i o n s .  S i x  os t racode  

spec ies  were found i n  t h e  samples, b u t  not  all were 

p resen t  a t  each s t a t i o n .  Using 2 for  "ostracode 

p r e s e n t "  and 1 f o r  "ostracode absen t ,  " t h e  data a r e  : 

S t a t i o n  1 2 3 4 5  

Species 

Here M = 5, N = 6. (See next  page) 

A For t r an  I V  l i s t i n g  fol lows.  
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O f S K  OPERATING SYSTEMl360 FORTRAN 36ON-FO-491 20 

DIMENSION I D i 7 0 t f Q t r I Z ~ 7 O ) ~ S 1 7 O ~ ~ T ~ 7 0 1  
10 REAO(lr11) M,N 
11 FORMAT( 10XwI2t2XtI2) 
12 AN=N 
13 ANI=l*/AN 
40 00 140 Iz1.N 
60 READ(lv611 (1ZfK)r KrltM) 
61 FORMAT(LOX,70IL) 
90 00 1 3 0  J=l,M 

1 0 0  I F ~ I Z ~ J ) - 1 ) 1 1 0 t I 1 0 ~ 1 2 0  
110 ID(lrJ)=-1 
115 GO TO 130 
120 ID(K*JI=l 
130 CONTINUE 
140 CONTINUE 
150 WRITE(3rl51) 
151 FORMAT('0' 22Xt36HTABLE OF COEFFICIENTS OF ASSOCfAfION ) 
160 DO 2 9 0  Je1.M 
170 DO 2 7 0  K= 1 ; ~  
180 ISUM=O 
190 IFIJ-K)200t2b0,270 
200 00 22 0  I=l,N 
210 ISUM=ISUM+1O~IrJ)*IO(IIK) 
2 2 0  CONTINUE 
230 S(KI=ISUH 
240 T(Kl~0.5*S(K)*ANI+O.5 
2 5 0  GO TO 2 7 0  
260 T(K)~1.0000 
2 7 0  CONTINUE 
2 8 0  WRITE(3r281) J 
281 FORMAT(12XI12HROW NUMBER ,131 
285 WRITE13t2861 (T(K)tKmJrH) 
286 FORMAT(lOX~lOF7-4) 
290 CONTINUE 
300 GO TO 10 

END 

L i s t i n g  of nomenclature. 

M = number of columns. 
N = number of rows. 
I = row index. 
J = column index. 
K = dummy column index f o r  cmpar i son  with J. 
ISUM = number of matches minus number of  mismatches. 
S(K) = f l o a t i n g  pqin t  equivalent  of ISUM. 
T ( K )  = c o e f f i c i e n t  of  a s soc i a t i on  o r  simple matching 

c o e f f i c i e n t .  K is incremented from J = 1 t o  M and 
is punched f o r  each value  of J f r a n  1 t o  M. Diagonal 
va lues  a r e  s e t  equal  t o  1.0000. 

I z ( K )  = input  da ta  found on one card,  K = 1, 2 ,  ..., M. 
ID(J,K) = da ta  matr ix  s to red  i n  core of computer; t h e  1 's  have 

been converted t o  -1 and t h e  2's to +1. 



L I m A R  ELEMENTS O F  SOUTHEASTERN ALASKA 

TwenhoEel and Sa in sbu ry  (1958) have s t u d i e d  a e r i a l  photo- 

g raphs  o f  S o u t h e a s t e r n  Alaska and p l o t t e d  t h e  l i n e a r s  observed  

on a map with a scale of  25 m i l e s  t o  t h e  inch. They b e l i e v e  

t h a t  most of t h e  l i n e a r s  r e p r e s e n t  f a u l t s  o r  f a u l t  s c a r p s .  

Their  map is reproduced i n  F i g u r e  2 .  I n  t h e  p r e s e n t  s t u d y ,  

t h e  map w a s  d i v i d e d  i n t o  s q u a r e s  30 '  wide i n  a n  ea s t -wes t  

d i r e c t i o n ,  and 1 5 '  w i d e  i n  a no r th - sou th  d i r e c t i o n .  The ave r -  

age s t r i k e  of  the l i n e a r s  f a l l i n g  w i t h i n  a c i r c u l a r  a r e a  o f  

abou t  240 s q u a r e  m i l e s  a t  e ach  of  t h e  c o r n e r s  was de te rmined  

v i s u a l l y ,  and t h i s  s t r i k e  v a l u e  a s s i g n e d  t o  t h e  c o o r d i n a t e .  

It should be noted  t h a t  t h i s  ave rage  r e g i o n a l  s t r i k e  is n o t  

n e c e s s a r i l y  t h e  same a s  t h e  - s t r i k e  of  t h e  major  l i n e a r s .  

The r e s u l t s  of t r e n d  s u r f a c e  a n a l y s i s  are  shown i n  Fig-  

u r e s  3 and 4. F i g u r e  3 is  a m a p  showing con tou r s  o f  the s i x t h  

degree  s u r f a c e .  Impor tan t  and p o t e n t i a l l y  impor tan t  ore depos- 

i t s  are i n d i c a t e d  on t h i s  rnap by s t a r s .  These d e p o s i t s  from 

n o r t h  t o  s o u t h  are: 

Klukwan ( i r o n )  

Berners  Bay (gold) 

Eagle  R ive r  ( g o l d )  

Juneau ( g o l d )  

Fun t e r  Bay ( n i c k e l ,  g o l d )  

Bohemia Bas in  ( n i c k e l )  

S i t k a  ( g o l d )  

Windham Bay ( g o l d )  

Hyder (gold) 
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Figure 2 LINEAR TRENDS IN SOUTHEASTERN ALASKA 
Distrnbutnon of rock l.lun from B n d d l w h  and Cha~in (1928. Pis. 1.8). Bcw map 

from To- N.tlml Porest. Alsaka, U.8. Dept. ~ ~ l t u m .  FoFmt Satvim 

Note: Adapted from plate 2 ,  B u l l .  -01. Soe. Am., V o l .  69 





FIGURE 4 

14 



Helm Bay (gold)  

Kasaan Peninsula (copper,  gold)  

Jwnbo Basin (copper,  gold)  

Dolomi (gold)  

Ross-Adams (uranium) 

Aside from t h e  information t h a t  t h e  r eg iona l  t r end  swings 

wes ter ly  i n  t h e  nor th  and south, t h i s  map t e l l s  l i t t l e  about 

t h e  r e l a t i o n s h i p  of mines t o  s t r u c t u r e .  Figure 4 ,  t h e  s i x t h  

degree r e s i d u a l  map, however, i n d i c a t e s  t h a t  only two d e p o s i t s ,  

Klukwan and Bohemia Basin,  l i e  i n  a r e a s  of anoinalous strike. 

From t h i s  it is  concluded t h a t  o r e  depos i t s  i n  Southeastern 

Alaska tend t o  occur along reg iona l  t r ends  of lineart;ents, a 

conclusion t h a t  has been reached on s t r i c t l y  geo log ica l  in fo r -  

mation by s e v e r a l  workers ( e . g . ,  Twenhofel and Sainsbury, 1958, 

p. 1441) .  

CHICHAWF DISTRICT 

Twenty-nine mines and p rospec t s ,  as  descr ibed  i n  U.  S .  

Geological Survey B u l l e t i n  929 (Reed and Coats ,  1942) have 

been p l o t t e d  on maps, and var ious  s t r u c t u r a l  data have been 

analyzed. Trend s u r f a c e  maps from f i r s t  t o  s i x t h  degree were 

made, a s  w e l l  as maps of r e s i d u a l s  and o r i g i n a l  da ta .  The 

s t r u c t u r a l  elements analyzed a r e  s t r i k e  and d i p  of t h e  v e i n s ;  

s t r i k e  of  l i n e a r s  and s t r i k e  and d i p  of bedrock. The linears 

were mapped from a e r i a l  photographs: most of them a r e  be l ieved 

t o  be f a u l t s  o r  f a u l t  sca rps .  

A weakness of t h e  da ta  is t h a t  a l though t h e r e  a r e  both 

major producers and undoubtedly worthless  p rospec t s ,  y e t  t h e r e  
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is very l i t t l e  on which t o  rank each depos i t .  The Chichagof 

mine ($13 m i l l i o n  product ion)  and t h e  Hirst-Chichagof mine 

( $ 2  - 5  m i l l i o n  product ion)  are  identified by s p e c i a l  symbols 

on all maps. 

Data a r e  presented a s  contour maps. Note t h a t  azimuths 

read clockwise from west ,  so t h a t  90° is nor th .  

S t r i k e  of Veins 

Figures  5 ,  6 ,  and 7 a r e  p l o t s  o f  o r i g i n a l  d a t a ,  f o u r t h  

degree t rend s u r f a c e ,  and f o u r t h  degree r e s i d u a l s  of s t r i k e  of 

ve ins .  The map of o r i g i n a l  da ta  shows t h a t  ve ins  a r e  farmed 

i n  f a u l t s  t h a t  t r end  wes ter ly  i n  t h e  n o r t h ,  northwester ly i n  

the c e n t r a l  map area, and nor the r ly  i n  t h e  east  and s o u t h .  

The t r end  su r face  map a l s o  roughly approximates t h i s  p a t t e r n .  

The p l o t  of  r e s i d u a l  values i n d i c a t e s  t h a t  i n  most parts of t h e  

area t h e  mineral ized ve ins  a r e  on t h e  r eg iona l  t r e n d ,  but that 

south and e a s t  of Chichagof, they s t r i k e  somewhat more wes ter ly  

(negat ive  r e s i d u a l s )  . Standard d e v i a t i o n  = 22.3O , c o r r e l a t i o n  

c o e f f i c i e n t  = 0.83. 

Dip of Veins 

Figures 8 and 9 show t h e  o r i g i n a l  data and f o u r t h  degree 

t rend su r face  fo r  d i p  of ve ins .  Most mineral ized ve ins  range 

i n  d i p  f r o m  50° t o  80° . The p l o t  of r e s i d u a l s ,  (F igure  10)  

i n d i c a t e s  t h a t  t h e r e  a r e  few dev ia t ions  from t h e  reg iona l  t r end .  

Standard dev ia t ion  = 11.8O , c o r r e l a t i o n  c o e f f i c i e n t  = 0.60. 



Figure  5 - S t r i k e  of Veins ,  Chichagof D i s t r i c t ,  S.E. Alaska - 
O r i g i n a l  Data 

Contour  Interval = 25O * = Mine or Prospect @ = Major Producer  
Azimuths in degrees clockwise from west. 



Figure  6 - S t r i k e  of V e i n s ,  Chichagof D i s t r i c t ,  S.E. Alaska - 
Fourth D e g r e e  Trend Surface 

Contour In t e rva l  = 20° * = Mine or Prospect @ = Major Producer 
Azimuths in degrees clockwise from west. 



Figure 7 - Strike of V e i n s ,  C h i c h a g o f  District ,  S.E. Alaska - 
Fourth Degree R e s i d u a l s  

Contour Interval  = 25O * = Mine or Prospect @ = Major Producer 
Contours : 
+ = E a s t  
- = W e s t  



Figure 8 - D+p of V e i n s ,  Chichagof District, S . E .  Alaska - 
Original Data * = Mine or Prospect @ = Major Producer 
Contour Interval = 20° 



Figure 9 - D i p  of V e i n s ,  Chichagof D i s t r i c t ,  S .E. Alaska - 
Fourth Degree Trend Surface 

Contour Interval lo0 * = Mine or Prospect @ = Major Producer 



Figure 10 - Dip of Veins, Chichagof District, S .E. Alaska - 
Fourth Degree Residuals * = Mine or Prospect @ = Major Producer 
Contours : 
+ = East 
- = West 



S t r i k e  of Linears  

F igure  11 shows some of t h e  p r i n c i p a l  l i n e a r s  of t h e  d i s -  

t r i c t  as i n t e r p r e t e d  from a e r i a l  photographs i n  U.S.G.S. Bul- 

l e t i n  929. Figure 1 2 ,  t h e  s i x t h  degree t r end  s u r f a c e ,  i n d i c a t e s  

t h a t  t h e  minera l ized  ve ins  a l l  l i e  i n  a r e a s  where t h e  r eg iona l  

t r end  of f a u l t s  v a r i e s  from N 40' W t o  N 50° W. The r e s i d u a l  

map, Figure 13,  i n d i c a t e s  t h a t  only t h r e e  prospects  occur i n  

a r e a s  where t h e  l i n e a r s  vary more than  lo0 from t h e  reg iona l  

t r e n d ,  and that a 16O d e v i a t i o n  is  the maximum. I n  any a r e a ,  

those f a u l t s  which conform t o  t h e  r eg iona l  t r e n d  a r e  those 

mineral ized.  Standard dev ia t ion  = 1 0 . 4 3 ~ ~  c o r r e l a t i o n  coef f ic- 

i e n t  = 0.65. 

S t r i k e  of Bedrock 

Figure 14, showing s t r i k e  of bedrock, i n d i c a t e s  t h a t  t h e r e  

is some tendency f o r  prospects  t o  occur i n  regions where t h e  

s t r i k e  is N 40° t o  50° W. The reg iona l  t r e n d ,  Figure 15 , ind i -  

c a t e s  a concent ra t ion  of ve ins  between N 50° W and N 60° W. 

Figure 16 shows t h a t  t h e  dev ia t ions  from t h e  reg iona l  t r e n d  a r e  

s m a l l .  Apparently,  t h e r e  is l i t t l e  tendency fo r  mineral ized 

ve ins  t o  occur along t h e  r eg iona l  s t r i k e  of bedrock, a l though 

t h e r e  is a p re fe rence ,  as noted ,  f o r  a c e r t a i n  range of s t r i k e s .  

Standard dev ia t ion  = 8 .go, c o r r e l a t i o n  c o e f f i c i e n t  = 0 - 6 3 .  

Dip of Bedrock 

N o  r e l a t i o n s h i p  is apparent  between d i p  of bedrock and 

ve ins  (Figure 1 7 ) .  The f o u r t h  degree t r end  su r face  (Figure 18) 

i n d i c a t e s  a s l i g h t  preference  f o r  t h e  s t e e p e r  dipq (60-70'). 



- - 

Figure 11 - Linear8 i n  Chichagof District, S .E . Alaska 

@ Mine or Prospect 
a Major Producer 

A f t e r  u . s . G . S .  Bull. 9 2 9 )  Q 



Figure 12 - Strike of Linears,  Chichagof D i s t r i c t ,  S.E. 
Alaska - Sixth  Degree Trend Surface. 

Contour In t e rva l  = lo0 
= Mine or  Prospect @ = Major Producer 



Figure 1 3  - S t r i k e  of Linears ,  Chichagof D i s t r i c t ,  S .E. A l a s k a  - 
Sixth Degree Residuals 

4 = Mine o r  Prospect @ = Major Producer 
Contours in degrees 



Figure 14 - S t r i k e  of Bedrock, Chichagof D i s t r i c t ,  S.E. Alaska - 
O r i g i n a l  Data * = M i n e  or Prospect 
@ = Major Producer 
Azimuths in degrees clockwise from west .  



Figure 15 - Str ike  of Bedrock, Chichagof D i s t r i c t ,  S .E. Alaska - 
Fourth Degree Trend Surface. *= Mine or Prospect @ = Major Producer 
Contour I n t e r v a l  = l o 0  
Azimuths in degrees clockwise from west. 



Figure 16 - S t r i k e  of Bedrock, Chichagof District, S .E.  Alaska - 
Fourth Degree Res iduals .  

$I = Mine o r  Prospect @ = Major Producer 
Contours  : 
+ = East 
- = West 



Figure 17 - Dip of Bedrock, Chichagof Dis t r ic t ,  S . E .  Alaska - 
O r i g i n a l  Data 

Contour  I n t e r v a l  = * = Mine or Prospect @ = Major Producer 



F i g u r e  18 - D i p  of Bedrock, Chichagof D i s t r i c t ,  S .E .  Alaska - 
F o u r t h  Degree Trend Surface.  

Con tour  Interval = l o 0  * = Mine o r  Prospect @ = Major Producer 



However, t h e  r e s i d u a l s ,  (Figure 19) , i n d i c a t e  t h a t  only t h r e e  

depos i t s  occur i n  a r e a s  of anomalous bedrock d ip .  Standard 

dev ia t ion  = 4.96O, c o r r e l a t i o n  c o e f f i c i e n t  = 0.66. 

APPLICATION OF TREND SURFACE ANALYSIS 
TO A GEOCHEMICAL PROBLEM 

Alaska Divis  ion of Mines and Minerals Geochemical Report 

N o .  2, by D. H. R ich te r ,  on t h e  Slana D i s t r i c t ,  provided a 

t e s t  f o r  t r end  su r face  a n a l y s i s  of geochemical d a t a .  The map 

of geochemical da ta  was subdivided i n t o  one inch squares ,  and 

the  coordinates  of sample p o i n t s  a s  we l l  a s  geochemical con- 

t e n t  a t  those p o i n t s  were t abu la ted  and punched. A l l  samples 

a r e  stream sediments. Trend su r faces  f o r  f i r s t  through s i x t h  

degree were obtained f o r  copper,  molybdenum, z inc ,  l ead ,  and 

c i t r a t e  so lub le  heavy metal  content .  Approximately 130 data 

po in t s  were involved i n  each run,  u t i l i z i n g  t e n  minutes of 

IBM 360/40 computer time each. 

The s i x t h  degree t rend map f o r  z inc  (Figure 20) i n d i c a t e s  

an  a r e a  of high z inc  content  encompassing most of t h e  quar t z  

monzonite p lu ton  and border  zone south  of Long Lake. A regional 

high of 200 ppm z inc  i s  computed f o r  t h i s  a r e a .  The 100 ppm 

t rend contour extends westward t o  include t h e  d ior i te-quar tz  

d i o r i t e  i n t r u s i v e s  nor theas t  of Grubstake Creek. The z i n c  

r e s i d u a l  map (Figure 2 1 )  i n d i c a t e s  l o c a l  highs south  of Long 

Lake and southeas t  of F l a t  Lake. These range from 100 t o  200 

ppm higher  than t h e  computed t r end  f o r  t he  area. Three o t h e r  

a reas  a r e  ind ica ted ;  one south  of Grubstake Creek, one north-  

east of Grubstake and one n o r t h  of Indian Pass Lake. These 

a r e  100 ppm above reg iona l  t r end .  
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Figure 19 - D i p  of Bedrock, Chichagof District, S.E. Alaska - 
Four th  Degree Res idua l s  * = Mine or Prospect 
@ = Major Producer 
Contours  : 
+ = East 
- = West 







The s i x t h  degree s u r f a c e  f o r  copper (Figure 22) i n d i c a t e s  

t h a t  t h e  p lu ton  and most of  t h e  upper p a r t  of t h e  map a rea  has 

a  copper content  of g r e a t e r  than 50 ppm. The r e s i d u a l  map 

(Figure 23) l o c a l i z e s  s e v e r a l  anomalies,  one near Long Lake, 

n o r t h e a s t  o f  Indian  Pass Lake, and nor theas t  o f  Grubstake 

Creek. Other p o s i t i v e  a r e a s  a r e  ind ica ted  wi th in  t h e  boun- 

d a r i e s  o f  t h e  zero  contours .  A sample having 1000 ppm copper 

near  Long Lake was removed and new sur faces  generated.  This 

r e s u l t e d  i n  a  northward s h i f t  of t h e  s i x t h  degree t rend (Figure 

24) and t h e  inc lus ion  of a  t r end  high n o r t h  of F l a t  Lake. The 

r e s i d u a l  map (Figure  25) becomes more d i s t i n c t ,  and shows more 

regions  of  i n t e r e s t  because t h e  t r end  s u r f a c e  is lowered. 

Anomalous regions  a long t h e  border  zone of t h e  p lu ton  a r e  

de l inea ted .  

The s i x t h  degree s u r f a c e  (Figure  26) shows a reg iona l  

high f o r  l ead  west of Long Lake, inc luding  por t ions  of t h e  

p lu ton  and t h e  border  zone, and a  high lead  concent ra t ion  west 

of F l a t  Lake. The r e s i d u a l  m a p  (F igure  27) again l o c a l i z e s  

h igh  l ead  a r e a s .  

Maps of r eg iona l  (Figure 28) and l o c a l  (F igure  29) d i s -  

t r i b u t i o n s  of molybdenum i n  t h e  s tudy a r e a  were generated and 

I drawn. D i s t r i b u t i o n  he re  is  s i m i l a r  t o  t h a t  of  lead .  

A r eg iona l  a r e a  of high heavy metal  content ,  i nd ica ted  by 

t h e  s i x t h  degree s u r f a c e  (Figure 30) ,  e x i s t s  between Long and 

Pass Lakes, and one sou theas t  of  Pass Lake. These a r e a s  a r e  

f u r t h e r  sou th  than  t o t a l  metal  h ighs ;  poss ib ly  i n d i c a t i n g  down- 

stream t r a n s p o r t  of  so lub le  ions .  The r e s i d u a l  map (Figure 31) 



















Figure 30 - Heavy Metal, Sixth Degree Trend Map 
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p o i n t s  t o  local anomalies,  t h e  h ighes t  being 20 m l  above 

reg iona l  t r end .  

These t r end  su r face  and r e s i d u a l  maps i l l u s t r a t e  t h e  

v e r s a t i l i t y  and usefu lness  of t h e  t r end  s u r f a c e  method. It  

is p a r t i c u l a r l y  use fu l  when l a r g e  q u a n t i t i e s  of geochemical 

da ta  a r e  t o  be processed. Another d e s i r a b l e  f e a t u r e  of t h e  

program is that t r ends  and r e s i d u a l s  of metal  r a t i o s  may be 

e a s i l y  determined. 

MATHEMATICAL MODELS OF A PORTION OF THE CRAIG QUADRANGLE 

Regression a n a l y s i s  w a s  used t o  make a mineral  occurrence 

model of a por t ion  of t h e  Cra ig  quadrangle,  Pr ince  of  Wales 

Island, with t h e  view of s e l e c t i n g  a r e a s  favorable  fox  pros- 

pecting. The a rea  w a s  picked because it conta ins  many mines 

and prospects  of varying importance and because it is  covered 

by a r e p o r t  and geologic  map (u .S  . G . S ,  B u l l .  1108-B, Condon, 

1961) . 
A l l  known mines i n  t h e  a r e a  were p l o t t e d ,  and a value was 

given t o  each; 4 - major producer, 3 - minor producer,  2 - 
major prospect ,  1 - minor prospect .  Next, c e l l s  conta in ing  

16 square miles  were drawn on a por t ion  of t h e  map (Figure 3 2 ) .  

The upper l e f t  c e l l  is number one and numbers inc rease  t o  t h e  

r i g h t  and down, i . e . ,  they are  read a s  one would read a book. 

D a t a  taken from each c e l l  included: 

1. C e l l  value 

2 .  % c e l l  a rea  occupied by ocean 

* 3 .  % c e l l  occupied by a c i d i c  rocks 

*4 .  % c e l l  area occupied by mafic rocks 

- 47 - 



*5. % c e l l  a r e a  occupied by metamorphic rocks 

*6. % c e l l  occupied by sedimentary rocks 

7 .  % c e l l  occupied by overburden 

8.  # NW t r end ing  l i n e a r s  

9 .  # N t r end ing  l inears 

10. # N E  t r end ing  l i n e a r s  

11. # E t r end ing  l i n e a r s  

1 2 .  # Lineaxs longer  than 1 2  mi les  

13. Distance t o  l i n e a r  longer  than  1 2  m i l e s  

14. Distance from c e n t e r  c e l l  t o  i n t r u s i v e  

15. S i z e  of t h e  n e a r e s t  i n t r u s i v e  ( m i l e s 2 )  

1 6  Length of metamorphic-igneous c o n t a c t  

17.  Length of igneous-sedimentary con tac t  

18. Distance from mine t o  intrusive (average)  

19.  C e l l  # 

"Adjusted f o r  por t ion  of  c e l l  occupied by ocean and 
overburden. 

Val id d a t a  parameters were chosen by ob ta in ing  p a r t i a l  

c o r r e l a t i o n  c o e f f i c i e n t s  f o r  each parameter versus c e l l  value, 

This could be accomplished wi th  e i t h e r  the  360/40 or the 1620 

computer, bu t  it was found advantageous t o  s a c r i f i c e  t h e  speed 

of t h e  360/40 i n  order t o  ga in  the added advantage of t he  

Univers i ty  "open shop" pol icy  f o r  t h e  1620 computer. It was 

found economically f e a s i b l e  t o  u t i l i z e  t h e  1620 a s  a high 

powered desk c a l c u l a t o r .  The d a t a  w e r e  punched, f e d  i n t o  the 

1620, and sums, averages,  s tandard  dev ia t ions  and p a r t i a l  

c o r r e l a t i o n  c o e f f i c i e n t s  p r i n t e d  on t h e  console typewri te r .  



Figure 32, Map of  a p o r t i o n  of t he  Craig Quadrangle ,  S .E. Alaska,  
showing computed c e l l  values. 

Note : Map adapted from P l a t e  1, U.S.G.S. Bulletin 1108-B. 
Scale 1:250,000 
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It was then p o s s i b l e  t o  select v a r i a b l e s  having high p a r t i a l  

c o r r e l a t i o n  c o e f f i c i e n t s ,  i n s e r t  them v i a  typewr i t e r  i n t o  t h e  

computer, and perform a  r eg ress ion  of only t h e s e  v a r i a b l e s .  

The mul t ip le  c o r r e l a t i o n  c o e f f i c i e n t ,  s tandard  d e v i a t i o n ,  

regress ion  c o e f f i c i e n t s  and s tuden t s  T t e s t  were p r i n t e d  on 

the  console typewr i t e r  and punched on ca rds ,  thus  enabl ing  

v i s u a l  e l imina t ion  of nons ign i f i can t  v a r i a b l e s .  The regres-  

s i o n  equat ion which b e s t  approximates t h e  data was found by 

this process .  These variables were then  transformed t o  t h e i r  

corresponding square,  square root  and log  func t ions ,  and a new 

matrix of p a r t i a l  c o r r e l a t i o n  c o e f f i c i e n t s  produced, t o  "nor- 

malize" t he  d a t a .  The b e s t  funct ion  of each data variable 

i n i t i a l l y  found s i g n i f i c a n t  was regressed  w i t h  value a s  the 

dependent v a r i a b l e  by t h e  aforementioned "desk c a l c u l a t o r "  

method. 

The i n i t i a l  run was composed of a l l  va lue  c e l l s  and all 

of t h e  original v a r i a b l e s .  The p a r t i a l  c o r r e l a t i o n  matr ix  was 

s tud ied  and found t o  contain the  fol lowing s i g n i f i c a n t  rela- 

t ionsh ips  : 

TABLE 1 

P a r t i a l  Cor re la t ion  C o e f f i c i e n t s  
fo r  all Value C e l l s  

Var iable  1 

Value 

Value 

Value 

Variable  2 

# NW F a u l t s  

# E F a u l t s  

# > 1 2  mile F a u l t s  

P a r t i a l  
C o r r e l a t i o n  
C o e f f i c i e n t  



TABLE 1 (Continued) 

Var iable  1 

Value 

Value 

Value 

Value 

Acid Rx 

Mafic Rx 

Mafic Rx 

. P a r t i a l  
Cor re la t ion  

Var iable  2 Coef f i c i en t  

D i s t .  t o  Major F a u l t  -0.30 

Length Met,-Ig. Contact 4-0.33 

D i s t .  Mine t o  I n t r u s i v e  -0.26 

D i s t .  C e l l  t o  I n t r u s i v e  -0.27 

# E F a u l t s  +O. 24 

# N Faults 

# E F a u l t s  

Metamorphic Rx # N E F a u l t s  -0.24 

Metamorphic Rx # E F a u l t s  +0.24 

NW F a u l t s  D i s t .  Mine to I n t r u s i v e  4-0.28 

N F a u l t s  S i z e  I n t r u s i v e  +0.30 

A 1 1  s i g n i f i c a n t  v a r i a b l e s  were regressed  wi th  va lue  as 

t h e  dependent v a r i a b l e .  Var iables  were el iminated  based upon 

s tuden t s  T t e s t  u n t i l  a f i n a l  regress ion  equat ion w a s  obtained.  

This  equa t ion ,  

Value = l0.439-.712(X~)-.435(X2)-.044(X3)+0.521(X4)-.424(X5) 

Where: X1 = # NW F a u l t s  
X2 = Dist. t o  >L2 Mile Fault 
X3 = S i z e  of t h e  I n t r u s i v e  
X4 = Length Metamorphic Contact 
X5 = Dist. c e l l  t o  I n t r u s i v e  

has a  m u l t i p l e  c o r r e l a t i o n  c o e f f i c i e n t  of -514 and a standard 

error of 5.00. 

At this stage of t h e  a n a l y s i s  it was dec ided  t o  sort out 

c e l l s  by element,  i . e . ,  those  c e l l s  conta in ing  copper, gold, 

lead  and s i l v e r ,  i n  o r d e r  t o  gain a more d e f i n i t i v e  model. 



For t h e s e  runs ,  the va lue  c e l l s  were no t  a d j u s t e d  t o  e l i m i n a t e  

the e f f e c t s  due t o  o t h e r  e lements .  Computer runs f o r  copper 

and gold cells  produced p a r t i a l  c o r r e l a t i o n s  i l l u s t r a t e d  by 

Tables 2 and 3 r e s p e c t i v e l y .  

T A B U  2 

P a r t i a l  C o r r e l a t i o n  C o e f f i c i e n t s  
Copper C e l l s  

Var i ab le  1 

P a r t i a l  
C o r r e l a t i o n  

Var i ab le  2 C o e f f i c i e n t  

Value Metamorphic Rx +.21 

Value # E F a u l t s  + . 2 5  

Value # )12 M i l e  F a u l t s  +.26 

Value D i s t  . t o  3 12 M i l e  F a u l t  - . 3 3  

Value S i z e  of I n t r u s i v e  -.19 

Value Length Met. Contac t  +. 35 

Value D i s t .  Mine t o  I n t r u s i v e  -.18 

Value D i s t .  C e l l  t o  I n t r u s i v e  -.21 

% Acid Rx F a u l t s  W 12 Miles +, 24 

% Acid Rx Length Met. Contact  +. 33 

% Acid R x  Length Sed. Contac t  +. 2 1  

% Mafic R x  # N F a u l t s  +. 33 

% M e t  Rx # NW F a u l t s  +. 24 

# NW F a u l t s  S i z e  I n t r u s i v e  +. 25 

# N Faults Size  I n t r u s i v e  -I-. 28 

# 1 2  M i l e  F a u l t s  S i z e  I n t r u s i v e  -.28 



TABLE 3 

Partial C o r r e l a t i o n  C o e f f i c i e n t s  
Gold C e l l s  

V a r i a b l e  1 

Value 

Value 

Value 

Value 

Value 

% A c i d  Rx 

% A c i d  Rx 

% Acid Rx 

% A c i d  Rx 

% A c i d  Rx 

% A c i d  Rx 

% Mafic Rx 

% Meta Rx 

# NW F a u l t s  

# NW F a u l t s  

# NW F a u l t s  

# NE F a u l t s  

# E F a u l t s  

# E F a u l t s  

# E F a u l t s  

# 12 M i l e  F a u l t s  

V a r i a b l e  2 

F a u l t s  9 1 2  M i l e s  

D i s t .  t o  12 M i l e  F a u l t  

Length M e t .  Contac t  

D i s t .  Mine t o  I n t r u s i v e  

D i s t .  C e l l  t o  I n t r u s i v e  

# NW F a u l t s  

# N F a u l t s  

# E F a u l t s  

S i z e  I n t r u s i v e  

D i s t .  Mine t o  I n t r u s i v e  

D i s t .  Cell t o  I n t r u s i v e  

# E F a u l t s  

# E F a u l t s  

D i s t .  Mine t o  I n t r u s i v e  

D i s t .  C e l l  t o  I n t r u s i v e  

S i z e  I n t r u s i v e  

Size I n t r u s i v e  

S i z e  I n t r u s i v e  

D i s t .  Mine t o  I n t r u s i v e  

D i s t .  C e l l  t o  I n t r u s i v e  

S i z e  I n t r u s i v e  

P a r t i a l  
C o r r e l a t i o n  
C o e f f i c i e n t  



B e s t  r a w  variable models for copper and gold are expressed 

by equat ions 1 and 2 r e spec t ive ly .  

Value = 8.66+.046(xl)+.728(x2)-.379(x3)-.068(xq)-980 (x5) 

Where: XI = % Metamorphic Rocks 
X2 = # E F a u l t s  
Xg = D i s t .  t o  Major Fault 
X4 = S i z e  of I n t r u s i v e  
X5 = D i s t .  Cell t o  I n t r u s i v e  

And : Mult ip le  c o r r e l a t i o n  c o e f f i c i e n t  = 0.56 
Standard Error  = 4.63 

Where: X1 = % Metamorphic Rocks 
X2 = # NE F a u l t s  
X3 = # >12 Mile F a u l t s  
X4 = S i z e  I n t r u s i v e  
X5 = Length Metamorphic Contact 
X6 = Dist. Mine t o  I n t r u s i v e  

And : Mult iple  c o r r e l a t i o n  c o e f f i c i e n t  = 0.57 
Standard E r r o r  = 5.57 

Transformations of the  v a r i a b l e s  f o r  both copper and gold 

cells r e s u l t e d  i n  t h e  following log  models Ear copper and gold;  

equations 3 and 4 re spec t ive ly .  

Where: X1 = Ln (% Metamorphic Rocks) 
X2 = Ln (#  E F a u l t s )  
X3 = Ln ( D i s t .  t o  W12 Mile F a u l t )  
x4 = (Size)* 
X5 = (Dist. C e l l  t o  I n t r u s i v e )  2  

And : Mult ip le  c o r r e l a t i o n  c o e f f i c i e n t  = 0.579 
Standard E r r o r  = 0.255 

Where: X1 = % Metamorphic Rocks 
X2 = # Fau l t s  W12 Miles 
Xj = Ln (#  NJ3 F a u l t s )  
x4 = size* 
X5 = (Length Meta Contact)  2 

X6 = (Dist. C e l l  t o  I n t r u s i v e )  



And : Mult ip le  c o r r e l a t i o n  c o e f f i c i e n t  = .6206 
Standard E r r o r  = .2871 

Model 5 ,  f o r  gold ,  w a s  a l s o  obtained.  It expresses  va lue  

(no t  Ln ( v a l u e ) )  a s  t h e  dependent v a r i a b l e  against normalized 

t ransformat  ions of t h e  s i g n i f i c a n t  independent variables.  Note 

t h a t  some independent v a r i a b l e s  a r e  raw form. This model for  

gold ,  and t h e  raw model f o r  copper, as w e l l  as log models, 

were used for prel iminary p red ic t ions  of va lue  poss ib le  i n  "no 

value" c e l l s .  

Where : X1 = % Metamorphic Rock 
X2 = # Faults r 1 2  Miles 
Xj = Ln (# NE  fault^)^ 
X4 = (S ize  I n t r u s i v e )  
X5 = (Length Metamorphic Contact)  2 

X6 = Ln ( D i s t .  c e l l  t o  I n t r u s i v e )  

And : Mult ip le  c o r r e l a t i o n  c o e f f i c i e n t  = 0.601 
Standard E r r o r  = 5.414 

Table 4 indicates pred ic ted  va lue  i n  each c e l l  of the  

d i s t r i c t .  These values a r e  i n  each case  based upon t h e  log 

models f o r  copper and gold va lues .  Table 5 t a b u l a t e s  those 

c e l l s  used f o r  model bu i ld ing .  Analysis  of t h e s e  data indi- 

c a t e s  t h a t  i f  a l l  cells having a va lue  of four  o r  greater are 

chosen, then  t h e  log model f o r  gold r e t a i n s  88% of c e l l s  wi th  

a  va lue  of t h r e e  o r  more. The same c r i t e r i a  e s t a b l i s h  74% 

r e t e n t i o n  of copper c e l l s  wi th  a  va lue  of "3" o r  greater. 

These models have mul t ip le  c o r r e l a t i o n  c o e f f i c i e n t s  of 0.57 

and 0.62 r e s p e c t i v e l y .  I t  is of course understood t h a t  

estimates based upon t h e s e  models are " ind ica t ions"  of value, 



no t  a guarantee of mineral  wealth. The higher t he  number, t h e  

better t h e  chances are of f i n d i n g  minera l i za t ion ,  assuming 

that t h e  geologic f ac to r s  chosen may validly be extended to 

other areas. Bas ica l ly ,  ass igning a number t o  a p a r t i c u l a r  

cell merely says that t h a t  c e l l  has c e r t a i n  geologic f ea tu r e s  

s im i l a r  to another  c e l l  t h a t  has been assigned a value based 

upon mines contained i n  it. 

TABLE 4 

Predicted C e l l  Value  

Cell G o l d  Copper 
No. Raw Model Los Model Raw Model Locr Model 



TABLE 4 (Continued) 

Cell Gold Copper 
No. Raw Model Loq Model Raw Model Los Model 



TABLE 4 (Continued) 

Cell Gold Copper 
Ma. Raw Model Loq Model Raw - Model Loq Model 



C e l l s  Containinq Value 

Gold Copper 
Orig ina l  Raw Normalized Raw Normalized 

C e l l  Value Model Model Model Model Code* 



TABLE 5 (Continued) 

G o l d  Copper 
Orig ina l  Raw Normalized Raw Normalized 

Cell Value Model Model Model Model Code* 



TABLE 5 (continued) 

Gold Copper 
O r i g i n a l  Raw Normalized Raw Normalized 

C e l l  Value Mode 1 Model Model Model Code* 

*C denotes  c e l l  used f o r  copper model, G denotes c e l l  used f o r  
gold model. 

Table 6 i n d i c a t e s  s e l e c t i o n s  made by f i v e  g e o l o g i s t s ,  in- 

dependently of each o t h e r .  Model va lues  f o r  t h e s e  c e l l s  a r e  

given i n  pa ren thes i s  as wel l  as t h e  "high p r i o r i t y  cells" selec- 

t e d  by t h e  opera t ing  copper model. 

TABLE 6 

C e l l  Number Selected, With Value i n  Parenthes is  

*Cel l s  a l ready conta in ing  known values .  

Analysis of this t a b l e  i n d i c a t e s  t h a t  a l l  c e l l s  s e l e c t e d  

by t h e  g e o l o g i s t s  do have m e r i t ,  i f  t h e  copper model is  used 
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* A 

B 

C 

D 

E 

Computer 
High P r i o r i t y  

Cells 

2 

95 

(10.7) 

27 

(4.6)  

53 

(4.3)  

24 

(5 .0 )  

15 

(6 .6 )  

9  

(9.1) 

1 

94 

(7.1)  

1 2  

(5 .3)  

36 

(4.6)  

53 

(4.3) 

1 2  

( 5 . 3 )  

96 

(10.7) 

6 

10 

(6.6)  

47 

( 5 . 3 )  
- 
- 

98 

(5.3) 

19 

( 3 . 5 )  

52 

(7.3) 

3 

84 

(13.1) 

5 3  

(4.3) 

82 

( - 9 1 )  

15  

(6 .6)  

31 

(4.3)  

10 

(8 .9 )  

4 

85 

(10.1) 

2 

(6.3) 

103 

(3.2)  

46 

(4.7) 

42  

(4 .0)  

2 2  

( 8 . 2 )  

5 

105 

(7.1)  

67 

(4.1) 
- 
- 

96 

(10.7) 

96 

(10.7) 

23 

( 7 . 5 )  



as a b a s i s .  However, each man made his dec i s ion  upon his 

personal  preference  of ore-forming c o n t r o l s ,  and hence each 

dec i s ion  is biased,  

The models desc r ibed  i n  t h i s  paper could undoubtedly be 

improved upon, The authors  ques t ion  further refinement,  how- 

ever ,  due t o  t h e  reconnaissance na tu re  of t h e  map used for its 

compilation. The model presented i s  thought good enough t o  be 

used as a guide t o  mineral exp lo ra t ion  i n  this a r e a .  A study 

of the partial c o r r e l a t i o n  c o e f f i c i e n t s  i n d i c a t e s  t h e  strength 

of ore c o n t r o l  by geologic  v a r i a b l e s  i n  t he  a r e a ,  Analysis of 

t h e  models i n d i c a t e s  t h e  r e l a t i v e  s i g n i f i c a n c e  of each v a r i a b l e .  

A d e s c r i p t i o n  of t h e  IBM 1620 mul t ip le  r eg ress ion  program 

used f o r  the bulk of computations i n  t h e  r eg ress ions  is in -  

cluded i n  t h e  Appendix. 



REFERENCES 

Alaska S t a t e  Divis ion of Mines and Minerals,  Index cards  t o  
unpublished r e p o r t s  of Southeastern Alaska. 

Cobb, E .  H . ,  1959, Index of m e t a l l i c  and nonmetal l ic  mineral  
depos i t s  of Alaska: U.  S .  Geol. Survey Bul l .  1139, 363 p. 

Cobb, E .  H . ,  1960, Copper, l ead ,  and z inc  occurrences i n  Alaska : 
U .  S .  Geol. Survey Map MR-9. 

Cobb, E.  H . ,  1962, Lode gold and s i l v e r  occurrences i n  Alaska: 
U.  S . Geol. Survey Map MR-32. 

Cobb, E .  H,, Personal  communication. 

Condon, W.  H . ,  1961, Geology of t h e  Craig Quadrangle, Alaska: 
U.  S .  Geol. Survey Bul l .  1108-B. 

Heiner,  Lawrence E .  and Ge l l e r ,  S.  P . ,  1967, For t ran  I V  trend 
s u r f a c e  program f o r  t h e  I .B.M.  360 Model 40 computer: 
M.I.R.L. Report N o .  9 ,  Univers i ty  of Alaska. 

Kaesler ,  R.  L., Pres ton ,  F.  W . ,  Good, D. ,  1963, For t ran  11 
program f o r  c o e f f i c i e n t  of a s s o c i a t i o n  (match-coeff) using 
an I.B.M. 1620 computer, Kansas S t a t e  Geological Survey. 
7 P-  

M i l l e r ,  Robert L. ,  and Kahn, James S . ,  1962, S t a t i s t i c a l  
a n a l y s i s  i n  t h e  geo log ica l  sc iences :  John Wiley and Sons, 
New York, 357 p .  

Morrison, E, E. ,  1966, Men, machines, and modern t imes: M.I.T. 
P ress ,  Cambridge. 

Reed, John C .  and Coats,  Robert R . ,  1941, Geology and o r e  
d e p o s i t s  of t h e  Chichagof mining d i s t r i c t ,  Alaska: U.  S .  
Geol, Survey Bull. 929. 

Sokal,  R.  R . ,  and Michener, C .  D . ,  1958, A s t a t i s t i c a l  method 
f o r  eva lua t ing  sys temat ic  r e l a t i o n s h i p s .  Univers i ty  of 
Kansas Science Bul l . ,  v .  38, p t .  2 ,  p. 1409-1438. 

Twenhofel, William S .  and Sainsbury,  C .  L . ,  1958, ~ a u l t  p a t t e r n s  
i n  Southeastern Alaska: Geol. Soc. A m e r i c a  B u l l . ,  v .  69 ,  
p.  1431-1442. 



APPENDIX I 

MULTIPLE REGRESSION 

This mul t ip le  r eg ress ion  program was adapted from a pro- 

gram w r i t t e n  by M r .  P h i l i p  Johnson, A r c t i c  Environmental 

Engineering Laboratory of t h e  Univers i ty  of  Alaska. The pro- 

gram computes sums, averages,  s tandard  dev ia t ions ,  a  p a r t i a l  

c o r r e l a t i o n  mat r ix ,  c a l c u l a t e s  m u l t i p l e  r eg ress ions ,  including 

measures of t h e  "goodness of fit" and s tuden t s  T t e s t  fo r  each 

independent v a r i a b l e .  

Proqram Operation 

The u s e r  is respons ib le  f o r  w r i t i n g  h i s  own Read and 

Format Statements  a s  we l l  as For t ran  Statements t o  e f f e c t  any 

d a t a  t ransformations des i red .  The source program is t h e n  com- 

p i l e d  i n  PDQ For t ran .  This compiled program and the  PDQ For- 

t r a n  subrout ines  must then  be loaded. I t  is  now ready t o  

r ece ive  d a t a .  The d a t a  deck has a  lead  card  which conta ins :  

Col 1-3 Number of  v a r i a b l e s  (Not # p o i n t s )  

Col 4-13 I d e n t i t y  ( ~ l p h a n u m e r i c )  

The r e s t  of t he  d a t a  deck i s  composed of cards  f o r  each data 

po in t  conta in ing  t h e  v a r i a b l e s  for  t h a t  p o i n t .  A blank card 

a t  the  end of t h e  d a t a  te rminates  d a t a  reading by t h e  program. 

The program w i l l  genera te  and punch ou t  t h e  i d e n t i t y  and 

number of data p o i n t s  as  w e l l  as: 

Sums of the v a r i a b l e s  

Averages 

Standard Deviations 



Partial C o r r e l a t i o n  Matrix 

It w i l l  a l s o  p r i n t  (on t h e  console typewr i t e r )  t h e  p a r t i a l  

c o r r e l a t i o n  va lues  of v a r i a b l e  1 versus  all o t h e r  v a r i a b l e s .  

For t h i s  reason v a r i a b l e  1 should normally be the  dependent 

v a r i a b l e .  The program i s  now ready t o  so lve  reg ress ions  and 

w i l l  type: TYPE VARS. The opera to r  must then  e n t e r  t h e  de- 

s i r e d  variables on the typewri te r .  

S e l e c t i o n  of Var iables  

The dependent v a r i a b l e  and independent v a r i a b l e ( s )  a r e  

entered on t h e  typewr i t e r ,  one v a r i a b l e  a t  a time. The 

dependent v a r i a b l e  is t h e  v a r i a b l e  en tered  f i rs t .  Any v a r i -  

a b l e  may be entered  a s  t h e  dependent v a r i a b l e  and any one o r  

more v a r i a b l e s  a s  t h e  independent v a r i a b l e s .  Variables a r e  

entered  i n  I 2  format. Enter ing  00 as a v a r i a b l e  is  t h e  c l u e  

t o  the  program that a l l  s e l e c t e d  v a r i a b l e s  have been en te red .  

A sample e n t r y  t o  use v a r i a b l e s  1 ,  5 ,  18,  35, would be: 

OlRS (the dependent v a r i a b l e )  

05RS ( t h e  f i r s t  independent v a r i a b l e )  

18RS ( t h e  second independent v a r i a b l e )  

35RS ( t h e  t h i r d  independent v a r i a b l e )  

00% (end of v a r i a b l e  selection--do the  reg ress ion)  

Reqress ion 

The program w i l l  now form t h e  reg ress ion  matr ix ,  i n v e r t  

i t ,  and c a l c u l a t e  and put  ou t  t h e  following regress ion  va lues :  

Printed Output 

1. M u l t i p l e  c o r r e l a t i o n  c o e f f i c i e n t ,  R 



2 .  Standard e r r o r  

3 .  For each independent v a r i a b l e :  

A. The number of the v a r i a b l e  

B. The c o e f f i c i e n t  of t h e  v a r i a b l e  

C .  The T-Test ( s t u d e n t ' s  t) of s i g n i f i c a n c e  

Punched Output 

1. The number of the dependent v a r i a b l e  

2 .  The equat ion cons tant  

3 .  The mul t ip le  c o r r e l a t i o n  c o e f f i c i e n t  , R 

4. The s tandard  error 

5. For each independent v a r i a b l e  : 

A. The number of t h e  v a r i a b l e  

B. The c o e f f i c i e n t  of t h e  v a r i a b l e  

C.  The s tandard  e r r o r  of t h e  v a r i a b l e  

D. The T-Test ( s t u d e n t ' s  t )  of s i g n i f i c a n c e  

The regress ion  is now complete. The computer w i l l  now type 

TYPE VARS and accept  another  s e t  of v a r i a b l e s .  

General procedure to be followed f o r  e l imina t ing  non- 

s i g n i f i c a n t  v a r i a b l e s  is t o  drop t h a t  v a r i a b l e  which has the  

lowest va lue  o f  s tuden t s  T t e s t .  Run t h e  r e g r e s s i o n ,  and 

drop t h e  next low v a r i a b l e .  This process  is  continued u n t i l  

t h e  e l iminat ion  of any variable f r o m  t h e  r eg ress ion  s i g n i f i -  

can t ly  reduces t h e  mul t ip le  cokre la t ion  c o e f f i c i e n t  o r  g r e a t l y  

increases  t h e  s tandard  e r r o r .  

To enter a new s e t  of d a t a ,  branch t h e  program t o  t h e  

beginning by typing 4906600RS. 

A f o r t r a n  l i s t i n g  and sample punched output  follow. 



C PDQ l 6 2 b  2EG3ES;I L'?] 42 ;$PTEYFi23 ' . :  PI:j SPEC C h E  
C TO F I T  A SURFCCE 

3 I M c P i 5 1 G K  A ( 3 f i r 3 1 )  ~ V ( 2 5 )  9 . 3 ~ 1 2 5 )  , i : L 2 . i ( 2 5 ) r u 5 T t l i i ( 2 5 )  r I i r i b ( 2 5 )  
D I M t t j S I L N  d R ( 2 5 ) , k V ( 2 3 ) , r ( L 5 ) 1 I X ( 2 ? ) , ~ ( ~ : 5 ) , T T ( 2 5 )  

1 R E A D  9 9 , N V , A I , A 2  
DO 2 I = L , 2 5  
S U V l ( 1 )  = 5 .  
DO 2 J = l r Z 6  

2 A ( I 9 J )  = 0 .  
C R A N  CRCSS PR'JCUCTS 'JU I F ;  T i l i  U P P E R  ' ' I G t i T  H A L F  '1F Tk iE  I , ' A T R I X  

N=O 
3 R E A U  9 8 r V ( l ) ? V I J ) r V ( 4 ) , V ( 3 ) 9 v ( 5 ) ~ V ( 1 4 )  

I F ( V ( l ) J 6 r 6 * 5 5  
5 5  I F ( V ( l Y ) ) 5 3 r 5 3 ~ 5 4  
53 V ( l S ) = L - O C D 1  
54 C O N T I N U E  

DO 5 1  I I = 3 , 6  
I F ( V ( I I ) ) 5 2 , 5 2 , 5 1  

5 2  V ( I I ) = O . O C O l  
5 1  C O N T I N U E  

V ( 2 ) * L O G l V ( 1 ) + 1 3 . )  
v ( 7 ) = v ( 3 ) * v ( 3 )  
V ( 8 ) = ( V ( 3 ) + L L . ) * * * 5  
v l 9 ) = L c ( ~ ( V ( ? ) + 1 0 . 1  
v ( l ; ) = V ( 4 ) * v ( 4 )  
V ( l l ) = l V ( 4 ) + 1 C * ) * * . 5  
V ( ~ ~ ) = L O G ( V ( ~ ) + ~ C . )  
v ( 1 3 ) = v ( 5 ) * v ( 5 )  
V ( 1 4 l = ( V ( 5 ~ + 1 0 * ~ " * . 5  
V ( l 5 ) = L U G ( V ( 5 ) + I b s )  
V l 1 6 ) = V ( 6 ) * V ( 6 )  
V ( 1 7 ) = ( V ( 6 ) + 1 0 . ) * * * 5  
V ( l B ) = L C G ( V ( 6 ) + 1 u ~ )  
v f z C ) = V ( 1 9 ) * v 1 1 9 )  
V ( 2 1 ) = ( V ( 1 7 ) + 1 C . ) + * . 5  
V ( Z Z ) = L O G ( V ( l 4 ) + 1 D . )  

4 N = N + l  
30 5 I = 1 , N V  
S U M ( I )  3 SUM(1) + V I I )  
DO 5 J = I * N V  

5 A ( I , J )  = k ( 1 . J )  + V ( I ) * V ( J )  
GO T C  3 

6 P R I h i T  9 7  r A 1 , A Z y ; q  
PUNCH 9 7  r A l r A Z , N  
PUNCH 90 
DO 7 I = l , N V  

7  D ( I )  = S U Y ( 1 )  
P U N C H  9 5 * 0 ( l ) r 0 ( 2 )  r D ( ? ) r I ~ ( * ~ r C ( S ) , U ( b ) ~ C 1 7 ) , 3 ( 8 ) , I : ! ( ' 7 )  ~ 1 1 ( 1 0 ) ,  

1 D ( l l ) r D ( 1 2 ) r 0 ( 1 3 ) r D ( 1 4 ) , i : ( l S ) 1 i r ( 1 6 ) ~ I ~ ~ ~ 1 7 ) ~ ~ ( l 8 ) , ~ ~ l ~ ) ~ D ~ 2 C ) ~ D ( 2 l ) ~  
2 3 1 2 2 )  

X N  = N  
PUNCH 9 4  
00 8 1=1,i\rv 
A V I I )  = SUS(I)/XX 

a o c r )  = A V ( I )  
PUNCH 9 5 r D ( 1 ) * 0 ( 2 ) ~ U ( 3 ) r ~ ( * ) ~ ~ ~ ( 5 ) , 0 ( b ) ~ C ( 7 ) r C ( d ) ~ d I Y ) , D ( l C ) ,  
l D ~ l l ~ r D ~ l 2 ~ ~ ~ ~ l 3 ~ ~ C ~ l 4 ~ ~ J ~ ~ ~ ~ ~ J ~ ~ 6 ~ ~ C ~ l 7 ~ ~ ~ ~ l 8 ~ r P ~ ~ 9 ~ ~ D ~ 2 C ~ ~ ~ ~ ~ l ~ ~  
2 0 1 2 2 )  

C ADJUSTkD C p  GO I N  T H E  LO'.dkin LEFT t i A L F  U F  T H t  ~ , i A T f i l X  
DO 1 0  I = l , N V  
30 Ci J = l r l  



9 A(IrJ) = h(J,I) - SU'4(I)*AV(J) 
T(I)=SQRT(A(I*I)) 
SD(I)=T(I)/S3RTIXN-l.) 

10 D(I) = 5D(I) 
PUNCH 9 3  
PLJWH 9 5 r 3 1 l ) i 3 ( 2 ) ~ D ( 3 ) ~ 3 ( 4 ) r 2 ( 5 ) i ( b ) r D ( 7 ) t ~ ( i : ) r C ( Y ) * D ( l C ) r  

l D ~ l l ~ ~ ~ ~ l 2 ~ r ~ ~ l ~ ~ r d ~ l 4 ~ ~ ~ ~ l 5 ~ r ~ ~ l 6 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ l ~ 1 i ~ ~ ~ O ~ ~ ~ ~ ~ L ~ r  
ZD(22) 

PUNCH 9 2  
C THE CORRELATICN t4ATRIX G G E S  It\ THE UPPkR RIGHT n r r L i  ur T r i l t  YATHIX 

00 11 I=lrNV 
1 1  D ( I )  = 3 

DO 1 4  I=lrNV 
DO 5 C  K = l  tNV 

50 D ( K ) = C ' .  
30 12 J=I,NV 
A(I,J+l) = A(J$I)/(T(I)*T(J)) 

12 D ( J )  = A(I,J+l) 
IF(I-l)13*13il4 
IF(I-2)13t13*14 

1 3  PRINT 9 1 i D ( 1 ) r D ( 2 ) ~ D ( 3 ) r U ( 4 ) r b ~ 5 ) ~ D ( 6 ) r D ~ 7 ) r 3 ( ~ ) r J ( ~ ) r 1 ) ( 1 2 ) ~  
1 D ( l l l r D ( 1 2 ) r D ~ 1 3 ) r D ( I 4 t ~ U ~ L 5 ) ~ D ~ 1 6 I i I : ~ ~ 7 ) i E l l ~ ) ~ ~ ~ ( l ' ~ ) ~ ~ ~ l 2 ~ ) r ~ ( ~ l ) ~  
2D(22) 

1 4  PUNCH 9 5 i D ( l ) r D ( Z ) ~ D ( 3 ) r ~ ( 4 ) r ~ ( b ) r ~ ( b i r ~ ~ ( 7 ) r ~ ( 0 t ~ ~ ~ ~ j ) ~ ~ ~ ( l ~ ) ~  
1 D ( l l ) ~ D ( l 2 ~ r D ~ 1 3 ) ~ D ( 1 4 ) ~ 3 ~ 1 5 ) i D ~ I 6 ) i u ~ ~ 7 ) r ~ ( l ~ ) r i ~ ( ~ ~ ) r ~ ( 2 C ) ~ 2 ( 4 l ) r  
2i)(22) 

15 PRINT 78 
ACCEPT 90rIY 
D O  16 I=lr20 
ACCEPT YOiIX(1 
IF (IX(1)) 17i17r16 

16 CONTINUk 
17 PUNCH 89rIY 
18 N = 1-1 

NN = 3C-h 
NN1 = Nh+l 
IF (N-1) 22r22rlY 

19 DO 2 1  I=ZrN 
IF (IX(I)-IX(I-l)) 2 L 9 2 ? * ~ 1  

20 PRINT 88 
GO TG 1 5  

21 C O N T I N U E  
C FORj !  CORRELATICN I ~ A T N T X  TC dE INVERTLP 

22 DO 25 I=lrN 
NNI = Nh+I 
1x1 = IX(I) 
IF (IY-IX(I))23,2UrZO 

2 3  RHS(1) = A(IYrIXI+l) 
2 4  DO 25 J=lrl 

NNJ = Nh+J 
IXJ = IX(J) 
A(NN1,J) = A(IXJrIXI+l) 

25 A(NhJ,I) = A(NN1rJ) 
C ' . 'ATR I X I YVFES I 2 N  PqZSRAl.1  

30 OC 3 4  I=l,N 
YNI = iulv+I 
X =  A(ILNI,I 
A(NEIrI) = 1. 
G9 31 J = l r ? ~  

?1  A(NhIiJJ = lIh'YI,J)/X 
20 3 4  i C = l r h  



NNK = N,u+L 
I F ( & - I )  3 2 , 3 4 9 3 2  

3 2  X = A I N h K r l )  
A ( N N < , I )  = G. 
DO 33 J=l* ' \ l  

:? A ( N & K r J )  = P ( Y N 6 , J ) - X * A ( h N I i J )  
3 4  CCNTJYUE 

C  CALCULATE R E G R E S S I O h   COEFFICIENT^ ( d )  ANC STANDARD REGRESSION 
C C O E F I C I E N T S  ( D S T A R )  

37 DO 39  I = l , N  
K K I  = NIvt I  
BSTAR(1) = 0 .  
DO 3 8  J = l r N  

3 8  B S T A R ( 1 )  = E S T A R ( 1 )  + A ( N N I r J ) * R H S ( J )  
1 x 1  = I X ( I )  

39  9 R ( I )  = F S T A R t I I  * T ( I Y I  / T ( I X I  1 
CONST = C V ( I Y )  
DC 40 I = l r N  
1 x 1  = I X I I )  

40 CONST = CaNST - b R ( 1 )  * A V ( I X ~ )  
PUNCH 8 7 9  CONST 
5 = C. 
00 4 1  I = L , N  
1 x 1  = I X ( I )  

41 S = S + ~ R ( I ) * A ( I Y I I X I + ~ ) * T ( I Y ) * T ( I X I )  
R R = S G H T ( S / T ( I Y ) / T ( I Y ) )  
PUNCH 8 5 9  R R  
P R I N T  8 4 r R R  
NO = XN 
DE'U = YU - N - 1 
STERR=SGRT((T(IY)*T(IY)-S)/DEN) 
PUNCH 8 3 9  STERR 
P R I N T  8 Z r S T k R R  
PUNCH 8 1  
DO 4 2  I = l r N  
NNI = N N + I  
1 x 1  = I X ( I I  
SR=STERK/T(IXI)*SCRT(A("U~III)) 
T T T = U R ( I ) / S R  
P R I N T  B U , I X ( I ) t b R ( I ) r T T T  

42 PUYCH 7 9 9  I X ( I ) r  d 9 ( I ) ,  S H q T T T  
GO T C  1 5  

78  FORIVIAT ( / / l @ H E l r i T E d  V A R S )  
79 FORMAT ( 1 5 r C F 1 5 . 5 )  
80 F O R V A T ( I 3 , F 1 1 . 4 , F 8 . 3 )  
8 1  FORMAT( / 7 H I N D  V J R , ~ X ~ ~ H I ? E ~ ~  C C E F , ~ X I F H S T C  E R R O S r l O X l H T )  
8 2  F 3 R 8 ~ 1 A T (  2 H S E r F 9 . 4 )  
83  F O R Y A T ( Z H S E , l l X F 1 3 . 5 )  
84 F O R V A T ( l H R , F 1 0 . 4 )  
8 5  F O R M A T I 1 H R r l Z X F 1 3 . 5 )  
87 FOR:4AT(5HCONLTr6XF13.5)  
88 F O R Y A T ( / 1 7 t I P b T  V A k S  I N  O k D t R )  
89  F O R M A T ( / / 6 H D t P V A R * I 7 )  
90 FORPAT ( I 2  
91 FORMAT(F6.3/7F6.3/7F6.3/1OF6.3/) 
92 F O R M A T ( / 4 H C O R R )  
93  F O R M A T ( / 5 H S T D E V )  
9 4  F O R M A T ( / 3 H A V G )  
95 F O R t V A T ( 7 F l G * 5 / 7 F l d . 5 / 7 F l ~ . 3 / 7 F l O m 5 / )  
96 FORXAT ( / 4 H S U M S )  
97  F O R V A T ( / 2 A 5 9 1 5 )  





SAMPLE OUTPUT 

C R A I G  0 4 8  

SUMS 
s27300E 0 3  s69250E 0 3  m76000E D L  m10479E 0 4  0 2 4 8 0 9 E  0 4  - 1 O Y 0 0 t  0 3  s 7 7 3 0 0 k  02 
a53000E 0 2  .5000UE 0 2  s19000E 0.2 a3C8QOE 0 3  m19320E 0 3  m30L00k C3 s 3 5 1 0 0 t  02  
- 1 4 6 5 0 E  0 3  a86400E 02  - 1 0 4 7 0 E  0 3  

AVG 
~ 5 6 8 7 5 E  0 1  - 1 4 4 2 7 E  0 2  ~ 1 5 8 3 3 E  0 1  .21831E 0 2  - 5 1 4 8 5 E  0 2  - 2 2 7 0 8 E  0 1  s16041E 0 1  
o11041E 0 1  a10416E 0 1  e39583E O U  0 6 4 1 6 6 E  0 1  m4025GE 0 1  - 1 8 7 9 1 E  0 2  e73125E 0 0  
- 3 0 5 2 0 E  0 1  .18000E 0 1  s 2 1 8 1 2 E  0 1  

STDEV 
-55Q88E 0 1  e22687E 02  ,5226RE C 1  s34814E 0 2  m36541E 0 2  - 1 4 5 4 8 E  0 1  -19972E 0 1  
r l 5 6 0 6 ~  0 1  r 1 3 8 3 1 E  0 1  0 4 9 4 2 0 E  0 0  - 3 0 9 9 9 E  0 1  s35345E 0 1  .20401E 02  e23670E 0 1  
0 4 6 5 6 5 E  0 1  a19793E 0 1  .2000?E 0 1  

CORR 
.10000E 0 1  .37130E-01 .43929E-01 .45259E-01 e15091E-01-m22017E 00- -14684E 0 0  

-.43153E-01 ~ 1 9 1 6 2 E  00 - 2 4 1 7 8 E  00-.95622k-C1-.30041E 00-m14182E 0 0  - 3 3 2 4 8 E  00 
.55805E-G1-.26049E PO-e26603E 00 
.GOOOOE-50 .10000E 01-.98890€-01-.23710E 0 0 - s 3 4 8 8 7 E  CO-ad4736E-01 s17684E GO 

-.92379E-01 s23666E 00-a13893E 0 0  . l l l l O E  0 0  a35641E-01  e25124E 0 0  s36730E 00  
m27005E 00-s48307E 00-.58678E Oo 
sCOOOOE-50 .0000CE-5C s1000'JE 01 -e17574E 0 0  a11915E G0- *88089E-01  .LL089E 00 
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DEPVAR 1 
CCNST 9.96803 
R a 5 2 3 4 4  
5 E 5.29024 

IND VAR REGR COEF 
6 -.43859 
7 ~ 1 0 6 1 2  
9 .49499 

1 0  ~ 9 1 2 8 6  
11 - e 2 0 1 5 0  
1 2  -.37739 
1 3 - 0 0 4 4 4 6  
14 a 4 2 4 4 7  
1 6  m07956 
1 7  -.52160 

S T D  ERROR 
-88819 
. 76644  
s 8 6 5 4 5  

2.36933 
s 5 6 9 0 3  
s 3 0 7 0 4  
a 0 4 5 3 8  
,37916  
s 8 72  7 4  
0 9 0 1 4 4  


