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ABSTRACT

The Mineral Industry Research Laboratory, University of
Alaska, has investigated the application of computers and
statistics to mineral deposits in Alaska. Existing programs
have been adapted and new ones written for the computers
availlable at the University.

The methods tested are trend surface analysis and geologic
model making. An existing coefficient of association program
was converted to Fortran IV, but was not applied to an Alaskan
problem. A trend surface is a mathematically describable sur-
face that most closely approximates a surface representing
observed data. In geologic model making, regression analysis
is used to determine what geologic features are significant
as ore controls. Coefficient of association compares samples
to each other on the basis of a variable being presgsent or
abgent.

Trend surfaces were computed for dips and strikes of geo-
logic features (veins, faults, bedrock) for Southeastern Alaska,
the Chichagof district, and the Hyder district. Results for
the first two are presented as maps. Trend surfaces and
residual maps were prepared for geochemical data from the Slana
district, Alaska. A mineral occurrence model was made for a
portion of the Craig Quadrangle, and potential values were com-
puted for cells in the area. Appraisals of potential values
by five geologists are compared with those of the model.

An IBM 1620 multiple regression program is included.
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INTRODUCTION

The computer, as is well known, has made possible the
handling of large amounts of data, generally through statis-
tics. Geology has always been capable of generating much
larger guantities of data than could be handled, and in the
past, analyses have necessarily been based on largely quali-
tative rather than quantitative considerations. Computer
programs have been and are being written and applied to many
phases of geology, and in the fall of 1966, the Mineral Indus-
try Research Laboratory began a study of some of these. The
study has been conducted in three stages. Stage I, the gather-
ing of data, is a contilnuing process., Stage II is the develop-
ment of new programs and the adaptation of existing ones to
computers available at the University of Alaska. Stage III 1is
the exploration of applications to mineral deposits in Alaska,
especially in Southeastern Alaska. All three stages are inter-
related, that is, if it is desired to test a new application,
more data may have to be abstracted from the literature and a
new program written or adapted.

So far, three main applicatlions have been tried. Two of
these involve trend surface analysis, and the third, geologic

model making.

Trend Surfaces

A trend surface 1s a mathematically describable surface
that approximates a surface representing observed data. If

the equation that is to be used to describe the surface is



stated, then it is possible, by the method of least squares,
to compute the surface that most cloself approximates the
original data. Thus i1f a simple linear equation in three
unknowns 1s chosen:
Z =a+ bX + c¥Y

in which X and Y are coordinates north or south and west or
east, and Z is gomething measured at those coordinates, the
coefficlients a, b, and ¢, are chosen so that only one plane
surface is generated. This plane surface is the one for which

Y. (2,-2)? is minimum, where:

2y computed valve on the plane at a coordinate

Z

i

observed value at that coordinate
Such a plane of course 1s the simplest type of txend, and might
well describe the distribution of sediment size on the continen-
tal shelf (Miller, Kahn, 1965).

Similarly, a quadrapic equation can be chosen:

Z = a+ bX + Y + dX2 + exy + fv2
having the same property of least squares, or a cublc equation:
Z=a+bX+ c¥ + dX2 + eXY + f¥2 + gx3 + nhxy? + ix2v + jy¥3

Such equations up to sixth degree have been computed in
the present study. It may also be desirable to transform the
data, e.g., take logarithms, squares, or sguare roots, and to
then compute the surfaces. The higher the degree of the equa-
tion chosen, the more closely the surface generated can approxi-
mate the surface defined by the original data, since more inflec-
tions can be included. It must be kept in mind, however, when

viewing trend surface maps that the pattern does not approximate
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the true surface in areas away from the data points. If this
were not so, it would be possible to apply trend surface
analysis to an area and extend the trend without limit. Actu-
ally, negative and positive values, without physical meaning,
often occur near the edges. Contours near the borders there~
fore, should be disregarded, unless it is known that adequate
data were available there.

There immediately become apparent two general applications

| of trend surface analyses. (a) By computing a surface that

varies gradually, local sharp variations are eliminated or at
least subdued. This allows regional trends to be traced and
projected. (b) If the computed values are subtracted from the
observed values, or the trend surface from the actual surface,
regional effects are removed, leaving accentuated anomalies.
This removal of the regional trend has been applied for a long
time to geophysical data; trend suxfaces allow a refinement of
the method previously unknown.

In making a trend map, the computer first computes Z values
between the observed data points utilizing the equation produced.
These values are then automatically contoured and the éomputed
values subtracted from the observed values to give residuals.
The residuals are contoured by hand. Figure 1 shows six trend
surface maps made by the IBM 360 Model 40.

A complete description of the trend program, input, method,
and output, for the trend surface program may be obtained by
reference to MIRL Report No. 9 (Helner and Geller, 1967).

Some of the literature rxeviewed suggests the application
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Figure 1 Example Trend Surface Maps
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of trend surface analysils to structural data. After studyiné
this application, some caution is advised, Trend surface
analysis is not a cure-all approach for handling aata, and
least of all for structural data. Structural information is
difficult to quantify, and direction data (azimuths) must be
carefully handled so as not to change the true picture radi-
cally, or even make the data meaningless. For example, the
average strike of N 60° W and N 60° E could be due N or due E.
Structural data for Southeastern Alaska, the Chichagof
district and the Hyder mining district were gathered and
trend surfaces computed. The results of the first two are in-
cluded in this report. Data available from the Hyder district
were not sufficient to produce significant results and that

district, therefore, was not included.

Data Gathering

Data on mines in Southeastern Alaska were gathered from
several sources. Published and unpublished reference worksg
were consulted first (Cobb, 1959; Cobb, personal communication;
Cobb, 1960; Cobb, 1962). Copies of index cards of unpublished
State Division of Mines and Minerals reports were also obtained
from the Division. The individual properties were then looked
up, and pertinent information recorded on cards, one card to
each property. The unpublished reports of the Division of
Mines and Minerals were also examined and information abstracted

and recorded.



Geoloagic Model Making by Regression Analysis

The Mineral Industry Research Laboratory has investigated
the use of regression analysis for selection of target areas.
Basically, regression analysis is a mathematical tool which
enables the computation of best fitting surfaces to a set of
independent variables by the least squares criterian.

The geologist, in picking what he considers to be a
favorable place to prospect, 1s guilided by a number of factors.
Most of these are geologic, but analysis of past history and
geophysical and geochemical tools are also used. Examples of
geologic factors, which, on a reconnaissance basis may be
taken from aerial photographs or maps, are nearness of intru-
gsive rocks, faults, and type of bedrock. Selections based on
such criteria may be biased by the person doing the analysis.
Controls for ore in one section of the country with which the
geologist is familiar may influence his choice; these controls
may or may not be significant in the area being investigated.
Another difficulty encountered by an individual is the inability
to keep in mind and judge simultaneocusly more than a few inde-
pendently varying controls. Means are available for removing
personal bias from the selection of search areas, and for keep-
ing track of a large number of variables.

There are two points to remember: (1) A trained and ex-
perienced geologist may develop a "nose for ore" that is at
times very successful, and (2) a computer simply gives answers
baged on information furnished to it. Under certain circum-

stances it can be a valuable complement to the geologist noted

-6 -
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above. It is true that a computer does remove the bias from
the choice of an area, but only because it gives 100% literal
answers based upon 1ts information. One should heed the
advice of E. E. Morison (1966) quoted in Science, "Thus they
(earlier machines) set clear limits to man's ineptitude (by
breaking down). For the computer the limits, I believe, are
not so obvious. Used in ignorance or stupidity, asked a fool-
ish question, it does not collapse; it goes on to answer a
fool according to his folly. And the questionex being a fool

will go on to act on the reply."

COEFFICIENT OF ASSOCIATION PROGRAM

An existing coefficient of association program by Kaesler,
Preston, and Good, (State Geological Survey of Kansas, Specilal
Distribution Publication 4, 1963) written in Fortran II was
converted to Fortran IV. This program 1s designed for comput-
ing simple matching coefficients for as many as 70 items with
as many as 70 characters or observations in each. It compares
samples to each other on a basis of a variable beilng present
or absent (Sokal & Michener, 1958, p. 1417). Although the
program has been adapted and is ready for use, it has not been
applied to any major problems here. The program is best des-
cribed by guoting Kaesler, et.al, (1963).

"A number of characters is examined for each sample

(preferably 35 or more) and a 2 is recorded for the

property or condition if present, a 1 for the property

or condition if absent., Each column of data (sample)

is then compared with all others, and the number of

-7 -



character states each column has in common with every
other column is recorded. Character states in common
are called "matches.” If data from two samples from

a larger study were

NN PN
SIS (S

the number of matches would be 3. This number of
matches is divided by the total number of comparisons
(5 in this case) to give the coefficient of associa-
tion or simple matching coefficient (here 3/5 = 0.6).

"When comparing more than 2 samples, one should
not use data that show no change of state in a row
(Sokal and Sneath, in preparation). The reason for
this restriction is obvious if we congider an extreme
hypothetical case.

"Suppose that Pennsylvanian cyclothems have been
sampled for the following fossils - Olenellug (Cam-

brian), Strophomena (Ordovician), Polvdiexodina

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

cause none of these fosslls were found, the data would

have perfect matches at all localities, and the com-

puted coefficients of associatlon would equal one.
"Similarly, in a mineralogical study of sand-

stone 1t generally would be unwise to include quartz

because it would normally be present in all samples

and would lead to an unjustifiably large coefficient



of association.”

The simple matching coefficient indicates the degree of
gimilarity among samples reduced to two states (Kaesler, et.al,

1963} .

The equation for the coefficient is:

m
Ssm=;

Where: Sg, = the coefficient
m = the number of matches
n = the total numbex of comparisons

Lack of association is indicated by 0.00, maximum correlation

by 1.000.

Sample Problem

The following description, problems, etc. are taken directly
from Kaesler, et.al. (1963).

"In an area being investigated ecologically, sam-—

ples were obtained at 5 stations. Six ostracode

0}

species were found in the samples, but not all were

present at each station. Using 2 for "ostracode

n

present" and 1 for "“ostracode absent," the data are:

Station 1 2 3 4 5

Species
1 2 L 2 1 2
2 2 1 1 2 2
3 2 1 2 2 1
4 2 1 1 1 1
5 2 1 2 1 2
6 1 2 1 2 2

Here M = 5, N = 6. (See next page)
s A Fortran IV listing follows.

- 9 -



10

12
13
40
60

S0
100
110
115
120
130
140
150
151
160
170
180
190
200
210
220
230
240
250
260
270
280
281
285
286
290
300

DISK OPERATING SYSTEM/360 FORTRAN 360N~FO-451 20

DIMENSICN 'ID(70,70},12(70),St{70)sT{70)
READ(L,LL) HMoN

FORMATL 10X,1292X,12)
AN=N

ANT=1,/AN

D] 140 I=1,N

READ(1,61) (1Z(K), K=1,M)
FORMAT(10X,7011)

00 130 J=1,M
IFCIZ{J)-1)110,110,120
ID(1,44)==1

G0 TO 120

ID(I,J)=)

CONYINUE

CONTINUE

WRITE(3,4151)

FORMAT{'0' 22X,36HTABLE OF COEFFICIENTS OF ASSOCIATION
DO 290 J=1l,HM

DO 270 K=l ,M

TSUM=D

1F1J-X)200,260,270

00 220 I=1,N

TSUM= TSUMCID(T1oJ)*ID(1,4K)
CONTINUE

SIK}=ISUM
T(K)=0.5«S(K}*ANI+0,5

GO Y0 270

TiK)I=1.0000

CONT INUE

WRITE(3,281) J

FORMAY (12X, 12HROW NUMBER = 413}
WRITE(3,286) {T(K),K=JyH)
FORMAT( 10X, 10F7.4)
CONYINUE

GC TO 10

ENO

Listing of nomenclature.

BHOgHZE

ISUM
S (K)
T (K)

IZ(K) ;
ID(J,K) = data matrix stored in core of computer; the l's have

number of columns.

numbey of rows.

row index.

column index.

dummy column index for compaxison with J.
number of matches minug pumbey of mimsmatches.
floating point equivalent of ISUM.
coefficient of associatlon or simple matching

I I T BT (I {4

values are set equal to 1.0000.
input data found on one card, X = 1, 2, ..., M.

been converted to -1 and the 2's to +1l1.

10

coefficlent. K ig incremented from J = 1 to M and
13 punched for each value of J from 1 to M, Diagonal



LINEAR ELEMENTS OF SOUTHEASTERN ALASKA

' Twenhofel and Sainsbury (1958) have studied aerial photo-
graphs of Southeastern Alaska and plotted the linears obsexved
on a map with a scale of 25 miles to the inch. They believe
that most of the linears represent faults or fault scaxrps.
Their map is reproduced in Figure 2. In the present study,
the map was divided into squares 30' wide in an east-west
direction, and 15’ wide in a north-south direction.. The aver-
age strike of the linears falling within a circular area of
about 240 sguare miles at each of the corners was determined
visually, and this strike value assigned to the coordinate.
It should be noted that this average regional strike is not
neceésarily the same as the -strike of the major linears.

The results of trend suxrface analysis. are shown in Fig-

ures 3 and 4. Figure 3 is a map showing contours of the sixth
degree surface. Important and potentially important ore depos-

its are indicated on this map by stars. These deposits from
north to south are;

Klukwan (iron)

Berners Bay (gold)

Eagle River (gold)

Juneau (gold)'

Funter Bay (nickel, gold)

Bohemia Basin (nickel)

Sitka (gold)

Windham Bay (gold)

Hyder (gold)
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Helm Bay {(gold)

Kasaan Peninsula (copper, gold)
Jumbo Basin (copper, gold)
Dolomi (gold)

Ross-Adams (uranium)

Aside from the information that the regional trend swings
wegterly in the north and south, this map tells little about
the relationship of mines to structure. Figure 4, the sixth
degree residual wmap, however, indicates that only two deposits,
Klukwan and Bohemia Basin, lie in areas of énomalous strike.
From this it is concluded that ore deposits in Southeastern
Alaska tend to occur along regional trends of lineaments, a
conclusion that has been reached on strictly geological infor-
mation by several workexs (e.g., Twenhofel and Sainsbury. 1958,

p. 1441).

CHICHAGOF DISTRICT

Twenty-nine mines and prospects, as described in U. S.
Geological Survey Bulletin 929 (Reed and Coats, 1942) have
been plotted on maps, and various structural data have been
analyzed. Trend surface maps from first to sixth degree were
made, as well as maps of residuals and original data. The
structural elements analyzed are strike and dip of the veins:
strike of linears and strike and dip of bedrock. The linears
were mapped from aerial photographs: most of them are believed
to be faults or fault scarps.

A weakness of the data is that although there are both
ma jor producers and undoubtedly worthless prospects, yet there

- 15 -



ig very little on which to rank each deposit. The Chichagof
mine ($13 milllon production) and the Hirst-Chichagof mine
($2.5 million production) are identified by special symbols
on all maps.

Data are presented as contour maps. Note that azimuths

read clockwise from west, so that 90° is north.

Strike of Veins

figures S, 6, and 7 are plots of original data, fourth
degree trend surface, and fourth degree regiduals of strike of
veins. The map of original data shows that veins are formed
in faults that trend westerly in the north, northwesterly in
the central map area, and northerly in the east and south.
The trend surface map also roughly approximates this pattern,
The plot of residual values indicates that in most parts of the
area the mineralized veins are on the regional trend, but that
south and east of Chichagof, they strike somewhat more westerly
(negative residuals). Standard deviation = 22.3° , correlatlion

coefficient = 0.83.

Dip of Veins

Figures 8 and 9 show the original data and fourth degree
trend surface for dip of veins. Most mineralized veins range
in dip from 50° to 80° . The plot of residuals, (Figure 10)
indicates that there are few deviations from the regional trend.

Standard deviation = 11.8° , correlation coefficient = 0.60.

- 16 -



Figure 5 - Strike of Veins, Chichagof District, S.E. Alaska -
Original Data

Contour Interval = 25©

= Mine or Prospect ®= Major Producer
Azimuths in degrees clockwise from west.
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Figure 6 - Strike of Veins, Chichagof District, S.E. Alaska -
Fourth Degree Trend Surface

Contour Interval = 20°
= Mine or Prospect @ = Major Producer
Azimuths in degrees clockwise from west.

- 18 -



Filgure 7 - Strike of Veins, Chichagof District, S.E. Alaska -
Fourth Degree Residuals

Contour Interval = 25°©
= Mine or Prospect
Contours:

-+

-—

East
West

@ = Major Producer

_19_




Figure 8 - Dip of Veins, Chichagof District, S.E. Alaska -
Original Data

* = Mine or Prospect
Contour Interval = 20°

O = Major Producer

_20_




Figuxe 9 - Dip of Veins, Chichagof District, S.E. Alaska -
Fourth Degree Trend Surface

Contour Intexval 10°
Y = Mine or Prospect @: Major Producer



Figure 10 - Dip of Veing, Chichagof District, S.E. Alagka -
Fourth Degree Residuals

* = Mine or Prospec ®= Major Producer

Contours: '
+ = East
- = West

- 22 -




Strike of Linears

Figure 11 shows some of the principal linears of the dis-
trict as interpreted from aerial photographs in U.S.G.S. Bul-
letin 929. Figure 12, the sixth degree trend surface, indicates
that the mineralized veins all lie in areas where the regional
trend of faults varies from N 40° W to N 50° W. The residual
map, Figure 13, indicates that only three prospects occur in
areas where the linears vary more than 10° from the regional
trend, and that a 16° deviation is the maximum. In any area,
those faults which conform to the regional trend are those
mineralized. Standard deviation = 10.43°, correlation coeffic-

ient = 0.65.

Strike of Bedrock

Figure 14, showing strike of bedrock, indicates that there
ig some tendency for prospects to occur in regions where the
strike is N 40° to 50° W. The regiocnal trend, Figure 15, indi-
cates a concentration of veins between N 50° W and N 60° W.
Figure 16 shows that the deviations from the regional trend are
small. Apparently, there is little tendency for mineralized
veins to occur along the regional strike of bedrock, although
there 13 a preference, as noted, for a certain range of strikes.

Standard deviation = 8.9°, correlation coefficient = 0.63.

Dip of Bedrock

No relationship is apparent between dip of bedrock and
veins (Figure 17). The fourth degree trend surface (Figure 18)

indicates a slight preference for the steeper dipsg (60-700).
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Figure 1l - Linears in Chichagof District, S.E, Alaska

Mine ox Prospect
Major Producer
After U.8.G.S. Bull. 929)
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FPigure 12 - Strike of Linears, Chichagof District, S.R.
Alagka - Sixth Degree Trend Surface.

Contour Interval = 10°
o = Mine or Prospect (8 = Major Producer
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Figure 13 - Strike of Linears, Chichagof District, S.E. Alaska -
8ixth Degree Residuals

¢ = Mine or Prospect @ = Major Producer
Contours in degrees
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Figure 14 - Strike of Bedrock, Chichagof District, S.E. Alaska -
Original Data

* = Mine or Prospect
= Major Producer
Azimuths in degrees clockwise from west.
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- Strike of Bedrock, Chichagof District, S.E. Alaska -

Figure 15
Fourth Degree Trend Surface.

*s Mine or Prospect @:—- Major Producer

Contour Interval = 10°
Azimuths in degrees clockwise from west.
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Figure 16 - Strike of Bedrock, Chichagof District, S.E. Alaska -
Fourth Degree Residuals.

* = Mine or Prospect @ =

= Major Producer
Contours:

+ = East
- = West
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Figure 17 - Dip of Bedrock, Chichagof District, S.E. Alaska -
Original Data

Contour Interval = 5°
* =~ Mine or Prospect @ = Major Producer
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Figure 18 - Dip of Bedrock, Chichagof District, S.E., Alaska -
Fourth Degree Trend Surface.

Contour Interval = 10°
* = Mine or Prospect @ = Major Producer
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However, the residuals, (Figure 19), indicate that only three
deposits occur in areas of anomalous bedrock dip. Standard

deviation = 4.96°, correlation coefficient = 0.66.

APPLICATION OF TREND SURFACE ANALYSIS
TO A GEOCHEMICAL PROBLEM

Alaska Division of Mines and Minerals Geochemlcal Report
No. 2, by D. H. Richter, on the Slana District, provided a
tesf for trend surface analysis of geochemical data. The map
of geochemical data was subdivided into one inch squares, and
the coordinates of sample points as well as geochemical con-
tent at those points were tabulated and punched. All samples
axe stream sediments. Trend surfaces for first through sixth
degree were obtained for coppexr, molykdenum, zinc, lead, and
cltrate soluble heavy metal content. Approximately 130 data
points were involved in each run, utilizing ten minutes of
IBM 360/40 computer time each.

The gixth degree trend map for zinc (Figure 20) indicates
an area of high zinc content encompassing most of the gquartz
monzonlte pluton and border zone south of Long Lake. A regional
high of 200 ppm zinc is computed fox this area. The 100 ppm
trend contour extends westward to include the diorite-quartz
diorite intrusives norxtheast of Grubstake Creek. The zinc
residual map (Figure 21) indicates local highs south of Long
Lake and southeast of Flat Lake. These range from 100 to 200
ppﬁ higher than the computed trend for the area. Three otﬁér
areas are indicated; one south of Grubstake Creek, one north-
east of Grubstake and one north of Indian Pass Lake. These
are 100 ppm above regional trend.
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Figure 19 - Dip of Bedrock,

Fourth Degree Residuals

* = Mine or Prospect
= Major Producer

Contours:

+ = East

- = West

Chichagof District, S.E. Alaska ~

- 33 -~




‘DUtz - 0Z aInbrg

de puai] 29abag yixrsg

LOTYLSIA VNVIS IHL 4O dVH TYOIWIAHD 04D

!'uua]f;_)

|
“-h-_- -ﬁ

o R Ipa

ol P 3= Pwieaial pUR [- P Ta) WEYRD
Avasng TerTElwRG ‘P I peipires Oeitaledor

,

(LR L

LL I ¥ 4

Q@

s{irms powzeam p1viz

iq paIses weidew Mo} mase) panoaTRaey
gy Teqmesd WM LiBaR JO WOPIRE MMM

YRl WE EmDWE §TRIR FDTERE [RETITL

TE[rIeE RN M G Ie)
plvEesyy Tewsl [ R aEyREaD

L)

T pue pIHAIY] BaaAOM

TO[RIME W 30 VRS 18] FleRERINY
ey

SpYCESEN WYl SN O

] 30 Y,

rmg Imbd g ‘e tmld pgp ez tmdd ary e
pub ‘g ‘yuyn Czeddes e

I{nfuy ] prmafyTeq Tedda) VATEL pTOGERSYL

spsydums poxitean Lioptioee] W] womepqiyow

U PRLLMT] e

yETRA S130% 18
fyyrneqzes ‘rpiinh ISR Te wACVE E

Tuys

M e

AR Ly PR pEE VORI (04 pepp] D

frinas. ek IROT ARy
rede.3 “erpeoTeow Faivek
pruyrsiiwl) el Lbpat syTRCdReR TLARG

[
13 n3awel Tpals

NOILYNVYIdX3

STIYEINIW GNY SINIW 40 NOISIAIG VASVIY

TYOIIWAHDO3D

LE0dTd




GEOCHEMICAL REFPORT 2

ALASKA DIVISION OF MINES AND MINERALS

EXPLANATION

@ an....
S E Dlorits med wasty diovite.
R

i Quarty mmponits, porphyritic querts
. ite, and mioor dieti

Quvty mragonite turder weom: Phwe—imalmed
] qearts seReemike, K-uper TOUK, qvarts aar-
Lit] wonste roch, querte-rieimsl ins reak, 4mi

sleared country raci

D Bedied volcealo and pedlumncary tocks.

——mwmn Comapicorud llmoofts, clay, oT sericite
Flr | alversties womes,

Ynown #udfide-banrieg quarts, carbeasts,
or barite wilsd,

e Infurred fwsle,

Siremm medisea( smpple sl somder. Clircle
O 8 tapgeat o pereaw 4t emmple aite. Dt
20 fon chptla Ladlcnten ammple tustad by Eindd
sachadd only {eamplas 266-TL4}.

Copcwatrative of coppef, xim, lead, end
molybdewas {4 Laborattry asalyzed samplas.
Tarssbold values [epper backgresnd Lielza}s
Cu, 150 ppmy Za, LSO ppa P, 50 ppmi
6y,

O Lass Chas Threshols.

o Barwess Chfeahald sud 1 Clmea
Earashold for oba oF moTe Efals

o n«!_.novl»ﬂl-.v;or-:‘
tox omr or more matale.

Priocipsl sartched metels shovs L Md,

Coscestiation of Basvy satsls prescer thea
(I Sackpround (uwws Ear samplan hated by
Lol mothod saiy).

Cwology st gesebamicel swsplieg D Richts
1943 wed LH6A, gexiecad by ¥, Thillige, Jr.,
1% aad D, Sebpab, 1 Brocklsurat, sed
Zichtar 1944, .

Topography wedifled frem 9.5, Gewligical Suiresy
Gullns C+1 gad 01 smd Nabodwa C-4 mad Dl
quadyanglan,

GEOCHEMICAL MAP OF THE SLANA DISTRICT

Figure 21 - Zinc, Fi¥st Degree Residual Map
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The sixth degree surface for copper (Figure 22) indicates
that the pluton and most of the upper part of the map area has
a copper content of greater than 50 ppm. The residual map
(Figure 23) localizes several anomalles, one near Long Lake,
northeast of Indian Pass Lake, and northeast of Grubstake
Creek. Other positive areas are indicated within the boun-
daries of thé zero contours. A sample having 1000 ppm copper
near Long Lake was removed and new surfaces generated. This
resulted in a northward shift of the sixth degree trend (Filgure
24) and the inclusion of a trend high north of Flat Lake. The
residual map (Figure 25) becomes more distinct, and shows more
regions of interest because the trend surface is lowered.
Anomalous regions along the border zone of the pluton are
delineated.

The sixth degree surface (Figure 26) shows a regional
high for lead west of Long Lake, including portions of the
pluton and the border zone, and a high lead concentration west
of Flat Lake. The residual map (Figure 27) again localizes
high lead areas.

Maps of regional (Figure 28) and local (Figure 29) dis-
tributions of molybdenum in the study area were generated and
drawn. Distribution here 1s similar to that of lead.

A reglonal area of high heavy metal content, indicated by
the sixth degree surface (Figure 30), exists between Long and
Pass Lakes, and one goutheast of Pass Lake. These areas are
further south than total metal highs; possibly indicating down-

Stream transport of soluble ions. The residual map (Figure 31)
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figure 22 - Copper, Sixth Degree Trend Map
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Figure 23 - Copper, Sixth Degree Residual Map (All Data)
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Figure 26 - Lead, Sixth Degree Trend Map
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points to local anomalies, the highest being 20 ml above
regional trend.

These trend surface and residual maps illustrate the
versatility and usefulness of the trend surface method. It
is particularly useful when large quantities of geochemical
data are to be processed. Another desirable feature of the
program is that trends and residuals of metal ratios may be

easily determined.

MATHEMATICAY, MODELS OF A PORTION OF THE CRAIG QUADRANGLE

Regression analysis was used to make a mineral occurrence
model of a portion of the Crailg guadrangle, Prince of Wales
Island, with the view of selecting areas favorable for pros-
pecting. The area was pilcked because it contains many mines
and prospects of varying importance and because it ig covered
by a report and geologlc map (U.S.G.S. Bull. 1108-B, Condon,
1961).

All known mines in the area were plotted, and a value was
given to each; 4 - major producer, 3 ~ minor producer, 2 -
major prospect, 1 - minor prospect. Next, cells containing
16 square miles were drawn on a portion of the map (Figure 32).
The upper left cell is number one and numbers increase to the
right and down, i.e., they are read as one would read a book.
Data taken from each cell included:

1. Cell value

2. % cell area occupied by ocean

*3. % cell occupied by acidic rocks
*4. % cell area occupied by mafic rocks
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*5. % cell area occupied by metamorphic rocks
*6. % cell occupied by sedimentary rocks

7. % cell occupied by overburden

8. # NW trending linears

9. # N trending linears

10. # NE trending linears

11. # E trending linears

12, # Linears longer than 12 miles

13. Distance to linear longer than 12 miles
l4. Distance from center cell to intrusive

15. Size of the nearest intrusive (milesz)

16. Length of metamorphic-igneous contact
17. Length of igneous-sedimentary contact

18. Distance from mine to intrusive (average)

19. Cell #

*Adjusted for portion of cell occupied by ocean and
overburden.

Valid data parameters were chosen by obtaining partial
correlation coefficients for each parameter versus cell valug.
This could be accomplished with either the 360/40 or the 1620
computer, but it was found advantageous to sacrifice the speed
of the 360/40 in order to gain the added advantage of the
University "open shop" policy for the 1620 computer. It was
found economically feasible to utilize the 1620 as a high -
powered desk calculator; The data were punched, fed into the
1620, and sums, averages, standard deviations and partial

correlation coefficients printed on the console typewriter.
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It was then possible to select variables having high partial
correlation coefficlents, insert them via typewriter into the
computer, and perform a regression of only these variables.
The multiple correlation coefficient, standard deviation,
regression coefficients and students T test were printed on
the console typewriter and punched on cards, thus enabling
vigual elimination of nonsignificant variables. The regres-
sion equation which best approximates the data was found by
this process. These variables were then transformed to their
corresponding square, square root and log functions, and a new
matrix of partial correlation coefficients produced, to "nor-
malize" the data. The best function of each data variable
initially found significant was regressed with value as the
dependen£ variable by the aforementioned "“desk calculator”
rmethod.

The initial run was composed of all value cells and all
of the original variables. The partial correlation matrix was
studied and found to contain the following significant rela-

tionships:

TABLE 1

Partial Correlation Coefficients
for all Value Cells

Partial
Correlation
Variable 1 Variable 2 Coefficient
Value # NW Faults ~0.22
Value # E Faults ‘ +0.19
Value # > 12 mile Faults +0.24
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TABILE 1 (Continued)

. Partial

Correlation

Variable 1 Variable 2 Coefficient
Value Dist. to Major Fault -0.30
Value | Length Met.-Ig. Contact +0.33
Value . Dist. Mine to Intrusive -0.26
Value Dist. Cell to Intrusive -0.27
Acid Rx # E Faults +0.24
Mafic Rx # N Faults +0.22
Mafic Rx # E Faults -0.23
Metamorphic Rx # N E Paults -0.24
Metamorphic Rx # E Faults +0,24
NW Faults Dist. Mine to Intrusive +0.28
N Faults Size Intrusive +0.30

All significant variables were regressed with value as
the dependent variable. Variables were eliminated based upon
students T test until a final regression equation was obtained.
This equation,

Value = 10.439-.712(X))~-.435(X5)-.044(X3)+0.521(Xy)~-424(Xs)

Where: X; = # NW Faults
X, = Dist. to >12 Mlle Fault
X3 = Size of the Intrusive
X, = Length Metamorphic Contact
Xg = Dist. cell to Intrusive

has a multiple correlation coefficient of .514 and a standard
error of 5.00.

At this stage of the analysis it was decided to sort out
cells by element, i.e., those cells containing copper, gold,
lead and silver, in order to gailn a more definitive model.
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For these runs, the value cells wexe not adjusted to eliminate
the effects due to other elements. Computer runs for copper
and gold cells produced partial correlations illustrated by

Tables 2 and 3 respectively.

TABLE 2

Partial Correlation Coefficients
Copper Cells

Partial

‘ Correlation

Variable 1 Variable 2 Coefficient
Value Metamorphic Rx +.21
Value # E Faults +.25
Value # >»12 Mile Faults +,26
Value Dist. to > 12 Mile Fault : -.33
Value Size of Intrusive -.19
Value Length Met. Contact +.35
Value Dist. Mine to Intrusive ~.18
Value Dist. Cell to Intrusive -.21
% Acid Rx Faults > 12 Miles +.24
% Acid Rx Length Met. Contact +.33
% Acld Rx Length Sed. Contact +.21
% Mafic Rx # N Faults +.33
% Met Rx # NW Faults +.24
# NW Faults Size Intrusive +.25
# N Faults Size Intrusive +.28
# 12 Mile Faults Size Intrusive -.28
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Partial Correlation Coefficients

TABLE 3

Variable 1

Value
Value
Value
Value
Value
% Acid
% Acid
% Acid
% Acid

% Acid

¢ &€ & § ¢ %

% Acid
% Mafic Rx
% Meta Rx
# NW Faults
# NW Faults
# NW Faults
# NE Paults
# E Faults
# E Paults
# E Faults

# 12 Mile Faults

Gold Cells

Variable 2

Faults =12 Miles

Dist. to 12 Mile Fault
Length Met. Contact
Dist. Mine to Intrusive
Dist. Cell to Intrusive
# NW Faults

# N Faults

# E Faults

Size Intrusive

Dist. Mine to Intrusive
Dist. Cell to Intrusive
# E Faults

# E Faults

Dist. Mine to Intrusive
Dist. Cell to Intrusive
Size Intrusive

Size Intrusive

Size Intrusive

Dist. Mine to Intrusive
Dist. Cell to Intrusive

Size Intrusive
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Partial
Corxelation
Coefficient

+.35
-.32
+.36
-.22
-.21
-.29
+.41
+.24
+.43
-.49
~.56

-.25

~.25
+.43
-.44
~.24

-.38



Best raw variable models for copper and gold are expressed
by equations 1 and 2 respectively.
Value = 8.66+.046(X1)+.728(X2)—.379(X3)—.068(x4)—.980 (X5)
Where: X, = % Metamorphic Rocks
# E Faults
Dist. to Major Fault

Size of Intrusive
Dist. Cell to Intrusive

>
w
onwuin

And: Multiple correlation coefficient = 0.56
Standard Erxor = 4,63

Value=8.240+0.05(X;)-0.39(X5)+2.59(X3)-0.07(X4)+0.51(X5}-0.86 (Xg)

Where: X, = % Metamorphic Rocks
Xy = # NE Faults
X3 = # >12 Mile Faults
Xy = Size Intrusive
X5 = Length Metamorphi¢ Contact
Xg = Dist. Mine to Intrusive
And: Multiple correlation coefficient = 0,57
Standard Error = 5.57

Transformations of the variables for both copper and gold
cells resulted in the following log models for copper and gold;
equations 3 and 4 respectively.
Ln(Value)=2.445+.088(Xl)+.442(X2)-.361(X3)—.00005(X4)—.0095(X5)

Where: X; Ln (% Metamorphic Rocks)

In (# E Faults)
X3 = Ln (Dist. to > 12 Mile Fault)
Xq = (Size)

»4
N
nn

Xg = (Dist. Cell to Intrusive)2
And: Multiple correlation coefficient = 0.579
Standard Error = 0.255

Ln(Value)=2.700+.0044(X;)+.1240(Xy)~-.0147(X3)-.00007 (X4)
+.0006 (X5)-.0055 (Xg)

Where: X; = % Metamorphic Rocks
Xy = # Faults > 12 Miles
X3 = Ln (g NE Faults)
X4 = 8Size
Xg = (Length Meta Contact)2
x6 = (Dist. Cell to Intrusive)2
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And: Multiple coxrelation coefficient = ,6206
Standard Erxor = ,2871
Model 5, for gold, was also obtained. It expresses value
(not Ln (value)) as the dependent variable against normalized
transformations of the significant independent variables. Note
that some independent variables are raw form. This model for
gold, and the raw model for coppex, as well as log models,

were used for preliminary predictions of value possible in "no

value” cells.

Value=5.596+.081(X1)+2.530(X5)~.242(X3)-.001(Xy)+.007 (X5)-.098(Xg)  (5)

Where:; X; = % Metamorphic Rock
X5 = # Faults > 12 Miles
X4 = Ln (# NE Faults)
X4 = (Size Intrusive) 5
Xg = (Length Metamorphic Contact)
Xg = Ln (Dist. cell to Intrusive)
And: Multiple coxrelation coefficient = 0.601
Standard Errxor = 5.414

Table 4 indicates predicted value in each cell of the-
district. These values are in each case based upon the log
models for copper and gold values. Table 5 tabulates those
cells used for model building. Analysis of these data indi-
cates that if all cells having a value of four or greater are
chosen, then the log model for gold retains 88% of cells with
a value of three or more. The same criteria establish 74%
retention of copper cells with a value of "3" or greater.
These models have multiple corxrelation coefficients of 0.57
and 0.62 respectively. It 18 of course understood that

estimates based upon these models are "“indications" of value,
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not a guarantee of mineral wealth. The higher the number, the
better the chances are of finding mineralization, assuming
that the geologic factoxs chosen may validly be extended to
other areas. Baslically, assigning a number to a particular
cell merely says that that cell has cextain geologic features
simi;ar to another cell that has been assigned a value based

upon mines contained in it.

TABLE 4

Predicted Cell Value

Cell Gold Copper

No, Raw Model Log Model Raw_Model Log Model
1 31.780 75.63 5.681 13.73
2 26.137 46 .26 7.006 6.28
3 6.358 7.99 3.667 4.44
4 ~-11.800 -3.25 -3.149% -2.68
5 18.708 33.38 ' .667 -1.50
6 ~11.188 -3.45 ~2.352 -2.46
8 9.265 10.29 3.959 4.44
9 10.693 9.49 8.598 9.11
10 12.932 11.76 10.015 8.92
1l 10.473 10.29 6.758 6.28
12 8.757 10.09 5.224 5.33
13 7.003 7.64 5.393 5.18
14 10.519 11.33 6.722 6.45
18 5.367 9.49 1.509 1.47
19 4.087 5.96 3.082 3.47
21 7.601 7.29 6.797 7.29
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TABLE 4 (Continued)

Cell Gold Copper
No. . Raw Model Log Model Raw Mogel __ Log Model
22 34.510 88.49 8.692 8.17
23 14.891 16.31 9.310 7.46
27 B.556 8.73 3.675 4.59
29 .457 9.11 ~.862 -.79
33 6.423 7.46 3.039 3.87
35 7.264 6.12 7.436 6.95
39 6.872 7.81 3.835 4.01
40 9.929 9.69 6.530 6.28
41 4.337 4.44 3.239 3.54
45 4.615 4.44 3.562 3.87
46 4.433 4.73 4.695 4,73
48 10.326 9.30 . 7.672 6.61
51 8.129 7.46 7.069 6.12
52 ' 8.045 7.29 9.504 7.29
53 3.590 5.80 : 4.511 4.30
55 3.783 5.80 1.517 2.31
57 .098 1.94 .735 1.94
64 3.261 6.28 2,537 2.43
65 3.142 7.12 .857 1.02
66 4.715 5.18 3.6%94 3.46
67 5.324 5.18 3.677 4.15
68 . 783 1.71 4.193 3.46
71 2,870 5.96 2.170 2.68
72 6,217 7.64 4.975 5.33
75 3.147 3.46 3.827 3.60
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TABLE 4 (Continued)

Cell Gold Copper
No. Raw Model _Log_Model Raw Model Log Model
78 3.260 3.60 4.892 3.74
79 .495 1.47 3.407 2.68
81 437 - 14.29 -.188 -1.33
82 3.140 11.76 2,064 91
83 6.260 9.89 4.523 5.18
86 7.899 6.95 7.300 6.61
87 5.755 5.18 7.131 6.28
89 .901 1.71 1.859 2.06
91 -3.656 13.81 -3.214 ~3.77
92 .790 8.54 -.357 -.32
93 2.438 6.95 -900 1.25
96 14.987 1l6.05 11.274 10.70
102 3.922 5.18 1.376 2.18
103 4.931 4.59 3.140 3.20
105 13.2981 13.57 9.046 7.12
112 4.995 5.03 1.684 2.06
113 6.122 5.49 3.186 2.68
115 10.390 18.79 2.206 1.25
117 .795 8.92 -.346 -.79
118 5.338 9.49 1.911 1.94
120 10.264 9.30 7.238 6.45
122 4.157 5,18 -1.456 .81
125 5.559 15.28 -1.625 -.88
126 1.548 14.29 -3.907 -3.04
127 3.858 6.12 2.413 2.31
128 7.611 7.29 6.651 5.33
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TABLE

Cells Containing Value

Gold Copper
Original Raw Noxmalized Raw  Normalized

Cell Value Model _ Model Model Model Code*
15 10 10.7 10.3 7.7 6.6 C G
16 3 9.6 8.7 6.4 5.0 C G
17 3 9.5 9.1 6.4 5.0 C G
20 16 8.3 8.2 5.7 6.3 CG
24 2 6.8 6.3 4.6 5.0 C G
25 5 6.7 7.6 4.6 4.4 C G
26 14 8.5 7.5 7.3 - 6.3 CcC G
30 2 4.7 10.3 1.3 0.9 C G
31 2 5.0 4.6 4.6 4.3

32 5 7.4 6.8 6.1 5.0 C G’
34 9 5.2 4.7 8.3 7.6 C G
36 4 5.4 5.3 5.3 4.6 C G
37 17 9.5 8.5 6.8 6.3 C G
38 8 10.2 9.3 7.9 7.3 c
42 5 6.8 6.9 3.6 : 4.0 C G
43 18 6.5 6.9 3.1 3.7 G
44 10 4.6 4.4 2.9 3.3 CG
47 4 7.0 7.1 5.0 5.3 C G
49 3 7.4 6.8 7.1 6.3 éG
54 1 5.0 2.1 0.3 1.1 C G
56 1 -1.2 2.4 -1.1 0.6 C G
61 3 7.7 6.8 6.4 6.4 C G
62 1l B.2 6.9 7.0 6.6 C G



TABLE 5 (Continued)

Gold Copper
Original Raw Normalized Raw Normalized
Cell Value Model Model Model Model Code*
63 1 8.4 7.1 7.3 5.8 CG
73 1 6.8 20.6 11.1 10.0 C G
74 4 6l.3 6.9 7.3 7.1 C G
76 2 0.8 1.7 6.1 4.9 C G
77 3 0.7 1.7 3.1 3.1 cC G
84 18 13.7 12.9 13.3 13.1 C G
85 6 12.5 11.5 10.2 10.1 C
90 2 0.2 1.2 0.S 1.1 cC G
94 3 13.5 13.8 7.7 7.1 C G
95 18 13.2 12.9 11.4 10.7 C
97 4 11.8 15.5 5.1 4.9 C G
98 1 9.7 11.3 5.6 5.3 C G
99 3 9.0 10.1 4.9 4.7
100 5 8.3 8.4 4.7 4.0 C G
104 3 6.6 8.7 2.7 3.2 C G
106 1 11.3 15.5 7.2 5.2 C G
107 2 0.4 13.1 0.2 -1.1
108 3 4.5 10.5 2.9 2.0 C G
109 11 14.3 16.3 9.8 9.7 CG
110 16 5.0 11.3 7.0 6.6 C G
114 1 8.7 9.7 1,2 2.8 cCG
116 1 1.5 12.0 0.0 -0.6 C G
119 15 10.3 9.9 6.6 5.8 C G
123 2 5.4 4.7 1.6 1.8 C G



TABLE 5 (Continued)

Gold Copper
Original Raw Normalized Raw Normalized
Cell Value  Model Model = Model Model Code*
129 5 7.3 7.4 6.7 5.8 C G
130 1 7.4 7.5 6.4 5.5 C G

*C denotes cell used for copper model, G denotes cell used for
gold model.

Table 6 indicates selections made by five geologists, in-
dependently of each other. Model values for these cells are
given in parenthesis as well as the 'high priority cells" selec-
ted by the operating copper model.

TABLE 6
Cell Numpexr Selected, With Value in Parenthesis

Choice
Geologis 1 2 3 4 5 6
94 95 84 85 105 | 10
* A
(7.1) | (L0.7) | (1L3.1) (10.1) (7.1) | (6.6)
12 27 53 2 67 47
B
(5.3) (4.6) (4.3) (6.3) (4.1) | (5.3)
36 53 82 103 - -
C
(4.6) (4.3) (.91) (3.2) - -
53 24 15 46 96 98
D
(4.3) (5.0) (6.6) (4.7) (10.7) (5.3)
12 . 15 31 42 36 19
E
(5.3) (6.6) (4.3) (4.0) | (10.7) | (3.5)
Computer 96 9 10 22 23 52
High Priority
Cells (10.7) (9.1) (8.9) (8.2) (7.5) | (7.3)

*Cells already containing known values.
Analysis of this table indicatesg that all cells selected
by the geologists do have merit, 1f the copper model is used
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as a basis. However, each man made his decision'upon his
personal preference of ore-forming controls, and hence each
decision is biased.

The models described in this paper could undoubtedly be
improved upon. The authors guestion further refinement, how-
ever, due to the reconnaissance nature of the map used for its
compilation. The model presented is thought good enough to be
used as a guide to mineral exploration in this area. A study
of the partial correlation coefficients indicates the strength
of ore control by geologic variables in the area. Analysis of
the models indicates the relative signilficance of each variable.

A description of the IBM 1620 multiple regression program
used for the bulk of computations in the regressions is in-

cluded in the Appendix.
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APPENDIX I

MULTIPLE REGRESSION
This multiple regression program was adapted from a pro-
gram written Ly Mr. Philip Johnson, Arctic Environmental
Engineexing Laboratory of the Uﬁiversity of Alaska. The pxo-
gram computes sums, averages, standard deviations, a partial
correlation matrix, calculates multiple regressions, including
measures of the "goodness of fit" and students T test for each

independent variable.

Program Operation

The user is responsible for writing his own Read and
Format Statements as well as Fortran Statements to effect any
data transformations desixed. The source program is then com-
piled in PDQ Fortran. This compiled program and the PDQ Foxr-
tran subroutines must then be loaded. It is now ready to
receive data. The data deck has a lead carxrd which contains:

Col 1-3 Number of variables (Not # points)

Col 4~13 Identity (Alphanumeric)

The rest of the data deck is composed of cards for each data
point containing the variables for that polnt. A blank card
at the end of the data terminates data reading by the program.
The pxogram will generate and punch out the identity and
number of data points as well as:

Sums of the variables

Averages

Standard Deviatilons
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Partial Coxrelation Matrix
It will also print (on the console typewriter) the partial
correlation values of variable 1 versus all other variables.
For this reason variable 1 should normally be the dependent
variable. The program is now ready to solve regressions and
will type: TYPE VARS. The operator must then enter the de-

sired variables on the typewriter.

Selection of Variables

The dependent variable and independent variable(s) are
entered on the typewriter, one variable at a time. The
dependent variable is the variable entered first. Any vari-
able may be entered as the dependent variable and any one or
more variables as the independent variables. Variables are
entered in I2 format. Entering 00 as a variable is the clue
to the program that all selected variables have been entered.
A sample entry to use variables 1, 5, 18, 35, would be:

01RS (the dependent variable)

O5RS (the first independent variable)

18RS (the second independent variable)

35RS (the third independent variable)

OORS (end of variable selection-~do the regression)

Regression

The program will now form the regression matrix, invert
it, and calculate and put out the followlng regression values:

Printed Output

1. Multiple corxelation coefficient, R
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2. Standard error
3. Por each independent variable:
A. The number of the variable
B. The coefficient of the variable
C. The T-Test (student's t) of significance

Punched Output

1. The number of the dependent variable

2. The equation constant

3. The multiple correlation coefficient, R

4., The standard error

5. For each independent variadble:

A. The number of the variable

B. The coefficient of the variable

C. The standard errox of the variable

D. The T-Test (student's t) of significance
The regression is now complete, The computer will now type
TYPE VARS and accept another get of variables.

General procedure to be followed for eliminating non-
significant variables is to drxop that variable which bag the
lowest value of students T test. Run the regression, and
drop the next low variable. This process is continued until
the elimination of any variable from the regression signifi-
cantly reduces the multiple cotrelation coefficient or greatly
increasés the standard exror.

To enter a new set of data, branch the program to the
beginning by typing 4906600RS.,

A fortran listing and sample punched output follow.
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POQ 1620 REGRESSICN ATAPTED FrD PRU SPEC CONE
TO FIT A SURFACE
DIMENSTUN A(3033)2)eVI23)s3L 1231 3SUNI25)sBSTARIZD)pRAD(25)
DIMENSIUN 3RU25)9AVIZ23) s 125 IX(23) v M) TT(Z5)
1 READ 99»NVsALlsAl
00 2 [=1425
SUM(I) = o
DO 2 J=z1426
2 AllsJ) = D
RAW CROSS PRODUCTS O IN YL UPPER PMIGHT HALF Zf THE MATRIX
Na0
3 REZAU 98sV(1)aVI3YaVI4YsVID) VD) 3VIL1Y)
[IF(VI1))6s6:55
55 1F{V()19))53453454
53 VI13)=C.LC01
54 CONTINUE
0O 51 11=346
IFIV(I1)152552951
52 VI11)20.0C01
51 CONTINUE
VI2Y=LOG (VL1 +190.)
VIT7)sVI3)®V(3)
VI8)s(IVI2)+])C)#*,5
V{9)=LCLI{VI2)1+10.)
VI13)sVIi4Yy#VI4)
VIID)ISIV(4)1410,)1%9,5
V{12)1=LOG(VI4}+]1lua.)
VI13)=V{S)14y(5)
VI14)=(V(S)+104) %% 5
VIL3)=sLUGIVIS)+1ve )
VIl6)=V(6)RV(6)
V(17 (V{6)+]10s )85
V(18)=LCG(V(6)+1lua)
VI22)=V 19y ¥ V(1
VI21)=V(1D)1+1l. ) x5
V(22)=LOG{VI19)+]1V.)

4 N=N+1
D0 5 I=1lsNV
SUM(TI) = SUMLT) + v(I)
00 5 J=alsNV
5 A(lsJ) = AllsJ) + V(IY*VID)
GO TC 3

& PRINT 97 sAlsA24N

PUNCH 97 sAlsA2N

PUNCH %6

00 7 I=1,NV

7 O(1) = SUMLT

PUNCH 9540011 aD(2) 3D 02y 4C{a1,C1S yDIEY L ITYsDIE) a1V} D{10)
10(11)sD(1X2) D013 9D(14),T(15)ysD(16)aL{1TI9DU1BYHL(1D)ID(20C)94D(211]
2D(22)»

XN = N

PUNCH 94

00 & 1=,V

AV(I)Y 2 SUMIT)/XN

8 O(1) = AV(I])

PUNCH 955D(11sD(2)+sD(3)»00a) oL (5Yst6) a0 (7)) 2 DIY)sDI1C)y
1D021)60012)sD(13)40(181)»D(015)9D(28)YsDLY7YsDIYBYSDULG)sDI20)sD{21Ys
20122 .

ADJUSTED CP 0O IN THE LOWER LEFT HALF COF THE wATRIX

DO 1C I=1,NV

00 S J=1,l
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9 Allsd) = A(Jsl) = SUMILY®AV ()
T{I)Y=SART(A(Is]))
SOUI)=T(1)/5QRT(XN=1¢)
10 D(IYy = 5D(1)
PUNCH 93
PUNCH 959D11)eD02)sD03)s0(4)4313)s216)sD(T) s lEVSDIY)DIL1C)
IDILLYsOC12Y s L3018 iLlE)sCl16Y st T)sllin) o(]12)YaD(20)s0 iy
2022
PUNCH 92
THE CORRELATICN #ATRIX GOES IiN THE UPPER RIOGHY nALF oFf THE MATRIX -
DC 11 I=14NV
31 D(1) = 9O
DO 14 1=1sNV
DO 50 K=1,NV
50 D(K)=Ce
D0 12 J=14NV
AllsJd+1) = ALy /ZUT({1)¥T(U))}
12 D(JYy = A(l,J+))
IF(I-1113513514
IF(]1=-2)13513s14&

13 PRINT 914D(1)sD(2Y350(3)sD14YsL(3)1s0(6)YsDUT)sDIB)YsD(D)sD(12)s
10€C11)20(12)sD(13)sD(14)sLE1E)sDULE)sDILTIIDILE) s Y I ) U220 ) s D120y
20(22)

14 PUNCH 95sD(1)sD(2)sD(3)ys0 (&) s0Lt3)su(b)s0(T)sul)sL{I)ysn(lQ)s
IDC11)ysDI012)eDUL3YeD(14)sDULIEY»DI1EYsTULT)SLILBYSL(1R)2012C)s0(21)
20(22)

15 PRINT 78

ACCEPT 90»1Y

DO 16 1=1+20

ACCEPT 90s1X(1)

IF (IXU1yYy 17417416

16 CONTINUE

17 PUNCH 89,1Y

18 N = I-1
NN = 3C-~N
NN1 = NN»1

I€ (N=-1) 22422419
19 DO 2) [22,N

IF (IX(IY=IX(]1=1)) 28420421
20 PRINT B8

GO YC 15
21 CONTINUE
FORM CORRELATICN MATRIX TCQ BE INVERTED
22 DD 25 I=14N

NNT = Nih+I

IX1 = IX(l)

[F (IY=1X11))2352U420
23 RHS(1) = A(IY,[(X1+1)
24 DO 25 Jds1l.1

NNJ = NN+J

1XJd = IX(J)Y

A(NNLZD) B ALIXJyIXI+]))
25 A(NNJISI) = A{NNIsJ)
WATRIX INVERSICN PRIISIRAM
30 DO 34 1=21,N

NNT = Nh+l

X= A(NNI,I?

A(NNILI) = 1.

O 31 J=1lyN
11 A(NNILJ) = AINNIsUY/X

00 346 K=1,N
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lala)

32

22

34

CALCULATE REGRESSION COEFFJCIENTS {2) AND STANDARD REGRESSION
COEFICIENTS (BSTAR)Y

37

38

39

40

41

NNK = Niveg

IF(k-1) 32,34,32

X = A(NNKs])

A(NNK,y1) = O

DO 33 J=1lsN

AINNKsJd) = A(NNKsJp=X®A(NNI, I}
CONTINUE

DO .39 I=1yN

NNI = NN+1
BSTAR{() = 0.

DO 38 J=1,sN
BETAR(I) = ESTAR(I) + A(NNI+J)¥RHS(J)
IXI = IX(1}

SR{I) = ESTAR(I) ¥ T{(1lY) /7TLIX1 )
CONST = AV{1Y)

DO 40 I=14N
IXI = JX(I)
CONST = CONST — BR{I) ¥ AV{IX])
PUNCH 875 CONST

s = (.

00 41 1=1sN

I1X1 = Ix(ly
S=S+BRUIIXAUIY S IXTI+1YRT(IY)IRTOIXD)
RR=SGRILIS/ZT(IVY/VLIY)Y Y

PUNCH 853 RR

PRINT 844RR

NO = XN

DEN = NC - N =1
STERR=SGRT((T(IY)})*TUIY)=S}/DEN)
PUNCH 834 STERR

PRINT B2sSTERR

PUNCH 81

DO 42 1 =1,N

NN = NN+I

IXL = [X¢I)
SR=STERR/TUIX[})¥SGRT{IA(NNIs] )}
TTT=BR(I)/5R

PRINT BUsIX(1)sBRET)ITTT

PUNCH 79 1X{1)» BR(I)s SReTTY

GO TC 1%

FORMATU(//1O0HENTER VARS)

FORMAT (1544F1545)
FORMAT(I33F11.49FB8,3)

FORMAT( /THIND VAR 4X»9HREGR CLEF+6XsSHSTC ERROR$ICX1IHT)
FORSATUI2HSEF9e4)
FORMAT(2HSE s 11XF13.5)
FORMAT({1HRF10e4)
FORMAT{1HRs12XF13,5)
FORMATL{BHCONSTy8XF13s5)
FORMAT { /17HPUT VARS IN OKDER)
FORMAT(//68DEPVARLT7)

FORMAT(12)
FORMATIFA43/7F643/7F643/710F643/)
FORMAT ( /4HCORR)

FORMAT (/5HSTOEV)

FORMAT (/3HAVG)
FORMAT(7FL10a5/7F1Ue5/77F1ved/1F10457)
FORMAT (/4RSUMS)

FORMAT (/2A5415)
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CRAIG 048

SUMS
+27300E 03 +6%250E 03
2+B3000E 02 «50000E 02
«}4650E 03 86400 02

AVG
s56875€ 01 414427€ 02
s11041E Ol .10416E 01
«30520€ Ol »18000E 01

STDEV
L5508BE O1 222687E 02
.15406E 01 +13B31E 01
s 46565E 01 +19793E 01

CORR
s 10000E 01 +37130E-01
-»43153E-01 .1%162E 00

«55805E~01~,26049E (00—

SAMPLE OUTPUT

«76000E 02 -10479E 04
+19000E 0Z «30800£ 03
«10470€ 03

«15833€ 01 .21831E 02

+39583E 0L «H4166E 01

«21812E Ol

¢52268E Ol 434814E 02
+49420F 00U ,30999E 01
«20002E 01

«43923E-Ul 445259E~01

v 24809E 04 .10900t 03
+19320E 03 .90200£ 03

«51685E Q2 +22708E 01
+4025GE 0Ot «18791€ 02

«36541E 02 «14548E 01
«35345E D1 .20401E 02

« 77000t
« 35100t

«16041E
v 73125€

«19972E
v 23670E

v15091E=01-422017E 00-.14684E

«24178E 00-.95622€-01-a30042E Q0-s14182E 00

¢ 26603E OU

«COO00E-H50 «10000E N1-.98890E-01-.23710F 00-+3488B7E CO-+84736E-01
~a92379€-01 ,23666E 00-.13893E 00 .11110E 00
«27005E 00-,48307€E 00-.58678E 00U

»CO000E-50 ,U0COCE-5C
«21865E-01-423298E 00
~s23566E-01 +21120E-01
«CO0Q00E-~50 +GCOOOE-5SQ

¢10000€ 01-.17574E OC
+17063E GU 435235E-~01
¢59025E-01

235641E-01 +425124E 00

«119158 GO0-.88089E-01

«33248E

«17684E
«36730C

«2£089¢

02
02

0l
00

01
0l

00
[s]¢}

¢o
00

00

«85514E-01-420219E 00-+69260E-01

+«0C000E-50 ,1CO00E Cl-+68980C 00 +11569E-01-+235869E-01

DEPVAR 1
CONST 9.96803
R 252344
SE 529024
IND VAR REGR COEF STO ERROR T
6 ~»243859 «B8819 -a49379
7 «10612 76644 13846
9 s49499 86545 57193
1o «91286 2,36933 36528
11 ~«20150 126503 —+35410
12 ~+32773% «30704 ~1a22911
i3 —«04446 +04538 -+97984
14 242447 37916 1,11951
16 207956 «87274 «09116
17 —e52160 «90144 -e57863



