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Prefatory Remarks 

This rewrt IM the s-h in  er seriea of compu%er manuals &-sing 
f m m  a contfnuing study of ooxuputer application i n  the earth and 
envi ronmena  seiences, including geology, geography, geophysios, 
geochsmistry, and environmental engineering. In  some of these sUb:ects, 
notably oseanography, atmaspheric science, and solid-earth geophysics, 
aomputer capability has advanoed far beyond that i n  the mre a lass ica l  
f i e l d a  of geology and geograpby, as well a9 i n  such aspects of environ- 
mbna acianoe CLB s o i l  mechanioe and sanitary engineering. 
i s  oonoemed mainly with these more c lass ica l  fields in which aomputer 
u t i l i za t ion  i s  less far advanced. 

Our study 

Our pmject haa ita purposes the evaluation of developmemts in 
aompubr oapabili tg in our fields through aaseasment of present a a t i d t i e s j  
and an obligation to make available i n  the publio domain a series of 
aomptar programs especially adapted t o  th6 needs of worker6 in our f ie lds .  
Tbe f i rs t  purpose is being net through conferemces and literature searah; 
and the 6eaond is being met  by reports such aa t h i s ,  whiah will include 
programa arising f ’mm our own studies, as well aa program reporta oontri- 
buted by others active in the f i e ld .  

This report 1s an extension of work begun by Dr. T. Viotor  Loudon 
a t  the University o f  Edinburgh in connection with his Ph.D. dissertation. 
k. Loudon aame to Northwestern Univerai.ty as a Research Associate h 
Geology, f o r  the apeaifie purpose of pmparing t h i s  computer program 
and report. 
struutural geology, the u n d e r m g  mthodology is apgliaabla to a dde 
variety of problems that inolude direct ional  data. 

Although the examples used in the report a m  aonaemed with 

W. L. Garrison 

w. c. grtanbgin 
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COMPUTER AlwJYSIS OF ORIEXTATION DATA IN m u c m  GEBLOCY 

T. Viator budon 

ABSTRACT 

Three-dinrsneional or ientat ion data a m  be ~ i m p l i f l e d  by tranafolming 
t km to refer to axes related to the 8ymaetx-y of the dletr ibut lon,  
!l%me u n c o m l a t e d  eaalar  v a r i a b e  em generated by the tramformation. 
Eaoh of the soalar variatee generally ha8 d i remt  geologiaal 8igd.ficance. 
&oh variate aan be d e r d b e d  individually by the usual etatistiaal 
psraastnm, 
of folds aau be m e a m d  e ta t i e t ioa l ly ;  Mre t ,  Fn ths direat ion of 
greatest buakllng; maond, p a r a l l e l  to the fo ld  axis. The degme t o  
vhiah a fold is uyllndrioal or e o n i c d  in form aan be estiBIlrted by a 
least-squarsa method, 

Thus, the orientation, tightness, agynmetry, shape and sise 

A Fortran N program has been written tn perfow 
tb6 ~ t a t i O n 8 .  

IXTRODUCTION 

-6@ Of tu8 mD0 rtr 

S t a t i s t l a a l  methods a m  most frequently need with  eualar variables, 

that l a ,  with quant i t ies  each of  whioh has a magnitude that oan be 

dosaribed by a s ingle  number. 

readily applied t o  problems in  the earth saienaee whiah deal v l t h  

orientation or haation of objeota in threeil lm6nsiond spaue. 

b.sn pointed out 

v i e h e  to oonsider three-dimensional phenomna in tsrma of their  

-try. symmetry arguumnta are well lamown in e t rua tura l  geology. For 

b e h n a e ,  a geologlet may aonaider structure In terms of folding para l l e l  

t~ th8 fold a d s  and folding normal to the fold &s, Ln the bellef that 

those directions a m  related to  th6 stress pattern uhioh produued the 

folding. 

S b M  e t a t i e t i a a l  methods are lees 

A 8  haa 

Paterson and Weiss (1961), the invlestigator frequently 

ht Paterson and Veiss show that the aymanetry argument ie 

I 
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ippp l lo l t  in t b  mnoluaiona of many other geologiets, who may relate, for  

e-le, tbo -try of a m-tary deposit to the -try of the 

cmment movenmnt vhioh praduosd it. 

aa stating: When mrtain a m m s  produae oertaln effbata, tbe 07*mmta of 

8pnetrg of tlm aawos muet be found again Ln tbe effeata produaed." 

Patereon and Weies quote C'urie (1894) 

It i 8  ths Purpo- Of m8 report 8 b o W  how 8 aomputsr may be w e d  to 

analyze Q distribution of threedimensional vectora into compo~tcJ whiah 

have maning in tomm of the -try of the distribution, and bow the 

oomponenta nrsy be analyzed mbseqymtly k q  e t a n d a d  statietiual nmthodfs. 

Tbe breakdown of a oaq lax  distribution into aomponenta allows quantitative 

methods to be applied in fields w h e r e  suah an appmaah had not previously 

been vi&* trsed. 

p8 of the nwtho dt 

Structural geology is ths primary oonoem of the premnt  study, but the 

Structural data ;pragr be in the ~ ~ b t t b o d s  a m  d.80 appliaable in other fielda. 

form of nwaeursmenta of attdkrdea of  planar o r  linear featureta, or of 

elevations of  a number of points on a geologiaal borizon. 

tha aomputatiom describe and andyne the form of 8 eurfaue or 8ezkeo of  

sm4acsa. 'pbs mtbods emo therefore dirsctly applicable to geographicd 

lnvaatigationr whiuh inmlve the fonn of Land 8urfaas8, with data in tbe 

fom eitbbr of elsvationa or of slopes, (am, for example, %ell, 1961). 

Many other klnds of mappable obsemtiona can be treated aa surfaaes 

T b  remalts of 

wblah can be analysed hy the procedures described blow. 

ertructure maps and isopaah maps, for instance, a m  be regarded aer repreeen- 

tations of surfaoea in three dimensions. 

sand bodies can be described quantitatively, by mathods applled here to 

Geologioal 

Such features as the geomtry of 

6 % n l C t U l d  P O b g V .  
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A problem a u k  to that of map pmjeation aSiseer in tbs aonatmotion 

of atareogrslpe, whioh are mxnonly wed in etruutural g ~ o b g y  for the 

- s i d  representation of points dietdbutod on the d a o e  of a 

Sphsm. A SUbroUthO O f  ube haadh8 tbe autOTUttiU Of I 

distribution of pol.nt.8 on a Wulff net. 

tion in other f'lelda mueh M crystallograpby and petrofabrios. 

This subroutine may have appuoa- 

GeopWi~r ,  msteorology, and ooesnograp& a m  otbbr fielda in uhioh 

tbo approaoh taken in t M s  study wou ld  appear to have 8- appuoation. 

In general, the approaah is l i k e l y  to ba of value In invSskLgating any 

w l o d  dirtributioa in wMoh directional properties o r  

syllPstrg properties a m  irPportant. 

of tb8 pmr~ont r-r 

An exoellont revlow of tlae proeedums whioh geologi~te, have wed to 

aaalyae ~ ~ c t o r i d  data use proMed by SteirmPbtz (1962). Steinmsto 

sctrooated th, u e  of  ~ 4 h e n e i o n a l  mthods based on a study by 

Firher (1953) of probability density on the 8urfaoe of a s p b m .  

showd how e r t b t e s  of tbn mean and dispersion (that ie, vsriabillty 

about the men> d d  be derived h r n  a sample of three-dbmmional 

motors. 

8- ie a soalar  quantity which oan be deauribed by one number. 

Msher 

Ths neaa is itaelf a three-dimeneional motor, but the disper- 

pf8hbr*8 approach i a  appropriate Fn many geologbal problem w h e m  

the dlspgrsion of veatora about the mean i s  not related to direation. 

b r e  the dispersion is  greater in one direation than in another, and 

uhem the mht ionship  between dispersion and direction i a  a f'undamontal 

part of the problsm, Fieher's method i s  leas suitable. 

approach %eo mggeeted by the techniques used in faator analysis, (see 

Banwin, 1960, or K e a U ,  1961). 

An altarnative 

Ths method of f a c h r  analysis hsLe been 



u8ed In geology bp Imbrie (1963). MatriX algebra proodures are wed by 

tbsee autbora to simplif"y uoloplex setu o f  meaeuremsnte. Tbe o r i g i n a l  data 

q uonalst of 8 group of variables measured on eaah of  a number of item. 

It Pe generally found by faator analysis that most o f  the varlabillty of 

tb. data can be aoeounted f o r  by a smaller number of ideal ized variablee, 

eauh obtained by wmbining eone of the original variables in different 

PrOpO-OnS 

Each nmmmment of orientation can be expressed by three rnrmberet the 

ooslnea of the angles between the meaeuremant and each o f  three axea at 

r igh t  angles, such as CUcBa d i reo ted  south, east and vertiually upvards. 

Similarly, a nreasllrement of louation can be expressed by three numbers, 

rsprseenting dlstanues f m m  a se leated origin paral le l  to eauh of three 

axes. If the numbers are regarded 88 the original variables, techniques 

a imi l a r  to those of factor analysis can be used to aompute new variables, 

which have real pws ica l  significance. The new variables a m  tbe aame 

measurements referred to new axes - three mutually perpendicular m e a  in 

apaoe, referred to sa the principal axee. The geological significance of 

the principal axes and tb6 new variables is oonaidered h section 1 below. 
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SECTION 1 I QUANTITATIVF, FOLD DESCRIPTION 

A large tendnology is  used in desadbing folds, (me, for  lnstanue, 

ohapter U of Turner and Miss ,  1963); but little appamnt progrees haa 

b o a  made in qyantifylng fold desarlption. However, a computer pmgram 

has nou b e n  prepared whioh can be wed to oaluulata quantitative xmasuree 

for sumnariahg fleld data, 

mrko it possible  to derorlbe folds mm objeatively and pmuisely.  

I t  i s  hoped that quantitative method8 Vi11 

standard m ~ t b d s  of fi.tatiatica and s o l i d  POmbtV mod in the 00mputa- 

tlona, with a minimum of aonstrainfng aaglf~pptions. 

Ths data m l b o t e d  the fleld geologist usually a m  in numeriual 

form, anU a m  l i k e l y  to masist of mbamrrsmaats of attitude8 of pl lnrr  

and linear features at  given geogmphiu points, 

inolude fo l iat ion planes, bedding planea, planea of oross-stratifioation, 

uleavaga planes, fo ld  axial planes, j o i n t s ,  and faults. 

~ p q ~ r  include fold and other teotonio axes, uleavage-bedding hbraeation8,  

mineral, f o s s i l  o r  pebble elongatians, and other sedimentarg and teatonic 

f i e a t l o n s .  

be remrdod a8 three ooordiaates, giving the dietances south, east and 

vertically above some s e l e u t e d  or€&. 

Veotor mp reeeatation: 

P l a n a r  features may 

Linear features 

The geographiu point a t  which each measurembnt i s  Ilbaele uan 

For purposes of  analysis, the measurmenta of each planar or linear 

feature can be regarded at9 a set of three-dimensional veators. 

tude of a planar feature can be mpmsented by a vector of un i t  length 

perpendicular to the plane, and the attitude of a llneation uan be 

represented by a unit vector pa ra l l e l  to it. 

a m  be asaigned in aomb consistent, even though arbitrary, manner. 

instance, motors referring to bedding planes can be regarded as directed 

The at t i -  

The senae of each vectar 

For 
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uway f’rom th6 Jtotmger side of tb bed. 

a mator axw tb oodner of the angles uhiah tbe mator W e e  with three 

orthogonrl axe%, for example, e m s  dirautad south, eas t  emd vsrtioallp 

zrpvsrds. 1% oan be proved by simple trigoxmmtxy that ,  with thees axes, 

the direet ion o o s h s  (p,q,r) of the pols to a plane dipping a v degrees 

ill 8 direotion U degntee east of north are: p = ( 4 0 8  U) x (sin v); q = 

 in a) x (sin v); r = ooa v, (eee figure 1). 

Direction ooslnea of a veotor prpondiuular to a bedding plane eran be 

wed to aaluulate the thiaknase of atrata travbraed in moving from one point 

t o  srsotbr. 

0 to C, W t h i o b a s  of s t r a t a  traversed is (p x OC) + (q x GF) + (r x E). 

Referrikg to figare 1, thia ia seen to equal p t q + r2, vhiah is equel 

In figure 2, for instanae, it oan be been t h a t  in moving f r o m  

2 2  

to one, sincm it follova f m m  tb theorem of Pythagoras that the sum of 

squares of direct ion oosin,es is unity, (see Cohn, 1961, page 16). 

tmit tbiakness of  strata I s  traversed in movlng f r o m  0 to C. 

That is, 

The m e a  vaotox: 

‘pbe man of a set of veutors i s  itself a vector, (see Flahsr, 1953). 

- x -  

w b r e  the man vector has dimation cosines (p,q,rIy and CP, k, and 

denote the ~ u m 6  of individual values of p,  q, and r, f o r  the set of  veators. 

Ths direet ion oosines of the mean vector are aalculated in t h i s  way  to 

ensure that f;2 t t 7 = 1, an easentid. feature of  direct ion oosines, 
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+East t 

Ely definition, the direction cosines (p,q,r) of tbe 

unit vector OC a m :  

p = cosWC = OG = DC; q = cosEOC = OE = AD; r = cms AOC = 08. 

If the unit  veutor OC is the pole t o  a plane which dips v degrees 

in a direction U degrees east of north, t bn ,  DAC = U - W O ,  and 

Aoc = V. 

AC = sin AOC = sin v 

p / sin v = DC / AC = sin DAC = sin (U - 90') = -cos U 

h c e ,  p = -COB U sin v 

q / sin v = AD / AC = COB DAC = cos (U - 90') = sin U 

Hence, q = sin U . sin v 

r = cos AOC = cos v 

summarizing: p = -cos U S F n  v 
q = s i n u , s i n v  
r = c o s v  

w h e r e  U and v are the d i rec t ion  and amount of d i p  of a plane with pole OC. 

Flgure 1 : Mrection cosines ( p , q , r )  of a vector 



East 

so 

INTERSECTS OC AT X J 
uth 

OC l a  a veutor of unit length noFmal to the bedding. Distanues along 06 

represent thioknesses of strata measured n o d  to the bedding. 

possible t0 aalaalate Wliaheeses of strata traversed h EO- between 

two points, say 0 and A, f r o m  the direction oosines (p,q,r) of the unit 

It i a  

vector OC . 
OX / OA = 008 ADC = r (see figure l j  

Therefore, OX = P . 08 
That is ,  the thickness of strata traversed in movlng a distance OA 

v e r t i c d l y  is r times OA. 

o f  strata tmvereed in Hloving east f o r  a given distance,  say OX, is q 

t lP leo  OE, 

Shilarly it can be shown that the thiukness 

And the thiokness traversed in movlng OC southwards is p t imes 

GG s 

figure 2 : Caldation of W.ckPees of strata f r o m  direct ion aosines 



' .  

e 
( m e  C o b ,  1961, peqp 16). 

Eetlmatea of thiuknesme of atrata 0811 be oa lou la ted  frog direution 

oorines of the man n u t o r ,  thus allowing estimates to be mads of the  

d i i f O ~ 0 0 8  Of S t m t i f l p h i o  hvbl at VaX'iOuS p O h t S .  Thl8 b V ' 0  

value in stratigraphiu correlation or in e x a d n b g  tb teatonic attenu- 

ation of f o l d  limbs. An example may nmko the procedurpt ulearer. 

tat ion o f =Bp vdo tort 

Exaaple 1 t The Fiutitioue mbasursPlenta reuorded on the map in 

flgura 3, are mrpposedl3. representative of the attitude of bedding within 

a saubtone unit. 

wrmlate with I lmeabne outuropping at CD. 

A band of Ussbetoae outoropphg at AB i 8  known to 

Two alternative hypotheses ere amsidered. 

(1) A fault may e x i a t  near FT", in which caae tb nwmement along the 

fanlt i s  to be estimated, 

(2) Tbe aeaond 4ypothsie ie that the fault does not edst ,  bat that 

horisontal uonrpreseion aaused unequal attenuation of the fold limbs. 

this wee the amount of aompmerion is  to be estimated, 

The first s tep  Ln ths computation is  b ualculate the mean value 

of  the bedding attitude within the area ABCD. This will indioata the 

differoncm Ln utratlgraphlo leml b e t n  AB and CD on the srrsuPlption 

that neither faulting nor attenuation ocourred. 

aa o h m  on table 1. 

Thie aaloulstion proueeds 

Tbe value of the grand mean, (.lO89, -.0996, .9891) indiuates that 

on average one moves . l W  miles higher in the eeution for every nib 

south, and ,0996 miles lower for every mile moved east. 

north and 3 mi les  east of  A.  

,1089) i- (3,O x .0996) miles, that i s  about 3000 feet ,  lorsr in tb6 aaction 

C is 2.6 miles 

One might therefore expect to be (2.6 x 



A F 

N 

, I m i l e  I 

C 

Figure 3 : Map and moss-section of hypothetical fold to i l l u s t r a b  

exarapls 1. The azimuth of dip  is shown in braoketa at each measurement. 



TABLE 1 

Dip ( i n  d e m t  
Direc t ion  Amount 

Side of Limb o f  
fold f au l t  

U V s i n  U sin v cos U cos v P q r 

62 55 

221 4 

51 29 

47 11 

48 49 

227 14 

230 28 

236 36 

226 26 

58 23 

w 24 

223 46 

232 18 

230 53 

226 52 

230 34 

.8830 

-.6561 

.7772 

.7314 

.743 1 

-.73u 

- .76@ 
- .8290 
- e  7193 

.8@1 

.6561 

- .6820 
- .7880 

- .7660 

-. 7193 
-. 7660 

.8192 

.0698 

. @.@ 

.1908 

.7547 

.2W9 

.695 

.5878 

.3907 

.4067 

.7193 

.3@0 

.7986 

.7880 

.5592 

.469 5 

-. 7547 
.e93 

.@20 

.6691 

- .a20 
- a  6428 

-. 5592 
- -6947 
.5299 

* 7547 

- .73u 

-.6157 

- -6428 
-. 6945 
- -6W8 

.5736 

.9976 

.876 

.98@ 

.6561 

.9703 

.8830 

.go90 

.8988 

.9205 

.9136 

,6945 

.9511 

.6081 

.6157 

.8290 

-e3846 

.0527 

-.3051 

-. 1301 
-. 5050 
.lh50 

.3018 

.3287 

.3046 

- -2070 

-.3069 

.5261 

.I903 

.5133 

.5473 

.3505 

Tota l s  

.7234 ,5736 

-.Oh58 .!I976 

,3768 .8746 

,1396 .98@ 

.5608 .6561 

-.1769 . W O 3  

-.3596 -8830 

-..@73 ,8090 

-e3153 .8988 

.33l4 .9205 

.2@ .9336 

-.4906 ,6945 

- e 2 4 3 5  -9511 

-.6117 .@81 

-.56@ ,6157 

-.*a3 .8290 

East limb 

blest limb 

IC of  f a u l t  

S.J o f  f a u l t  

Grand t o t a l  

-1.8387 2.3986 4.9232 

3.2893 -3.7258 8.2571 

2.7227 -3.0818 9.0936 

-1.2721 1.7548 4.0867 

1.4506 -1.3207 13.1803 

Direc t ion  cos ines  of 
mean vectors 

-.3182 .4151 .8519 

,303 -.3866 -8568 

.2728 -.3088 .91U 

-.2750 .3794 -8835 

.1089 -.0996 .9891 

Calcula t ion  for example 1, i l l u s t r a t i n g  the use of d i r e c t i o n  cos ines  of the m e a n .  
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et C than at  A. 

mggoats that tba northeast  aide of tbe fault FF' i s  downthrown about 3008 

foot. 

S h o e  this stratigreghlo level is in faat the a m ,  thla 

On tha southwsat Side of the f d t ,  t b  mean metor has direct ion 

O O S ~ O S  (-*850, ,3794, e 8 8 3 5 ) .  F lie8 -0.8 m i h s  SOU* and 0,9 d.10~ em% 

of A. 

aide of the f d t  F'F1 is expected to be (0.8 x -2750) t (0.9 x 3 9 4 )  miles, 

-t l e  about 3000 feet abcm the Ihmbet~ne band. 

of the f d t ,  the man vector haa direct ion coeines (.2788, - 3 8 8 ,  .9122), 

md F Ues 1.8 ndbs aouth and -2.1 miles east of C. 

level at #e surface of the northeast  side of the fault i s  q o t e d  to be 

(1.8 x 2'728) t (2.1 x 3088) miles or about 6ooo feet above tb6 st rat igrapM2 

le-1 of tbs Ilpres.tnne. 

on the fuult. 

Tbbmfom, ths stratigraphiu level of the sandsbns at the southmst  

On the northeast side 

The s t ra t igraphic  

Again, this indhates about 3000 foot  of m o m t  

If the disompanay in s t ra t igraphic  leml -re a uonsequenm of limb 

attuntation due to horizontal uompression, and not  a result of faulting, 

thon the attenuation would be related to the angle which the  liabs &e 

with a horisontal axis.  The average slope of ths e a s t  limbs in diroction 

AC i s  ~ ( 2 . 6  x ~ 1 8 2 )  + (3.0 x . 4 ~ j ] / 4 . 0 ,  that is, 0.52. Th6 ammm 

slope of tbe mt WS is  r(2.6 x -.34l3) f (3.0 x -.3866)]/4.O, that is, 

-0,52. 

indieation that horisontal uollapreasion would cause uneQusl limb attenuation. 

T h a v a r i  lu1m of  a aet  of vectors: 

Since the  slope of ths two limbs is about the same, there is no 

Eavlng found a mm value for the meseurements, the next descriptive 

s t a t i s t i c s  to be considered are the seuond moment and the variance, (am 

Y u l e  and Kendall, 1958, or Dixan and Massey, 1957, pag0 U), 

plsb~ures tb variation, o r  dispersion, of values about tbe man. 

mngant 188~~ures tbe dispersion of values a b u t  any origin, not moessar i lp  

Tbe variance 

The second 



I '  

MS. A mom n a ~  m m  of dispersion is (12, since it inareaeee, 

fmrn zero to am, au tbs variation inareasea. Referring to figure 4,  

q2 ie found to be .16 f o r  ths first fold and .47 for the seoond fold. 

The eecond moment i a  a indication of the tightneas of the folding, 

- 

The above example brings out tuo points. First, that tb seuond 

mormnt i e  a suitable measure of t i g h h e s  of folding. Second, that the 



Fold 1: 

Cosines of e 

cos2 e 
-5592 -390’7 -20’8 2250 4384 5592 4-226 2250 -2419 4695 

3127 1526 0432 0506 1922 3127 1786 0506 0508 2204 

Fold 2 :  

COSIBW of e 

cos2 e 
-8988 -454.0 6081 8480 -5000 -8192 -5150 8387 6691 -4695 

8078 2061 3622 7191 2500 6711 2652 7034 4477 3204 

Tot als/lO 

o.oO01 

0.1571 

-0 0699 

0 4653 

Hgum 4 : Calculation of ths  second moment of direct ion cosines 



1.5 

.mlus of the tmoond mmnt depends on tba choioa of roferanue -8 ,  l k  

man pole end a line at right angles to it are a euitabb o b i u e  of axe8 

%B tbm dians ioaa .  

Otbbr plamxrms of tightawes of fold3.q oould eaaily be developed. 

OM wuld, for instanur, estislate tb total aumalsbd thiukaees of strata 

%ramreed (up and down) in mow d t  distanoe p-1 t o  eaah of the 

roferenae axes. 

value ( tha t  10, d. values taken ae poaitivo) of direetion coainae about 

o m h  aria.  

fold l h b a  by ualaulatlng t b  mrage value of the s la ,  of the €u3&6 

whiah tb pole6 make vlth a horizontal &S. 

Tbia aan be done bp oelaalatlng the enrage absolute 

Alternatively, one d d  doterpdns tba amrage elope of the 

These alternative mbaauroa 

1 qbn, oskk~ated t he  dispereion of tho distribution about the man 

by one rnnaber - a malar quantiv whiah has no di rec t iona l  signiricance. 

!Rm use of F5eher'e technique in geology has been d e a d b e d  by SteFnmeta 

(1962). 

rtiluotural geology, f o r  the re lat ionehip between dispersion and dimction 

The ~etbod does not appear to be altogether appropriate in 

ie Q furt-tal part  of most struotural problems. Th. dispersion a m  
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instead be oonsidered in t e ~ ~ a s  of oatpcmate  in different d i r o o t i o u .  It i s  

a408 not AEuy apeairy tbe relationship betmen diaperaim and direction, 

for it g i w s  m iadiaation of uorrelatione between the p, q, and r tern. 

caparianue terms of tbs type pq, qr, and pr, oan also be oooaypted for eaah 

gb-t and the mraga values of the covecpfmce tarnre found. The 

results o m  be arranged in mwe and oolunms to form the following matrix: - - 
e - -  

wbbre  pq = q p  - -  
Pr=w - -  

a n d q r = r q  . . . . . (1) 
p 2 p Q  

This is a dispersion matrix. 

T b  ditpralm or mvarianoe matrix does not at  fimt appear to give 

lib geologist aqp Information of value. 

folds catPnot be uaed t0 ooarpsre the properties of the folda, d.088 the 

folds happan h k s ~ h r f y  oriented I n  apaos. The mmon f o r  this is 

that Ue reforeno8 axes a m  arbitrary - namely, l i n e a  direoted In ~ o u t b ,  

o a t  and v e r t i u a l  direotions - and the a-as are not mfated to the parti- 

dlar f o l d  under oonslderation. The values of the varianua d oovarfanoe 

tern in the  matrix reflect  the ammt of folding in different dipBctlon8, 

but t h  dirsotiona do not have any appamnt geological sigdXLcan0e. 

Eowver, direot ione vhioh do have geologlaal sigdfimnae urn be found, 

'phsy rela'w to the -try of ths fold or folds, 

mrah axe8 is d m l l a . r  to t€m technique used in faotor analysis for finding 

priaoipal axes, and i s  desoribed in Harman (1960, chapter 9 ) ,  o r  Kendall 

Mntrioes vhiah refer ta different 

The techniqne of f h d i n g  

(1961, cbatnr 2). 
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Xhe are0 are tomead the prlncipal axe8 of ths distribution. If p l ,  q', 

sld r' are the dinetion cosines of ths vector8 referred to the prineipd 

of the distribution referred to the principal axed. The relative valuss 

have important propertissr 

(1) Ths eocond mmnt pt2  ha8 the largest valae of any second moment of' 
- 

the distribution, meatmm3 about any axis that can be ahosen. In other  

mrda, ths dispersion of the distribution is largest when mbaeured about 

the pr iac ipd  &a corresponding to p'2. 

(2) Tbe second gwrnrent qt2 has the l a r g e a t  value of any semnd moment 

- 

__ 

aaumerrmt \ m m d  about any axis of the distribution. 



pbdzl of the distribution. In area8 of vary ti@t folding, ubwre the fold 

G e O l Q g l  o a l  S I m L f i  CanCB of Prin u i p d  axe8 2 

!l2m geologioal algnif’lcanue of the mean vector has a l ~ ~ a d y  b e m  considered. 

Since the veatora are poles t o  fo l i a t ion  planes, and the aosine of 90 

degrees is zero, tbe r t2  &.s is the Ilne which, w h e n  moved p a r a l l e l  to 
- 

itself, most nearly generahs the folded surface. 

(Clark and McIntyre, 1 9 9 ) .  

It is the fo ld  a x i s  

The a d s  about whiah the second momnt i s  iater- 

msdiate ie at right angles to the mean pole and the f o l d  axis.  It is tbe 

horizontal a d 8  of example 2, Aa in that example, the second mwnt measured 

about it is a m m  of the t ightness of folding measured in the p l m e  

normal to the fo ld  axis, 

separately by the minimm second moPbnt, ~ 1 2 .  

T ~ B  folding para l l e l  to the fold axis is masured 
- 

S a b o r i P t  notation: 

At this stage, it i a  mnvQnient to adopt a more compact notation, similar 

t o  that used In solid geonretzy (see C o h ,  1961, page 6 and page 3 4 ) ,  and 

faubr analysis (see Hannan, 1960, chapter 2),  and re lated t o  tb notation 

of a computer program (see sect ion 2 of thie report) .  Ths three mordinate 

axes to which the mbaaurernents a r e  referred can be denoted: l-axis, 2 - d s ,  

and 3-axis. The o r i g i n a l  m-nts night be in tom of axes directad 

south ( 1 - d s ) ,  east (2-axis), and u p w d s  ( 3 - d ~ ) .  The dimct fon  cosines 

of the j th  msasuramnt can be denoted [ d j l ,  dj2,  dj3] ,  w h e r e  the first 

subsofipt denotas the nmber of the msasmment ,  and the second subeaript 

denotes the axis from which the coshe  is measured. 

dj3]  can be mm compactly denoted d 

The vector ~ d j l ,  dS2, 

The e n t i r e  array of n such 3. 



1pbmunmantt3, arrenged %n n mwa and three aolumns, comprfacls thar data 

matrix E. Underlining i e ,  ueed t o  inclhate a vector, a oapit;al le t ter  

The location of eaoh measurement can be reeorded a8 wordhates 

g i v i q  the dietancs south, eas t ,  and above an arb i t ra ry  o r i g i n .  These 

dlstanuee together consti tute a motor which for the jth maasurement, cm 

be denoted 9 o r  [ g  , g , g 3. The array of n geographlual ooordinates 
jl j2 33 

aontaina n rows and three C O h 1 n 8 ,  and can be denoted & another data 

matrix. 

AEI w a s  mentioned above, ths distribution of direction cosi.nes, 

and the distribution of geographical coordinates, 5 can be t r a n s f o m d  

t o  refer t o  the principal axes of the distribution. The prlnclpal axes 

would then be the coordinate axes to which tbe dlstributiona w e r e  r e f e r n d .  

The p r i n d p a l  l d s ,  Z-SXLB, and 3-axis can be arranged in m p n c e  so 

that the varianoe of the distribution meaeured about the 1 4 s  is the 

maxLmrrm variance, the varlanoe measured about the 2-axis is intermediate, 

and the variane0 masured about the 3-axis i s  the mbbmn possible fo r  

the dis t r ibu t ion  measured about any axis,  (see section on principal  axes, 

above) . 
"he transformed direction CrosLnes for the j t h  measurement can be 

denoted t o r  [tjl, tj2, tj3]. The corresponding geographiaal coordinates 3 
4 a m  transfomed to  coorzdinates which have structural significance, 

and s ,are 
j 3  

1. Tlae ooordinates sJ1, sJ2, jl' 3 2 '  8j3  denoted s or [s -3 

array .sf IP transformed orientation masurements can be denoted '& and 

the a r r q  of structural coordinatgs can be denobd S. Both 2 and S are - 
mtri.cea wi th  n mw8 and three columns. 



in tb operations of rotntion wMah a m  parformsd on a stemgram. This is 

s t n l u t a r a l  data proaeeds aa follovs. 

(1) T b  dirrperoion or oovarlanae matrix (1) mentioned above, I s  oomputed. 

L 

E =  - 
'11 9 2  '13 

'21 e22 e 23 

'31 '32 e33 
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q u a l  to the aeuond nvlwnt msasured about the sxia indioated by the eigem- 

(3)  Transformation Prom veators referred to the o r i g i n a l  aaordinate -8 

to psctors referred to the prinuipal axe8 i s  auhieved p o s W t l p l y f n g  

and l3j.e- = Ej 

Aa mentioned by Rarman, tbe aperations of matrix d t l p l l a a t i o n  have 

a a a t  pponrstrical analogs. The original population of voctom, 5 uould 

be repmsented g~onrstrioally by llass of unit lsngth radiating from the 

mter of a epbere, Tbe transformed veutors ,  T, could be obtained by 

rotating the sphen until the principal m 6  lay in the aouth, east, and 

vertical positions. Rotation of t h  sphere is analogow to multiplication 

by tb matrix E_. The Jwobi mthod of  aolnputing eig;eweotora, a l a o  

do8arlbod by Harman, page 179, proceeda by a series of matrix multipll- 

oationa, eaah analogoua to a rotat ion about one axis of the distribution. 

Th, IPatriaes are uhomn to redurn each o f  the covrrriance tern of C - 
8U00086iVB~ tO Z O ~ .  Plaally W O W  IllatriOea Used the OOmpUtS- 

t ion are ooab5ned (by multipliuation) to yield one matrlx, 5 whioh 

rapmsenta the to ta l  rotation. The analogous geometriaal prouedure wu3B 

be ueed to find approxiraate principal a~ce8. The original veutora oould 

be plotted as points on a stereogram. The stemogram uould be rotated 

about eauh axis In turn, until the point8 were 88 nearly poeeible 



TABLE 2 

1 2 3 4 5 6 7 

.8743 .8079 .6973 .U55 . l l l 4  -.0611 -.2276 

- e 0 4 2 3  -0363 .1984 .3234 .3859 .4280] 

.A514 ,5878 .n93 .8829 .9397 .9205 ,8746 T o t a l s  

= .7644.0 .65270 .@U2 .18105 . O l 2 4 . l  .CO373 .05180 2. U73 

= -e10745 -.03GL7 ,02518 .08442 .03603 -.02358 -.@7fJ -0.1170 dl j O d 2  j 

d l j  *d3j 
( d 2 j I 2  = .01510 .00179 .00132 .03936 .lob59 .I4892 .18318 0 4943 

= .39466 .47@8 .49898 .37567 .10468 -.05624 -,19906 1.5936 



I-axis 3 

Mgure 5 : Illustration of the ro ta t ions  used in finding the 

principal axes of the m o t o r  d i s t r ibu t ion  of example 3 .  
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.30676 - .o i6n .WQ5 

- .o i6n  .07060 . 3-6491 
.22765 . 16491 .a021 

of t b  other terma is a me- of the association of values betmn the 

appropriate pair of axesr rotating t2as distribution about one of the 

~ ~ 3 8 ,  eay the i -axia ,  the orientation of the distribution mlative to th 

otber tv0 8x08, say the j d s  and k - d e ,  i s  changed. €bnce tbe aaeociation 

b e t m n  values masured about the j- and k-axes is ahanged. A posit ion can 

be found moh that them is 110 oorrelation between oosinee masumd from 

the j- and k-axes, and the c tern i s  mduced to mro. 
jk 

Algebraically, the operation equivalent to rotating the distribution 

represented by C through 8 degrees about the 3 - d s ,  i e  to caloulate the 

product E .C.E whom 

1 -1 -1 ’ 
1 cos e ein e 0 

E =  
1 

1 

coa 8 

0 

and E is the tranepose of El, f o m d  by Lnterchanging the rows and oolumna. -1 

1 

COS o - S F ~  e 
cos e 
0 t o  

L similar algebraic operation, with the eii tern equal to 1, and terms in 

tha same row and column as eii equal to zero, would represent  a r o t a t i o n  o f  

8 ilegmm about the i - d s .  The covariance tern c is reduced to zero by 

4 mta t lon  09 8 degrees a h u t  the i - d s ,  w h e r e  8 is given by 
Jk 
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RotatIona ~ p ' b  performed to reduce the magnitude of eaah of the c o v d a n a e  

terms, in dearoasing order of aim, u n t i l  all are negligibly 

bturning to examphi 3, the largeet oovarianae tRrm in i8 Ou 

0.22765. 

2 (0.22'765) 
= -1.4525 2clk - - tan 28 = 

"jj - ckk .30676 - -62021 

€hue, Q = -27.8 degrees, and 008 8 = .88& and sin Q = -.4664. 

T)EI ro ta t ion  matrix is t he re fo r s  

I o  1 0 1 a n d E , C =  
-l 

0 
A this is nov multiplied by the transpose of E 

r.16518 ,09170 -.08789 1 namely El 1' 

.01671 ,07060 .la91 1 x 0 1 t . 3 W 5  .I3890 .654i31 1 0 
L 

with the result 

I .09170 .07W 

L.MM70 -13809 .73990 

- e o 8 7 8 9  

. 16491 
65.481 

O i  

l'b tern oI3 has been rectuued to a negligible quantity. 

this ro ta t ion  is shown in stereogram 2, figure 5. 

is used ta reduoe the c 

other comriance terms a m  subsequently reduced u n t i l  all covariance 

*AW 0.m negligible.  

The effeat of 

The sanm pmcedure 

term f r o m  0.13809 to nearly mro, and the 32 

The successive rotat ions are: 



z-axis 

I-axis 3 

+ 11.2 
a bout I-axis 

0 
-27.0 
about  
2-axis 

+ 1.8' 
about 
z-axis 

Figure 5 t Illuatration of the mtations I 3ed in finding the 

principal axes of the veotor distribution :r" example 3.  
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The eigsIlvrotors am found by nultipliaation of suoaeesivu rotat ion ~ t r i 0 0 8 .  

order of magnitude. 
- 

.U10 .8503 . 3020 

= [ .207T -.a92 .=U 

e8782 -e3182 -e3571 

Ths principal axes, zlT = [.lC310, .2075, .e7821 

* = C.8503, -.4l92, -e31821 
T 

% 
: = [.3020, -8840, - e 3 5 7 1 1  

a m  plotted on stereogram 1, figure 5 ,  

Tbe original direction coeFnea d 

principal axe8 by multiplying each one by E. 
can now be tranefornred to refer to the -3 

tb value (.mu, -0 1 2 2 9 ,  .45u). 

Ths f i r a t  vector 3 hsd 
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t = [.7477, .6513, -1 
'phs o t b r  vsluss of 

0 7477 

TT = - 
L-.034 -.0033 -.0153 -.OU 

w e  o f  t r a w f o m e d  d+rsotion aosia4at 

The transformation of dhwation coaines referred to the original 

aoordiaab -8, to dimat ion  ooaines referred to tbe principal axss has 

un Wrtunt funation in 6 - w  mbsequant shtietical tmatmnt of 

tbs dab. 

vdat - ,  91, d j p  a n d d  

den*, and none of tlza varlates  ha^ aqp apparent geological mesning when 

aomidsred alom. 

unwrrelated varIat.8 tjl, tj2, and t are obtained. Each muorrelated 
33 

-ate hsa dimct geological significenao and can be treated laaapenaently 

of the o a r  W. One variah mbaoures fo- in the direation of greatset 

buoklhg; another mamma folding parallel  to the 

third lp6a6ures change in attitude In maceasivb layer8 h a dimation normal. 

to tbb fom &am or mean fo l l s t ion  plane, 

Tho original motor dlatrlbution mntalna three oorrelahd 

None of the80 variaters oan be b a t e d  hdapsn- 
33' 

Bp d e -  the veatora to the principalgtbe, three 

fold axis; the  

The original thrae-dimensional mator dietributlon can be regarded aa 

broken down into three u n a o m l a t s d  aualar diatrlbutions, by ro ta t ion  to a 

position vhere oovarianae terms vanish, 

aolah more readily to the uncorrelated components than to t he  original vectors. 

For inatanue higher momnts can be ualaulated for each of the transformed 

S t a t i e t i a a l  nmtbDd8 can be applied 



measarea the posi t ion of tha fold in spa-. 'phe seoond mmenta about the 

prinaipal area maaura tbm tightnears of fopdfng in different dimctione. 

tbe prhtive sl-op of fold limbs and tbe relative almndanee of unusually 

s teep  slopes on the fo ld  l h b s .  

2 l?A - c (t i/n, where  i = 1, 2, o r  3. The third and fourth naoments are  
j i  

There are  advantages, (see Yule and Kendall, 1958) Fn using the skewness, 

(3) and the kurtosia ( m$) in place of the th i rd  and fourth 

labmente. 

the tmit of measurement, 

The akswness and kurtosis are both pure numbers, unaffected by 

Skewnees and kurtoais were devised by S t a t i 8 t i -  

oianer fo r  the description of crnimodal frequency distributions, The jus t i -  

f ica t ion  for  wing them w i t h  frequenoy diatr ibut ions of direct ion csslnes, 

which f o r  s t ruc tu ra l  data as8 l i k e l y  to be strongly dimodal, is  simply 

+,hat they appear t o  measure properties of interest to the e t rua tura l  

geohg i s t .  

The skewness measures theasynnnetry of a frequency distribution. 

the x m n c y  dietr ibut ion is that of cosines measured about the princtipai 

Tf 



In oontraet to U s ,  oonsider the two folda illustrated in figare 6 ,  

Th8 mwnd and third m n t a  are calculated aa ab-. The seoond lsombnts 

are 0.1513 and 0.1586. 

fold with the ateep Ilmb fauing 

Unb facing away f r o m  ~ 2 .  

Tbs ekswneers ie calculated to be 0.640'7 for the 

and - 0 . 8 U  for the fold vith the eteep 

In t h i a  eense, t he  sbwneas nmwums the 

a s p m t r y  of the folding, but the word "tksymnetry" c8n be ambiguous in 

structural geology (8ee Turner and Weise, 1963, page 122). 

folding may be r e h t a d  to the fo ld  having an oblique d a l  plane. 

The aspnrmetry of 
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Figure 6 t Cross-sections of three folds.  

a skewneas of O.oo00, the c e n h r  fold has a skeunesa of 0.6407, 

the lowest fold has a skewness of -0.84l1. 

are measured about the pr inc ipa l  2 - d . 3 ,  directed hof i zon td - ly  

t o w a r d  the r i g h t  o f  the page. 

The upper fold has 

The d imct ion  cosines 
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figure 7 : Cross-sections of two fo lds  (on right), the upper 

diagram illustrating a symmetrical fo ld ,  the lower diagram an 

asymetrical fold. 

distributions of vectors n o d  to the bedding planes. The 

man vector i a  vertical Ln both folds, the prinoipal  2 4 s  

i a  horizontal and dimcted to the right of the page. 

The diagrams on the left show 
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% hrtosier of a n o d  fmqnenay dis t r ibu t ion  haa the value 3.  

The fourth rPrPIPent i s  mre affeoted by extreme valuels than is  th second 

nxnmnt. 

values. 

values than doee a fold with angular oresta and faat limbs, and the 

kurtoais is  oomspondingly higher. 

the shape of a fold.  

similar to that for oalculat ing the sketmess, and an ex8ztipl.e of the 

camputation &ea not appear to be necesaary. kwemr, It may be otseftil 

to illuatrate nr>nmnts f o r  a feu folda of different shapes. 

done in f igure 8. 

Matrix metbods used to deeorib  operations of 8tretahj.m and rotation: 

As a result the kurtosis is  larger where them a m  mm extreme 

A f o l d  with roundad prof i le  has a higher proportion of extreme 

Kurtoaifi oan thus be uaed to m a m  

The pmaedure f o r  aomnprpting the kurtosis is 

This is 

In e q l e  3 above, th, use of matrix d t i p l i o a t i o n  aa 813 algebraic 

representation o f  ro ta t ion  vas considered at som length, for the UaeArlness 

of t h i s  procedure in structural geology goes far beyond f ind ing  principal 

-8. Ita importanoe is enhanced by the fact that stretohing and 

ref'leation, see Cohn, 1961, page 36, a m  two o t h e r  geombtriaal o p m ~ i o n s  

whiah can be repreeented by matrix multiplication. Matrices representing 

different operation8 perfonnsd in aucoession can be aombhed into one 

matrix representing the total effect of the aequance of operations, by 

multlpaying ths aeveral matricea i n  their aorrect  order, (see Harrnan, 

W O ,  page 53). 

E.Rample 5 : A bedding plane d with d i rec t ion  c o s h e s  (,8743, -.U29, 
7. 

.453-4) is  s i b t e t d  400 yards south, 50 yards east, and 20 feet above 8 

referema po.int in ths o o m  of a fold, 

5.n 6xm: I 5 7 .  The dimnsfons of a number of graen spots in the red shale 

were mmsured, and the conclusion w a s  reached that the spot& were 

The matrix g for tha fold f a  as 



Figure 8: 
number of folds of different  tightness, asymmetry, and shape. 

First four mments, skewness and kurtdsis of a 
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5 = 0.0, m2 = 0.2, 9 = 0.0, m = 0.0, 

skewness = 0.0, kur+vosis = 1.4. 
4 

y = 0.0, 9 = 0.2, 9 = 0.1, m = 0.1, 

skewness = 0.7, kurtosis = 2.4. 

4 

skewness=-0.8 kurtosis = 2.3. 

ml = 0.0, 9 = 0.5, 9 = 0.0, m = 0.3, 

skewness = 0.0, kurtosis = 1.2. 
4 



be deeoribed the equation: 
c 

-1 = x .E -I, vbre E I s  the h r s e  matrix of E (see Haman, 1960, I 1' 



T& ra t ioa  of the tenna on the diagonal of - %-' a m  fixed, but their 

absolute valms are not. Thb mopbment, relative t o  the referenoe point 

in the fold uore, of  the b o a t i o n  gl ittls t o  e ~ t u h i n g  and aonpreasion 

ann be examined on ths asmnnption that thre hae bem no volumb changu 

In the  rock due to oampression. 

the prPduct of  the diagonal tarn of E 

by (1.4286 x 1 x 0.6666), 

With t h i e  asslanptlon, €t follow8 that 

is unity. Mvlding eaoh term 
"1 

0 0 

0 1.0501 0 

axes f h m  the origin t o  tbe erubject location, after buckling but before 

uompl.ession. To expmss the ooordinatea of t h i s  looation in term of the 

original ooordinate axes, the rotation H muet be reversed. Th6 inverse 

of the matrix 

matrix suoh BB 

is therefore  required, (see Harmaa, 1960). A rotat ion 

has the epecial plpperty that the inverse is equal to 

tbb tF8MBp080, that 18, f3-l = ET, ( 8 -  Harman, 1960). Tbs inverse 

thus be found by internhanging the row8 and co~umn6 of E. 
.U10 .2075 

E -  -1 - L.8503 - . a 9 2  -:::I 
.3020 0884.0 -.357l 

and (396, 999, 731).E-l = (U, 310, -231). That is, after buakling but 
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before aoqmsaian, tb maasursd point waa located 

y d s  weat and 231 feet below the t-eferancs p o b t  in the aore of the fold,  

yards sonth, 103 

"he promdtrre for finding .the dkection aoslnee of the bedding plane 

after buckling but bafore compression 5s s M l a r  t0 that outllned abrve. 

il.%ol = (-5234, .hs39, -.0087). The 8um of squares of them m b m  doea 

not s@ one, and they a m  not they a m  not therefore dimction cosines. 

4hen aonverted to direution ooalnss the numbers bcom (.6077, .nu, 
- @ O l O l ) .  

sa* w t i p l e  of t)me mbtr ix  

diagonal terms would be unity. 

+ibis matrix would p i e l d  direation cosines d irec t ly .  

If a lmge ntnnhr of dimation oosinws W I B ~  being calculated a 

wuld be used mah that ths a m  of the 

Multiplication of direction aosinea by 

The direotion coaines (.6077, .79& -.0101) oan be multiplied by g-' 
Zc obtain direction c o e b a  in terms of the o r i g h d  coordinate axes. 

(.6077, .79W, -.OIO1).g-l = (.93W, -.2157, .2774). 

while ths above example ie eimplified for illustrative purposee, it i s  

u h a r  that by applying this pmcedum a number of C,imse to a nlLmber of 

measurements, one could atterapt to mconstruut the shape of the folded 

surfme a t  varloua mmants during the foIding. 

Stat i s t ica l  aynane try planes: 

Them am three prlncipal planes in each distribution, namely the 12-plane, 

\he 13-plane, and the 23-plane. 

axes which a m  para l l e l  to it. 

euch a way that there is no association between the distribution measured 

about palm of axes, it follows that the distributisn l a  &a nearly pose ibh 

8ylmastriuaUy distributed abut the principal planes. The prkicipfd planes 

may therefore ~8 statistical gSrnnnetry p m e s ,  u f  the Mnd that would be 

found fmm a stereogram mbher thau f r o m  an ind iv idua l  f o l d ,  (see Tarner 

Eauh is defined by the pa ir  of prlncipal 

Beoause the prinaipal axe8 are chosen in 
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and Weise, page 122). %e skewness of the distribution about eaoh o f  l;he 

axe8 fa  8 guide t0 whether or not  the distribution is sgnapetrioal about 

sgnrpbw. 

imifonn pattern over the surface of a sphere, 

The elements may for bstancte be randomly diatrlbuted on a 

The population would then 

havs a center of qnmmfzyr 

t h  threo semnd mmta  having apgr0Xi;nately the same value, 

This would be clear ly  indicated by each of 

similarly, 

a~ rvd8 of e m f x y  wUM be ladiaated by two of  tIae varianses having 

about the same value. 

h 8 set of bedding plane8 where them were folded into a aeries of 

An a x i s  of sylmoetry might be preaent, f o r  instance, 

nearly oircular domes and basins. 

he l.ndetemrLna.tS, since no d e f i n i t e  fold d a  would exiat, 

Two of the principal axes would then 

A a o n i c d  f o l d  would have leas than three planes of s v t r y  as 

defined by Turner and Weiss (1963). It may therefore be advisable to 

examine the poss ib i ldty  that the distribution o f  vectors under aonsideration 

might be arranged as a cone rather than as a cylinder, 

uai2lg a leastsqnares method, ( s e e  Yule and Xendall, 1958, o r  Dixon and 

Maseey, 1957, page 193). 

ttre cone (Is8 calalllabd. If the dist f ibut ion i s  in fact cylindrical, 

the slds of tha cone will oohncide with one of the principal axes, and 

the apical angle w i l l  be zerou 

This can be done 

The axle  of the cone and the apical angle of 

W l f i d r i O d  folds: 

The msthod of computing the axis of a conical f o l d  depends on the 

Pact that the m d n e  of the mgle between tu0 vectors with direct ion 



vdotora d u w  arranged on the &me of a 00124 with an unknown a x i s  a, 
the o a s b  of the angle between the uone axis  and t&a j-th vector i s  

9 

+ %Ajz + a3,dj3, a aualar quantity vhioh oan be denoted k 

p t i t y  k i s  equal to a conatant, k, for aU the veators of 3 

The 
%*dfl j' 

dlstribu- 

son, spart frop rosidaal Qviatione of t bo  form (k - k ) ,  The best f i t  

valm of & n-ly tb value suoh that the 8um of square8 of devlatione, 
j 

A parallel approach to the problem of f'indlng a oone &a aan be taken. 

borntr ioal ly ,  a distribution of  veotora aan be represented lines of 

rmit bngth rsdiating f m m  the origin, 0, The ends of the Unes are pinta 

whiah am arranged on the eurfaue of a ephere, and which oan be plotted on 

a sbreogram. The position of eaoh point h spa00 can be d e e d b e d  f.n tefnre 

of oonventional ooordinate -8 ,  bp the direotion uosinea of the veator, 

(e- figure 1) , Ths pinta are U e I y  to lie on or near a plane. If the 

vectars em radii of a uylinder, the points lie on a plane passing through 

t b  o r i g i n ,  and would plot  mar a m a t  oirole on a aternogran. If the 

veutors a m  arranged In a aonioal pattern, the pointa lie on a plane vhioh 

deor not pass through th8 origin, and would p l o t  mar a 8maJ.l u b u b  on a 

Th8 plane on whieh the pinta l i e  oan be represen~d  by ths equation: 

to th8 or ig in .  

distribution i a  oyllndrioal. 

Tbs plane passes thmugh the o r i g i n ,  and k I s  mm, if the 

If ths distribution ie mnioal, k is e@ to 

the ooslns of the apical angle of the cone, Three quantities In the above 

The equation can be 
33' equaua 

vr i t tem in three different w a y s ,  each with a different observation on the 

=-d, n-ls d j l ,  dj2, and d 



Them 6 n  t h e  three d i f fe ren t  ways In which one aan minhdze the 8m of 

sqasses of  dopiations between observations (on the  lef t  of the equation) 

and the oalculated valms on the right of the equation. 

plane8 oan be found for ths points. 

mhinann oalub for tbe sum of squares of  distances k o m  obaerved points to 

tbs plane. at, for one plane ths distauaes are laeasumd parallel to the 

l-axis; f o r  another parallel to the -8;  for the third paraUel to the 

3-axis. 

and it i a  of scum interest to see how closely the planes ooinaid4. 

average of the t h m a  planes can then be used t o  derive an estimate of 

the orientat ion of the uone &s. 

Three bst-fit 

Each of the best-fit planss has 8 

It i s  oonvenient oomputationally t o  o a l a u l a t e  all three planes, 

The 

A better procedure, partioularly i f  the distribution is referred to 

the principal aAs, is  to  use the plane for which the  sum of squares of  

deda t iona  is  a ndnbuum. 

deviations are zneasured is  the  euds moat nearly perpendicular to the 

b e e t f i t  plane. 

of the best-fi t  plane, if it is the plane f o r  which the sum of squares 

of deviations is a m4. 

This indicates that the a x i s  along vhich the 

Aberrant values w i l l  have l e a s t  e f f ec t  on the posit ion 



Example 6 : FYnd the axis and apl.cal angle of the beet-fit cone fur tlaa 

and the direut ion coshee of the exis found i n  terms of tb o r i g h a l  

reference a x e d .  But it ia of in te ree t  to 888 how fa r  the tuds of the bestfit 

oone deviates from tbe prinoipal  axis. The data matrix is therefore trans- 

formed to =fer to the principal  BXBS, and ths best-fit cone calculated in 

t e r m s  of the transformed data matrix T-* 

The covarimue matrix derived from is found to be: 

- C = [ -0293 -1976 .1360 1 
The eigenvaluee of are; 0.7866; 0.2119; and O.OOO9. 

1523 00293 -02651 

- 2651 .13@ 6502 

I 090x3 
I- 

Hence, 

r .7919 .8750 9w9 . 9980 .932a 8666 . 781-4 

Y TT = /-.60?9 -.@U+ -.3332 0083 3 591 .4991 . 6234 
eO 3 @  -.OU3 -004-49 -.W -e0329 - . W 7  .0315 

The above pin+& are plot ted on stereogram 2, figure 9. 

11 The sum of square8 of deviations between the observed t and t 
j 1’ 

o d d a t e c d  from equation (3) above, i s  
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Stereogram 1, showing poles to seven fo l i a t ion  

planes. 

Stereogram 2, showing poles to the same f o l i a t i o n  

planes, ro t a t ed  to refer  to t h e  principal ax is .  

Mgum 9: 

least-squares method. 

A best-fit cone is conputed, in e:cample 6, us ing  a 



Putting bl - = - 2 ; and b = k , the expmssion becoma 
al O a1 

Tbse equaLion8 are sfmilar to those which a r i a 8  in trend surfaoe aKd.JWiS, 

(see Whitten, 1963). 

ninimum value of the variable G is required. 

Tb6 unhowns can be found i n  a similar manner. ‘REI 

It is a condition of G being 

Thee expressions simplFps b the no& equations: 

bo.N + bl.Ct + b2.Ct = Ct 
j l  j 2  33 . . . . . . 

. 
. 

wbm M is the number of measurements in the data. 

The following values a m  calculated from the 2 matrix of example 6: 

N = 7 ;  Xt 6.1876; Ct = O.Of21,; Ct = 4l.CPh-3 
11 j 2  33 
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C(tjl . t j2) = 0.04223: Z(tjl.tj3) = -0.10278; Z(tj2.tj3) = 0.00252 

Substitute in (1) 

bo = 0.85458 

8 
= - 2 = -2.1348 

b2 5 
Henae 5 : a2 : a3 = Loo00 ! 0.oOu : 2.1348 
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Dividing by .the aquare root of the %urn of aquaros to express g as dkreotiski 

o o e b s ,  % = 0.4242; a2 = - O o o O O 6 ;  a = -0.W56. 

are mein08 EU% 650, 900, and 166O. 
l e  t b  cosine of 68'. 

The angloe of vhiah them 

x a,. = .3625, vhiah 
3 
Tbe uonatant k = 

Due to the m a l l  numbar of  b c W  places retained 

in tb6 aaloulntial, the results are only appmsdmate, 

An analogous proaedure to that desudbod above can be used to determrine 

the coeffioients when the sum of squerea of deviations parallel ta the 2- 

and 3-axea l a  nrinimized. Again using deek aalculabr accuracy only,  the 

s of whiah th are 

maines are (Uo, 91°, 159) and 69' for the apical angle. 

up to 2O h o r n  the anglee oaleulated on a etereograra, because of rounding 

error8 In ths oalculation. 

C o ~ ~ ~ ~ t a t i o a s  for subsurface data: 

Th.sa differ bp 

Struatural Wonnation i s  frequently obtained in the form of elevations 

of a particular brison, rather than in the f o m  of othntation of structural 

features measured at a number of polnta. 

and elevation of measured points on the given horizon, to calculate the 

orientations of a set of Unes which jo in  each pair  of meusured p i n t a .  

The s e t  of lines oan be treated 89 before, although t h y  refer to lines 

paral3sl to the surface rather than to poles to the surface. 

signifiaanoe of the principal  axes oomputed in t h i s  manner i s  somevhat 

differant f m m  the significance of principal axes calculated from poles. 

It i s  poseible, f m m  the location 

Tho geologibal 
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Variana. of 
masursnrents Veators parallel 
about prinaipal to a surface 

Vectors n o d  t o  
planar featurea 

Mean pole 

Fold e x i s  

The aalculat ion of d i rec t ion  cosines for subsurfam data is i l l u s t r a t e d  

in the folloving example. 

Example 7 : The elevation above aea level of four  points on a 

marker horizon a t  locationsmbasured south and east of  an origin (0,O) am: 

South of 0 East of 0 Elevation 

1 0 fee t  0 feet 1230 feet 

2 -70 feet 3462 feet 1608 feet 

3 2560 feet 4l.O feet 1534 feet 

4 1892 feet 2807 feet 1527 feet 

The direct ion cosines of the six lines which join pairs  of the points are 

t o  be ualoulsted. 

The dietances betwen point8 in  a south, an e w t ,  and a vmrtical 

d ima t ion  determine the d imc t ion  ratios of the lines joining the 

points. 

ratios, by divFding each of  the direct ion ratios by the root  of the 

llum of squares, (see Cob, 1961, o r  Harman, 1960). 

are mmar iaed  Ln t ab le  3, 

The d ima t ion  cosines oan be found di rec t ly  f r o m  the direct ion 

Ths oalculations 

titatin de surbtioa of -OF fo Id8 8 

It may be porsible to make large numbers of msamremnts of bedding 

p h e  a t t i t u d e s  on folds that are amal l  enough to h mmpletely visible 

vlthin an outorop, 

tightness, -try, and shape of  the minor folds could be derived ty 

Iprom the meaaursments, e s t b a t o s  of  orientation, 
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the p o e d u r e s  desoribed above. 

If profl lee  of the folded surfaoes can be ~een ,  however, it is muoh 

more mnmnfent to make dim& me-nts of the features of  the fo ld .  

Tbe czoxmnienoe wa(y auttrsigh the faet that the, mbasures e s t a b l l e b d  for 

the minor folds osarnot be aompared dimctiy with those aa lcuhted  for %he 

major fo lds  by the aonsputer program. 

whiah estiraRtee of t h  properties of the fo ld  could be d e  direat& 

f r o m  t\e fold profile.  

Figure 10 shows one manner hn 
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B 

TRACE OF BEDDING PLANE 
ON A PLANE NORMAL 

For the folded bedding plane between A nnd Cr 

AC l e  the mean a t t i t ude  of the bedding; 

the angle ABC between the mean attitudes of the l h b e  can be used w 

a mea8uro of the tightness of foldlng; 

t b  angle BI[C between the bisector of angle ABC, nsmely BX, and t b  

man attitude, AC, can be uaed aa a measure of asyn~~try  of the fold; 

the r a t i o  of the length of  the bedding plane between A and C to tbe 

length of the s t r a igh t  lines AB + BC uan be used as a measure of the 

8hP Of ths fold. 

Ngure 10 : Illustrating possible quantitative ~ ~ B U F B S  fo r  

minor folds 



SECTION 2 : mE COMPljTER PHoGFUh 

Notation t 

A lfwting of the program, written in F a r t r m  SV for the 1W.i 707, j-8 

given Ln the appendix. An attempt haa been made to w e  a n o b t l o n  in 

tb program 8 b U a r  to that used Fn the body of this mport. A l i s t  of 

€?OB113 of the symbls foll.ows: 

Variable referred to: 

marlance matrix 

Elsment of aovariance 

and j-th aoluxn 
matrix in i - th  ~ O W  

Direation aoaine of 
j-th msasursmbnt 
about the i - a x i a  

Rotation mat* of 
e l g e m o  to ra 

Element of abow matrix 
in i-th IT)V and j - th  
oolumn 

I-th eigmwalw, arranged 
in order of dearoaehg 
@t=ldo 

Geographical ooordinate 
of j - th  maaureunent, 
meamred para l l e l  to 
i - th  a d 8  

I-th mmnt msaaured about 
the j - th  a x i a  

Code mber ( f r o m  1 to 9)  
i nd ioa t lng  t h e  oategory 
of the L t h  factor to whioh 
tha j - th  measuremnt belongs 

Nsme, i n  alphameric oharacters, 
of  the k-th category of the 
f-th factor 

Algebraic svmbol: 

C - 

E 

Fortran napla: 

COVMAT 

C~VMAT( 1, J) 

o r n o s (  J,I) 

E I W T  

EIGMAT( I,J) 

EIGVAL( I) 

GCOORD( J, I) 

LIST( J, I) 
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C00-b of j- th 

p a r d l e l  to i - th  
meaaursmant, masumd 

prinuipal axis 

TRBCOS( J,I) 

the program is desuribed before the  arrangsPwtnt of  data input. To provide 

flexfbillty, ths program ha8 been written as a number of  s u b r o u ~ s ,  whiuh 

e m  be uombined in different  waye, acoording to the complexity of tbe 

geologlual p r o b h ,  A choice of five m a i n  programs is provided in ths 

progmm l lsting i n  the appendix, le wer may chooee whicbvbr of the 

program i r  f e l t  ta be most appropriate .to the data, and the  maln program 

automatioally o a l l e  the required mbroutines, see table 4. A4 far 88 

possible, the eubroutinea have been written in such a way that each one 

reprseents a step in tb geologfaal lnvbatigation, Ths user should thus 

be able to mite a new program w i t h  little difficul.ty, if nono of 

the five ir appropriate. 

'phs mbroutines whiah proddo printed output am: 

m u t i o n  ao8iner about any one of &e prinaipal 8x08, and tb mean and 

vaxdanoe~ of subsets of the  distribution, the subsets being th8 oategodoe 

of tb various faators speuif ied by the wer in the array LIST, Th8 purpose 

of the eubroutlne is to Indicate whether significant differsnoes 

or iontauon or amount of f o l d h g  occur between dif'ferent uategoriea, and 

the 

to indicaix the faotora with whiah the greatest degree of variation is 

assooiatetd. 



L i s t  of  subroutines required with each main program, 
and l i s t  of subroutines whloh provide the output 

Subroutines required Subroutines contributing 
printed output Main PI-gr* 

PFUXVl BXES, CONFIT, EXISOC, BXES, CONFIT, WULF'F 
EQUATE, SOLSP, W"F 

m v 2  

PADcV3 

AB above, and 
mMENT, SPIN 

AXES, CO'MFIT, KBlENT, 
SPR?, WULFF 

As abom, and AXES, CONFIT, IDWBIG, 
E M B I G ,  S5WlN bKmNT, SEgSHN, SPIN, 

mFF 

PROGV4 As above, and ANOV, AXES, CONF'IT, 
ANOV, mIN, SELECT IOWBIG, MIME3T, sEp;SHN, 

SPIN, WlTLFF 

pms5 As above, and SCALAR. ANOV, AXES, CONFIT, 
SEKSHN ie not  required. tT)WBIG, MlMENT, 

SPIN, WULFF 

AXES Computes principal  axes of the distribution of dimat ion  cosines. 

Tbs subroutine is b e d  on a library program HilIAG, written by Corbato 

and Meruln. Tbe prinelgal WSB are printed out aa a matrix of eigen- 

veakra whiah has as ite columns the direct ion cosines of the pr incipal  

axes. With each eigerrvector is  printed the corresponding eigenvalue, 

which is equal to the varianue of the dis t r ibu t ion  about that axis. The 

trend and plunge of each of the principal  axes i a  also printed out, tbs 

tranbfonnation from direction coeines to trend and plunge be- performed 

by subroutine ENISOC. 

CONFIT Conrpukis and pr int s  the axe8 and apical angle of the uonical 

uurfaoe on whioh the measured vectors most nearly Ue. "he mot-mean- 

quare  devlatton from the c o n i c a l  surface is printed aa an indioation of 

Bov w e l l  the conical surfam f i t s  the  data. If instructed by the m a i n  

propam, CONFIT p r i n t s  out each of the measurements which deviate f r o m  
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the ooniual surfaue by more than 1 . 5  root-1pean-aquare deviations. 

deviant m6aatnwwnts may Indiaate the pmsenee of amm in tb6 data, or 

elmply UIlZuntal orientations whiuh may require further investigation. 

ENISOC i s  used to convert h.om direution aosines to trend and plunge. 

Subroutbe SOLSP (a Northwestern U n i v e m i t y  Ubrary program, w r i t t e n  by 

I. W w )  i s  used to solve the simultaneous equations which arise in the 

Tbe 

Again 

uomputation. 

IDWBIG Prints a histogram shoving the relative frequency of folds  of 

different s izes ,  parallel  to any one of the principal axes. 

KMEXC P r i n t s  a hlslxgram of frequency distribution of direction oosines 

mbasursd about any one of the prinaipal axes. It a lso  computes and prints 

the values of ths first four moments, and the skeuness and hurtosis of th6 

distribution about that axis.  

SEKSHN Supplies m q t e d  values of the slope of lntereection of each 

mea8urenwmt with each of ths prlnoipal planes, and the coordipates of 

eauh measurement in tern of t h e  principal planes. 

subroutine can be used dirsatly to d r a w  cross-seations parallel to any 

 the^ output f r o m  this 

two of the plrlncipal axes. 

SPIN If 80 instructed Qy the main program, prints out each of the masure- 

ments which d s v i a b s  considerably from the man value. 

lpbnts may indicate the presenae of errors in the data, or of unusual orion- 

Mons which deserve further invertigation. 

WOLF" Prints a seatter diagram shoKLng the distribution of vectors plotted 

on a W f  atecoogram. Eauh number printed on the stereogram indieate6 the 

number of vectors falling within the rectangle on vhich the, numbar is printed. 

The vectors repreaent either the orientat ion of lineation o r  the orientation 

of poles to planar features. 

standard 20-centimstre Wulff net. 

The deviant measure- 

The output $an be used a8 8n over* on a 
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Choice of m a i n  pmmam: 

The program handle two main t y p e  of measurement. The data may be 

in the form of  orientatiorsmeasured a t  a number of  points on a ser ies  of 

surface8, such as dip and s t r i k e  measnrementa collected by the field 

geologist. Alternatively, the data may be in the form of measurements 

of elevations of points of b u n  looation on one surface, o r  series of 

surfaces, suah as elevations of marker horizons obtained i n  subsurface 

geology. All  the subroutines oan be used with data i n  either form, 

except for  subroutine SEKSMJ, which is  limited to orientat ion data. 

The main programs PFtOGVl to PROGV4, listed in  the appendix, 

handle progressively more  complex or ientat ion data. 

w i t h  sca la r  data, such a3 elevations. See t ab le  4. PROGVl uses azimuth 

and dip measurements only .  If the data are expressed aa dip and s t r ike ,  

a correction card can be inserted as mentioned on a comments card within 

the program. 

that the strike i s  measured in degrees east of north, and is counbr- 

aloakvlse from the  direct ion of dip.  The program pr in ts  out any ident i -  

f ica t ion  in columns 1 to I2 of the data cards; the azimuth and amount of 

dip 89 it is  read in; and the computed direct ion cosines f o r  each measure- 

ment. 

output of the subroutines") provide the lcemainder of the output from 

this program. 

PROGS5 can be used 

This automatically converts from strike to azimuth, provided 

Subroutines AXES, CONFIT, and bl"F (see section above on "The 

PROGV;! ie s&nilar to PROGVl, except t ha t  it also c a l l s  subroutines 

S P I N  and MOMXNT, the lat ter f o r  each of the t h e  pr incipal  axes in 

turn. There i s  considerably mre output than for PROGTL. 
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P m V 3  r e q u i r e s  geographiaal cooFdinates for eaah m e m n t  aa well as 

azimuth and dip, 

mast be recorded, w i t h  each diatanoe mbasured in the sane unlta. 

uosines transformed to refer to the principal axes a m  be obtained M output 

The distanues south, east, and above so- seleated origin 

Mreution 

inserting cards as ind ieabd  on comn8n-k oards within the pmgram, 

Subroutines FDWBIG and SEKSHN are cal led  i n  addition to those used Fn PROGV2. 

PROGV4 i a  more f k d b l e  in tbs arrangement of data which it accepts (see 

following section on "The preparation of data input").  

maauremsnt of orientation and location, th field geologist may have 

rewrded a number of factors such as lithologg, stratigraphio horizon? 

Along with each 

of structural feature, mtamrphio grade, aonfidence in the aauuraoy 

The categories of msaeuremtnt, type of sample, density of sampling, eta.  

of eaah faator  c m  be uoded 88 integer numbers f r o m  1 to 9 for factors 

1 to 6, and the code numbers can be punched on the data oards, and read i n  

thi8 program. Subroutine R e A D I N  controls the input of data t o  the 

oomqruter, where the code numbers are stored as an array LIST. 

b the subroutine8 used in PRDcV3, ANOV is cal led  by t h i s  program. 

carda following the data speoify which subsets of the data  are t o  be w e d  

with eauh subrouthe. The subsets are specified by referring t o  the aode 

lnrmbera of LIST. 

program. 

made la saadstone should be used i n  the computation of p r j n c i p d  axes, 

'l?m second control card could indicate t h a t  on the seaond run only measure- 

ments of  cleavage should be used, etc. 

In  addition 

Control 

Mffemnt  subsets may be used on different  runs of the 

Thus tb first  control card could specify that only measurements 
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PlRoGSS is similar to  P W V A  exeept that It handles elevation measuremsnts 

rather than orientat ion msasurembnts. 

remrd the elevation of a marker horizon. 

been measured they may be distinguiehsd by aaa ignkg  them different oode 

numbers in the array LISP. 

KB elevation of a mll)  on each card. 

subtracted f r o m  the height o o o r d h a b ,  bfom the elevation i a  stored 

The height coordinata i a  used t o  

If a number of horizons have 

It i a  possible to moord a number (such a 

The numbr is autamatfcally 

in th6 mmpubr. 

‘b PrnD aration of data Fnputr 

h e  data aard l a  used f o r  each measurement. A l l  of the pmgram, 

aa a t  present dhensioned, a m  limited to groups of 300 cards o r  leas. 

The data ahould be arranged on the cards aa follows: 

CO~UUXIS 1 -  6 Identification, suoh as project  number. 

C0-a 6 - 1 2  Identifiaation, such aa i t e m  number. 

The above uohmns may be l e f t  blank i f  desired. 

201- 31 - 36 Azimuth Of dip, III d0DSS.  A decimal pint l.8 

assarmed to follow czoluum 33 unlese punohed 
elsewhere . 

C0l-umI.u 37 - Amount of dip,  In degresa. A declmal point is 
assumed t o  fo&w column 39 unlesa it is 
eq l i e i t lp  punehed. 

Any other informtltfoa on the card is ignored bs this pmgrt?uu. Each 

gmup of data should be terminated by a card with 999OOO punched in 

wlumns 31 - 36. The final group of data should be termlnatud by a 

Arrmg.emsnt of data  98 for Pmn,. 
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p m v 3  

Afiangemnt of data a6 f o r  PlBXK. 

of the point of memurenmnt am mcosded in column8 13 - 30. 

south, east, and abvm s selected a d g i n  are recorded iz columns 13 - 18, 
19 - 21, and 25 - 30 mqmatively. 

sixth d i g i t  in eauh of these sfx-digit fields, unless cne is e x p l l c i 3 y  

punohed ina different position. 

In addition, the geogrephlcd C O O ~ ~ Y I L I ~ A ) F  

The distances 

A decimal paint i s  fissumbd CO follow the 

B W V 4  

The data oards may be arranged as for  PlEGV3, or any other format may be 

wed,  prodded that the format is described on the farm&% card, and that the 

data i s  arranged fn the ssme aequetnoo ag desaribed for PROGV3, namely: 

identifiuation, geographical coordinates (south, east, and vert ical) ,  

azimuth and amouat of  dip. In addition, Fnteger mde numbers f r o m  1 to 9 

may be puncbd to indicate ths category of eaoh factor (1 to 6) in to  which 

eauh ma8umment falls. 

column 51 

Column 54 

column 57 

column 60 

Zolumn 63 

3Olum 66 

AgaFn, the listing m9$ be 5n different coluinns if so specified on the f o m i  

card, 

for this pmgrara. 

The uode numbers are reed into t h  array LIST. 

Categosg code number for fact-r 1. 

Category code number for factor 2. 

Category code number for factor 3.  

Sategory code number for faator 4. 

Category aode number for faator  5. 

Category mde numbem for factor 6. 

Tabh 5 ancl figme 11 i l lustrate  tha arrangemen'; of data on cards 
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Figure 11: Arraagembnt of data for PROGV4. The data of 
table 5 a.?% punched 85 an example. 
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The numerical data for PFKlGV4 must be p r e a  by nine oards. 

all of the first eight  may be l e f t  blank, or they cm be punched tu 

follovs t 

C a r d  (1) ntle a d :  

projeat n81pb and u9erte name. 

Any or 

Columns 13 - 72 may be punched with the date, 

This Wonna t ion  vlll be printed a t  the 

bad of theJ output, 

C a r d  (2) Format and c o m o t i o n  factor  card: 

aontaln a format etgtsmsnt, i f  the format suggested above haa not 

been used. 

Columns 49 - 54 : If a correotion factor  is punched here, it will be 

used to multiply the south and eas t  geographical oaordinates aa they 

are read In. 

wihas punched elsewhere. 

Colunms 55 - 60 t If a c o m c t i o n  faa tor  is punched bere, it will be 

used to multiply the height coordinabs as they are read in, A 

decinral point is rsmnned to follow the a l x t h  d i g i t  m b a s  punched 

elaewbere 

The two mrreut ion faotors mentioned above oan be used t o  mrrect 

for the scale of the map and t o  bring horizontal  and ver t ica l  coor- 

dinates t o  the same sua le .  

Columna 61 - 66 t If a correction factor is punched here, it w i l l  be 

added to  eaoh of  the meaaursments of azimuth of dip as they are read 

in, It can be used to oorrect a magnetic deviation from true north, 

or t o  convert from a atrike measurement t o  an azimuth measurement. 

A d e c W  point ie assumed to foUow the sixth digit, unless punohed 

olaevhem, 

Columns 13 - 48 should 

A deoimal point i s  assumsd to follow the sixth d i g i t  
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Card ( 3 )  HAME a d  for faator 1, (see Pwx;vI, in aeotion on “Choioe of 

main programw above). 

Card (4 )  NAME uard for factor 2. 

Card ( 5 )  NAME eard for fautor 3. 

Card (6) NAME oard for factor 4 .  

card ( 7 )  RAHE oard  f o r  faator 5 .  

Card ( 8 )  NAME oard for fautor 6. 

rn 8boVS NAME uarda may contain the names, in alphameric characters, o$ 

the oategoriee of the appropriate factor. 

They are stored in the computer ae the array NBME. 

CO~UEXUS 13 - 18 
Colurnas 19 - 24 

Columns 25 - 30 

Columns 31 - 36 

Colmms 37 - 42 

Colurmns 0 - @ 

Colunms 49 - 54 

Columa 55 - 60 
Columns 61 - 66 

Name of aategory v l th  oategory code number 1. 

Name of sategory with categbry code mber 2. 

Nanre of oategory with category code number 3. 

Name of category with category code number 4. 

N a m  of category w i t h  categorg code number 5 ,  

Name of category vith sategory code number 6 ,  

Name of category w i t h  catetgory code number 7. 

Nsme of category vi th cabgory mdt~ mber 8. 

Name of category with categorp code number 9 .  

C a r d  (9) ~ i n e e  a d  indioating 

Columns 31 - 36 : Should mntain 999.0. 

pmohed 01SdwhBm, aucording t0 another format, the 999.0 ebould be 

punohed in the aolunrns whiah MUM mIT13Blly contain the azimuth of dip. 

of m r m s r i c d  masurement data, 

If th4 aoirmth of dip is 

Change of format cardt A card containing a new format, or new 

a m a t i o n  fautora, similar to  card (2) above, 0811 be inserted anycrhem 

in the numerical data. It should be immediately preceded and followed 
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a Ill.nes eard o l m i l a r  t o  card (9).  Thf3 cards that follow it wi l l  be mad 

i n  aocording t o  the n e w  fonnat, and the new correction factora w i l l  be 

applied . 
Nine8 aard .tmrmFnating data: 

terminatad by a aard punched 999000999000 in the oolumns used for azlmnth 

and mrmunt of Cup (normally oobmms 31 - U ) *  

The rnansrloal mamuwkent data ehould be 

Contml cards: 

be imanediataly followed by one or more control oarda. 

Columns 13 - 72 : Code numbers a m  punohed In successive three-diglt 

f ie lds .  

c o b  numbers. 

be used: 

(1) For determination of the cone a x i s  and ap ica l  angle. 

(2) Por determination of the prinaipal  axes. 

(3) For aaloulation of the moments and aross-section data. 

(4 )  t o  (9) Up to six subsets within which an analysis of varianaa is  t o  

be p e r f o m d  (submutine ANOV) . 
The subsets are specified on the control card In sequence from (1) up t0 

a mafdmum of ( 9 ) .  

The beginning of each new subset is  indicated by a non-zero d i g i t  In 

column 1 of the three-digit word. 

mbeet is  indicated by th number of the fac tor  in column 2 of ths 

three-digit word, and the category code number i n  column 3. 

number and category code number comapond to  those recorded for each 

measumment in the array LIST. The speaified category, and only t h a t  

aategoPy, i s  retained in the subset. 

T b  nines oard terminating the nm68UT81Pbnt data should 

They are read into the array KONTRL, whiclh can hold up t0 twenty 

Eaoh control card specf l ies  the subseta of mamarementa to 

More than one three-digit word can apply to each subset. 

The categoly to be included in each 

The fac tor  

If a mFnus sign is punched in 
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column 1 of the three-digit word, t b  speclfied category is  xwmv.ed fma the  

subset, and a l l  other meaauremsnts a m  rstained. 

88 an example of  t.h arrengemut of  a control card, .suppose that the 

following mbaeta are required for the data of t ab le  j4 

(1) For CONFIT, bedding plane measurenmnta only, f o r  all rocks of  Cambrim 

W. Punch UL-31-36-3'/ in ~01-e l.3 - 24, 
(2) For AXES, grid sample me-nts only, f o r  bodding plane w-ttr 

ks of C a m b r i ~ n  W .  Punch 2Q01l-31-36-37 b COlUmn8 25 - 39. 

( 3 )  For MDlGNT and SEKSHN, all nemsurcemsnte of bedding ?lanes. 

341 fn aolumns 40 - 42. 

(1,) For ANDV, a l l  bedding plane mbasurs~~enta of  the grid sample. 

Punoh 

Punoh 

44lOU in columne 4.3 - @. 

( 5 )  For m V ,  a l l  masurementa. 

( 6 )  FOP N V ,  all grid measuremnts of  beddhg planes Fn the  Cambrian. 

h a h  64.lOl.l-31-36-37 in columns 52 - 66. If Inatead 64l011032033034035 

had been punchad, it w u l d  not have been mcceesFul, s h o e  032 indicate8 

that only measurcements of category 2 of factor 3 are to be retajned in the 

subset. 

si the subset whioh belong ta category 3 of faotor 3. 

has been mmved by the preoeding instruction, no measurements would 

Punch 500 in columns 49 - 51, 

"hn fsllovlng word 033 would then have retained only the members 

As this cabgorg  

d l  b tb suhaet, 

After the computations am completed f o r  the s b s e t s  specified on the 

f i rs t  control card, the second uontml  card I s  read, and the computations 

R ~ P B  m p l s t e d  w%th the silbsets that it speaifies,  

for Buscessive control oards. 

5ut as many can be included as desired. 

The procedure is repeated 

There nust ?XI a t  l e a s t  one cont ro l  card, 
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A blank card following the control  cards indicates the end of the program. 

A card punched -99-99-99 in oolumns 13 ta 21 indicates  that another batch 

of data follows, beginning aa before with card (1) aontainlng data, 

project  name and uaerle aapy. 

Data f o r  this programmay be in the form of direct ion a o a b e s  rather 

than azimuth and amount of dip.  

Col~mns 31 - 36 Direction coslnes about .;he 1-axis. 

CollRKna 37 - 42 Direction aoainea about the 2-axis. 

Columns 43 - 48 Direation cosines about the 3-axis. 

Columns 43 - 4.8 are l e f t  blank when the measurements are azimuth and 

amunt of dip, and this indioates t o  the computer that direotion coeJLnes 

have t o  be computed. 

PEDGV5 

Arrangement of data as f o r  PROGVQ. 

elevation measurembnts (scalar quantities) not or ientat ion rmasuremnt7 

(vector ia l  quant i t ies) .  

indicate8 the elevation of a par t icu lar  horizon. 

been made on a Mzmber of horizons they can be dia t inguished  by di f fe ren t  

category code numbrs i n  array LIST. Since the program i s  designed fo r  

use with  subsurface data, the azimuth columns (n0nnall.y 31 - 36) can be 

used for a quantity, such as KB elevation of a well, that i s  to  be 

subtracted from the height coordinate on the S ~ I W  card, before the 

meamrrenrent i s  stored In the computer. 

of dip, normally 37 - 42, should be l e f t  blank, or the computer will 

treat the measurements as orientat ion data. 

The data must be in the form of 

The height coordinate in columns 25 - 30 
I f  measureoments have 

The columns used f o r  the amount 
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List o f  subrou+,ines : 

A complete U a t  of the subroutines U? %he prograru f o l l o w s ,  The names In 

parsn*haes fo l lowbg  the subroutine name a m  &mmy variable8 which oan be 

@mn values or -8 ea& t h  the subroutine ia oalled. 

mov (IAXIS) 
d s  about whioh the  a o s h e s  are measured. 

AXES 

c o r n  (KOOKS) 

f r o m  the cone surface is required. 

ENISOC (LI?GUL) 

to a l inea t ion  of  which the trend and plunge is required, 2 i f  the direct ion 

a o s h s  refer t o  a pole to a plane for which the azimuth and mount of  d i p  

81% required, 3 if the tlireution cosinee r e fe r  to a pole to a plane f o r  which 

the strike and d ip  a m  required. 

eubrouthe named D(l), D(2), and D(3). 

EQUATE ( D I Z O S ,  T ,KOUNT, KOUNTZ, GOVMAT, D) 

array DIRCOS. 

The covariance matrix COVMAT l e  calculated f o r  T. The mean values of the 

u o h s  of DIRCOS ECPB s h r e d  in D, 

subroutine may be cal led ,  for example, with SCOORD substituted fm DIRCOS, 

and S subst i tuted f o r  T. 

U S  oan be put eqml La 1, 2, or 3 ,  It refers tc the 

W K S  is put equal t o  1 if a print-out of  extrems deviat iom 

Otherwise it is put equal to zero. 

LINEDL i8 put equal to 1 if  the direotion c o s h e s  refer 

The direction aosines should enter this 

The array T is put equal t o  the 

KOm2 is put e q d  to KOUNT - the number of  items i n  DIRCOS, 

Since these are durraqy variables, the 

F€)WBIG (IAXIS) 

MOMENT (IAXIS) 

IAXIS hat3 the s a w  m e e g  89 before.  

F E A D I N  

SCALKR T h i s  subroutAne computes a covariance matrix from sca la r  data. 

If the daLa are scalar this subroutine must lx cal led immediately before 

mbrrxtines AXES or GONFZT is called. 



67 

.sEKSHN 

SELECT (NUMB) 

position on th o o n t r o l  oard. 

so~a? (A,X,NC,NV,ZERO,IERF~) 

COHFIT, wham the dummy variables a m  napred automatioally. 

PIN (KOSCOR,KOOKS) 

TRACOS. 

QQuals 2, both GCOORD an4 DIRCOS a m  tmeformsd .  

to 1, R list o f  valuos which deviate oonsiderably f m m  film mm 53 

printed out. 

m 

MTMB indicates the number of *.e subset by ita 

Thie subrou.eine I s  oalled only by mbrwtia4 

This Bubroutine used the VaritLbles GCUORD and 

If KOSCOB equala 1, only GCOORD are transformed. V K O M R  

If KOOKS i s  put equal 

If' KOQES i s  put equal to zero, the listing i s  supreased. 

Ppopram orntmisationr 

To economize in storage space within the computer, the subroutines all 

operate on aats  of the data held in common storage. Direction coshee 

are stored in T, and tmordinates are stored in 9. The mtual values of 

the numbera held in T and S may change a t  various stages of the running 

of tbe program. 

eauh measuramnt are etored in W O R D  and DZRCOS, w h e r e  they remain 

unchanged throughout the nmning of the program. Subroutine EQUATE can 

be used at any t b  to transfer the u r r a y s  GCOORD and DIRWS ink S and 

T, (see figure U ) .  

be used by any of  the other subroutines. 

data was required, the subset wou ld  be retained in S and T by subroutine 

SELECT, and the other data i n  S and T would be discarded. 

would be ohosen aeaordlng 'CO numbers on a control card (see above). 

'Fhe geographical coordinates and direction oosines of 

After transfer to S and T, t h e  orig4,nal data can 

U' a subset of the origFral 

The subset 
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- 
DATA >GcGoORD (KOUNTx3 t 
DECK D I R C O S  (E;OT.INT x 3 - 

* 

LIST ( K O U "  x 6) 

C OVI*LIT 
D 
n 

> EIGMAT (3 x 3 )  
EIGVAL ( 3 )  

2 SCOORD (KOUM' x 3 )  - muate 
TR4COS (KOUNT X 3)  
(LIST) 

s (KOUIJT2 x 3 )  s 
i > T  (KOrnIT2 x 3 )  T 

L (KOuTaT2 x 3) L - 

DATA \ 
DECK 

Figure I2 : This i s  not a flow chart of the usual type, but i s  a 

diagram showing the movement of  data within the storage m a  of  the 

computer. All the array8  in the diagram 81'8 Fn common storage, and 

available to most of the subroutines at any t h  during the r u n n b g  of 

the program. The l h 9 8  with arrows show which arrays are used by each 

subroutine, and whioh arrays are generated by each subroutine. 

m a y s  S, T and L, and the arrays CO'V?L\T and D can be generated in 

several di f fe ren t  w a y s .  

a t  different t l m s  during the running of  the program. 

The 

They m a y  contain d i f fe ren t  subsets of  the data 

http://E;OT.INT


r 
COWAT 

',D 

> 
p 

OUTPUT I 

use the ar rays  COVMAT 
and 3, or S, T and L, 
obtained a t  of the 
points b the l e f t  of 
the line. 

0 IJTPUT 

(For scalar data 
O n l y ) .  

Subroutine name 
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After tbe matrix of eigemectors  has been ualoulated by gubroutine 

AXES, the e igswsc to r s  0821 be used by rmbroutlns SPIN 88 a rotation matrix, 

to bernafonn the original ooordinates and direct ion cosines and refer them 

to the p r i n o i p d  axes. 

and the tramformed direction cosines are stored i n  TRACOS, 

EQUATE can be used t o  transfer the array SCOORD t o  S, and the amay 

TRACOS to T. A subset can thbn be :chosen 

the other subroutines can be used with the transformed data. 

subroutine WmLFFr 

Ths tzansformed coordinatns are stored in ScoORD 

Subroutine 

subroutine SELECT, o r  any of 

Th6 mathematical backgound of the other Bubrautines has been exp7.rr4d 

in section 1 of tbs report. 

be given. 

of  vectors - e i t h e r  U e a t i o n s  o r  poles t o  fo l i a t ion  - is dist r ibuted on a 

Wulff stereogram. Standard line-printer output I s  used, 

The l ine-printer p r in t s  10 characters per inch and 6 lines per inch. 

An explanation of subroutine WOLF" will now 

The purpose of the subroutine is to illustrate bow a die t r lby t ion  

Fbnce, it uan be aalculated that an array of two-digit ahara.utera of 47 

row and 40 columns would produce a square with s ides  about 20 centlmetres 

In length, The elemnta of 

I R D W  whiah lie outside a c h l e  of 20 an dimater a m  Fnitial ly e e t  a t  -9, 

the other elements a m  initially set equal t o  zero. 

r o w  lp ing beyond the c i r c l e  oan be oalaulated f r o m  the formula: 

2 + 3 = 1, which givea the posit ion of the circunferenw of' the c i r c l e  

in terms of x, the mrth-south distanae from the center of the airole ,  and 

y, the o w t w e e t  distance hzom the oenter of the c i rc le .  

This array is stored i n  the computer 88 LRDW. 

The portion of each 

Ths orientations of the veutors are stored within ths computer as 

d b e c t i o n  ooalnes. Aa shown In figum 13, the d imc t ion  cosines are 

re la ted  to  the position of the p l o t  of the vector on the stereogram, The 



n 
m u  and eolmnn f o r  each n u t o r  is cdaulrrted f r o m  the dlmoticpn coainegl, 

and o m  is added to the number atored in tb corresponding elsrrasnt of 

W O W ,  W ~ R  r36L t he  orientatkm mseurenrenb havs beam inuluded in DUW, 

thr matrix 3.8 D d J I t e d  at, yY)V M W .  Lf tbs hk t b  f O m  Of 

elewtticma sather than orlentationa, subroutine WIJLFF oompntes thr 

diraction c~oaines of thb vecbra joining eauh pair  of ebvations, and 

plota the oorreapmding points on the a'amogram. 

tmt for ftarther anah aier 

S h o e  the d i m u t i o n  cosines maasllred about each of the p r h a i p d  

-8 are unsorrelated variables, many statietical protmdurss can ba 

wad with them, treating the o o s h s  about each axis as a scalar 

mudable. Marry program, suuh aa those l i s t e d  In the BPI1) oomputer 

pmgrama d (1964) a m  available f o r  this purpose. The present 

program can readily be wed to obtain an output of gunclascl cards 

oantaining ths xnsmuraments and 000rdlntstg~ transformed to -fer tn 

#e prinaipd axds (eee aolllrnenta cards within ths program). 

knumf0-d naeasurenrsnts may be usable d h w o t l y  ae, itqut to BIMCJ or 

s h d h r  progpsma. 

the g s o p O ~ a d  information which euoh an ~ ~ 8 5 2 3  might field. 

% 

Suggestlone a m  made in t a b l e  6 about 
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0 is the uenter of a sphere of u n i t  radius. OEFC is a horizontal 

p h e  through the c a t e r .  

at S. 

33.88 on the spbsre. 

(x,y) when plotted on the upper hemiephere by W f  projection. 

OS is  n o d  to OEFG and Intoreact8 the sphere 

Since OC 5.8 a veobr  of unit length (uompare with figure 1 )  , C also 

The vector OC plot6 at the p o h t  X with uoordinates 

In  t r imglee ACS and OXS, 

angle CAS = angle xos = 9oo 

Tan osx = AC/AS = ox/os 

Hmce AC/OX = AS/OS 

In t r iangles  ADC and ONX, the vartioal  plane CAS is n o d  to the 

horizontal planes ABCD and OGFE, 

0 tltemfon, angle DAC = angle NOX 11-90 

cm8 ( ~ - 9 0 ~ )  = AD/AC = ON/OX 

Tbsrefom, AD/ON = AC/OX = AS/OS 

But AD = q (see figure 1); OS = 1 (sphere i e  of unit radius); 

and AS = r + 1. 
Themfore AD/ON = (r t 1) 

y = ON = q/(r+l) 

similarly, 

x = OM = p/(r+l)  

If the vecbr is plot ted on ths lower hemisphsm, 

y = -q/(r-l), and x = -p/(r-l). 

%e ~hillipa (1960)~ chapter 1. 

Figure 13 : 

unit vsctor with d i r ec t ion  cosbes (p,q,r) is plot ted on 

a c i r c l e  of unit radius by W f  projection on the lower 

hemisphere. 

The cooI.dinates (x,y) of the point  at which a 
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Example l n e e e  the data of Example 3,  eeotion 1 

Ekample 2 use8 the data of Ecaqle 6, sect ion 1 

&rrmple 3 refers to fo ld  4 of figure 8, page 35. 

bumph 4 abos a number of mscLeurementa abatracbd fm the United 

S t a t e s  Geologioal Suney map of the Wildwood Quadrangle, Tenneeeee. It 

will be n o k d  that while the conioal surface on whiuh the bedding planes 

of &ample 4 were found to U e  i s  mathematioally plausible,  It ie geoboglaal 3y 

improbable. It aan be attributed to the sample being unduly small. 





I T E M  
I 
2 
3 
4 
5 
6 
7 

b Z I M U T H  A N 0  AMOUNT 
188.000 62 .000  
183.000 54.000 
177.000 44.000 
155.000 28.000 
109.000 20 .000  

81.000 23.000 
62.000 29.000 

OF D I P  COMPUTED D I R E C T I O N  C O S I N E S  
0-81435-0 .12288  0.46947 
0.80791-0.04234 0.58779 
0.69371 0.03636 0 .71934  
0.42548 0 .19841  0.88295 
0 .11135  0.32339 0 .93969  

-0.06112 0.38592 0.92050 
-0.22760 0 .42806  0.87462 

-9-9-9-9-9-9-9-9-9-9-9-9 
-9-9-9-9-9-9-9 
-9-9-9-9-9-9-9 
-9-9-9-9-9-9-9 

0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0  
~ o o o o o o o o o o . o o o ~ o o o o o o  

-9-9-9-9-9-9-4 
-9-9-9-9-9-9-9-  -9-9-9-9-9-9-9 
-9-9-9-9-9-9-9-  -9-9-9-9-9-9-9 

r M E A S U R E V E N T S  

STEREDGRAH Si-OWING D I S T R I B U T I O N  O F  P O I N T S  P R O J E C T E D  ON LOWER H E M I S P H E R E  OF 2 0 - C E N T I M E T R E  WIJLFF N E T  

C C V A R I A N C E  P A T R I X  
0.30677-0.01672 0 .22991  

-0 .01612  0.07062 0 .16461  
0 .22991  0.16461 0 .62261  

E I G E N V E C T O R S  A N 0  E I G E N V b L U E S  I N  COLUMNS 
0.42919-0.84865-0.30917 
0.19685 0 .42196-0 .88499  
0.88150 0 .31897  0.34816 
0 .11131  0.22867 0.00002 

P R I N C I P A L  A X E S  AND A S S O C I A T E C  V A R I A N C E  
TREND ANC P L L N G E  ( L I N E A R  S T R L C T U R E I  OF 1 - A X I S  

155.4 / 61.8 NORTHWEST 
0.77131 

TREND AND P L L N G E  [ L I N E A R  STRUCTURE)  O F  Z - A X I S  
26.4 / 18.6 SCUTHWEST 

0.22867 
TREND A N 0  PLUNGE ( L I N E A R  STRUCTURE)  OF 3-AXIS 

109.3 / 20.4 S O l J T H E A S l  
0 .00002  



C O E F F I C I E N T S  OF L.S. E C U A T I O N S  
1.00000 0.37487 0.17242 0.77062 
0.37487 0.30677 -0.01672 0.22991 
0.17242 -0.01672 C.07062 0.16461 
0.77062 0.22991 0.16461 0.62261 

C O N S T A N T S  M I h l M I Z I N G  S Q U A R E S  I N  SOUTH,  E A S r .  AND V E R T I C A L  D I R E C T I O N S  I N  TURN, 
C O S  A P E X  O l R E C T l C N  C O S I N E S  OF A X I S  . R P S  D E V I A T I O N  

0.04914 0.70103 0. -0.71313 0.51780 
0.02140 0.33751 0.94132 0. C.27385 
0.01445 0.31616 0 . 8 8 8 0 6  -0.33314 0.00407 

OlRECTlON C O S I N E S  C F  C O N E  A X I S  W I T H  LOWEST R M S  D E V I A T I O N  
0.31616 0.88806 -0.33374 

T R E N D  AND P L U N G E  O F  CONE A X I S  
T R E N D  A N 0  P L L N G E  ( L I N E A R  S T R U C T U R E 1  
109.6 / 19.5 S C U T H E A S T  

A P I C A L  ANGLE O F  CONE I S  89.17 O E G R E E S  

THE MEASUREMENTS BELOW ARE I N  TERMS OF THE P R I N C I P A L  A X E S  

L I S T  OF C O O R C I N A T E S  AND D I R E C T I O N  C O S I N E S  OF MEASUREMENTS T R A N S F O R M E n  T O  R E F E R  T O  P R I N C I P A L  A X E S  
I -0.000E-19 -0.000E-19 -0.000E-19 0.7649 -0.6441 0.0019 
2 -0.000E-19 -0.000E-I9 -0.000E-19 0.8565 -0.5160 -0.0017 
3 -0 .000E-19 -0.000E-19 -0 .000E-19 0 .9190  -0.3439 0.0038 
4 -0.000E-19 -0 .000E- I9  -0.000E-19 1.0000 0.0043 0.0003 
5 -0 .000E-19 -0.000E-19 -0.COOE-19 0.9398 0.3417 0.0065 
6 -0.000E-19 -0.000E-I9 - 0 . 0 0 0 E - 1 9  0.8612 0.5083 - 0 . 0 0 2 2  
7 -0 .000E- I9  - 0 . 0 0 0 E - 1 9  - 0 . 0 0 0 E - 1 9  0.7576 0.6528 -0.0040 

N O R T H  
-9-9-9-9-9-9-9-9-9-9-9-9-9 0 0 0 0 0 

-9-9-9-9-9-9-9-9-9-9 0 0 0 0 0 0 0 0 0 0 .  0 0 0 0 0 
-9-9-9-9-9-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0 .  0 0 0 0 0 
-9-9-9-9-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 .  0 0 0 0 0 
-9-9-9-9-9-9 o o o o 0 o o o o o o o o 0 .  o 0 o r o 
-9-9-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .  0 0 0 0 0 
-9 -9 -9 -9 -9  o o o o o o o o o o o o o o 0.  o o 0 Q o 
-9-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .  0 0 0 0 0 
-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  0 0 0 0 
-9 -9 -9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  0 0 0 0 
-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  0 0 c 0 
-9 -9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  0 0 0 0 
-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  c 0 0 0 
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0  
- 9 o o o o o o o o o o o o o o o o o o o . o o o c o  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0  
- 9 o o o o o o o o o o o o o o o o o o o . o o o c o  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 C G  
- 9 O O O O O O O O O O O O O O O O 0 O @ . O G O C O  

0 0 0 0 0 0  
-9-9-9-9-9-9-9-9-9-9-9 0 0 6 0  0 0 0 0 0 .  0 0 0 0 0 

- 9 o o o o o o o o o o o o 0 o n o o o o . 0 0 o 0 o  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0  

- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 @ 0 0 . C 0 0 @ 0  
YEST.....................................( 3 1 . . . . . . . . . .  

- 9 o o o o o 0 0 o o o o 0 o c n o o o ~ . c o 0 o o  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 c 0 0 0 0 0 0 . 0 0 0 0 0  
- ~ o o o o o o o o o o o o o o o o o o o . o c o ~ o  
- 9 o o o o o o o o o o o c 0 0 o o 0 o o . 0 o o 0 o  

- ~ o o o o o o o o o o o o ~ o o o o o o . o o o o o  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0  

- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . c 0 0 0 0  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0  
-9 -9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  0 0 0 0 
-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  0 0 0 0 
-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. 0 0 0 C 0 
- 9 - 9 - 9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0 0 0 0 
-9 -9 -9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  0 0 0 0 
-9 -9 -9 -9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .  0 0 C C 0 

-9 -9 -7 -9 -9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. 0 0 0 0 0 
-9-9-9-9-9-9 0 0 0 0 0 0 0 0 G 0 0 0 0 0. 0 0 0 0 0 
-9-9-9-9-9-9-9 0 0 0 0 0 0 c 0 0 0 0 0 0. 0 0 0 0 0 

-9-9-9-9-9-9-9-9-9-9 0 0 0 0 0 0 0 0 0 0 .  0 0 0 0 0 
-9-9-9-9-9-9-9-9-9-9-9 0 0 0 0 0 0 0 0 0 .  0 0 0 0 0 
-9-9-9-9-9-9-9-9-9-9-9-9-9 0 0 0 0 0 0 0 .  0 0 0 0 0 
-9 -9 -9 -9 -9 -9 -9 -9 -9 -9 -9 -9 -9 -9 -9  0 0 0 0 0. 0 0 0 0-9 -  

-9-9-9-9-9 o c o o o 0 o 0 o o o o o o 0. 0 o 0 c o 

-9-9-9-9-9-9-9-9 0 0 0  o o o o o o o n 0 .  o o o o o 

S O U T H (  1 )  

0-9-9-9-9-9-9-9-9-9-9-9-9-9-9-9 

0 0 0 0 -9 -9 -9 -9 -9 -9 -9 -9 -9 -9 -9  
0 0 0 0 0 0-9-9-9-9-9-9-9-9-v 
0 0 0 0 0 0 0-Y-9-9-9-9-9-9-9 
0 0 0 0 0 0 0 1 9 3 9 4 9 9 9  

0 0 0 0 0 0 0 0 0-9-9-9-9-9-9 
0 0 0 0 0 0 0 0 0 0 -9 -9 -9 -9 -9  
0 0 0 0 0 0 0 0 0 0 0 -9 -9 -9 -9  
0 0 0 0 0 0 0 0 0 0 0-9-9-9-Y 
0 0 0 0 0 0 0 0 0 0 0 0-9-9-9 

0 0 0 0 0 0 0 0 0 0 0 0-9-9-9 

0 0 0 0 0 0 0 0 0 0 0 0 0-9-9 
0 0 0 0 0 0 c 0 0 c 0 0 0-9-9 
0 0 0 0 0 0 0 0 0 0 0 0 0 0-? 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 9  
0 0 0 0 0 0 0 0 0 0 0 0 0 0-v 
0 0 0 0 0 0 C 0 0 0 0 0 0 0-9 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 -9  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 9  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 9  

0 0 0 0 0 0 0 0 0 C 0 0 0 0-9 
0 0 0 0 0 0 C 0 0 C 0 0 0 0-9 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 9  
0 0 0 0 0 0 0 0 0 0 0 0 0 0-9 
0 0 0 0 0 0 0 0 0 0 0 0 0 0-9 
0 0 0 0 0 0 0 n 0 0 0 0 0-9-9 

0 0 0 0 0 0 0 0 0 0 0 0 0 - 9 - 9  
0 0 0 0 0 0 0 0 0 0 0 0-9-9-9 
0 0 0 0 0 0 C 0 0 0 0 0-9-9-9 
0 0 0 0 0 0 0 0 0 0 0 0-9-9-9 
0 0 0 0 0 0 0 0 0 0 0-9 -9 -9 -9  
0 0 0 0 0 0 0 0 0 0 0-9-9-9-9 
0 0 0 0 0 0 0 0 0 0 -9 -9 -9 -9 -9  
0 0 0 0 c 0 0 c 0 -9 -9 -9 -9 -9 -9  
0 0 0 0 0 0 0 0 0-9-9-9-9-9-9 
0 0 0 0 f J 0 0 1 9 9 9 Y 9 9 9  

0 0 0-9-9-9-9-9-9-9-9-9-9-9-9 

0 0 0 0 0 0 c 80:9 :9 :9 :9 :9 :9  

o o o o o o c o o n 0 0 -9 -9 -9  

o o o o o o o o o o o n 0-9 -9  

......................... E A S T I ~ I  

o o 0 o o o o o o o o n o  0 - 9  

o o n  o o 0 0 o o o o o 0-9 -9  

o 0 n o o o 0 9 9 1 9 1 9 1 ~ 9 1 ~ 9  
0 0 0 0 0 0 - 9 - 9 - 9 - 9 - 9 - 9 - v - 9 - 9  
0 0 0 0-9-9-9-9-9-9-9-9-9-9-9 
0 0 0-v-9-9-9-9-9-9-9-9-9-9-9 
0-9 -9 -9 -9 -9 -9 -9 -9 -9 -9 -9 -9 -9 -9  

.9-9-9-9-9-9-9-9-9-9-9-9-9-9-9 

7 M E A S U R E P E N T S  

STEREOGRAM SHOWING C I S T H I B U T I O N  OF P C I N T S  P R O J E C T E D  ON LOWER H E M I S P H E R E  O F  2 0 - C E N T I M E T R E  WULFF N E T  



--- N E X T  B A T C H  OF D A T A  --- 

A L l P U T H  AND AMOUNT OF D I P  COMPUTED D I R E C T I O N  C O S I N E S  
3 2 8 . 0 0 0  4 6 . 0 0 0  - 0 . 6 1 0 0 3 - 0 . 3 8 1 1 9  0.69466 
3 3 4 . 0 0 0  38.000 - 0 . 5 5 3 3 5 - 0 . 2 6 9 8 9  0 - 7 8 8 0 1  
3 4 4 . 0 0 0  30.000 - 0 . 4 8 0 6 3 - 0 . 1 3 7 8 2  0 . 8 6 6 0 3  
3 8 7 . 0 0 0  2 2 . 0 0 0  - 0 . 3 3 3 7 8  0 - 1 7 0 0 7  0 . 9 2 7 1 8  
430.00C 3 1 . 0 0 0  - 0 . 1 7 6 1 6  0.48390 0 . 8 5 7 1 7  
4 4 0 . 0 0 0  3 0 . 0 0 0  - 0 . 1 0 6 9 1  0 . 6 0 6 3 1  0 . 7 8 8 0 1  
4 4 6 . 0 0 0  4 6 . 0 0 0  - 0 . 0 5 0 1 8  0 . 7 1 7 5 9  0 . 6 9 4 6 6  

I T E M  
1 
2  
3  
4 
5  
6  
7  

NORTH 
-9-9-9-9-9-9-9-9-9-9-9-9-9 0 0 0 0 0 0 0. 0 0 0 c 0 0 - 9 - 9 - 9 - 9 - 9 - 9 - 9 - 9 - 9 - 9 - 9 - 9 - 9  
- 9 - 9 - 9 - 9 - 9 - 9 - 9 - 9 - 9 - 9 - 9  0 0 0 0 0 0 0 0 0 .  0 0 0 0 0 0 0 0 - 9 - 9 - 9 - 9 - 9 - 9 - 9 - 9 - 9 - 9 - 9 - 9  
-9-9-9-9-9-9-9-9-9-9 0 0 0 0 0 0 0 0 0 0 .  0 0 0 0 0 0 0 0 0-9-9-9-9-9-9-9-9-9-9-9 
-9-9-9-9-9-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 0 0 0-9-9-9-9-9-9-9-9-9 
-9 -9 -9 -9 -9 -9 -9  0 0 0 0 0 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 0 0 0 0 - 9 - 9 - 9 - 9 - 9 - 9 - 9 - 9  
-9-9-9-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .  0 0 0 0 0 0 0 0 0 0 0 0 0-9-9-9-9-9-9-9 
-9-9-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 0 0 0 0 0 0-9-9-9-9-9-9 
-9-9-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .  0 0 0 0 0 0 0 0 0 0 0 0 0 0-9-9-9-9-9-9 
-9 -9 -9 -9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-9-9-9-9-9 
-9 -9 -9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-9-9-9-9 
-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 9 - 9 - 9 - 9  
-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -9 -9 -9  
-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-9-9-9 
-9 -9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-9-9-9 
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 9 - 9  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 9 - 9  
- 9 O O O O O O O O O O O O O O O O O O O . O O O G O O O O O O O C O O O O O O - 9 - 9  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 9  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 9  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 9  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 @ 0 0 0 0 0 0 0 - 9  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 9  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 9  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 9  

WEST.....................................l3l..................................EASTl21 
- 9 0 0 0 0 0 0 0 0 0 0 ~ 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 9  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 ( D ( D 0 0 0 0 0 . 0 0 0 @ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 9  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 9  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 0 0 ~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 9  
- 9 O O O O O O O O O O O O O O O O O O O ~ O O O C 0 0 0 0 0 0 0 O O O O O O O O O O O O O - 9  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 9  
- 9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .  0 0 0 0 0 0 0 0 0 0 0 0 0 0-9-9 
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 9 - 9  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 ~ 0 0 0 0 0 0 0 0 0 0 0 0 0 - 9 - 9  
-9-9 o o o o o o o o o o o o o o o o o 0 .  c 0 o c o o o o o o o o o o n o 0-9-9-9 
-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 9 - 9 - 9  
-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-9 -9 -9  
-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -9 -9 -4 -9  
-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .  0 0 0 0 0 0 0 0 0 0 C 0 0 0 0 0 - 9 - 9 - 9 - 9  
-9-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 9 - 9 - 9 - 9 - 9  
-9-9-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .  0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 9 - 9 - 9 - 9 - 9 - 9  
-9 -9 -9 -9 -9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 0 0 0 0 0 0-9-9-9-9-9-Y 
-9-9-9-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 0 0 0 0 0 -9 -9 -9 -9 -9 -9 -9  
-9-9-9-9-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 .  0 0 0 0 0 0 0 0 0 0 0 0 -9 -9 -9 -9 -9 -9 -9 -9  
-9-9-9-9-9-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0 .  0 0 0 c 0 0 0 0 0 0 0-9-9-9-9-9-9-9-9-9 
-9-9-9-9-9-9-9-9-9-9 0 0 0 0 0 0 0 0 0 0 .  0 0 0 0 0 0 0 0 0-9-9-9-9-9-9-9-9-9-9-9 
- 9 - 9 - 9 - 9 - 9 - 9 - 9 - 9 - 9 - 9 - 9  0 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 0-9-9-9-9-9-9-9-9-9-9-9-9 
-9-9-9-9-9-9-9-9-9-9-9-9-9 0 0 0 0 0 0 0 .  0 0 0 0 0 0-9-9-9-9-9-9-9-9-9-9-9-9-9-9 
-9-9-9-9-9-9-9-9-9-9-9-9-9-9-9 0 0 0 0 0. 0 0 0 0-9-9-9-9-9-9-9-9-9-9-9-9-9-9-9-9-9 

S O U T H (  1 I 
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STEREOGRAM S b O U I N G  O l S T R l R U T l O N  OF P O I N T S  P R O J E C T E D  ON LOUER H E M I S P H E R E  OF 2 0 - C E N T I M E T R E  WULFF N E 1  

C O V A R I A N C E  M b T R l X  
0 . 1 5 2 2 5  0 . 0 2 9 3 2 - 0 . 2 6 5 0 9  
0 . 0 2 9 3 2  0 . 1 9 7 5 5  0 . 1 3 5 9 9  

- 0 . 2 6 5 0 9  0.13599 0 . 6 5 0 2 0  

E I G E N V E C T O R S  AN0 E I G E N V A L U E S  I N  COLUMNS 
0 . 3 7 0 7 4  0 . 4 5 2 2 8  0 . 8 1 1 1 1  

- 0 . 1 9 1 2 5  0 - 8 9 1 8 7 - 0 . 4 0 9 8 7  
- 0 . 9 0 8 8 3 - 0 . 0 0 3 1 8  0 . 4 1 7 1 5  

0 . 7 8 6 9 6  0 . 2 1 1 9 4  0 . 0 0 1 1 0  

P R l N C  I PAL 
T R E N C  AND 

2 7 . 3  / 
0 . 7 8 6 9 6  

TRENC AND 
1 1 6 . 9  / 
0 . 2 1 1 9 4  

l R E N D  AND 
26.8 / 

0 . 0 0 1 1 0  

AXES AND A S S O C I A T E C  V A R I A N C E  
PLUNGE ( L I N E A R  STRUCTUKE) C F  I - A X I S  

6 5 . 3  S O U T H W E S T  

PLUNGE ( L I N E A R  STRUCTURE1 O F  2 - A X I S  
0 .2  S O U T H E b S T  

PLUNGE I L I N E A R  STRUCTURE1 CF 3 - A X I S  
2 4 . 7  NORTHEAST 



'? 

~ a m p l e  2 (con't.) 

C O E F F I C I E N T S  O F  L.S. E C U A T I O N S  
1.00000 -0.33015 0.16986 0.80225 

-0.33015 0.15225 0.02932 -0.26509 
0.16986 0.02932 0.19755 0.13599 
0.80225 -0.26509 0.13599 0.65020 

C O N S T A N T S  M l h l M I L I N G  S C U A R E S  I N  S O U T H ,  E A S T ,  A N 0  V E R T I C A L  D I R E C T I O N S  I r i  T U R N ,  
C O S  A P E X  . O I R E C T I O N  C O S I N E S  OF A X I S  . R M S  D E V I A T I O N  

0.40535 -0.99991 0 .  -0.01341 0.22501 
0.36168 -0.89215 0.45175 -0. 0.01006 
0.27626 -0.88630 0.44851 -0.11535 0 . 0 0 8 8 8  

D I R E C T I O N  C O S I N E S  OF C O N E  A X I S  W I T H  L O W E S T  R M S  O E V I A l I O N  
- 0 . 8 8 6 3 0  0.44851 -0.11535 

T R E N D  A N 0  P L U N G E  O F  C O N E  A X I S  
TREND A N D  P L U N G E  ( L I N E A R  S T R U C T U R E I  

26.8 / 6.6 N O R T H E A S T  

A P I C A L  A N G L E  OF C O N E  I S  73.96 D E G R E E S  

............................................. 

THE M E A S U R E M E N T S  B E L O W  A R E  I N  T E R M S  OF T H E  P R I N C I P A L  A X E S  

L I S T  O f  C O O R C I N A T E S  A N 0  D I R E C T I O N  C O S I N E S  OF 
I -0.000E-19 -0.000E-I9 - 0 . O O O E - 1 9  
2 -0.000E-19 -0.000E-19 -0.000E-I9 
3 -0.000E-19 -0.000E-19 -0 .000E-I9 
4 -0.000E-19 -0.000E-19 -0.000E-19 
5 -0.000E-19 -0.000E-19 -0.000E-19 
6 -0.000E-19 - 0 . O O O E - 1 9  - 0 . 0 0 0 E - I 9  
7 -0.000E-19 -0.000E-19 -0.000E-I9 

M E A S U R E M E N T S  T R A N S F O R M E D  T O  R E F E R  T O  P R I N C I P 4 L  A X E S  
- 0 . 7 8 4 6  -0.6181 -0 .0488  
-0.8607 -0.4935 - 0 . 0 0 9 5  
-0.9389 -0.3431 0.0279 

-0.9369 0.3492 0,0163 
-0.8718 0 .4899  -0.0065 
-0.7872 0.6151 -0.0450 

- 0 . 9 9 8 9  -0.0022 0.0463 

N O R T H  
-9-9-9-9-9-9-9-9-9-9-9-9-9 0 0 0 0 0 0 0 .  0 
-9-9-9-9-9-9-9-9-9-9-9 0 0 0 0 0 0 0 0 0 .  0 
-9-9-9-9-9-9-9-9-9-9 0 0 0 0 0 0 0 0 0 0 .  0 

-9-9-9-9-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 .  0 
-9-9-9-9-9-9 0 O Q  0 0 0 0 0 0 0 0 0 0 0 .  0 
-9-9-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .  0 
-9-9-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .  0 
-9-9-9-9 0 0 0 0 0 0 c 0 0 0 0 0 0 0 0 0 .  0 
-9 -9 -9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  
-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  
-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  
-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  
-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  

- 9 O O O O O O O O O O O O O O O O O O O . O  
- 9 0 0 0 0 0 0 0 0 0 @ 0 0 0 0 0 0 0 0 0 . 0  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  

- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  

- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  
-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  
-9-9 0 0 0 0 0 0 0 0 0 0 0 0 @ 0 0 0 0 0 . 0  
-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  
-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  
-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  
-9-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .  0 
-9 -9 -9 -9 -9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .  0 
-9-9-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .  0 
-9-9-9-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .  0 
-9-9-9-9-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 .  0 
-9-9-9-9-9-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0 .  0 
-9-9-9-9-9-9-9-9-9-9 0 0 0 0 0 0 0 0 0 0 .  0 

0 
0 

-9-9-9-9-9-9-9-9-9-9-9-9-9-9-9-9 0 0 0 0 0 .  0 
S O U T H (  I I 

-9-9-9-9-9-9-9-9 0 O Q )  0 0 0 0 0 0 0 0 0 .  0 

- ~ o o o o o o o o o n o o o o o o o o o . o  

kEST.....................................131., 

- 9 o o o o o o o o o n o o o o o o o o o . o  

-9-9-9-9-9-9-9-9-9-9-9 0 0 0  0 0 0 0 0 0.  
-9-9-9-9-9-9-9-9-9-9-9-9-9 0 0 0 0 0 0 0  

0 0 0 0 0-9-9-9-9-9-9-9-9-9-9-9-9-9  
0 0 0 0 0 0 0 -9 -9 -9 -9 -9 -9 -9 -9 -9 -9 -9 -9  
U 0 0 0 0 0 0 0-9-1-9-9-9-9-9-9-9-9-9 

0 0 0 0 0 0 0 0 0 0 0-9-9-9-9-9-9-9-9 
0 0 C 0 0 0 0 0 0 000-9-9-9-9-9-9-9 

0 0 0 0 0 0 0 0 0 0 0 0 0 - 9 - 9 - 9 - 9 - 9 - V  
0 0 0 0 0 0 0 0 0 0 0 0 0 0-9-9-9-Y-9 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-9-9-9-9 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-9-9-9-9 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-9-9-9 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-9-9-9 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-9-9-9 
0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-9-9 

0 0 0 0 0 0 0 oQ)o-9-9-9-9-9-9-9-9-9 

n o o o o o o o o o o o 0-9-9-9-9-9-9 

o o o o o o o o o o o o o n  o o 0-9-9 
n o o o o o o o o o o o o o o o 0-9-9 

n o ~ o o o o o ~ o c o o n o o o o - 9  

o o c o ~ o o o o o o o n o o o o o - 9  

o o c o o o o n o o c o o o n o o o - 9  
n o c o o o o o o o o o n n o n o o - 9  

o o o o o o o o o o o o n o o o o o - v  

o o o o o o o o o o ~ o o o o o o o - 9  
o o o o o o o o o o r  o o n o o 0 - 9 - 9  

n o  o o o o o o o o c o o o o o 0 - 9 - 9  
o o o o o n o n n o o o o o o 0-9-9-9 

o o o o o o o o o o c o o n o 0 -9 -9 -9  
o o c o o o o o o o c o o n 0-9 -9 -9 -9  

o o o o o o o o o o n o o 0-9-9-9-9-9 
o o o o o o o n o o c o 0-9 -9 -9 -9 -9 -9  

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 9  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 9  

0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 0 0 0 - 9  
o o c o o o o o o o 0 o o o o o o o - 9  
O O O O O O O 0 O O C O O O O O O O - 9  ................................. E A S T ( 2 1  

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 9  

0 o o o o o o o o o c o o o o o o o - 9  

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-9-9 

0 0 0 0 0 0 0 0 0 0 0 0 0 c 0 0-9-9-9 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-9-9-9-9 

0 0 0 0 0 0 0 0 0 0 0 0 0-9-9-9-9-9-9 
0 0 0 0 0 0 0 0 0 0 c 0-9-9-9-9-v-9-9 
0 0 0 0 0 0 0 0 0 0 c-9-9-9-9-9-9-9-9 
0 0 0 0 0 0 0 0 0 0-9-9-9-9-9-9-9-9-9 
0 0 0 0 0 0 0 0-9-9-9-9-9-9-9-9-9-9-9 

0 0 c 0 0-9-9-9-9-9-9-9-9-9-u-9-9-9-9 
0 0 0-9-9-9-9-9-9-9-9-9-9-9-9-9-9-9-9 

0 0 0 0 0 0 0-9-9-9-9-9-9-9-9-9-9-9-9 

7 M E A S U R E C E N T S  

S T E R E O G R A M  SCOWING D l S T R l F J U T l O N  O F  P O I N T S  P R O J E C T E D  O N  L O W E R  H E M I S P H E R E  OF 2 0 - C E N T I M E T R E  WULFF N E T  



-7 ?..i - 
I T E M  GEOGRAPPICbL C O O R D I N A T E S  

1 10.000 10.000 C. 
2 20.000 20.000 0. 
3 30.000 30.000 0 .  
4 40.000 4 0 . 0 0 0  0 .  
5 50.000 5 O . O C O  0 .  
6 60.000 60.000 0 .  
7 70.000 70.0CO 0 .  
8 80.000 R O . O O O  0. 
9 9 0 . 0 0 0  90 .000  0 .  

10 100.000 100.000 0 .  
1 1  110.000 110.000 0 .  
12 120.000 120.000 0. 
1 3  130 .000  130.000 0. 
1 4  140.000 140.00C 0. 
15 15C.000 15O.OCO 0 .  
16 1b0.000 160.000 0 .  
17 170.000 1 7 O . O C O  0 .  
18 18C.OGC 180.000 0. 
19 1YO.OCO 190.000 0 .  
20 200.000 200.300 0. 

b 2  IWUTH 
315.000 
3 1  5.000 
315.000 
135.000 
135.000 
135.000 
135.000 
135.000 
315.000 
3 15.000 
315.000 
3 15 . O O O  
315.000 
135.000 
135.000 
135.000 
135 .OOO 
135.000 
315.G00 
315.000 

b N D  bMOUNT 
3 4 . 0 0 0  
23.000 
17.000 
13.000 
26.000 
3 4 . 0 0 0  
25 .000  
13.000 
1 4 . 0 0 0  
28.000 
34.000 
23.000 
12.000 
17.000 
26.000 
34.000 
25.000 
13.000 
14.000 
28.005 

O F  D I P  COMPUTED D I R E C T I O N  COSINES 
-0 .39541-0 .39541  0.82904 
-C.27629-0.27629 0.92050 
-0.14701-0.14702 0.97815 

0.15906 0.15906 0.97431 
0 . 3 0 9 9 1  0.30998 0.R9879 
0.39541 0.39541 0.82904 
0 . 1 9 8 8 4  0.29884 0.90631 
0.15906 0.15906 0.97437 

-0.17106-0.17107 0.97030 
-0 .33196-0.33197 0.88295 
-0.39541-0.39541 0 .82904  
-0.21629-0.27629 0.92050 
-0.14701-0.14702 0 .97R15 

0.15906 0 .15906  0.97437 
0.30997 0.30998 0.8'3879 
0 .39541  0 .39541  0.82904 
0.29884 0.29884 0.90631 
0 .15906  0.15906 0.97437 

-@.1710b-O.L7107 0 . 9 7 0 3 0  
-0 .33196-0 .33197  0.88295 

N C R r H  
- 9 - U - 9 - 9 - 9 - 9 - 9 - 9 - 9 - 9 - 9 - 9  o o o o o o o 0 .  o o n c o o 0 -9 -9 -9 -9 -9 -9 -9 -9 -9 -9 -9 -9 -9  

- 9 - 9 - 9 - 9 - 9 - 9 - 9 - 9  c o 0 0 0 o o 0 o o 0 0 .  o o c o o o 0 o o o 0 - 9 - 9 - 9 - + 9 - 9 - ~ - 9 - ~  
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COORDINAIES AND DIRECTlnN COSINES OF MEASUREMENTS TRANSFORHED Tn R E F E R  T O  PRINCIPAL AXES 
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-9-9-9-9-9-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0 .  0 0 0 0 0 0 0 0 0 0 0-9-9-9-9-9-9-9-9-9 
-9-9-9-9-9-9-9-9-9-9 0 0 0 0 0 0 0 0 0 0 .  0 0 0 0 0 0 0 0 0-9-9-9-9-9-9-9-9-9-9-9 
-9-9-9-9-9-9-9-9-9-9-9 0 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 0-9-9-9-9-9-9-9-9-9-9-9-9 
-9-9-9-9-9-9-9-9-9-9-9-9-9 0 0 0 0 0 0 0. 0 0 0 0 0 0-9-9-9-9-9-9-9-9-9-9-9-9-9-9-9 
-9-9-9-9-9-9-9-9-9-9-9-9-9-9-9 0 0 0 0 0. 0 0 0 0-9-9-9-9-9-9-9-9-9-9-9-9-9-9-9-9-9 

-9-9 0 0 0 0 0 1 0  0 0 0 0 0 0 0 0 0 1 0 .  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-9-9-9 
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-9-9 o o o o o o o o o o o o o o o o o 0. o o o o o o o I o o o o o o D n 0 - 9 - 9 - 9  
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65 MEASUREVENTS 

STEREOGRAM SHOWING O I S T R I B U T I O N  OF P O I N T S  P R O J E C T E D  ON LOWER H E M I S P H E R E  OF 2 0 - C E N T I M E T R E  WULFF N E T  

I N  C O M P U T I N G  THE NEXT SET OF R E S U L T S .  ONLY MEbSUREHENTS I N  THE F O L L O W I N G  C A T E G O R I E S  WERE U S E D  - 

I N C L U D E D  E X C L U D E 0  

A L L  MEASUREMENTS 

C O E F F I C I E N T S  OF L.S. E Q U A T I O N S  
1.00000 0.27571 0.25820 0.74311 
0.27571 0.21936 0.15109 0.16133 

0.74311 0.16733 0.15035 0.6057R 
0.25820 0.15109 0.17536 0.15035 

CONSTANTS M I N I M I Z I N G  SQUARES I N  SOUTH, E A S T .  AN0  V E R T I C A L  D I R E C T I O N S  I N  TURN, 
COS APEX . D I R E C T I O N  C O S I N E S  OF A X I S  . RMS D E V I A T I O N  
0.24066 0.90262 0. 0.18562 0 . 3 9 3 4 8  
0.45237 -0.39709 0.91778 0. 0.40183 
0.80515 0.07884 0.30464 0.94920 0.18163 

O I R E C T I O N  C O S I N E S  OF CONE A X I S  W I T H  LOWEST R M S  D E V I A T I O N  
0-07884 0.30464 0 . 9 4 0 2 0  

TREND A N 0  PLUNGE OF CONE A X I S  
TREND A N 0  PLUNGE ( L I N E A R  STRUCTURE1 
10'1.5 / 71.7 NORTHWEST 

A P I C A L  ANGLE OF C O N E  IS 36.32 DEGREES 

THE F O L L O W I N G  MEASUREMENTS D E V I A T E  C O N S I O E R A B L Y  F R O M  THE CONE SURFACE,  
I T E M  CCS OEVN D I R E C T I O N  C O S I N E S  L O C A T I O N  COOROS FACTORS 

2 0 . 4 8 8 2  0.826 0.551 0.087 -0.000-0.000-0.000 G R I D  CARBNT M . O R 0  000000 Q O O O O O  QOOOOO 
18 0.4018 0.797 0.579 0.174 -0.000-0.000-0.000 GRID CARQNT L.OR0 000000 000000 000000 
2 1  0.5662 - 0 - 8 5 2 - 0 . 3 1 0  0 . 4 2 3  -0.000-0.000-0.000 G R I D  CARBNT L - O R @  000000 000000 000000 
29  0.5610 -0-633-0.591 0.500 -0.000-0.000-0.000 G R I D  CARRNT L .OR0 000000 000000 900000 



s.cmple ; ( c , n l t . )  
THE H E A S U R E M t N T S  R E L O W  A R E  I N  TERMS O F  THE P R I N C I P A L  A X E S  

1 
2 
3 
4 
5 
6 
1 
8 
9 

I 0  
I I  
12 
1 3  
14 
1 5  
16 
I1 
18 
19 
20 
2 1  
22 
2 3  
24 
25 
26 
2 1  
2 8  
29 

3 1  
3 2  
33 
3 4  
35 
3 6  
37 
9 8  
3 9  
40 
41 
42 
4 3  
4 4  
45 
4 6  
47 
4 8  
4 9  
5 0  
5 1  
52 
5 3  
5 4  
55 
5 6  
57  
5 8  
5 9  
6 0  
6 1  
62 
6 3  
64 
65 

30 

L I S T  O F  C O l J R O I N A T E S  AND D I R E C T I O N  C O S I N E S  flk Y E A S U R E M E N T S  T R b N S F O R M E C  T O  R E F E R  T O  P R I N C I P A L  A X E S  
0.355E 0 4  0.257E 0 4  0 . 5 1 8 E  02  0.9'373 - 0 . 0 3 3 3  -0 .0059  
0 . 5 4 6 ~  04 

0 . 1 3 1 ~  0 5  

0 . 7 3 0 ~  0 4  
0 . 8 9 4 ~  0 4  
n . i i i E  0 5  

0 . 1 8 2 ~  0 5  

0.8JOE 0 4  
O . l O 5 E  0 5  

0 . l 6 l E  0 5  

0.144E 0 5  

O . 1 1 I E  0 5  
0.122E 0 5  
0.148E 05 
0.172E 0 5  

0.224E 0 5  

0.140E 0 5  

0 . 2 0 1 ~  05 

0 . i 4 n E  0 5  

0 . 1 9 0 ~  0 5  
0 . 2 0 4 ~  0 5  

11.247~ 05 
0 . 1 6 1 ~  0 5  
0 . 1 7 2 ~  0 5  

0.224E 0 5  

0.228E 0 5  
0.255E 0 5  
0 .2R4E 0 5  
0 . 2 0 6 ~  05 
0 . 2 2 0 ~  0 5  

0 . 2 8 0 ~  0 5  

0 . 2 1 5 ~  0 5  

n . ? 9 0 ~  0 5  

n . v + i ~  0 5  

0 . 7 1 5 ~  0 5  

0.231E 0 5  
0.212E 0 5  

0.305E 0 5  

0 . 2 4 3 E  0 5  

0.344E 0 5  

0.256E 05  

0 . 3 0 4 E  0 5  
0.J22E 0 5  
0 .449E 0 5  
0.4RCE 0 5  
0.263E 0 4  
0 . h 2 9 t  0 4  
0. ' IOlE 0 4  
0 . 1 8 l E  0 5  
0.151E 0 5  
0.105E 0 5  
0.176E 0 5  
0.177E 0 5  
0.235E 0 5  
G . 2 3 l E  0 5  
0.738t 0 5  
0.738F 05 
0 . 2 l b E  0 5  
C . 2 1 C L  0 5  
0.213E 0 5  
0.217E 0 5  
0 . 2 I 8 E  0 5  
0 . r 4 8 E  0 5  
0.326E 0 5  
O . i ? b E  0 5  

0 . 4 5 9 E  0 4  

O.IO2E 0 5  
0.129E 0 5  
0.164E 0 5  

0 . 8 3 I E  04 
0.108E 0 5  
0.145E 05 
0.187E 0 5  
O . l l 1 E  0 5  

0 . l 5OE 0 5  
0 . l l R t  0 5  
0.216E 3 5  
0 . 2 3 5 E  0 5  
0 . 1 4 3 E  05  
0 .141E 0 5  

0.212E 0 5  
0 . 2 3 4 E  0 5  

0 . 1 6 7 t  0 5  
0 . 1 7 9 E  0 5  
0 . 2 4 0 t  0 5  
0.270E 0 5  
0 . 3 0 2 E  0 5  

0 . 2 3 3 E  0 5  
0 . 2 4 3 t  0 5  
0.21111 0 5  

0 . 3 2 6 t  0 5  
0 . 2 2 7 t  iJ5 
0 . 2 5 1 E  0 5  

0 . 3 7 0 t  0 5  
0 . 3 5 7 t  0 5  
0.275E 0 5  
0 . 2 9 3 t  0 5  
0 . 3 7 5 F  0 5  
0 . 3 4 1 t  0 5  
0 .365F  U5 
O . 3 J l t  U 5  
0.157L 0 4  
0.5351 0 4  
0.140t 04 
C . l H 7 i  0 5  
0 .156 t  0 3  
0.1C2t 0 5  
0 . l H l t .  ~5 

0 . 2 4 7 1  0 5  
0 . 2 5 0 F  L 5  
0 . 2 5 1 t  05 
0 . 2 5 2 t  0 5  
0 . 2 2 6 t  0 5  
0 . 2 2 1 f  0 5  
0 .225 t  0 5  
0.229k 0 5  

0 . 8 4 1 ~  04 

0 . 6 6 3 ~  0 4  

0 . 1 2 1 ~  0 5  

0.198~ 05 

0 . 2 6 1 ~  0 5  

0 . 2 1 8 ~  05 

0 . 2 9 8 ~  0 5  

n . J o 8 t  05 

0.183~ 0 5  

0 . 2 3 0 ~  05 
n . 3 1 7 t  05 
0.349t 0 5  
0.421E 0 5  

0.546E 0 4  
0.114E 0 5  
0 .148E 0 5  
0.185E 0 5  
0 - 2 4 8 E  0 5  

- 0 . 3 5 7 E  0 4  
0 - 1 9 2 E  04 
0.569E 04 
O.133E 0 5  
0.242E 05  

-0.411E 0 4  
- 0 . l 0 6 E  04 

0.776E 0 4  

0.155E 0 5  
- 0 . 9 3 l E  0 4  

n . 3 0 7 ~  0 4  

0 . 1 0 4 ~  0 5  

-9.409~ n 4  
n . i o i t  0 4  

0 . 1 2 0 ~  05 
0.134~ 0 5  

0..130€ 0 4  

-0.128E 0. 
- 0 . 8 2 4 t  04 

0 . 2 2 7 t  04  

0.105E 0 5  

- f l - l 4 2 E  05 

-0.247E 0 4  
0 . 1 1 0 E  0 4  
0.69YE 0 4  

-0 .163E 0 3  
- n . l S O E  0 5  
- 0 . 4 5 4 E  0 4  

0 . 5 R l E  04 
0 . 3 6 5 E  0 4  

-0 .210E 0 5  
-0.157E CL, 

- O . f l O O C  0 4  

0 . 7 7 3 ~  04 

- 0 . 1 4 1 ~  0 5  

-0.675~ 0 4  

-0.12)~ oz 

n. 1 5 4 t  ~4 
- 0 . 3 1 i t  04 

-0 .433E 0 )  
-0 .510E 0 4  
-0 .485E 0 4  

O - h R l E  0 4  

0 . 1 4 H t  05 
n.:slE 0 5  
0-254t 05  
0.193E 05 
Q.180E 03 
0 . l 7 6 E  0 5  
0.134E 0 5  
O . 1 2 l t  0 5  

O.3lOE 04  
f l .319t  0 4  
0 . 3 6 3 E  0 4  
0.135E 05  

- 0 . l 1 3 E  0 4  

- 0 . 1 4 1 ~  0 5  

0 . 2 4 6 ~  04 

- n . i 4 6 €  0 5  

0.7279 0.6841 - 0 . 0 4 6 7  
0 .9833  0.1352 0.1222 
0 . 8 8 9 6  -0 .4538 -0 .0509  
0 .9920  -0 .1194  0.0401 
0.9735 0.1287 0 . ~ 0 2 9  
0.8896 -0 .4538  -0.050Y 
0.9668 0.0195 0 . 2 5 5 ( ~  
0.8981 0.3697 0.2383 
0.Y761 -0.1378 0 . 1 6 H 3  

0.8365 0 .5416  0 . 0 2 1 6  
0.8795 0.4701 0 . 0 6 3 8  
O. '4184  -0 .2048  0.0263 
0 . 9 5 5 8  -0.2901 0 .0437  
0 . 1 8 5 9  -0 .943c  0 .2761  
0.4140 - O A R 0 0  0 .0309 
0.7656 0.6187 -0 .0121  

0.8925 -0.4509 c . c i 2 c  

0.8171 0.5250 0.2382 
0 .2293  -0 .9727  -0.0359 

0 . 9 9 5 0  0 .0528  -0.0844 

0 .2621  -0.9296 G.2541 
0 .3963  -0.917C 0 . 0 4 b 3  

O.Y85R 0.1381 3.0957 
0 .9650  0.2185 0 .1451  
0.9591 -0 .2256  - 0 . 1 1 1 0  

0.9940 0 .0516  -0.0966 

0 .9564  -0.2897 -0.0373 

0.9802 -0 .1311 -0 .1478  

0 . 2 0 0 ~  -0.9748 - 0 . 0 ~ 7 0  

0.9911 0 .0474  0.1246 
0 . 9 9 8 3  0.0560 0 . 0 1 4 2  
0 .9188  0 . 1 3 1 5  -0 .1570  

0.9957 o . 0 5 ~ ~  0.0151 
0.9~42 0.0394 0.1728 
0 . 9 2 3 0  -0 .0265 -0.3839 
0.91511 -0.2083 -0 .0781 
0.13329 0.5432 0.1057 
O.YHZI 0 .0370  0.1847 
0.9285 - 0 . 3 7 1 1  -0 .0129  
0.9905 0 .0784  -0.3578 
0 . 9 5 4 7  -0 .1598  -0 .2?10  
0 .9514  - 0 . 2 ~ 8 7  -0.0078 
0 . ~ 5 5 9  -0.2902 -0.0446 

O.YR47 0.0416 -0.1693 
0.Y994 -0.0312 0.0125 

0.6R19 -0.6854 -0 .2555  
0 .8700  -0.3497 0 .5102  
0 .5917  -0 .5645  - 0 . 5 7 5 5  

0.7558 -0.6051 0.2504 
0 .8146  -0 .5670  0.1225 

0.6703 0.3587 0.6496 

0.7003 -0.7116 0 . 0 5 6 0  
0.5860 -0 .7946  0 . 1 5 8 7  
0 .8046  -0.5182 0.1353 
0 .6763  - 0 . 7 1 1 8  0 . l46R 
0 . 8 2 2 0  -0.5288 -0 .2115 
0 .9146  0.2714 0.2'393 
0.6984 -0.691) 0 .1618  

0 . 5 7 2 1  - 0 . 6 0 8 2  -0 .1376  
0 .7049  -0 .6620  0 . 2 5 4 1  
0.I3659 -0 .2627  0 .4759  

0.6144 - n . 7 6 1 1  -0 .2079  

0 . 8 5 7 1  -0.1121 0.4777 
0.6602 -0.7385 -0 .1367 

T H t  F O L L D U I N G  M E A S U R E M E U T S  D E V I A T E  C O N S l D E R 4 B L Y  F R O M  THE M E A N ,  
I T f H  L C C A T l f l h  C O U R f l S  L l l l t C r I O N  C n S l N E S  F A C T O R S  

I N  C O M P U T I N G  T H E  N E X T  S E T  I1F A E S I I L T S ,  i l N L Y  M E A S U R E M E N T S  I N  T H E  F O L L O W I N G  CATEGDRIES W E R F  U S E D  - 
I N C L U D E D  E X  L L  IJOE D 
L R I D  
C O V A R I A N C E  M b T R I X  

0 . 3 0 0 3 0  o . z c n o 6  0 . 2 3 3 1 0  

0 . 2 3 3 9 0  0 . 1 i h 1 2  n.522')o 
0 .20806  0.11711 0 . 1 1 6 1 2  

t l G E N V t C I C ~ K S  ? N D  E I L t W V A L U E S  I N  C O L U M N 5  
0.53300 0 .19935-0 .59123  
0 . 3 9 9 1 9  0.443h9 0 . 8 C 2 0 6  
0.74570-0.66627-0.00117 
0.78360 0 . 1 9 4 3 0  0 .02203  

P R I N C I P A L  A X E S  A N D  A S S O C I A T E V  V A R 1 4 N C E  
T R E N D  A N D  P L U N G E  I L I N E A R  S T R U C T U R E 1  O F  1 - A X I S  

143.1 / 48.2 N O R T H W E S T  
0.78360 

T R E N D  4 N @  P L U N G E  ( L I N E A R  S T R I J C T I I R E I  CIF > - A X I S  
1 4 7 . 5  / 41.8 S O U T H t ? S T  
0 . 1 9 4 3 0  

TREND 4 N D  P L L N G E  I L I N E A R  $ T R l J C T I l R E l  OF 3 - 4 x 1 5  
5 3 . 3  / c.2 N O R T H ~ A ~ I  

0 .02209  



NORTH 
-9-9-9-9-9-9-9-9-9-9-9-9-9 0 0 1 0 0 1 0 .  1 0 0 0 0 
-9-9-9-9-9-9-9-9-9-9-9 0 0 0 0 0 0 0 1 0 .  0 1 0 1 0 
-9-9-9-9-9-9-9-9-9-9 0 0 0 0 0 0 0 2 1 0. 0 0 0 0 0 
-9-9-9-9-9-9-9-9 0 0 0 0 0 0 0 1 0 0 0 I .  0 0 1 0 0 
-9-9-9-9-9-9-9 0 0 I 0 1 0 0 0 0 0 0 0 I .  0 0 0 0 0 
-9-9-9-9-9-9 0 0 0 0 1 0 0 0 0 0 0 0 0 I .  0 0 0 0 0 
-9-9-9-9-9 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 .  0 0 0 0 0 
-9-9-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .  0 0 0 0 0 
-9-9-9-9 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0. 0 0 0 0 0 
-9-9-9 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  0 1 1  0 

-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 1 0  0 0 0 
-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .  0 0 0 0 0 
-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  0 0 0 0 
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 . 0 0 0 0 0  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0  
- 9 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0  
- 9 0 0 0 0 @ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0  

- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0  
- 9 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0  
- 9 0 0 0 0 @ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0  
- 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0  
- 9 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 . 0 0 0 0 0  
-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  0 0 0 0 
-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0  0 0 0 0 
-9-9 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 .  0 0 0 0 0 
-9-9-9 0 0 0 0 0 I 0  0 0 0 0 c 0 0 0 0 0 . 0  0 0 0 0 
-9-9-9 0 0 0 I 0  0 0 0 0 0 0 0 0 0 0 0 0 . 0  0 0 0 0 
-9-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. 0 0 0 0 0 
-9-9-9-9-9 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1. 1 0 0 0 0 
-9-9-9-9-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .  0 0 0 0 0 
-9-9-9-9-9-9 0 0 0 0 0 0 0 0 0 0 0 1 0 0 .  0 0 0 0 0 
-9-9-9-9-9-9-9 0 0 0 0 0 0 0 0 1 0 0 0 0 .  0 0 0 0 0 
-9-9-9-9-9-9-9-9 0 0 0 2 0 0 0 0 0 1 0 0 .  1 I 0 0 0 
-9-9-9-9-9-9-9-9-9-9 0 0 0 0 0 1 0 0 0 0 .  0 0 0 0 0 
-9-9-9-9-9-9-9-9-9-9-9 0 1 0 2 0 0 0 0 1. 2 0 0 0 0 
- Y - Y - 9 - V - 9 - 9 - 9 - 9 - 9 - 9 - 9 - 9 - ~  0 1 0 0 0 0 0 .  0 0 0 0 0 
-9-9-9-9-9-9-9-9-9-9-9-9-9-9-9 0 0 0 0 0 .  0 0 0 0-9- 

-9-9-9 o o o o o o o o o n o  o o o 0 o 0 .  o o o o o 
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0-9-9-9-9-9-9-9-9-9-9-9-~-9-9 
1 0 0-9-9-9-9-9-9-9-9-9-9-9-9-9 
0 0 0 1-9-9-9-9-9-9-9-9-9-9-9 
0 0 0 0 0 0-9-9-9-9-1-9-9-9-9 
0 0 0 0 0 0 0-9-9-9-9-9-9-9-9 
0 0 0 0 0 0 0 0-9-9-9-9-9-9-9 
0 0 0 0 2 0 0 0 0-9-9-9-9-9-9 
0 0 0 0 0 0 0 1 0 -9 -9 -9 -9 -9 -4  
0 0 0 0 0 0 0 0 0 0-9-9-9-9-9 
0 0 0 0 I 0 I I 0 0 0-9-9-9-9 
0 0 0 0 0 1 0 0 0 0 0-9 -9 -9 -9  
0 0 0 0 0 0 0 0 1 0 0 0 -9 -9 -4  
0 0 0 0 0 0 0 0 0 0 0 1-9-9-9 
0 0 0 0 0 0 0 0 0 0 0 0-9-9-9 
0 0 0 0 0 0 0 0 0 0 0 10-9-9 
0 0 0 0 0 0 0 0 0 0 0 0 0 -9 -9  
0 0 0 0 0 0 0 0 0 0 0 0 0-9-9 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 9  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 -9  
0 0 0 0 0 0 0 0 0 0 0 0 0 0-9 
0 0 0 0 0 0 0 0 0  1 0 0 0 0 - 9  
0 0 0 0 0 0 0 0 0 0 0 0 0 0-Y 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 - V  
0 0 0 0 0 0 0 0 0 0 0 0 0 0-9 

0 0 0 0 0 0 0 0 0 0 0 0 0 0-9 
0 0 0 0 0 0 0 0 0 0 0 0 0 0-9 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 9  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 9  
0 0 0 0 0 0 0 0 0  I O O O O - 9  
0 0 0 0 0 0 0 0 0 0 0 0 0 0-9  
0 0 0 0 0 0 0 0 0 0 0 0 U - 9 - 9  
0 0 0 0 0 0 c 0 0 0 0 0 0 - 9 - Y  
0 0 0 0 0 0 0 0 0 0 0 0 0-9-9 
0 0 0 0 0 0 0 0 0 0 0 0-9-9-9 
0 0 0 0 0 0 0 0 0 0 0 0-9-9-Y 
0 0 0 0 0 0 0 0 0 0 0 0-9-9-9 
0 0 0 0 0 0 0 0 0 0 0 -9 -9 -9 -9  
0 0 0 0 0 0 0 0 U 0 0-9-9-9-Y 
0 0 0 0 0 0 0 0 0 c -9 -9 -9 -9 -9  
0 0 0 0 0 0 0 0 0-9-9-9-9-9-Y 
0 0 0 0 0 0 0 1 0-9-9-9-9-9-9 
0 0 0 0 0 0 1 0-9 -9 -9 -9 -9 -9 -9  
0 0 0 0 0 0 0 -9 -9 -9 -9 -9 -9 -9 -9  
0 0 0 0 0 0-9-9-9-9-9-9-9-9-9 
0 0 0 0-9-9-9-9-9-9-9-Y-9-9-Y 
0 0 0-9-9-9-9-9-9-9-9-9-9-V-9 
0 - ? - 9 - 9 - 9 - 9 - 9 - 9 - i - ~ - 9 - 9 - 9 - 9 - 9  

-9 -9 -9 -9 -9 -9 -9 -9 -9 -9 -9 -9 -9 -9 -Y  

......................... EAST121 

65 MEASUREWENTS 

S T E R E O G R A M  SHOWING DISTKIRUTION OF P O I N T S  PROJECTED ON LOWER HEMISPHERE OF 20-CENTIMETRE WULFF N E T  

IN C O M P U T I h G  THE NEXT ( € 1  OF RESULTS. ONLY MEASUREHFNTS I N  THE FOLLOWING C A T E G f l R I E S  WERF USED - 

INCLUDED 

ALL M E A S U R E M E N T S  

EXCLUDED 



OATA F O R  DRAWING CROSS-SECTIONS P A R A L L E L  TO THE P R I N C I P A L  AXES 

SLOPE (TANGENT OF A N G L E )  OF I N T E R S E C T I O N  OF B E 0  AND 
1 - 2  P L I N E  

- 2 9 . 9 6 9 5  
1 . 0 6 4 0  
7 . 2 7 4 7  

- 1 . 9 6 0 4  
- 8 . 3 1 0 6  

4 . 2 5 7 2  
- 1 . 9 6 0 4  
4 9 . 5 2 2 1  

2 . 4 2 9 1  
- 7 . 0 8 1 9  
- 1 . 9 7 9 2  

1 . 5 2 7 5  
1 . 8 6 8 5  

- 4 . 7 7 6 5  
- 3 . 2 8  7 8  
- 0 . 1 9 7 1  
- 0 . 5 3 8 7  

1 . 2 6 9 8  
1 . 5 5 6 6  

- 0 . 2 3 5 7  
0 . 2 8 2 6  

- 0 . 4 3 2 2  
1 8 . 8 5 6 1  

7 , 1 3 7 9  
4 . 4 1 6 7  

- 4 . 2 5 2 0  
- 7 . 4 4 2 6  
1 9 . 2 4 5 8  

0 . 2 0 6 1  
- 3 . 3 0  17 
2 0 . 9 2 5 5  
1 7 . 8 2 9 2  

7 . 4 4 4 3  
2 3 . 6 8 3 2  

- 3 2 . 0 1 1 1  
1 8 . 8 6 0 4  
2 4 . 9 7 6 6  

- 3 4 . 8 7 4 6  
- 4 . 6 8  I 4  

1 . 5 3 3 2  
2 6 . 5 2 6 1  
- 2 . 5 0 1 8  
11  . 8 1 2 3  
- 5 . 9 7 5 9  
- 3 . 3 1 6 1  
- 3 . 2 9 4 6  
- 0 . 9 9 4 9  

- 1 6 . 5 1 1 8  
- 1 . 0 4 8 1  

1 . 8 6 8 6  
- 1 . 2 4 9 1  
- 1 . 4 3 6 6  
- 0 . 9 8 4  I 
- 0 . 7 3 7 5  
- 1 . 3 9 1 6  
- 0 .  '4 3 h9 
- 1 . 5 5 4 4  

3 . 3 6 4 8  
- I .  0 0  17 
- 0 . 8 0 1  3 
- 0 . 7 0 8 6  
- 1 .U647 
- 3 . 3 0 1 4  
- 4 . 4 4  7 8  
- 0 . 8 9 3 9  

1-3 P L I N E  
1 5 . 1 2 8 1  
1 5 . 5 8 3 0  

8 . 0 4 9 2  
1 7 . 4 6 1 9  
2 4 . 3 5 8 1  

3 3 5 . 8 9 5 5  
1 7 . 4 6 1 9  

3 . 7 9 1 6  
3 . 7 6 9 4  
5 . 8 0 0 4  

7 4 . 3 3 3 6  
3 8 . 7 6 2 4  
1 2 . 5 9 2 0  
3 7 . 1 7 4 7  
2 1 . 8 4 7 6  

0 . 6 7 3 4  
1 5 . 3 5 9 1  
6 4 . 9 7 1 5  

3 . 4 2 9 9  
6 . 3 9 3 1  

- 1 . 0 1 5 6  
8 . 5 6 5 0  

1 I .  7 9 4 6  
1 0 . 3 0 0 7  

6 . 6 5 2 0  
5 .  6 0 8 0  
6 . 6 3 0 3  

1 0 . 2 8 8 8  
- 2 . 0 7 0 3  
2 5 . 6 7 2 2  

7 . 9 5 6 5  
7 0 . 4 0 8 7  

6 . 2 3 5 1  
5 . 8 1 4 8  

7 9 . V 2 8 4  
1 3 . 1 4 8 7  

5 . 6 9 6 1  
2 . 4 0 4 1  

1 2 . 4 8 4 3  
7 . 8 8 3 1  
5 . 3 1 7 0  

7 1 . 8 8 9 4  
2 . 6 0 0 9  
3 . 8 0 3 0  

1 2 2 . 9 2 5 6  
2 1 . 4 3 3 5  

2 . 6 6 8 5  
1 . 4 3 8 1  
1 . 0 2 8 1  
1 . 0 3 1 9  
3 . 0 1 7 7  
6 . 6 4 8 3  

1 2 . 5 1 4 4  
3 . 6 9 2 6  
5 . 9 4 7 3  
4 . 6 0 6 8  
3 . 8 8 5 8  
3 . 0 5 6 0  
4 . 3 1 7 4  
2 . 9 5 5 7  
4 . 1 0 2 3  
2 . 7 6 7 7  
2 . 0 1 7 3  
1 . 7 9 4 1  
4 . 8 2 8 3  

2 - 3  PLANE 
- 1 . 9 8  10 

0 . 0 6 8 3  
0 . 9 0 3 8  

- 0 . 1 1 2 3  
- 0 . 3 4  I 2  

0 . 0 1 2 7  
- 0 . 1 1 2 3  
1 3 . 0 6 0 9  

0 . 6 4 4 4  
- 1 . 2 2 0 9  
- 0 . 0 2 6 6  

0 . 0 3 9 4  
0 . 1 4 8 4  

- 0 . 1 2 8 5  
- 0 . 1 5 0 5  
- 0 . 2 9 2 8  
- 0 . 0 3 5 1  

0 . 0 1 9 5  
0 . 4 5 3 8  

- 0 . 0 3 6 9  
- 0 . 2 7 8 3  
- 0 . 0 5 C 5  

1 . 5 9 8 1  
0 . 6 9 3 0  
0 .6640  

- 1 . 1 2 2 5  
1 . 8 7 0 6  

- 0 . 0 9 9 5  
-0 .  1 2 8 6  

2 . 6 3 0 0  
0 . 2 5 3 2  
I .  1 9 3 9  
4 . 0 7 2 9  

- 0 . 4 0 0 5  
1 . 4 3 4 4  
4 . 3 8 4 8  

- 1 4 . 5 0 6 4  
- 0 . 3 7 5 0  

0 . 1 9 4 5  
4 . 9 8 9 0  

- 0 . 0 3 4 8  
4 . 5 6 4 7  

- 1 . 5 7 1 4  
- 0 . 0 2 7 0  
- 0 . 1 5 3 1  
- 0 . 3 7 2 8  

- I  1 . 4 8  1 6  
- 1 . 0 1 9 5  

I . 8 l G I  
- 0 . 4 1 3 1  
- 0 . 2  16 1 
- 0 . 0 7 8 6  
- 0 . 1 9 9 7  
- 0 . 2 3 4 0  
- 0 . 2 0 3 4  
- 0 . 4 0 0 0  

1 . l O L l  
- 0 . 2 3 2 0  
- 0 . 2 7 3  I 
- 0 . 1 7 0 3  
- U . 3 8 4 7  
- 1 . 6 2 3 7  
- 2 . 4 7 9 2  
- 0 . 1 8 5 1  

- 0 . 7 5 8 2  

D I S T A N C E  F R O M  O R I G I N  PARALLEL T O  
I - A X I S  

3 5 5 2 . 6 3 0 5  
5 4 6 3 . 1 0 9 1  
8 9 0 1 . 2 7 4 5  

1 0 4 7 3 . 7 9 2 1  
1 3 0 6 8 . 5 8 8 6  
1 6 1 4 2 . 2 0 9 4  

1 3 0 4 . 9 4 5 4  
8 9 3 7 . 1 7 8 2  

1 1 1 1 9 . 5 0 2 6  
1 4 3 6 7 . 9 8 2 1  
1 R 1 8 3 . 1 4 2 1  
1 1 1 1 8 . 2 2 4 5  
1 2 2 2 3 . 7 3 5 2  
1 4 7 5 2 . 5 3 4 3  
1 7 2 4 2 . 9 6 1 7  
2 0 7 1 5 . 1 3 8 4  
2 2 4 2 8 . 4 1 5 R  
1 3 9 5 8 . 0 1 7 1  
1 4 0 3 5 . 9 2 0 3  
1 9 0 2 8 . 3 8 5 7  
2 0 3 6 4 . 2 1 4 8  
2 2 3 8 9 . 9 2 6 3  
2 4 7 3 5 . 2 6 3 2  
1 6 1 1 9 . 8 3 3 0  
1 7 2 1 2 . 6 6 1 4  
2 2 7 9 7 . 9 6 4 8  
2 5 5 3 1 . 4 5 1 7  
2 8 4 3 9 . 6 8 0 2  
2 0 5 6 4 . 1 1 4 5  
2 2 0 4 8 . 0 7 1 5  
2 3 0 8 2 . 3 1 5 4  
2 7 2 0 3 . 8 1 5 9  
2 8 0 0 9 . 8 2 5 1  
3 0 5 4 4 . 9 9 5 6  
2 1 4 5 8 . 5 0 7 8  
2 4 2 6 8 . 6 4 9 4  
2 8 9 6 3 . 6 9 8 5  
3 4 3 7 9 . 5 5 9 1  
3 4 0 8 0 . 6 8 7 0  
2 5 5 5 6 . 2 8 5 2  
2 7 4 7 6 . 2 9 0 3  
3 0 4 4 4 . 1 7 5 3  
3 2 2 4 9 . 0 0 6 3  
3 4 9 3  I .  1 I 4 3  
3 8 0 4 0 . 6 0 8 9  

2 6 3 1 . 5 6 4 9  
6 2 8 6 . 7 7 5 8  
8 0 1 2 . 7 5 0 4  

1 8 0 9 5 . 7 6 8 6  
1 5 0 7 7 . 2 2 3 0  
1 0 4 7 3 . 7 9 2 1  
1 7 5 7 5 . 0 2 3 9  
1 7 7 3 4 . 9 3 9 9  
7 3 4 6 4 . 7 1 4 4  
2 3 6 6 3 . 0 0 2 2  
2 3 7 9 6 . 2 4 5 6  
2 3 8 3 7  
2 1 5 7 2  
2 1 0 3 5  
2 1 3 4 8  
2 1 7 2 8  
2 1 7 7 4  
2 9 8 1 7  
3 2 5 5 8  
3 9 6 0 2 .  

8 5 6 4  
3 0 5 4  
8 2 1 0  
1 9 6 3  
7 7 0 8  
6 2 8 9  
0 6 5 9  
1 2 2 8  
7061  

2-AX I S  
2 5 6 5 . 0 9 7 7  
4 5 8 7 . 9 1 7 9  
8 4 0 8 . 3 2 0 6  

1 0 1 5 1 . 9 5 3 7  
1 2 8 5 8 . 6 7 7 0  
1 6 3 5 9 . 4 4 5 2  

6 6 3 1 . 6 6 5 9  
8 3 1 2 . 6 8 1 6  

1 0 7 9 7 . 5 2 9 5  
1 4 4 5 7 . 7 9 1 0  
l R 6 6 R . 7 9 0 R  
1 I 1  15 .0  380 
1 2 0 9 5 . 1 1 0 2  
1 4 9 6 6 . 0 4 3 1  
1 7 7 6 1 . 3 8 6 5  
2 1 6 2 0 . 2 3 1 4  
2 3 4 9 8 . R 8 8 9  
1 4 2 8 5 . 2 6 1 0  
1 4 1 3 7 . 5 6 2 4  
1 9 7 9 1 . 3 3 7 4  
2 1 2 1 0 . 9 7 3 1  
2 3 4 4 1 . 9 3 0 4  
2 6 0 6 0 . 4 4 5 1  1 6 6 6 0 . 6 7 3 3  

1 7 8 6 2 . 5 6 1 3  
2 4 0 3 4 . 4 3 9 7  
2 7 0 3 8 . 2 1 4 8  
3 0 2 2 0 . 1 1 4 5  
7 1 7 1 0 . 3 4 2 0  
2 3 3 3 2 . 3 1 2 3  
2 4 3 0 2 . 5 9 7 9  
2 9 0 7 7 . 8 3 4 2  
2 9 8 4 0 . 3 3 5 9  
3 2 5 9 5 . 7 0 3 4  
2 2 7 4 2 . 4 5 2 9  
2 5 9 1 1 . 3 8 0 4  
3 0 7 8 7 . 0 9 2 0  
3 6 9 5 0 . 1 8 4 1  
2 7 4 7 0 . 6 9 4 8  3 5 7 2 5 . 3 0 3 2  

2 9 3 2 4 . A 2 4 5  
3 2 4 5 3 . 4 2 2 4  
3 4 0 9 0 . 0 9 6 6  
3 6 4 9 9 . 0 6 4 0  
3 9 1 1 6 . 5 7 8 6  

1 5 6 6 . 5 1 2 6  
5 3 4 9 .  1 7 7 4  
7 3 9 9 .  R L 5 9  

1 8 7 2 0 . 3 4 8 4  
1 5 5 6 0 . 2 0 0 9  
1 0 1 5 1 . 9 5 3 7  
I 8 0 8 1 . 6 I 4 7  
1 8 2 5 9 . 0 9 1 3  
2 4 7 0 5 . 6 1 1 3  
2 4 9 5 8 . 6 1 7 2  
2 5 1 0 9 . 6 7 9 4  
2 5 1 7 2 . 7 6 7 8  
2 2 6 1 6 . 3 4 0 6  
2 2 1 2 1 . 3 4 Y h  
2 2 4 8 2 . 9 6 5 6  
2 2 8 9 3 . 5 1 3 5  
2 2 9 5 7 . 7 8 8 6  
3 1 6 5 7 . 5 5 6 6  
3 4 9 1 7 . 2 7 8 3  
4 2 0 7 8 . 1 3 2 3  

3-AX I S 
5 1 . 8 4 3 4  

5 4 6 1 . 2 6 7 3  
1 1 3 5 9 . 0 2 4 0  
1 4 8 4 7 . 1 3 6 7  
1 8 5 3 9 . 7 0 7 3  
2 4 7 9 5 . 9 9 0 0  
- 3 5 6 9 . 3 6 5 3  

1 9 1 8 . 4 7 5 7  
5 6 9 0 . 0 2 5 8  

1 3 2 6 7 . 0 6 0 4  
2 4 2 4 6 . 6 8 0 7  
- 4 7 0 8 . 6 0 7 5  
- 1 0 6 4 . 0 3 5 8  

3 0 6 9 . 3 0 6 5  
7 7 6 2 . 3 0 3 8  

1 0 3 8 0 . 2 0 3 2  
1 5 4 6 8 . 9 5 8 1  
- 9 3 7 3 . 9 7 5 3  
- 4 0 9 4 . 6 0 8 7  

101 1 . 6 3 3 2  
4 2 9 8 . 2 4 1 5  

1 2 0 2 8 . 6 5 6 9  
1 3 4 0 0 . 7 9 8 8  

- 1 2 7 6 3 . 0 1 1 6  
- 8 2 3 7 . 3 9 6 9  

2 2 7 1 . 2 9 9 1  
7 7 2 5 . 2 6 8 3  

1 0 5 0 0 . 0 3 2 6  
- 1 6 0 5 9 . 3 7 8 5  
- 1 4 1 7 2 . 1 2 6 5  

- 6 2 4 7 . 5 5 2 1  
- 2 4 6 5 . 3 9 0 9  

1 6 9 8 .  1 8 1 5  
6 3 9 0 . 9 9 1 3  

- 1 6 2 9 4 . H 7 9 5  
- 1 4 9 6 0 . 1 8 7 9  

- 4 5 3 7 . 5 0 3 8  
5 8 1 1 . 1 5 3 9  
3 6 4 5 . 4 3 4 5  

- 2 0 9 5 3 . 0 2 7 6  
- 1 5 1 0 4 . 3 9 1 6  
- 1 2 9 2 9 . 8 1 7 3  

- 8 0 0 2 . 2 5 3 6  
- 3 1 9 1 . 0 6 0 4  

1 5 4 1 . 0 9 0 7  
- 4 3 2 . 7 8 5 8  

- 5 0 9 5 . 3 2 5 1  
-41345.8220 

6 8 0 6 . 7 3 5 3  
- 1 4  1 2 8 .  I 2 1  3 

1 4 8 4 7 . 1 3 6 7  
2 5 1 2 3 . 9 7 2 7  
2 5 4 4 4 . 7 9 8 1  
1 8 2 7 4 . 5 7 8 4  
1 8 0 3 5 . 7 4 8 8  
1 7 6 3 6 . 4 4 3 4  
1 3 3 5 6 . 6 9 1 2  
1 2 1 4 4 . 8 3 6 8  

? 4 6 2 . 4 4 2 1  
3 1 0 4 . 1 2 4 3  
3 1 8 6 . 0 2 6 1  
3 6 2 6 . 3 2 9 0  

- 1 4 5 9 8 . 4 8 1 6  
- 1 1 2 5 . 1 9 0 2  

1 3 5 0 6 . 7 ~ 9 8  
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% 

H I S T O G R A M  O F  M E A &  A T T I T U C E  O E V l A T l O N  M E A S U R E 0  P A R A L L E L  T U  T H E  2 - A X I S  
6 5  M E A S U R E C E N T S  

0 .  0.5 1 .o 1.5 2.0 + . . . . + . . . . + . . . . + . . . . + - . . . + . . . .  
2 1 0 4 . 0 0 0 0 0  2 4 i )  l l l l l l l l l l l l l l l l l l l l l l l l l  
4 2 0 8 . 0 0 0 0 0  2 3 8  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l  
6 3 1 2 . 0 0 0 0 0  2 2 7  111111111111111111111111  
8 4 1 6 . 0 0 0 0 0  2 3 6  11111111111111111111111  
0 5 2 0 . 0 0 0 0 0  1 9 3  111111111111111111111111  
2 6 2 4 . 0 0 0 0 0  1 8 5  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l  
4 7 2 8 . 0 0 0 0 0  1 6 6  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l  
6 8 3 2 . 0 0 ’ 2 0 0  1 3 6  l l l l l l l l l l l l l l l l l l l l l l  
8 9 ’ 3 6 . 0 0 0 0 0  117 11111111111111111111111  
1040.0cJ000 9 5  1 1 1 1 1 1 1 1 1 l l l l l l l l l l l l l  
3 1 4 4 . 0 0 0 0 0  6 7  1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1  
5 2 4 8 . 0 0 0 0 0  5 4  11111111111111111111  
7 3 5 2 . 0 0 0 0 0  3 7  l l l l l l l l l 1 1 1 1 1 1 1  
9 4 5 6 . 0 0 0 0 0  7 0  l l l l l l l l l l l l l l l l  
1 5 6 0 . 0 0 0 0 0  2 0  1 1 1 l l l l l l l l l l l I  

5 7 6 R . 0 0 0 0 0  1 1  1111111111111111  
7 8 7 2 . 0 0 0 o o  4 l l l l l l l l l l l l l l l l l l  
9 9 7 6 . 0 0 0 0 0  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l l l l l I I l I  
2 0 8 0 . 0 0 0 0 0  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l I  

7 6 6 4 . 0 0 0 0 0  1 1  1 1 1 1 1 1 1 1 1 l l l l l l l l 1 1 1 1  * 

+ . . . . + . . . .  t . . . . + . . . . + . . . . + . . . *  

0 .  0 . 5  1.c 1.5 2 . 0  

M E A N  U l F F t R E h C C  A E T W E E N  O I R t C T I C I N  C O S I N E S  4 T  G I V E N  D I S T A N C E  A P A R T  

C l I S T b N C E  B E T W E E N  M E A S U R E P E V T S  I S  P L O T T E U  V E R T I C A L L Y , T H E  S C A L E  I S  O N  THE L E F T  

T H E  S E C l l k f l  C C L i l M N  SHeHS T H E  P I U Y R E R  CIF V A L U E S  R E P R E S E N T E D  I N  E A C H  K O U  

A L f l k  V A L I J E  I N  THE H I S T U G R A M  Y 4 Y  I N ‘ I D I C A T E  T H E  P R E S E N C E  O F  F C I L D S  O F  T H A T  W A V k L E N G T H  

D I S T R I R I l T l f l W  O F  D I K E C T I O N  C O S I W E S  & R O U T  THE 2 - A X I S  

65 M t A S U R E M E N T S  
- 1 . 0  - 0 . 5  -0 .  0 . 5  1.0 + . . . .  + . . . . + . . . . + . . . . + . . . . + . . . .  

1 3  o o o o o o o o o o 3 o o o o o c o o o o c o o c o o c ~ n ~ ~ o o o ~ o o o o ~ o o o o o o ~ o o o o o o o o o o 0 o o o o o o ~ ~ o o ~ f l n ~ o o o c ~ o u o o ~  
12 
I 1  
I 0  

9 
8 
7 
b 
5 
4 
7 
2 
1 ~ 1 l l ~ ‘ 2 0 1 ~ 0 1 1 1 0 1 1 1 0 @ u 1 0 @ 0 0 0 f l l l i l o L l 1 0 ~ 1 1 @ 1 1 1 1 0 0 l 0 0 0 1 ~ 1 1 1 ~ ~ 0 0 1 0 1 1 U 1 ~ 0 0 0 0 1 ~ ~  

0 1 i I o o o I 0 o I i i 0 I I I 0 o o i n o  o G on I 1 o 1 L c I I 1 I I o i I L o 0 I 1 11 L I L I o 0 I o o o I 0 I 1 I I) o o o 1 o I I o I o o o o G 1 0 3 

+ . . . . + . . . . + . . . . + . . . . + . . . . + . . . .  
-1.0 - 0 . 5  - 0 .  C.5 1.0 

V A L U F  U F  O I R E C T I O N  COSINES 

P E R C E N T A G E  F R E Q U E N C Y  P L O T T E D  V E R T I C A L L b  

M O M E I I T S  O F  T H E  A H f l V E  D I S T K I H I ! T I @ N  4 K t  - 
1 0 . 0 0 9 5  
7 0 . 2 3 9 8  
3 - 0 . 0 2 0 8  
4 0 . 1 3 4 0  

S K E k ‘ b E S S  A N D  K l l R T f l S l S  
- 0 . 1 7 6 1  ? . 3 2 R R  



Exnmple L ( c o n ' t . )  

HISTOGRAM OF MEAN ATTITUDE OEVIATION MEASURE0 PARALLEL T O  T H E  3-AXIS  
6 5  MEASUREMENTS 

0. 0.5 1.0 
+ I .  

1272.00000 
2544.00000 
3816.00000 
5088.00000 
6360.00000 
1632.00000 
8904.00000 
0116 .00000  
1448.00000 
2720.00000 
3992.00000 
5264.00000 
6536.00000 
7808.00000 
9080 .00000  
0352.00000 
1624.00000 
2896.00000 
416R.00000 
5440.00000 
6112.00000 

t . .  

1 . 5  . .  t . . . . t . . . . * . . . . * .  
126  1 1 1 1 1 1 1 1 1 1  
120 1 1 1 1 1 1 1 1 1 1  
1 2 1  111111111 
1 1 1  
I 0 4  
I 1 3  
115 
105 
119 
114 

8 2  
82  
85 
80 
8 1  

l l l l l l l l l  
1 1 1 1 1 1 1 1 1  
1 1 1 1 1 1 1 1 1  
1 1 1 1 1 1 1 1 1  
1111111111 
l l l l l l l l l l  
111111111 
1 1 1 1 1 1 1 1  
l l l l l l l l  
I I I l l l l l l  
1 1 1 1 1 1 1 1 1  
l l l l l l l l l l  

67 l l l l l l l l l l  
57 111111111111 
67  1 1 1 1 1 1 1 1 1 1  
43 1 1 1 1 l l l l  
30 l l l l l l l  
40 1111111111 . . + . . . .  

0. 
+ 

0.5 
. . . .  + . . . .  

1.0 
I .  

1.5 

2.0 . .  t . . . .  

. . . +  . . . .  
2 . 0  

M E A N  OlFFEREhCF BETWEEN DIRICTION COSINES A T  G I V E N  DISTANCE APARl 

D I S T 4 N C E  R t T H E C N  M I A S U R E M E N T S  I S  P L O T T t O  VtRTICALLY,THl  SCALt I S  ON 1HE L I F T  

THE S E C O N D  CCLUHN SHOWS T H E  NUMHER O F  VALIJIS RFPRE5ENTED I N  IACH ROW 

A LOW VALUE I N  1HE HISTOGRAM M A Y  I h l P l C 4 T E  T H E  P R E S E Y C t  OF FOLDS ClF T H A T  WAVELENGTH 

MOMENTS O F  Th t  P R O V E  O l i T R l H l l ~ I f l ~  A R t  - 
1 0 .0401  
2 0.0462 
3 0 .0071  
4 0.0089 

I 1  I I C 3 1  I 
I I l 1 1 3 1 1  
lllll(lll10003nl~lil I o " 0 o 0 c o o n o 0 0 0 u 0 o 3  . . . . + . . . . * . . . .  

0 . 5  1.0 

I O N  c n S i r i t 5  

SKEWNESS AND K I I R T l l ' , l l  
0 . 1 1 1 7  4 . 1 5 5 5  



I N  COMPUTING THE NEXT SET O F  RESULTS, DNLY MEASUREMENTS I N  THE FOLLOWING CATEGORIES WEKE USEO - 
INCLUDED EXCLUOEO 
GRID 

A N A L Y S I S  OF VARIANCE ABOUT Z - A X I S  

NUflBER I N  SAMPLE, MEAN A N D  VARIANCE FOR SUBGROUP. 
45 .  -0.OY79 0 . 1 9 4 3  G K I O  

GRAND MEAN AhD TOTAL VAKIANCE 
45.  -0 .D979 0 . 1 9 4 3  

NUMBER I N  )APPLEl  WEAN AND VARIANCE FOR SIJRGROUP. 
3. - 0 . 2 7 3 2  0 . 0 8 ? 2  SNDSTN 

1 0 .  - 0 . 0 3 5 8  0 . 0 3 0 1  S S + S H  
5. 0 . 0 0 9 8  0 . 1 0 0 6  SHALE 

2 7 .  - 0 . 1 2 1 4  0 . 2 8 4 9  CARBNT 

GRANO MEAN AND TUTAL VARIANCE 
45.  -0 .0919 0 . 1 9 4 3  

NUHRER I N  SAMPLE, MEAN AND VARIANCE FOR SUBGROUP. 
1. -C.20R3 0 . 0 4 3 4  PRECHB 
2 .  - 0 . 2 2 4 2  0 . 0 5 4 4  L.CAMR 
I. - 0 . 4 5 3 8  0 . 2 0 5 9  L.CAMB 
3. 0 . 2 3 4 1  0 . 1 0 6 2  M.CAHB 
6 .  0 . 0 6 2 4  0 . 0 9 4 7  U.CAMB 

14. - 0 . 1 7 8 9  0 . 2 7 5 1  L - O R 0  
18. - 0 . 1 0 3 8  0 . 2 0 1 0  H.ORD 

GRAND MEAN AN0 TOTAL V I R I A N C E  
4 5 .  - 0 . 0 9 7 9  0 . 1 9 4 3  

A N A L Y S I S  OF VARIANCE AROUT 3 - A X I S  

NUMHER I N  SAMPLE, MEAN AN0 VARIANCE FOR SUHGROUP. 
4 5 .  0 . 0 1 0 4  0 . 0 2 2 1  G R I D  

GRANO MEAN AN0 TOTAL V A R l A N C t  
4 5 .  0 . 0 1 0 4  0 . 0 2 2 1  

NUMBER I N  SAMPLE. MEAN AND VARIANCE FOH SUBGROUP. 
3 .  - 0 . 0 9 0 6  0 . 0 2 1 1  SNDSTN 

10. - 0 . 0 6 8 6  0 . 0 2 8 5  S S + S H  
5. - 0 . 0 2 8 0  0 . 0 4 6 1  SHALE 

27.  0 . 0 5 8 0  0 . 0 1 5 4  CARBNT 

GRANO MEAN AN0 TOTAL VARIANCE 
4 5 .  0 . 0 1 0 4  0 . 0 2 2 1  

NUMRER I N  SAFPLE,  MEAN AND VARIANCE F O R  SURGROUP. 
1. - 0 . 0 7 8 1  0 . 0 0 6 1  PRECMB 
2. - 0 . 1 2 9 4  0 . 0 3 1 5  L - C A M 8  
1. - 0 . 0 5 0 9  0 . 0 0 2 6  L.CAMB 
3. 0 . 1 3 2 9  0 .026B M.C4MH 

6. 0 . 0 6 7 1  0.0125 U.CAMB 
14. 0 . 0 5 9 1  0 . 0 1 5 1  L.@RD 
1 R .  - 0 . 0 4 3 6  0 . 0 3 0 9  M.ORD 

GRAND MEAN A k O  TOTAL VARIANCE 
4 5 .  0 . 0 1 0 4  0 . 0 2 2 1  

I N  COMPUTING THE NEXT SET OF RESULTS. ONLY MEASUREMENT5 I N  THE FOLLOYING CATEGORIES WERE USEO - 
INCLUDED 
UNUSU 

SELECTED SUBGROUP HAD ONLY 2 0  DATA I T E M S .  COMPUTATIONS ON SUBGROUP WERE O M I T T E D .  

I N  COMPUTING THE NEXT S E T  OF RESULTSI ONLY MEASUREMENTS I N  THE FOLLOWING CATEGORIES WERE USEO - 
INCLUDED EXCLUDED 
G R I D  

E X C  L IJDE 0 

PRECHB 
L .  O R 0  
M.OR0 

SELECTED SUBGROUP HAC ONLY 1 2  DATA ITEMS. COMPUTATIONS ON SUBGROUP WERE OMITTED.  

CONTROL CARP -0 - 0  - 0  -1 -0 - 0  - 0  - 0  - 0  - 0  - 0  - 0  -0  -0 -0 - 0  - 0  - 0  





- A P P E Y D I X  - 

L I S T I N G  OF F O R T R A N  I V  P R O G R A M  

THE M A I N  P R O G R A M S  A R E  - 
P R O G V  1 
P R O G V P  
P R O G V 3  
P R O G V 4  
P R O G S T  

T H E  S U R K O U T I N E S  A R E  - 
A N O V  ( A N A L Y S I S  O F  V A R I A N C E )  
A X E S  ( P R I N C I P A L  A X E S )  
C O N F I T  ( B E S T - F I T  C O N I C A L  S U R F A C E )  
t N I S O C  ( S T R I K E  A N D  D I P  F R O M  D I R E C T I O N  C O S I N E S )  
E Q U A T E  ( R E A D S  A K R A Y S  I N T O  S OR T )  
HOHBIG ( F O L D  SIZE) 
M O M E N T  ( M O M E N T S  O F  D I S T R I B U T I O N  ABOUT P R I N C I P A L  A X E S )  
R E A D I N  ( R E A D S  IN D A T A  FROM D A T A  C A R D S )  
S C A L A R  ( C O V A R I A N C E  M A T R I X  F O R  S C A L A R  D A T A )  
S E K S H N  ( C O M P U T E S  D A T A  F O R  D R A W I N G  C R O S S - S E C T I O N S )  
S E L E C T  [ R E T A I N S  S P E C I F I E D  S U B S E T S  OF T H E  D A T A  I N  S A N D  T )  
S O L S P  ( S O L V E S  S I M U L T A N E O U S  E Q U A T I O N S )  
S P I N  ( T R A N S F O K M S  M E A S U R E M E N T S  T O  R E F E R  T O  P R I N C I P A L  A X E S )  
WULFF ( P L O T S  V E C T O R S  O N  S T E R E O G R A M )  

A S S I S T A N C E  I N  T H E  W R I T I N G  OF T H E S E  P R O G R A M S  W A S  G I V E N  B Y  
M R S  B E N S O N  A N D  O T H E R  M E M B E R S  OF T H E  S T A F F  O F  T H E  
N O R T H W E S T E R N  U N I V E R S I T Y  C O M P U T I N G  C E N T E R .  

J I R J O R  
SI B F T C  P R O G V L  c - - - - - -  
C T H I S  I S  T H E  M A I N  P R O G R A M ,  U S E  O N E  ' P R O G '  D E C K  O N L Y .  
C S U B R O U T I N E S  R E Q U I R E D .  A X E S I C O N F I T ~ E N I S O C ~ E Q U A T E ~ S O L S P ~ S P I N ~ W U L F F  
t- 
L 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

D A T A  C A R D S  S H O U L D  C O N T A I N  A Z I M U T H  OF D I P  ( I N  D E G R E E S ) *  I N  
C O L U M N S  3 1  T O  3 3 1  A N D  A M O U N T  OF D I P  I N  C O L U M N S  37 T O  3 9 ,  
D E C I M A L  F R A C T I O N S  O F  A D E G R E E  C A N  R E  I N S E R T E D  I N  C O L U M N S  3 4  
T O  3 6  A N D  40 T O  42. 

T E R M I N A T E D  B Y  A C A R D  H I T H  999000 I N  C O L U M N S  3 1  T O  3 6 .  
I N S E R T  99900G I N  C O L U M N S  3 7  T O  4 2  O F  T H E  F I N A L  C A R D  O F  T H E  L A S T  
G R O U P  

E A C H  G R O U P  S H O U L D  C O N T A I N  L E S S  T H A N  300 I T E M S  A N D  S H f l U L D  R E  

F O R  L I N E A R  S T R U C T U R E S  NOTE C O M M E N T  C A R D  B E L O W  



C 

C 
C 
C 
C 

C 
C 

6 
3 

1 
C 

C 
C 
C 

C 

C 
2 

C 

C 

C 

C 
C 

C 

4 

5 

100 
101 

C 

COMMON C O V M A T ~ D ~ D I R C O S ~ E I G M A T ~ E I G V A L ~ G C O O R D ~ K O N T R L ~ K O U N T ~ K O U ~ T 2 ~  
1 L ~ L I S T ~ N A M E ~ N O V E C ~ S , S C O O R O * T ~ T R A C O S  

I N  P R O G V l  OR P R O G V 2 ,  T H E  D I M E N S I O N S  C A N  R E  I N C R E A S E D  F R O M  3 0 C  
T O  500 I T E M S  P E R  B A T C H  OF D A T A .  T O  DO S O *  R E P L A C E  300 B Y  5 0 0  
W H E R E V E R  300 IS P U N C H E D  I N  E A C H  OF T H E  T H R E E  D I M E N S I O N  C A R D S  A T  
THE H E A D  OF T H E  M A I N  P R O G R A M  A N D  THE S U B R O U T I N E S .  
D I M E N S I O N  C O V H A T ( 3 , 3 ) r D ( 3 ) ~ D I K C O S ( 3 0 0 ~ 3 ~ ~ E I G M A T ( 3 ~ 3 ~ ~ ~ I G V A L ~ 3 ~ ~  

1 G C O O R 0 ~ 3 0 0 ~ 3 ~ r K O N T R L ~ 2 O ~ ~ L ~ 3 O O ~ 6 ~ ~ L I S T ~ 3 O O ~ 6 ~ ~ N A M E ~ 6 ~ 9 ~ ~ S ~ 3 D O ~ ~ ~ ~  
2 S C O O R D ( 3 0 0 ~ 3 ~ ~ T ~ 3 0 0 ~ 3 ~ ~ T R A C O S ( 3 0 0 ~ 3 )  

P U T  N O V E C  = 0 ,  T O  I N D I C A T E  T H A T  T H E  D A T A  A R E  V E C T O R S .  
N O V E C  = 0 
1 = 1  
W R I T E  ( 6 1 1 0 2 )  
R E A D  (5,1001 D I R C O S ( I , l ) ,  D I R C O S ( I * Z )  
I F  ( D I R C O S ( 1 , l )  - 999.0) l e 2 9 1  
C O N T  I W E  
A C O R R E C T I O N  C A R D  (E.G. D I K C O S ~ I ~ l ~ ~ D I R C O S ~ I ~ 1 ~ + 9 0 ~ 0 ~  M A Y  BE USED. 
O I R C O S ( I s 1 )  = D I R C O S ( I * l )  + 90.0 
W R I T E  ( 6 1 1 0 3 )  1 ,  D I R C O S ( 1 , l ) p  D I R C O S ( I p 2 )  

F O R  L I N E A R  S T R U C T U R E S *  I N S E R T  A C A R D  D I R C D S ( I ~ 2 ) = D I R C O S ( I ~ 2 ) + 9 O e G  

I = I + l  
G O  T O  3 

K O U N T  = I - 1 

O M I T  N E X T  C A R D  I F  S T E R E O G R A M  IS NOT R E Q U I K E D ,  
C A L L  WULFF 
O M I T  N E X T  C A R D  I F  R E S T - F I T  C O N E  IS N O T  R E O U I R E D ,  
C A L L  C O N F  I T  (0 1 
O M I T  N E X T  S E V E N  C A R D S  I F  O N L Y  A R E S T - F I T  C O N €  I S  R E Q U I R E D .  
C A L L  A X E S  

C A L L  E O U A T E  ( D I R C O S , T , K O U N T ~ K f l U N T 2 v C O V M A T ~ D )  

O M I T  N E X T  F O U R  C A R D S  I F  R O T A T E D  V E C T O R S  A R E  N O T  R E O U I R E D .  
W R I T E  ( 6 , 1 0 5 )  
C A L L  S P I N  ( 0 9 0 )  

C A L L  WULFF 
C A L L  E Q U A T E  ( T R A C O S I T ~ K U U N T ~ K D U N T ~ ~ C O V M A I , D )  

I F  ( D I R C O S ( K O U N T + l ,  2 )  - 999.0) 4 1 5 ~ 4  
1 = 1  
W K I T E  (6,101) 
GO T O  6 
C O N  T I N U €  

F O R M A T  ( 3 O X p  2F6.3)  
1 F O R M A T  ( l H l , 5 0 X , 3 7 H - - -  NEXT B A T C H  OF D A T A  -- - 

102  F O R M A T  ( l H 0 ~ 4 H I T E H ~ 2 9 X ~ 2 5 H A Z I H U T H  A N D  A M O U N T  O F  D I P 8 4 X V  



1 2 6 H C O M P U T E D  D I R E C T I O N  C O S I N E S  1 
103 F O R M A T  ( 1 H + r  I 4 , 2 9 X ,  3F8.3)  
1 0 4  F O R M A T  ( X t  6 2 X p  3F8.53 
1 0 5  F O R M A T  ( 1 H 0 ,  30x9 5 7 H T H E  M E A S U R E M E N T S  B E L O W  A R E  I N  T E R M S  O F  T H E  P R  

L I N C I P A L  A X E S )  
S T O P  

E N D  

ZIBJOB 
SI B F T C  P R O G V Z  c - - - - - -  
C T H I S  IS T H E  M A I N  P R O G R A M .  USE O N E  ' P R O G '  D E C K  O N L Y .  
C 
C S U B R O U T I N E S  R E Q U I R E D .  A X E S I C O N F I T ~ E N I S O C ~ E Q U A T E ~ M O M E N T ~ S O L S P ~ S P I N ~  
C S U B R O U T I N E S  R E Q U I R E D ,  H U L F F  
C D A T A  C A R D  L A Y O U T  A S  I N  P R O G 1 .  
C 

C O M M O N  C O V M A T ~ D ~ D I R C O S ~ E I G H A T , E I G V A L ~ G C O D R D ~ K O N T R L ~ K O U N T ~ K O U N T 2 ~  
1 L , L I S T , N A M E I N O V E C , S * S C O O R D ~ T ~ T R A C O S  

C I N  P R O G V l  OR P R O G V Z ,  T H E  D I M E N S I O N S  C A N  B E  I N C R E A S E D  F R O M  300 

C W H E R E V E R  300 I S  P U N C H E D  I N  E A C H  OF T H E  T H R E E  D I M E N S I O N  C A R D S  A T  
C T O  T O O  I T E M S  P E R  B A T C H  OF D A T A .  TO 00 SO, R E P L A C E  300 B Y  500 

C T H E  H E A D  OF T H E  M A I N  P R O G R A M  AND T H E  S U B R O U T I N E S .  
D I M E N S I O N  C O V M A T ( 3 ~ 3 ) , D ( 3 ) , D I R C O S ( 3 0 0 ~ 3 ) ~ E I G M A T ( 3 , 3 ) ~ E I G V A L ( 3 ) ~  

1 G C O O R D ~ 3 0 0 ~ 3 ~ ~ K O N T R L ~ 2 O ~ ~ L ~ 3 0 0 ~ 6 ~ ~ L I S T ~ 3 0 @ ~ 6 ~ ~ ~ A M E ~ 6 ~ 9 ~ ~ S ~ 3 0 0 ~ 3 ~ ~  
2 S C O O R D ( 3 0 0 ~ 3 ) ~ T ( 3 0 0 ~ 3 ) ~ T R A C O S ~ 3 0 0 ~ 3 )  

C 
C P U T  N O V E C  = Os T O  I N D I C A T E  T H A T  THE D A T A  A R E  V E C T O R S .  

N O V E C  = 0 
1 = 1  

7 W R I T E  (6 ,102 )  
3 R E A D  ( 5 , 1 0 0 )  D I R C O S ( I v 1 ) t  D I K C O S ( I v 2 )  

I F  ( D I R C O S ( 1 , l )  - 999.0) 1,2,1 
1 C O N 1  I NU€ 

C A C O R R E C T I O N  C A R D  (E.G. DIRCOS(I~l)=DIRCOS(I,1)+90.0) M A Y  R E  U S E D .  
D I R C O S ( 1 , l )  = D I R C O S ( 1 , l )  + 90.0 
W R I T E  (6,103) I, D I R C O S ( 1 , l ) r  D I R C O S ( I y 2 )  

C 
C F O R  L I N E A R  S T R U C T U R E S ,  I N S E R T  A C A R D  D I R C O S I I , 2 ) = D I R C O S ( I r 2 ) + 9 0 . 0  
C 

A = D I R C O S ( 1 , l )  it 3.14159 / 180.0 
B = D I R C O S ( 1 , Z )  3.14159 / 180.0 
D I R C O S ( 1 , l )  = C O S ( A )  * S I N ( B )  ( -1 .0 )  
DIRCOS(1,Z) = S I N ( A )  S I N ( 0 )  
D I R C O S (  1 9 3 )  = C O S ( H )  
W R I T E  (69 1 0 4 )  ( D I R C O S (  1, J 1 * J = l #  3 )  
I = I + l  
G O  T O  3 

2 K O U N T  = I - 1 
C 

C A L L  E Q U A T E  ( D I R C O S I T ~ K O U N T , K O U N T ~ , ~ D V M A T I D )  
C A L L  WULFF 
C A L L  A X E S  
W K I T C  ( 6 , 1 0 5 )  
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C A L L  S P I N  ( O t 1 )  
C A L L  E Q U A T E  ( T R A C O S , I ~ K O U N T I K O U N T ~ ~ C O V M A T ~ D )  
C A L L  W U L F F  

C A L L  C O N F I T  ( 1 )  
C O M I T  N E X T  C A R D  IF B E S T - F I T  C O N E  I S  N O T  R E Q U I R E D .  

C OMIT N E X T  TWO C A R D S  I F  MOMENTS OF T H E  D I S T R I B U T I O N  A R E  N O T  NEEDED.  
DO 6 I A X I S x l t 3  

6 C A L L  MOMENT ( I A X I S )  
C 

I F  ( D I R C O S ( K O U N T + l t  2 )  - 999.0) 4 9 5 9 4  

W R I T E  (6t 101)  
4 1 = 1  

GO T O  7 
5 C O N 1  I N U E  

C 
100 F O R M A T  ( 3 0 X t  2F6.33 

1 101 F O R M A T  (lHlt50Xt37H--- N E X T  B A T C H  O F  D A T A  -- - 
102  F O R M A T  (lHO~4HITEM,29X~25HAZIMUTH A N D  AMOUNT O F  D I P , 4 X ,  

1 2 6 H C O M P U T E D  D I R E C T I O N  C O S I N E S )  
103 F O R M A T  (1H+p 1 4 r 2 9 X p  3 F 8 . 3 )  
104 F O R M A T  ( 1 H X I  6 2 x 1  3F8.5) 
105 F O R M A T  ( 1 H O t  25x9 5 7 H T H E  M E A S U R E M E N T S  BELOW ARE I N  T E R M S  OF T H E  P R  

l I N C I P A L  A X E S )  
S T O P  

E N D  

SIBJOB 
S I B F T C  P R O G V 3  
c -  
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

3 

1 
C 

- - - - -  
T H I S  I S  T H E  M A I N  PROGRAM. U S E  ONE ' P K O G *  D E C K  ONLY.  

S U B R O U T I N E S  R E Q U I R E D  ARE A X E S ,  C O N F I T ,  E N I S O C ,  E Q U A T E ,  HOWBIGt 
MOMENT,SEKSHNvSOLSPtSPINtWULFF 

D A T A  C A R D  L A Y O U T  A S  IN P R O G l t  T O G E T H E R  W I T H  G E O G R A P H I C A L  
C O O R D I N A T E S  I N  C O L U M N S  13 T O  18  A N D  19 T O  249 A N D  H E I G H T  
C O O R D I N A T E  IN C O L U M N S  2 5  TO 30. A D E C I M A L  P O I N T  I S  A S S U M E D  
A F T E R  T H E  S I X T H  D I G I T ,  U N L E S S  P U N C H E D  E L S E W H E R E -  

P U T  NOVEC = 0 ,  TO I N D I C A T E  T H A T  THE D A T A  A R E  V E C T O R S -  
N O V E C  = 0 
I = l  
W R I T E  (69 1 0 2 )  
R E A D ( 5 t 1 0 0 )  (GCOORD(I,J)~J=lr3)tDIRCOS( I ~ L ) ~ D I R C O S ( I I ~ )  
I F  ( D I R C O S ( I , l )  - 9 9 9 . 0 )  l t 2 1 1  
C O N T I N U E  
A C O R R E C T I O N  C A R D  (E.G. D I R C O S ( I t l ) = D I R C O S ( 1 1 1 ) + 9 0 . 0 )  MAY B E  USED.  
D I R C O S ( 1 , l )  = DIRCOS(1,l) + 90.0 
W R I T E  ( 6 ~ 1 0 3 )  I ~ ( G C O O R D ( I t J ) r J = 1 t 3 ) ~ D I R C O S ~ I t l ~ t D I R C O S ~ I ~ 2 ~  



C F O R  L I N E A R  S T R U C T U R E S ,  I N S E R T  A C A R D  D I R C O S ( I , 2 ) = D I K C O S ( I 1 2 ) + 9 0 . 0  
A = D I R C O S ( 1 , l )  3 .14159 / 180.0 
B = D I R C O S ( I 1 2 )  * 3.14159 / 180.0 
D I R C O S ( 1 , l )  = C O S ( A )  S I N ( B )  ( - 1 - 0 1  
D I R C O S ( 1 , Z )  = S I N ( A )  S I N ( 6 )  
D I R C O S ( I , 3 )  = COS(B) 
W R I T E  (6,1041 ( D I R C O S ( I , J ) , J = 1 , 3 )  

I = X + l  
G O T O  3 

2 K O U N T  = I - 1 

C 

C 

C A L L  E Q U A T E  ( D I R C O S , T , K O U N T , K O U N T 2 ~ C O V M A T ~ O )  
C A L L  H U L F F  
C A L L  A X E S  
W R I T E  (69 107)  
C A L L  SPIN (2,l) 
C A L L  E Q U A T E  ( T R A C O S , T ~ K O U N T ~ K O U N T Z ~ C O V M A T ~ D )  
C A L L  E O U A T E  ~ S C O O R O ~ S ~ K O U N T ~ K O U N T 2 ~ C O V b l A l ~ D ~  

C I F  O U T P U T  O F  P U N C H E D  C 4 R D S  C O N T A I N I N G  T R A N S F O R M E D  D A T A  IS W A N T E D 9  
C I N S E R T  TWO C A R D S  A S  F O L L O W S ,  
C 00 7 I = l , K O U N T  
c 7  W R I T E  ( 6 , 1 0 1 )  ( S C O O R D ( I , J ) , J = l r 3 ) r ( T R A C O S I I , J ~ ~ J ~ l ~ 3 )  

C A L L  WULFF 

C A L L  C O N F  I T  ( 1 )  

C A L L  HOWBIG ( I A X I S )  
6 C A L L  M O M E N T  ( I A X I S )  

C A L L  S E K S H N  

C O M I T  N E X T  C A R D  I F  B E S T - F I T  C O V E  I S  N O T  K E Q U I R E D .  

DO 6 I A X I S = l r 3  

I F  ( O I R C f l S ( K O U N T + l ,  2 )  - 9 9 9 . 0 )  4,594 
4 1 = 1  

W R I T E  ( 6 9  1 0 6 )  
W R I T E  ( 6 ,  1 0 2 )  
GO T O  3 

5 C O N T I N U E  
C 

100 F O R M A r  ( 1 2 x 9  5 F 6 . 3 )  
1 0 1  F O R M A T  ( 1 H P 9  1 2 x 1  3F6.0, 3F6.3) 
102  F O R M A T  ( ~ H O ~ ~ H I T E M , X I ~ ~ H G E O G R A P H I C A L  C O O R D I N A T E S p 4 X v  

1 2 5 H A Z I E i U T H  A N D  A M O U N T  O F  D I P p 4 X t 2 6 H C O M P U T E D  D I R E C T I O N  C O S I N E S )  
107 F O R M A T  (1H+ ,  149 3F8.3, 4 x 9  2 F 8 . 3 )  
104 F O R M A T  ( X ,  6 2 x 9  3F8.5)  

1 106 F O R M A T  ( l H l p 5 O X , 3 7 H - - -  N E X T  B A T C H  OF D A T A  -- - 
1 0 7  F O R M A T  ( l H 0 ~ 2 5 X * 6 l H T H E  F O L L O W I N G  M E A S U R E M E N T S  A R E  IN T E R M S  O F  T H E  

l P R I N C I P A L  A X E S )  
S T O P  

E N D  

$ I B J O B  
$ I  R F T C  P K O G V 4  
c - - - - - -  
C T H I S  I S  T H E  M A I N  P R O G R A M .  U S E  O N E  ' P R O G '  D E C K  O N L Y .  
C 



100 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

S U B R O U T I N E S  R E P U I R E D  A R E  AHOV, AXES,  C O N F I T ,  E N I S O C ,  E Q U A T E ,  

L A Y O U T  OF N U M E R I C A L  D A T A  A S  I N  P R O G 3 r  T O G E T H E R  W I T H  F A C T O R S  
H O W B I G ,  MOMENT, R E A D I N ,  S E K S H N t  S E L E C T ,  S O L S P ,  S P I N ,  WULFF 

W H I C H  MAY B E  L I S T E D  I N  T H R E E - D I G I T  F I E L D S  I N  C O L U M N S  49 T O  66. 
T H E  C A T E G O R Y  OR L E V E L ,  OF E A C H  F A C T O R  I S  R E P R E S E N T E D  B Y  AN 

I N T E G E R  CODE NUMBER F R O M  1 T O  90 
T H I S  PROGRAM A L S O  A C C E P T S  A T T I T U D E  M E A S U R E M E N T S  I N  T H E  F O R M  OF 

D I R E C T I O N  C O S I N E S  P U N C H E D  I N  C O L U M N S  31-36. 37-42, 43-48. 

N U M E R I C A L  D A T A  S H O U L D  BE P R E C E D E D  B Y  C A R D S  1)  T O  919 C O N T A I N I N G  
1 )  D A T E ,  P R O J E C T  NAME, A N D  U S E R  NAME W I T H I N  C O L U M N S  13 TO 720 
2 )  F O R M A T  S T A T E M E N T  ( I F  N O N - S T A N D A R D )  I N  C O L U M N S  13 T O  48, A N D  

C O R R E C T I O N  F A C T O R S  T O  M U L T I P L Y  T H E  G E O G R A P H I C A L  C O O R D I N A T E S ,  
(49 TO 5 4 1 1  A N D  H E I G H T  C O O R D I N A T E S ( 5 5  TO 6 0 1 ,  A N D  TO A D D  TO THE 
A Z I M U T H  M E A S U R E M E N T S  ( 6 1  T O  66) .  

3 )  TO 8 )  N A M E S  O F  T H E  C A T E G O R I E S  R E P R E S E N T E D  B Y  I N T E G E R  CODE 
N U M B E R S  1 T O  9 ON T H E  D A T A  C A R D S ,  L I S T E D  I N  S E Q U E N C E  I N  
S I X - C O L U M N  A L P H A M E R I C  F I E L D S  B E T W E E N  C O L U M N S  13 A N D  66. 

S E Q U E N C E  A S  ON T H E  D A T A  CARDS.  
O N E  C A R D  I S  U S E D  FOR E A C H  O F  T H E  F A C T O R S ,  W H I C H  ARE I N  T H E  SAME 

ANY OR ALL O F  T H E  C A R D S  ( 1 )  T O  ( 8 )  MAY B E  L E F T  B L A N K .  
9 )  A C A R D  P U N C H E D  999. I N  THE A Z I M U T H  C O L U M N S  ( 3 1  TO 3 6 ) .  

N U M E R I C A L  D A T A  B E G I N  A T  C A R D  10 AND E N D  A T  A C A R D  P U N C H E D  
999000999000 I N  T H E  A Z I M U T H  A N D  D I P  C O L U M N S  ( U S U A L L Y  31 T O  42). 
I F  A C H A N G E  O F  F O R M A T  OR OF C O R R € C T I O N  F A C T O R S  I S  R E Q U I R E D  
W I T H I N  T H E  D A T A  D E C K ,  I N S E R T  A NEW F O R M A T  C A R D  
A T  T H E  A P P R O P R I A T E  P O I N T ,  P R E C E D E D  A N D  F O L L O W E D  B Y  C A R D S  
P U N C H E D  999. I N  T H E  A Z I M U T H  COLUMNS. 

A F T E R  T H E  N I N E S  C A R D  T E R M I N A T I N G  T H E  D A T A  T H E R E  S H O U L D  B E  ONE O R  
MORE C O N T R O L  C A R D S ,  E A C H  S P E C I F Y I N G  T H E  S U B S E T S  OF M E A S U R E M E N T S  
T O  B E  U S E D  F O R  D E T E R M I N A T I O N  OF ( 1 )  T H E  CONE A X I S ,  ( 2 )  T H E  
P R I N C I P A L  A X E S ,  ( 3 ) S T A T I S T I C A L  MOMENTS A N D  C R O S S - S E C T I O N  D A T A  
( 4 )  U P  T O  6 S U B S E T S  W I T H I N  W H I C H  A N  A N A L Y S I S  O F  
V A R I A N C E  IS T O  B E  PERFORMED.  T H E  SAME P R O C E D U R E S  WILL T H E N  
B E  F O L L O W E D  U S I N G  NEW S U B S E T S  S P E C I F I E D  O N  S U B S E Q U E N T  C O N T R O L  

C A R D  W I T H  -99-99-99 I N  C O L U M N S  13 TO 2 1  I N D I C A T E S  T H A T  A N O T H E R  

FOLLOWS.  S U B S E T S  ARE COOED A S  S U C C E S S I V E  T H R E E - D I G I T  WORDS I N  

CARDS.  A B L A N K  C A R D  I N D I C A T E S  T H E  E N D  O F  T H E  PROGRAM, AND A 

B A T C H  OF D A T A ,  P R E C E D E D  A S  B E F O R E  B Y  N I N E  M A S T E R  CARDS,  

COLUMNS 13 T O  7 2  OF T H E  C O N T R O L  CARD. W I T H I N  E A C H  T H R E E - D I G I T  
WORD, T H E  F A C T O R  IS I N D I C A T E D  B Y  THE CODE NUMBER I N  C O L U M N  2 1  
T H E  C A T E G O R Y  B Y  T H E  NUMRER I N  C O L U M N  3. A N E G A T I V E  S I G N  I N  
C O L U M N  1 C A U S E S  M E A S U R E M E N T S  B E L O N G I N G  T O  I N D I C A T E D  C A T E G O R Y  T O  
B E  R E M O V E D  B Y  S U B R O U T I N E  S E L E C T ,  O T H E R W I S E  T H E  C A T E G O R Y  IS 
R E T A I N E D  AND E V E R Y T H I N G  E L S E  D I S C A R D E D .  A N O N - Z E R O  NUMRER I N  
C O L U M N  1 I N D I C A T E S  T H E  B E G I N N I N G  O F  A NEW S U B S E T -  I F  C O L U M N S  
2 AND 3 ARE ZERO,  S p T  AND L ARE L E F T  UNCHANGED.  I F  C O L U M N  1 I S  
A L S O  Z E R 0 , N U M B  IS P U T  E Q U A L  T O  9 A N D  C O N T R O L  IS R E T U R N E D  T O  THE 
M A I N  PROGRAM. 



101 

C 

4 

3 
C 

10 
5 

C 

C 

2 0  

21 
2 2  

2 3  

24 
C 
C 
C 

C 
C 
C 
C 
C 8  
C 
C 
C 
C 

25  

2 6  

9 
27 

C 

3 1  

2 8  

P U T  N O V E C  = 0, T O  I N D I C A T E  T H A T  T H E  D A T A  A R E  V E C T O R S -  
N O V E C  = 0 
C A L L  R E A D I N  
R E A D  C O N T R O L  C A R D -  
R E A D  ( 5 9 1 0 0 )  ( K O N T R L ( 1 ) r  I = 1 , 2 0 )  
W R I T E  (6 ,110)  ( K O N T R L ( I ) r I = l r 2 0 1  
I F  ( K O N T R L ( 1 1  + K O N T R L ( 2 )  + K O N T R L ( 3 ) )  10.695 
I F  ( K O N T R L ( 1 )  + K O N T R L 1 2 )  + K O N T R L ( 3 )  + 3499) 5r4r5 

C A L L  E Q U A T E  ( D I R C O S ~ T ~ K O U N T , K O U N T 2 ~ C O V M A T , D l  
O M I T  N E X T  C A R D  I F  S T E R E O G R A M  IS N O T  R E Q U I R E D .  

C O N T  I N U E  

C A L L  WULFF 

C A L L  S E L E C T  (1 )  
O M I T  N E X T  TWO C A R D S  I F  B E S T - F I T  CONE I S  N O T  R E Q U I R E D .  

I F  ( K O U N T 2  - 2 0 1  20920921 
W R I T E  (6 ,109)  K O U N T Z  
GO TO 2 2  
C A L L  C O N F I T  ( 1 )  
C A L L  E Q U A T E  ( O I R C O S , T , K O U N T , K O U N T 2 , C O V M A T v D )  
C A L L  E Q U A T E  ( G C O O R D , S , K O U N T ~ K O U N T 2 ~ C O V M A T ,  0 )  

I F  ( K O U N T Z  - 20) 23923.24 
W R I T E  (6 ,109)  K O U N T Z  

C A L L  S E L E C T  1 2 )  

GO T O  6 
C A L L  A X E S  

O M I T  N E X T  34 C A R D S  I F  B E S T - F I T  CONE AND P R I N C I P A L  A X E S  O N L Y  A R E  
R E Q U I R E D .  

W R I T E  (6 ,1051 
C A L L  S P I N  ( 2 9 1 )  
C A L L  E Q U A T E  ( T R A C O S , T ~ K O U N T I K O U N T ~ , C O V M A T I D )  
C A L L  E Q U A T E  ( S C O O R D , S ~ K O U N T ~ K O U N T 2 ~ C O V M A T , D l  
C A L L  WULFF 

I F  O U T P U T  OF P U N C H E D  C A R D S  C O N T A I N I N G  T R A N S F O R M E D  D A T A  I S  WANTED, 
I N S E R T  T H R E E  C A K D S  AS F O L L O W S i  
DO 8 I = l , K O U N T  
W R I T E ( 6 p 1 0 1 )  ( S C O O R D ( I , J ) ~ J = 1 ~ 3 ) ~ ( T R A C O S ( I , J ) r J = l r 3 ) r ~ L I S T ~ I ~ J ~ ~  

1 J = l t b )  

I F  C R O S S - S E C T I O N  D A T A ,  H I S T O G R A M  O F  F O L D  SIZES A N D  MOMENTS OF 
THE O I S T R I R U T I O N  ARE N O T  R E Q U I R E D ,  O M I T  N E X T  N I N E  CARDS.  

C A L L  S E L E C T  ( 3  1 
I F  ( K O U N T Z  - 3 0 )  25,25,26 
H R I T E  (69 109)  K O U K T Z  
GO TO 27 
C A L L  S E K S H N  

C A L L  HOWBIG ( I A X I S )  
C A L L  MOVENT L I A X I S )  
C O N T  I N U E  
O M I T  N E X T  TEN C A R D S  I F  A N A L Y S I S  O F  V A R I A N C E  I S  NOT R E Q U I R E D .  
NUMB = 4 

C A L L  S E L E C T  ( N U M B )  

DO 9 I A X I S = 1 , 3  

C A L L  E Q U A T E  ( T R A C O S , T , K f l U N T ~ K O U N T 2 ~ C O V M A T ~ D )  

I F  ( K O U N T 2  - 3 0 )  28,28,?9 
W R I T E  (69 1 0 9 )  K O U N T 2  
NUMB = NUMB + 1 



102 

29 
7 

2 
C 
C 

30 
6 
100 
101 
105 

109 

110 

GO T O  2 

C A L L  A N O V  ( I A X I S )  
N U M B  = N U M B  + 1 

D O  7 I A X I S = 1 , 3  

I F  ( N U M B  - 9 )  3 1 9 3 1 r 3 0  
D O  N O T  R E M O V E  C A R D S  B E L O W  T H I S  P O I N T .  

G O  T O  3 
C O N T  I N U €  
F O R M A T  ( 1 2 X , 2 0 1 3 )  
F O R M A T  ( l H P , l 2 X , 3 F 6 . O f 3 F 6 - 3 , 6 I 3 )  
F O R M A T  (1HOc 2 5 X t  5 7 H T H E  M E A S U R E M E N T S  B E L O W  A R E  I N  T E R M S  OF T H E  P R  

L I N C I P A L  A X E S )  

1 O M P U T A T I O N S  O N  S U B G R O U P  WERE O M I T T E D , )  
F O R M A T  ( 1 H 0 ,  2 6 H S E L E C T E D  S U B G R O U P  H A D  O N L Y ,  13,  52H D A T A  I T E M S ,  C 

F O R M A T  (LHO, 1 2 H C O N T R O L  C A R D ,  1 5 , 1 9 1 6 )  
S T O P  

E N D  

S I R J O B  
S I R F T C  P R O G S S  
c - - - - - -  
C T H I S  IS T H E  M A I N  P R O G R A M .  l J S E  ONE ' P R O G '  D E C K  O N L Y .  
C 
C T H E  P R O G R A M  R E Q U I R E S  S C A L A R  D A T A ,  N O T  S T R I K E  A N D  D I P -  

S U B R O U T I N E S  R E Q U I R E D  A R E  A N O V ,  A X E S ,  C O N F I T ,  E N I S O C ,  E Q U A T E ,  

D A T A  L A Y O U T  A S  I N  P R O G 4 ,  W I T H  G C O O R D ( I , 3 ) 9  L I S T E D  I N  C O L U M N S  2 5  
H O t i B I G ,  M O M E N T ,  R E A D I N ,  S C A L A R ,  S E L E C T ,  S O L S P ,  S P I N ,  WULFF 

T O  30, B E I N G  T H E  E L E V A T I O N  OF A P A R T I C U L A R  H O R I Z O N ,  
A C O R R E C T I O N  F 4 C T O R t  S U C H  A S  G R O U N D  E L E V A T I O N ,  M A Y  B E  R E C O R D E D  
I N  C O L U M N S  3 1  T O  36, I T  WILL BE S U B T R A C T E D  F R O M  G C O O R D ( I v 3 ) .  
O T H E R W I S E ,  A Z I M U T H  A N D  D I P  C O L U M N S  S H O U L D  R E  L E F T  B L A N K .  

C 

4 

3 
C 

10 
5 

C 

20 

P U T  N O V E C  = 1 TO I N D I C A T E  T H A T  T H E  D A T A  A R E  S C A L A R  M E A S U R E M E N T S .  
N O V E C  = 1 
C A L L  R E A O I N  
R E A D  C O N T R O L  C A R D .  
R E A D  ( 5 , 1 0 0 )  L K O N T R L ( I 1 ,  I = l r 2 0 )  
I F  ( K O N T R L ( 1 )  + K O N T R L ( 2 )  + K O N T R L ( 3 ) )  10.695 
I F  ( K U N T R L ( 1 )  + K O N T R L ( 2 )  + K O N T R L ( 3 )  + 3,991 5 9 4 ~ 5  
C O N T  I N U E  

C A L L  WULFF 
O M I T  N E X T  S I X  C A R D S  I F  B E S T - F I T  C O N E  I S  N O T  R E Q U I R E D .  
C A L L  S E L E C T  ( 1 )  

C A L L  E Q U A T E  (GCOORD,S,KOUNTpKOUNTZ,COVMAT,D) 

I F  ( K O U N T Z  - 2 0 )  20,20,21 
W R I T E  (6 ,109)  K O U N T 2  



2 1  

2 2  

23 

24 

C 
C 
C 

C 
C 
C 
C8 
C 
C 
C 

2 5  

26 

9 
27 

C 

C 

GO T O  2 2  
C A L L  S C A L A R  
C A L L  C O N F I T  ( 0 )  

C A L L  S E L E C T  ( 2 )  
C A L L  E Q U A T E  (GCOORD,S ,KOUNT,K f lUNT2 ,COVMAT*D)  

I F  ( K O U N T 2  - 2 0 )  2 3 * 2 3 , 2 4  
W R I T E  (6 ,109 )  K O U N T Z  
GO T O  6 
C A L L  S C A L A R  
C A L L  A X E S  

O M I T  N E X T  3 1  C A R D S  I F  O N L Y  8 E S T - F I T  C O N E  A N D  P R I N C I P A L  A X E S  A R E  
R E Q U I R E D .  

W R I T E  ( 6 , 1 0 5 )  
C A L L  S P I N  ( 1 , O )  
I F  O U T P U T  O F  P U N C H E D  C A R D S  C O N T A I N I N G  T R A N S F O R M E D  D A T A  I S  U A N T E D ,  
I N S E R T  TWO C A R D S  A S  F O L L O W S ,  
DO 8 I = l r K O U N T  
W R I T E  ( 6 , 1 0 1 )  ( S C O O R D ( I , J ) , J = l r 3 ) *  ( L I S T ( I , J ) , J = 1 , 6 )  

O M I T  N E X T  T E N  C A R D S  I F  M O M E N T S  A N D  H I S T O G R A M  O F  FOLD S I Z E S  A R E  
N O T  R E Q U I R E D .  

C A L L  E Q U A T E  ( S C G O R D ~ S ~ K O U N T , K f l U N T Z ~ C O V M A T ~ D )  
C A L L  S E L E C T ( 3 )  
I F  L K O U N T Z  - 20) 25925.26 
W H I T E  ( 6 ~ 1 0 9 )  K O U N T Z  
G O  T O  2 7  

C A L L  H O W B I G  ( I A X I S )  
C A L L  M O M E N T  ( I A X I S )  
C O N T  I N U E  
O M I T  N E X T  C A R D  I F  S T E R E O G R A M  OF R O T A T E D  V E C T O R S  IS N O T  R E Q U I R E D .  
C A L L  WULFF 
O M I T  h E X T  T E N  C A R D S  I F  A N A L Y S I S  OF V A R I A N C E  I S  N O T  R E Q U I R E D .  
N U M B  = 4 

D O  9 I A X I S = 1 , 3  

3 1  C A L L  E Q U A T E  ( S C O O R D , S , K O U N T , K O U N T 2 , C O V M A T , D )  
C A L L  S E L E C T  ( N U M B )  
I F  ( K O U N T Z  - 3 0 )  2 8 , 2 8 * 2 9  

2 8  W R I T E  ( 6 , 1 0 9 )  K O U N T 2  
N U M B  = N U M B  + 1 
GO T O  2 

2 9  00 7 I A X I S = 1 * 3  
7 C A L L  A Y O V  ( I A X I S I  

NUMB = N U M B  + 1 
2 I F  ( N U M B  - 9 )  3 1 r 3 1 r 3 0  

C DO N O T  R E M O V E  C A R D S  B E L O W  T H I S  P O I N T .  
30 G O  T O  3 
6 C O N T I N U E  
100 F O R M A T  ( 1 2 X , 2 0 1 3 )  
101  F O R M A T  ( l H P , l 2 X , 3 F 6 . 0 , 1 8 X , 6 1 3 )  
105 F O R M A T  ( 1 H O c  2 5 x 9  5 7 H T H E  M E A S U R E M E N T S  B E L O W  A R E  I N  T E R M S  O F  T H E  P R  

l I N C I P A L  A X E S )  

1 O M P U T A T I O N S  ON SUBGROUP WERE O M I T T E D . )  
109  F O R M A 1  ( 1 H O t  2 6 H S E L E C T E D  S U R G R O U P  H A D  O N L Y ,  1 3 ,  52H D A T A  I T E M S .  C 

110 F O R M A T  ( 1 H O t  l 2 H C O N r R O L  C A R D ,  I 5 * 1 9 1 h )  
S T O P  

E N D  



SIBFTC A N O V  
C 

C 
C THE M E A N S  A N D  V A R I A N C E S  A R E  C O M P U T E D  A N D  P R I N T E D  FOR I N D I V I D U A L  
C S U B G R O U P S  OF T H E  D A T A .  O N E  F A C T O R  IS C O N S I D E R E D  A T  A T I M E -  
C 

S U B R O U T I N E  A N O V  ( I A X I S )  - - - - - - - - - - - -  

C O M M O N  C O V M A T ~ D ~ D I R C O S ~ E I G M A T ~ E I G V A L ~ G C O O R D ~ K O N T R L ~ K O U N T ~ K O U N T Z ~  
1 L ~ L I S T ~ N A H E ~ N O V E C ~ S ~ S C O O R D ~ T ~ T R A C O S  

D I M E N S I G N  C O V M A T ~ 3 ~ 3 ~ , D ~ 3 ~ ~ D I K C O S ~ 3 0 0 ~ 3 ~ ~ E I G M A T ~ 3 ~ 3 ~ ~ E I G V A L ~ 3 ~ ~  
1 G C O O R D ~ 3 0 0 ~ 3 ~ ~ K O N T R L ~ 2 O ~ ~ L ~ 3 ~ O ~ 6 ~ ~ L I S T ~ 3 O O ~ 6 ~ ~ N A M E ~ 6 ~ 9 ~ ~ S ~ 3 O O ~ 3 ~ ~  
2 S C O O R D ~ 3 0 0 ~ 3 ) ~ T ( 3 0 0 t 3 ~ ~ T R A C O S ~ 3 0 0 ~ 3 ~  

D I M E N S I O N  S U M O ( 9 ) t  S U M l ( 9 ) e  S U H 2 ( 9 )  
C 

W R I T E  (6 ,100)  I A X I S  
D O  10 J=1,6 

C I N 1  T I A L  IZ E 
I T O T A L  = 0 

G S U M l  = 0.0 
G S U M O  =O.O 

G S U M 2  = 0.0 
DO 1 M z l . 9  
I T O T A L  = I T O T A L  + L ( M t J )  
S U M O ( M )  = 0.0 
S U M l ( M )  = 0.0 

1 S U M Z ( M 1  = 0.0 
C 
C 

19 
C 
C 
C 

6 

2 

C H E C K  T H A T  F A C T O R  H A S  R E E N  C O D E D .  
I F  ( I T O T A L )  19,10119 
I F  ( N O V E C  - 1) 6,796 
S P L I T  INTO C A T E G O R I E S ,  C O U N r t  F I N D  S U M S  A N D  S U M S  O F  S O U A R E S .  

THE N E X T  S E C T I O N  IS F O R  V E C T O R I A L  D A T A  ONLY. 
D O  2 I = l , K O U N T 2  
M = L ( I 9 J )  
S U M O ( M )  = S U M O ( M 1  + 1.0 
S U M l l M )  = S U M l ( M 1  + T(It I A X I S )  
S U M Z ( M )  = S U M 2 ( M )  + T(I,IAXIS)+*Z 
G O  T O  8 

C 
C T H E  N E X T  S E C T I O N  IS F O R  S C A L A R  D A T A  O N L Y .  
C C O M P U T E  D I R E C T I O N  C O S I N E S  F R O M  E L E V A T I O N S .  

7 DO 11 I = l , K O U N T Z  
M = L ( I 9 J )  
DO 11 K = l t K O U N T Z  
I F  ( 1 - K )  1 8 ~ 1 1 ~ 1 8  

18 I F  ( L ( K , J )  - l i A )  1 1 ~ 1 3 , l l  
13 D ( 1 )  = S ( I 1 1 )  - S ( K v 1 )  

D(2) = S ( I 1 2 )  - S ( K 1 2 )  
D ( 3 )  = S ( I t 3 )  - S ( K , 3 )  
P = D ( l ) * + 2  + D(2)+*2 + D ( 3 ) * * 2  
P = S Q R T ( l . O / P )  
D ( 1 )  = C ( l ) * P  
D ( 2 )  = C ( 2 )  P 



13 j 

9 
C 
C 

C 
11 

8 

4 

C 

C 
5 

15  

10 

100 
101 
103  
104 

C 

D(3) = C ( 3 1 . P  
S U M O ( M 1  = S U M O ( M )  + 1.0 
S U M l ( M )  = S U M l ( M )  + D ( 1 A X I S )  
S U M Z ( M )  = S U M 2 ( M )  + D ( I A X I S ) + * Z  

C O N T  I N U E  
F I N D  M E A N  A N D  V A R I A N C E S  
W R I T E  ( 6 , 1 0 1 )  
DO 5 M = 1 , 9  
I F  ( S U M O ( M )  - 0.9) 5,514 
C O N T  I N U E  
G S U M O  = G S U M O  + S U M O ( M )  
G S U M l  = G S U M l  + S U M l ( M )  
G S U M Z  = G S U M 2  + S U M 2 l M )  
S U M l ( M )  = S U M l ( M 1  / S U M O I M )  
S U M 2 (  M )  = S U M 2 (  M 1 / S U M O (  M 1 
W R I T E  ( 6 , 1 0 3 )  S U M O ( M 1 ,  S U M l I M ) ,  S U M Z ( M ) ,  N A H E ( J , M )  

C O N 1  I N U E  

I F  ( G S U V O  - 0 . 9 )  10,10,15 
W R I T E  (69 1 0 4 )  
G S U M l  = G S U M l  / G S U M O  
G S U M Z  = G S U M Z  / G S U H O  

C O N T I N U E  
W R I T E  ( 6 , 1 0 3 )  G S U M O ,  G S U M l ,  G S U M Z  

F O R M A T  (1HOc 1 O X v  2 6 H A N A L Y S I S  OF V A R I A N C E  A B O U T ,  I 2 9  S H - A X I S )  
F O R M A T ( l H @ , 4 9 H N U M R E R  I N  S A M P L E ,  M E A N  AND V A R I A N C E  F O R  S U B G R O U P . )  
F O R M A T  ( 1 2 X p  F5.0q Z F l 0 . 4 ,  3 x 9  A 6 1  
F O R M A T  ( 1 H 0 ,  2 9 H G R A N D  M E A N  A N D  T O T A L  V A R I A N C E )  
R E T U R N  

E N D  

d I B F T C  A X E S  

C 
C C O M P l J T E  P R I N C I P A L  A X E S  OF C O V M A T ,  A 3 x 3  C O V A R I A N C E  M A T R I X ,  SUCH A S  
C T H A T  P R O D U C E D  B Y  S U B R O U T I N E  E Q U A T E  O R  S E L E C T .  I F  T H E  D A T A  A R E  
C S C A L A R ,  T H E  M A T R I X  P R O D U C E D  B Y  S U B R O U T I N E  S C A L A R  S H O U L D  B E  U S E D .  

S U B R O U T  I N E  A X E S  - _ _ _ - - - -  

C T H E  D I R E C T I O N  C O S I N E S  O F  T H E  P R I N C I P A L  A X E S  A R E  C O M P U T E D  A N D  
C S T O R E D  I N  T H E  C O L U M N S  O F  E I G M A T .  T H E  C O R R E S P O N D I N G  V A R I A N C E S  A R E  
C S T O R E D  I N  E I G V A L .  P R I N C I P A L  A X E S  A N 0  V A R I A N C E S  A R E  P R I N T E D  OUT.  
C S U B R O U T I N E  E N I S C C  I S  R E Q U I R E D  W I T H  T H I S  S U B R O U T I N E .  
C B A S E D  ON L I B R A R Y  S U B R O U T I N E  H D I A G  W R I T T E N  BY C O R R A T U  A N D  M E R W I N .  
C 

C O C M O N  C O V M A T ~ D ~ D I R C O S ~ E I G M A T ~ E I G V A L ~ G C ~ D R D ~ K O N T R L ~ K O U N T ~ K O ~ J N T Z ~  
1 L p L I S T , N A M E , h O V E C ~ S , S C O O R D , T r T R A C O S  

D I M E N S I G N  C O V M A T ( 3 , 3 ) , D ( 3 ) , D I R C O S ( 3 0 0 , 3 ) r E I G H A T [ 3 1 ~ ) , E I G V A L ~ 3 ) ~  
1 G C O O R D ~ 3 0 0 ~ 3 ~ ~ K O N T R L ~ ~ O ~ ~ L I S T ( 3 O O ~ 6 ~ ~ L I S T ~ ~ O O ~ 6 ~ ~ N A M E ~ 6 ~ 9 ~ ~ S ~ 3 D O ~ 3 ~ ~  
2 S C O O K D ( 3 0 0 ~ 3 ) ~ T ( 3 0 0 ~ 3 ) ~ T K A C O S ~ 3 0 0 ~ 3 )  

C 
D I M E N S I O N  H ( 3 9 3 1 ,  U ( 3 , 3 ) 1 X ( 3 ) ,  I Q ( 3 )  
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C 
W R I T E ( 6 r l 0 3 )  
DO 6 J = l , 3  
W R I T E  ( 6 , 1 0 2 )  ( C O V M A T ( J , K ) t  K X l t 3 )  
DO 6 K = 1 , 3  

6 H ( J , K )  = C O V M A T ( J v K 1  
N = 3  
I E G E N  = 0 

C 
C 
C 4 F O 5 , O E I G E N V A L U E S  A N D  E I G E N V E C T O R S  OF A R E A L  S Y M M E T R I C  M A T R I X  B Y  THE 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

10 

11 

12 
14 

15 
C 

C 
C 
C 
C 
C 

17 

20 

30 
C 
C 

C 
C 
C 
C 
40 

45 

J A C O B I  METHOD. ( H D I A G ) .  PROGRAMMED B Y  Fe J o  C O R B A T O  AND M. M E R k I N  
OF THE M e  I .  T. C O M P U T A T I O N  CENTER, 
SUBROUT I N E  H D I A G .  

THIS S U B R O U T I N E  C O M P U T E S  T H E  E I G E N V A L U E S  A N D  E I G E N V E C T O R S  
O F  A R E A L  S Y M M E T R I C  M A T R I X ,  HI OF ORDER N ( WHERE N M U S T  B E  L E S S  
T H A N  5119 AND P L A C E S  T H E  E I G E N V A L U E S  I N  THE D I A G O N A L  E L E M E N T S  OF 
T H E  M A T R I X  H, AND P L A C E S  T H E  E I G E N V E C T O R S  ( N O R M A L I Z E D )  I N  THE 
C O L U M N S  O F  T H E  M A T R I X  U. I E G E N  IS S E T  A S  1 I F  O N L Y  E I G E N V A L U E S  
A R E  D E S I R E D ,  A N D  IS S E T  T O  0 WHEN V E C T O R S  A R E  R E Q U I R E D .  NR CON- 
T A I N S  T H E  NUMRER O F  R O T A T I O N S  DONE. 
I F  ( I E G E N )  15elOt15 
DO 14 I = l , N  
DO 14 J = l r N  
I F (  I - J )  1 2 e l l r  12 
U (  1, J ) = l o o  
GO T O  14 

C O N T  I N U €  
U (  I , J ) = O o O  

N R  = 0 
I F  ( N - 1 )  1000~1000~17 

S C A N  F O R  L A R G E S T  O F F  D I A G O N A L  E L E M E N T  IN E A C H  ROW 
X ( I 1  C O N T A I N S  L A R G E S T  E L E M E N T  I N  I T H  ROW 
I Q ( I )  H O L D S  S E C O N D  S U B S C R I P T  D E F I N I N G  P O S I T I O N  OF E L E M E N T  

NM I l=N-  1 
DO 30 I = l p N M I l  
X ( I )  = 0.0 
I P L l =  I+ 1 
D O  30 J = I P L l , N  
I F  ( X ( 1 )  - A A S (  H ( I , J ) ) )  20,20,30 
X ( I ) = A B S I H ( I ~ J ) )  
I Q (  I ) = J  
CONT I N U E  

S E T  I N D I C A T O R  F O R  SHUT-OFF.RAP=2*+-27pNR=NOo O F  R O T A T I O N S  
R A P = . 7 4 5 0 5 8 0 5 9 € - 0 8  
H D T E S T = l . O E 3 8  

F I N D  M A X I M U M  O F  X ( I )  S FOR P I V O T  E L E M E N T  AND 
T E S T  FOR E N D  OF P R O B L E M  

DO 70 I = l e N M I l  
I F  ( 1 - 1 )  60,60945 
I F  ( XMAX- X l I ) )  6 0 t 7 0 9 7 0  



6 0  

10 7 

X M A X = X (  I )  
I P I V = I  
J P I V = I Q (  I )  
C O N 1  I N U E  7 0  

C 
C 

8 0  
8 5  
90 

100 
110 

C 

C 
C 

148  
C 
C 

1 5 0  

C 
C 
C 

1 5 2  

C 

2 0 0  
210 
2 30 
2 4 0  
2 5 0  

IS M A X o  X ( 1 )  E Q U A L  T O  Z E R f l t  I F  L E S S  THAN H D T E S T t  R E V I S E  H D T E S T  
I F  ( XMPX) 1000~100Ot80 
I F  ( H D T E S T )  9 0 9 9 0 9 8 5  
I F  ( X M A X  - H D T E S T )  90t90.148 
H D I M I N  = A B S (  H ( 1 , l )  1 
DO 110 I =  2 t N  
I F  ( H D I M I N -  A B S (  H ( I t 1 ) ) )  1 1 0 ~ 1 1 0 t 1 0 0  
H D I M I N = A R S ( H ( I t I ) )  
C O N 1  I NU€ 

h D T E S T = H D I M I N * R A P  

RETURN I F  M A X . H ( I , J ) L E S S  THAN(2**-27)ABSF(H(K,K)-MIN) 
I F  ( H D T E S T -  X M A X )  1 4 8 t 1 0 0 0 t 1 0 0 0  
NR = N R + 1  

COMPUTE TANGENT,  S I N E  AND C O S I N E , H ( I r I ) t H ( J , J )  
T A N G ~ S I G N ~ 2 ~ 0 ~ ~ H ~ I P I V ~ I P I V , J P I V ~ ~ ~ * H ~ I P I V t J P I V ~ / ~ A R S ~ ~ ~ I P I  

1 V ~ I P I V ) - H ( J P I V ~ J P I V ) ~ + S O R T ~ ~ H ~ I P I V ~ I P I V ~ ~ H ~ J P I V t J P I V ~ ~ * * Z + 4 o O * H ~ I P  
2 I V t J P I V ) * * Z ) )  
COSINE=l.O/SORT(l.O+TANG**Z~ 
S I N E = T A N G * C O S I N E  
HI I=H( I P I V t  I P I V  1 
H ( I P I V ~ I P I V ) = C O S I N E * ~ Z * ( H I I + T A N G * ( 2 o O * H (  I P I V t J P I V ) + T A N G * H ( J P I V ~ J P I  

1 V )  1 )  

1 1 1 ) )  
H ( J P I V ~ J P I V ) = C O S I N E * * Z * ~ H ~ J P I V ) - T A N G ~ ~ 2 ~ O * H ~ I P I V ~ J P I V ~ ~ T A N G ~ H  

H ( I P I V t J P I V ) = O . O  

PSEUDO RANK THE E I G E N V A L U E S  
ADJUST S I N E  AND C O S  FOR C O M P U T A T I O N  OF H ( I t 0  AND U ( I K )  

I F  ( H ( I P I V , I P I V )  - H ( J P 1 V t J P I V ) )  1 5 2 t 1 5 3 9 1 5 3  
HTEMP = H ( I P 1 V t I P I V )  
H ( I P I V t I P I V 1  = H ( J P 1 V t J P I V )  
H ( J P I V t J P 1 V )  = HTEMP 
HTEMP = S I G N ( 1 o O t  - S I N E )  C O S I N E  

RECOMPUTE S I N E  AND CLIS 
C O S I N E  = A R S ( S 1 N E )  
S I N E  = HTEMP 
CON1 I NU€ 

I N S P E C T  THE IQS BETWEEN I + 1  AND N-1 TO D E T E K M I N E  
WHETHER A NEW MAXIMUM VALUE SHOULD BE COMPUTED S I N C E  
THE PRESENT MAXIMUM I S  I N  THE I OR J ROW. 



108 

I PL 1= I +  1 
X(1) =o.o 

C 
C 
C 

300 

320 

350 
C 

C 
C 
C 

SEARCH IN OEPLETEO ROW FOR NEW MAXIMUM 

DO 320 JZIPLlrN 
IF ( X(1)- ABS( H(I,J)) 1 300,300,320 
X(1) = ABS(H(1,J)) 
IQ( I )=J 
CONT I NUE 

CON1 I NUE 
H(I,K)=HTEMP 

X(IPIV1 to.0 
X(JP1V) =O.O 

CHANGE THE OTHER ELEMENTS OF H 

DO 530 I=l,N 
C 

370 

3 8 0  

390 

400 

C 
420  
430 

440 

450 

C 
480 

490 

500 

510 

5 3 0  
C 
C 
C 

540 

If(I-JPIV)430~530~480 
HTEMP = H(IPIVt1) 
H(1PIVpI) = COSINE+HTEMP + SINE*H(IvJPIV) 
IF ( X(IPIV) - ARS( H(IPIV*I)) 1 440~450r450 
X(IPIV1 ABS(H(IPIV,I)) 
IQ(IP1V) = I 
H(1,JPIV) * -SINE*HTEMP + COSINE*H(I,JPIV) 
IF ( X(I) - A B S (  H(1,JPIV)) 400,530,530 

HTEMP = HIIPIV,I) 
H(IPIVp1) = COSINE*HTEMP + SINE*H(JPIV,I) 
IF 4 X(IPIV) - A B S (  H(IPIV,I)) 1 490r500r500 
X(1PIV) = ABS(H(IPIVe1)) 
IQ(IP1V) = I 
H(JPIVp1) -SINE+HTEMP + COSINE*HIJPIV,I) 
IF ( X(JP1V) - A B S (  H(JPIV,I)) 1 510,530,530 
X(JP1V) = ABS(H(JPIVv1)) 
IO(JPIV) = I 
CON1 I NU€ 

TEST FOR COMPUTATION OF EIGENVECTORS 

IF(IEGEN)40,540r40 
DO 550 I=lrN 
H T E M P = U ( I p I P I V )  
U ( I ~ I P I V ) = C O S I N E * H T E M P + S I N E * l J ~ I ~ J P I V )  
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550 

1000 
C 
C 
C 
C 

7 

R 

1010 

1011 

C 
102 
103 
104 
1 0 5  
106 
107 

U(I,JPIV)=-SINE*HTEMP+COSINE*U(I~JPIV) 
GO TO 40 
C O N 1  I N U E  

E N D  O F  L I B R A R Y  S U B R O U T I N E  H D I A G .  

P R I N T  O U T  R E S U L T S  A S  D I R E C T I O N  C O S I N E S  A N D  A S  T R E N D  AND PLUNGE.  
W R I T E  (6 ,104)  
DO 8 J = 1.3 
DO 7 K = 1.3 
E I G M A T ( J , K )  = U ( J , K )  
E I G V A L ( J )  = H ( J , J )  
W R I T E ( 6 , 1 0 2 )  ( E I G M A T ( J , K ) ,  K = 1 . 3 )  
W R I T E  (6,102) ( E I G V A L ( K 1 v  K * 193) 
W R I T E  (6 ,105)  
DO 1011 J = 1 9 3  
W R I T E  ( 6 9  107)  J 
DO 1010 I = 1.3 

D ( I )  = E I G M A T ( 1 . J )  
C A L L  E N  ISOC ( 1 )  
W R I T E ( 6 ,  102 1 
W R I T E  ( 6 9  106)  

E I G V A L (  J 1 

S I B F T C  C O N F I T  

C 
C S U B R O U T I N E  T O  F I N D  THE A X I S  AND A P I C A L  A N G L E  O F  A B E S T - F I T  CONE. 
C 
C S U B R O U T I N E S  E N I S O C  A N D  S O L S P  ARE R E Q U I R E D  W I T H  THIS S U B R O U T I N E .  
C C A L L S  N.U. L I B R A R Y  S U B R O U T I N E  S O L S P t  H R I T T E N  B Y  I .  WAYE. 
C I F  K O O K S  = 1, A L I S T  OF I T E M S  WHICH D E V I A T E  C O N S I D E R A B L Y  FROM T H E  
C CONE S U R F A C E  I S  P R I N T E D  OUT, IF K O O K S  = Ot T H E  L I S T I N G  IS 
C S U P P R E S S E D .  

S U B R O U T I N E  C O N F I T  ( K O O K S )  - - - - - - - - - - - -  

C ' C O N F I T '  S H O U L D  N O T  F O L L O W  ' A X E S '  D I R E C T L Y  A S  0 WOULD T H E N  C O N T A I N  
C I R R E L E V A N T  V A L U E S .  
C 

COMMON C O V M A T ~ O ~ D I R C O S ~ E I G M A T ~ E I G V A L ~ G C O O R D ~ K O ~ T R L t K O U N T ~ K O U N T 2 t  
1 L ~ L I S T ~ N A M E , N O V E C ~ S ~ S C O O R D ~ T ~ T R A C O S  

D I M E N S I O N  C O V M A T ( 3 ~ 3 ) ~ D ( 3 ) , D I R C O S ( 3 0 0 ~ 3 ) ~ ~ I G M A T ( 3 , 3 ) ~ E I G V A ~ ( 3 ) ~  
1 G C O O K D ~ 3 0 0 ~ 3 ~ ~ K O N 1 R L ~ 2 0 ~ ~ L ~ 3 ~ 0 ~ 6 ~ ~ L 1 S T ~ 3 0 0 ~ 6 ~ ~ N A M E ~ 6 t ~ ~ t S ~ 3 0 0 ~ 3 ~ t  
2 S C O O R 0 ( 3 0 0 ~ 3 ) ~ T ( 3 0 0 ~ 3 ) ~ T R A C O S ( 3 0 0 ~ 3 ~  

C 
D O U B L E  P R E C I S I O N  A 
D I M E N S I O N  C O E F F ( 4 . 4 ) *  A X I C O S ( 4 , 4 ) ,  X ( 3 , l ) p  A ( 3 . 4 )  

C 



1 
C 

4 
3 

2 
C 
C 
C 
C 
C 
C 

7 

11 

8 
9 
6 

C 

C 
C 
C 
C 

17 
1 6  
15 

C 

18 

19 
C 

30 

DO 1 J=1,4 
DO 1 I =  1 9 4  

C O E F F ( I , J )  = 0.0 
COMPUTE A N D  P R I N T  C O E F F I C I E N T S  O F  L E A S T - S Q U A R E S  E Q U A T I O N S  
C O E F F ( l t 1 )  = 1-0 
DO 3 J = 2 , 4  
C O E F F ( 1 r J )  = D ( J - 1 )  
D O  4 K = 2 9 4  
C O E F F L J , K )  = C O V M A T ( J - 1 , K - 1 )  
C O E F F ( J p 1 )  C O E F F ( 1 9 J )  
W R I T E  ( 6 9 1 0 2 )  
DO 2 J = l r 4  
W R I T E  ( 6 r l O L )  ( C O E F F ( J , K ) v K = l r 4 )  

I N  T U R N 9  E A C H  M I N I M I Z I N G  SUM OF SQUARES P A R A L L E L  TO A O I F F E R E N T  
A X I S .  
T H E  K T H  ROW O F  C O E F F  IS NOT USED,  T H E  K T H  COLUMN C O N T A I N S  T H E  

A, AND T H E  I N D E P E N D E N T  V A R I A B L E S  I N T O  X ( I # l ) .  
W R I T E  (6,108) 
W R I T E  ( 6 r 1 1 2 )  
DO 5 K = 2.4 

D O  6 I = 193 

I F  ( N - K )  1 1 9 7 , l l  

X ( I p 1 )  = C O E F F ( N , K )  
00 6 J f 1.3 

I F  ( M - K )  6 , 8 9 6  
A ( I , J )  = C O E F F ( N , M )  

T H R E E  S E T S  OF T H R E E  E Q U A T I O N S  ( A B S T R A C T E D  FROM C O E F F )  ARE S O L V E D  

I N D E P E N D E N T  V A R I A B L E S .  T H E  R E Q U I R E D  C O E F F I C I E N T S  ARE R E A 0  I N T O  

N = O  

N = N + 1  

H = O  

H = M t 1  

T H E  M A T R I X  ' A '  C O N T A I N S  THE C O E F F I C I E N T S  OF THE LOS.  E Q U A T I O N S .  
C A L L  S O L S P ( A ~ X , 3 r l r O o O ~ I E R R )  
T H E  V E C T O R  ' X '  I S  R E T U R N E D  W I T H  THE R O O T S  OF T H E  E Q U A T I O N .  
X C O N T A I N S  T H E  C O S I N E  OF T H E  A P I C A L  A N G L E ,  AND D I K E C T I O N  C O S I N E S  
OF T H E  CONE A X I S  ( O T H E R  T H A N  THE K - l T H ) *  A L L  D I V I D E D  B Y  T H E  
( K - l I T H  D I R E C T I O N  C O S I N E .  
DO 15  Jz1.3 

If ( J - K )  16,15917 

A X I C O S ( K - 1 9 N )  f X ( J 9 1 )  

N = J  

N = J+1 

CONT I N U €  
A X I C O S ( K - l r K )  = - l a 0  
D I R E C T I C N  R A T I O S  ARE C O N V E R T E D  TO D I R E C T I O N  COSINES. 
SUM = 0.0 
DO 18 J = 2 9 4  
SUM = SUM + ( A X I C O S ( K - l , J ) ) * * Z  
SUM = S Q R T ( S U M 1  
DO 19 J=294  
A X I C O S ( K - l g J )  = A X I C O S ( K - l , J ) / S U H  
A P I C A L  A N G L E  IS C O N V E R T E D  FROM A R A T I O  TO A N  A B S O L U T E  VALUE.  

I F  ( A X I C O S ( K - 1 9 1 )  1 30,31931 
DO 2 0 1  J=1.4 

A X I C O S ( K - l , l )  = A X I C O S ( K - l , l )  A X I C O S ( K - 1 . K )  

2 0 1  A X I C O S ( K - l , J )  = A X I C O S ( K - l , J )  (-1.0) 
3 1  C O N T I N U E  



111 

C 

2 1 2  

222  

5 

203  
2 0 4  
2 0  5 

213  

C 

2 1  

24  

22 

20 
2 3  

C 
101 
102  
103  

104 

C A L C U L A T E  R O O T - M E A N - S Q U A R E  D E V I A T I O N  O F  M E A S U R E M E N T S  F R O M  C U N E .  
T O T A L  = 0.0 

R M S  = 0.0 
DO 2 2 2  I = l r K O U N T 2  

DO 212  J = 1, 3 
R M S  = R M S  + T ( I , J )  A X I C O S ( K - l , J + L )  
R M S  = R M S  - A X I C O S ( K - 1 , L )  
T O T A L  = T O T A L  + R M S  * e  2 
C O U N T  = K O U N T 2  
R M S  = S Q R T ( T O T A L / C O U N T )  
D ( K - 1 )  = R M S  

A = D(1) 
8 = O ( 2 )  
C = O ( 3 )  

W R I T E ( 6 , L O l )  ( A X I C O S ( K - l , J ) r  J x l r L I ) ,  R M S  

R M S  = A M I N L ( A p 8 , C )  
DO 2 0 3  I k 1 , 3  
I F  ( D L I )  - R M S )  203,204,203 
C O N T  I N U E  
DO 205 J x 1 ~ 4  
A X I C O S ( 4 , J )  = A X I C O S ( 1 , J )  
W R I T E ( 6 ,  1 0 3 )  
W R I T E  ( 6 9 1 0 1 )  ( A X I C O S ( 4 , J ) t  J=2 ,4)  
W R I T E  (6 ,104)  
DO 213 J=2,4 
D ( J - 1 )  = A X I C O S ( 4 , J )  
C A L L  E N I S O C  ( 1 1  
C O M P U T E  A P I C A L  A N G L E  OF C O N E  ( C O S I N E  = A X I C O S I 4 , l ) ) .  
A P I C O N  = A B S ( ( l . O / A X I C O S ( 4 r l ) ) + , 2  - 1.0) 
A P I C O N  = S Q R T ( A P I C 0 N )  
A P I C O N  = ( A T A N ( A P I C 0 N ) )  (180.0/3.141593)  
W R I T E  ( 6 , 1 1 3 )  A P I C O N  
I F  ( K O O K S )  2 3 r 2 3 r 2 1  
W R I T E  ( 6 , 1 0 9 )  
W R I T E  ( 6 r l l O )  
DO 20 I=L,KOUNT2 
R = 0.0 
DO 24 J = l , 3  
R = R  + T ( I , J I + A X I C O S ( 4 , J + l )  
R = A B S ( K - A X I C O S ( 4 , l ) )  
I F  ( R  - 2 . O * R M S )  20 ,22922 
I 1  = L ( 1 , l )  
I 2  = L ( I 1 2 )  
I 3  = L ( I 9 3 )  
14 = L ( I p 4 )  
I 5  = L ( I , 5 )  
I 6  = L ( I 9 6 )  
W R I T E  (6 ,111)  I , K , ( T ( I ~ J ) ~ J = ~ , ~ ) ~ ~ S ( I I J ) , J ~ , J ~ ~ ~ ~ ~ ~ N A M E ~ L ~ I ~ ~ ,  

1 NAME(2rI2)pNAME(3,13)rNAME(4,14),NAME(5,15),NAME(6,1~) 
C O N T  I N U E  
C O N T I N U E  
W R I T E  ( 6 , 1 0 7 )  

F O R M A T  ( X ,  4 F 9 - 5 ,  3x9 F 9 - 5 )  
F O R M A T  ( 1 H O c  3 0 H C O E F F I C I E N T S  OF L.S. E Q U A T I O N S )  
F O R M A T  (LHO, 5 6 H D I R E C T I O N  C O S I N E S  OF C O N E  A X I S  W I T H  L O W E S T  R M S  DEV 

1 I A T  i O N )  
F O R M A T ( l H 0 ,  2 9 H T R E N D  A N D  P L U N G E  OF C O N E  A X I S )  



I12 

106 
107 
108 

109 

110 

111 
112 

1 1 3  

FORMAT ( lH0,50HROOT-MEAN-SQUARE COSINE OF D E V I A T I O N S  FROM S U R F A C E )  
F O R M A T (  1~0,25~,45~-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  1 
F O R M A T ( 1 H O t  7 7 H C O N S T A N T S  M I N I M I Z I N G  SQUARES I N  SOUTH, € A S 1 9  A N D  VE 

l R T I C A L  C I R E C T I O N S  I N  TURN, )  
F O R M A T  ( l H 0 , 7 0 H T H E  F O L L O W I N G  M E A S U R E M E N T S  D E V I A T E  C O N S I D E R A B L Y  F R O  

1 M  THE CONE S U R F A C E , )  
F O R M A T  ( X , 4 H I T E M , 7 X , 8 H C O S  D E V N , Z X , 1 7 H D I R E C T I O N  C O S I N E S p S X ,  

l l 5 H L O C A T I O N  C O O R D S , 7 X , 7 H F A C T O R S )  
F O R M A 1  ( X , I 4 , 6 X , F 8 . 4 r 2 X p 3 F 6 . 3 1 3 X 1 3 F 6 . 3 r 4 X , 6 ( 2 X , A 6 ) )  
F O R M A T  ( X ,  5 2 H C O S  APEX D I R E C T I O N  C O S I N E S  OF A X I S  . RMS D E V I A T I  

1 0 N  1 
F O R M A T  ( 1 H O p  2 3 H A P I C A L  A N G L E  OF CONE IS, F7.2, 8H D E G R E E S )  
R E T U R N  

E N D  

S I B F T C  E N I S O C  
C 

C 
C T H I S  S U B R O U T I N E  C O N V E R T S  D I R E C T I O N  C O S I N E S  TO R A D I A L  C O O R D I N A T E S .  
C D IS D I M E N S I O N E D  FOR 1 H R E E p  T H E R E F O R E  C A L L  O N L Y  S I N G L E  S E T S  
C OF T H R E E  D I R E C T I O N  C O S I N E S I  N A M E L Y  D ( 1 1 ,  D ( 2 1 9  AND O ( 3 ) .  
C 
C PUT ' L I N F O L '  = 1 FOR L I N E A T I O N ,  2 FOR A Z I M U T H  AND AMOUNT OF D I P  
C OF F O C I A T I O N ~  3 FOR S T R I K E  A N D  D I P  OF F O L I A T I O N .  

S U B R O U T I N E  E N I S O C  ( L I N F O L )  - - _ - - - - - - - - - -  

C 

C 
D I M E N S I O N  M A R K ( 5 )  
D A T A  ( M A R K I J ) , J = l r 5 )  / 5HSOUTH,SHNORTH,5HWEST 1 5 H E A S T  r 5 H  / 

C 
C 

1 

2 

3 

20 
4 
10 

C 

11 

12 
17 
13 

14 

C A P T I O N  THE O U T P U T  
I F  ( L I N F O L  - 2 )  1 , 2 9 3  
W R I T E ( 6 ,  100)  
GO TO 4 

G O  TO 2 0  

F I N D  OUT WHICH W A Y  I T  D I P S  
D ( 3 )  = - D ( 3 )  
I F  ( D ( 1 )  D ( 3 ) )  1 2 9 1 0 , l l  
I = 5  
GO TO 1 7  
1 = 2  
GO 10 1 7  
1 = 1  

J = 3  
GO T O  16 
J = 4  

W R I T E ( 6 ,  101) 

W R I T E ( 6 r l 0 2 )  

IF ( D ( 2 )  D ( 3 ) )  1 4 ~ 1 5 r 1 3  



113 

1 5  
16 

C 
C 

2 1  
2 2  
7 
6 

8 
5 

100 
10 1 
102 
1 0 3  

C 

GO T O  1 6  
J = 5  
CON1 I NlJE 

CALCULATE THE TREND AND PLUNGE 

PLUNGE = SQRTIPLUNGE) 

TREND = A R S ( D I 2 ) / 0 ( 1 ) )  

PLUNGE = A B S ( ( 1 . 0 / 0 ( 3 ) ) * * 2  - 1.0) 

PLUNGE = 90.0 - ( A T A N ( P L U N G E ) ) + ( 1 8 0 . 0 / 3 ~ 1 4 1 5 9 3 )  

TREND = ( A T A N ( T R E N D 1 )  ( 1 8 0 * 0 / 3 . 1 4 1 5 9 3 )  
I F  ( D ( 1 )  DL2)) 2 2 9 2 2 ~ 2 1  
TREND = 1 8 0 - 0  - TREND 
I F  ( L I N F O L  - 2 )  5 , 6 9 7  
TREND = 90.0 + TREND 
PLUNGE = 90.0 -. PLUNGE 
I F  (TREND)  8 ~ 5 ~ 5  
TREND = TREND + 180.0 
WRITE(6 ,  1 0 3 )  TREND, PLUNGE* M A R K ( I 1 ,  M A R K ( J )  

FORMAT ( X t  35HTREND AND PLUNGE ( L I N E A R  STRUCTURE)) 
FORMAT ( X ,  46HDIRECTION AND AMOUNT OF D I P  (PLANAR STRUCTURE)) 
FORMAT ( X I  3 3 H S T R I K E  AND D I P  (PLANAR STRUCTURE)) 
FORMAT ( X ,  F6.1, 3H / * F6.19 X *  2 A 5 )  
RETURN 

END 

S I B F T C  EQUATE 
t 

C 
C 
C 
C 
t 

C 

C 

1 
C 
G 

5 

4 
C 

SUBROUTINE EQUATE (D IRCOSsT,  KOUNTr KOUNT2t COVHATt 0) 

T H I S  SUBROUTINE PUTS THE M A T R I X  T EQUAL TO THE MATRIX DIRCDS, 
PUTS KOUNTZ = KOUNT, AND COMPUTES THE COVARIANCE M A T R I X ,  C O V M A T .  
MEAN VALUES OF THE COLUMNS O F  'DIRCOS'  ARE STORE0 I N  D ( 1 )  TO O ( 3 ) .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

DIMENSICN O I R C O S ( 3 0 0 , 3 ) , T ( 3 0 0 ~ 3 ) ~ C O V M A T ~ 3 ~ 3 ) ~ 0 ( 3 )  

KOUNT2 = KOUNT 
COUNT = KOUNT 
I N  I T  I A L  IZ E 
00 1 J = 1 9 3  
D ( J )  = 0.0 
DO 1 K = 1 9 3  
C O V M A T  ( J t K )  = 0.0 

EQUATE T AND O I R C O S g  ACCUMULATE SUMS AND CROSS-PROOUCTS- 
00 4 I = 1, KOUNT 
DU 5 J = 1 * 3  
T ( I * J I  = D I R C O S ( I * J )  
O ( J )  = D ( J )  + T ( I 9 J )  

DO 4 J = l r 3  
DO 4 K = 1t3 
C O V M A T ( J * K )  = C O V M A T ( J * K )  + T I I p J )  T ( T * K )  



C D I V I D E  B Y  ' C O U N T '  T O  O B T A I N  M E A N  V A L U E S .  
DO 3 J = l r 3  

DO 3 K = 1 , 3  
D ( J )  = D ( J I / C O U N T  

3 C O V H A T ( J , K )  = C O V M A T ( J 9 K )  / C O U N T  
C 

R E T U R N  
E N D  

S I B F T C  HOWBIG 
C 

C 
C 
C 
C 

C 

C 
C 

8 
C 

18  

19 
20 

SUBROUTINE HOWRIG ( I A X I S )  

T H I S  S U B R O U T I N E  P L O T S  A H I S T O G R A M  SHOWING RELATIVE FREQUENCY OF 
- _ - - _ - - - - - - - _  

F O L D S  O F  D I F F E R E N T  SIZES- 

D I M E N S I O N  A V E ( 5 0 ) t  N U M ( 5 O ) t  A ( 5 ) t  M A R K ( 6 r S ) t  N U M l ( 8 0 )  

I N I T I A L I Z E  

N U M l ( 1 )  = 1 
C A P T I O N  T H E  O U T P U T  

DO 8 I = 1 , 8 0  

I F  ( N O V E L  - 1 )  18,19118 
H R I T E  (6 ,101)  I A X I S  
GO T O  20 
W R I T E  (61111)  I A X I S  
U R I T E  ( 6 9  102) K O U N T Z  
D A T A  ( M A R K ( l , J ) ,  J = l t 5 )  /4H + t 4 * 4 H  - 1  
DO 10 1=1'5 
DO 10 Jz1 .5  

10 M A R K ( I + l t J ) = M A R K ( I , J )  
A ( 1 )  = 0.0 
DO 11 1 ~ 1 ~ 4  

I F  ( N O V E C  - 1) 2 8 , 2 9 t Z 8  
11 A ( I + l )  = A ( I )  + 0.5 

28 W R I T E  (6t104) A 
2 9  W R I T E  ( 6 t 1 0 5 )  ( ( M A R K ( I , J ) t  J = l v 5 ) , 1 = 1 , 6 )  

C 
C COMPUTE A S C A L E  W H I C H  WILL M A K E  T H E  H I S T O G R A M  A C O N V E N I E N T  S I Z E .  

Y = S ( 1 r I A X I S )  
DO 1 I = l , K O U N T 2  
F = S ( 1 t I A X I S )  

1 Y = A M A X l ( F T Y 1  
Z = Y  

K = K O U N T 2 / 2 0  
C K IS A F I R S T  E S T I M A T E  OF T H E  NUMBER OF ROWS IN T H E  H I S T O G R A M .  

I F  ( K - 2 0 )  2 t Z r 3  
2 K = 2 0  



3 

C 
C 

5 

4 
C 

C 

7 
C 
C 
C 
C 

C 
12 

6 

C 
C 
13 

C 

2 1  
C 
C 
C 

1 4  

2 6  

2 3  

2 2  

2 4  

R = K  
z = Z / B  
Z IS T H E  I N T E R V A L  D I S T A N C E  R E P R E S E N T E D  8 Y  O N E  ROH. 
R O U N D  2 S O M E W H A T .  
D O  5 I = l , 5  
I F  ( Z * l O . O * + I  - 10.0) 5 9 5 ~ 4  
C O N T I N U E  
J M A X  IS NOW T H E  N U M B E R  OF ROWS I N  T H E  H I S T O G R A M .  
K = ( t *  lO.O*+I) + 0.99 
2 = K / 10 * * I  
J M A X  = ( Y / Z )  +1.0 
DO 7 J = l ,  J M A X  
I N  I T  I A L  I2 E 

N U M ( J 1  = 0 
A V E I J )  = 0.0 

D E T E R M I N E  T H E  V A L U E  OF EACH ROW OF T H E  H I S T O G R A M .  

I F  ( N O V E C  - 1 )  12,13912 
T H E  NEXT S E C T I O N  IS FOR V E C T O R I A L  D A T A  ONLY. 
K = K O U N T 2  - 1 
DO 6 M X l r K  
I = H + 1  
DO 6 N = I ~ K O U N T Z  
J = A B S ( ( S l M , I A X I S )  .. S ( N , I A X I S ) ) / Z )  + 1 -0  
A V E ( J )  = A V E ( J )  + A B S ( T ( M , I A X I S )  - T ( N t I A X I S 1 )  
N U M ( J )  = N U M ( J )  +1 
GO T O  14 

T H E  N E X T  S E C T I O N  IS F O R  S C A L A R  D A T A  O N L Y .  
K = K O U N T Z  - 1 

I = M + 1  
DO 2 1  M = l , K  

DO 2 1  N = 1 , K O U N T Z  
J = A B S ( ( S ( M q I A X I S )  - S ( N , I A X I S ) ) / Z )  + 1.0 
S ( I , l )  M E A S U R E S  THE S T R U C T U R A L  E L E V A T I O N  OF T H E  I T H  P O I N T .  
A V E ( J )  = A V E ( J )  + A B S ( S ( M t 1 )  - S ( N t 1 ) )  
N U M ( J )  = N U M ( J )  + 1 

C O M P U T E  A V E R A G E  V A L U E S  F R O M  T O T A L S .  
C O M P U T E  A C O N V E N I E N T  H O R I L O N T l l L  S C A L E  F A C T O R .  

F = N U M ( J )  
A V E ( J )  = A V E ( J ) / F  

S C A L E  = 40.0 
A S M A L L  = 0.0 
G O  T O  2 5  

DO 26 J = l V J Y A X  

I F  ( N C V E C  - 1) 2 3 r 2 2 t 2 3  

A B I G  = S ( 1 , I A X I S )  
A S M A L L  = S ( 1 v I A X I S )  
DO 24 I ~ l ~ K O U N T 2  
F = S ( 1 , I A X I S )  
A S M A L L  = A M I N l  ( F p A S M A L L )  
A B I G  = A M A X l ( F 9 A B I G )  
A R A N G E  = A B I G  - A S M A L L  
S C A L E  = A R A N G E / 8 0 . 0  
DO 2 7  1 ~ 1 . 3  



116 

27 

2s 
C 

9 
C 

15 

16 

17 

C 
101 

102 
103 
104 
105 
106 
107 

108 

109 

111 

117 

118  

F = 20 (1-11 
A ( I 1  = A S M A L L  + F * S C A L E  
S C A L E  = 80.0 / A R A N G E  
C O N T  I N U E  
P L O T  T H E  R E S U L T S .  
00 9 J = l r J H A X  
WOO = J 
W = woo*z 
M E A N  = ( A V E ( J 1  - A S M A L L ) * S C A L E  + 1.0 
W R I T E  (6,106) W ,  N U M ( J ) r  ( N U M l ( I ) r  I = l r M E A N )  
C A P T I O N  T H E  B A S E  O F  T H E  H I S T O G R A M  
W R I T E ( 6 p l O S )  ( ( M A R K ( I * J ) ,  J = l r 5 ) *  I = l , 6 )  
I F  ( N O V E C  1) 1 5 r 1 6 ~ 1 5  
W R I T E  ( 6 r 1 0 4 )  A 
W R I T E ( 6 , 1 0 7 )  

W R I T E  (6 ,103)  A 
W R I T E  (6 ,117 )  
W R I T E  (6 ,108)  
W R I T E  (6,109) 
W R I T E  (6 ,118)  

GO T O  17 

F O R M A T  (1H1,  6 1 H H I S T O G R A H  OF M E A N  A T T I T U D E  D E V I A T I O N  M E A S U R E D  P A R A  
l L L E L  TO T H E ,  12 ,  S H - A X I S )  

F O R M A T  ( X , I 4 , 1 3 H  M E A S U R E M E N T S )  
F O R M A T  ( X I  10x1 5F20.6) 
F O R M A T  ( X I  5 x 1  5F20 .1 )  
F O R M A T  ( X ,  3 0 A 4 )  
F O R M A T  ( X I  F10.5r 5 x 9  13, 6 x 1  8011)  
F O R M A T  ( l H O p 6 5 H M E A N  D I F F E R E N C E  B E T W E E N  D I R E C T I O N  C O S I N E S  A T  G I V E N  

l D I S T A N C E  A P A R T )  

LTHE S C A L E  I S  O N  THE L E F T )  

L S E N T E D  I N  E A C H  ROW) 

F O R M A T ( l H O , 7 6 H D I S T A N C E  B E T W E E N  M E A S U R E M E N T S  IS P L O T T E D  V E R T I C A L L Y ,  

F O R M A T  ( 1 H O v  6 8 H T H E  S E C O N D  C O L U M N  SHOWS T H E  N U M B E R  O F  V A L U E S  R E P R E  

F O R M A T  ( l H 1 , 6 3 H H I S T O G R A M  O F  M E A N  E L E V A T I O N  D I F F E R E N C E  M E A S U R E D  P A R  
l A L L E C  T O  T H E ,  1 2 9  S H - A X I S )  

F O R M A T  ( l H O I 6 9 H M E A N  D I F F E R E N C E  B E T W E E N  S T R U C T U R A L  E L E V A T I O N S  A T  GI 
1 V E N  D I S T A N C E  A P A R T )  

1 P R E S E N C E  OF F O L D S  O F  T H A T  W A V E L E N G T H )  
F O R M A T  ( 1 H O p  5 X t  82HA LOW V A L U E  I N  T H E  H I S T O G R A M  MAY I N O I C A T E  THE 

R E T U R N  
E N D  

S I B F T C  MOMENT D E C K  
C 

C 
C A H I S T O G R A M  A N D  D E S C R I P T I V E  S T A T I S T I C S  A R E  C A L C U L A T E D  FOR A 
C D I S T R I B U T I O N  O F  D I R E C T I O N  C O S I N E S .  M E A S U R E D  A B O U T  T H E  I A X I S  A X I S .  
C 

S U B R O U T  I N E  MOMENT ( I A X I  S 1 - - - - - - - - - - - - -  

COf lMON C O V H A T ~ D ~ D I R C O S ~ E I G M A T ~ E I G V A L ~ G C O O R O ~ K O N T R L ~ K O U N T ~ K O U N T 2 ~  
1 L ~ L I S T , N A M E ~ N O V E C ~ S ~ S C O O R O ~ T ~ T R A C O S  

D I M E N S I O N  C O V M A T ~ 3 ~ 3 ~ , D ~ 3 ~ ~ D I R C O S ~ 3 0 0 ~ 3 ~ r E J G M A T ~ 3 ~ 3 ~ ~ E ~ G V A L ~ 3 ~ ~  



c 
C 

2 

C 

3 

4 
C 
C 

C 
31 

6 

30 
C 
C 
C 

C 

2 2  
2 8  
2 4  
1 3  

W R I T E  T I T L E S  F O R  H I S T O G R A M  

H R I T E  1 6 9  105) K O U N T 2  
A ( 1 )  = -1.0 
D O  2 I=1,4 
A ( I + l )  = A l I )  + 0.5 
W R I T E  (6 ,102 )  A 
W R I T E ( 6 r 1 0 3 )  ( ( M A R K ( I , J ) ,  J = l r S I r  I = l r 6 )  

W R I T E  (6 .101)  I A X I S  

I N I T I A L I Z E  
C O U N T  = K D U N T Z  
DO 3 J=1,4 
P O W E R ( J )  = 0.0 
D O  4 M = 1 * 8 0  
N U M B E R ( M 1  = 0 

C A L C U L A T E  S U M S  O F  F I R S T  T O  F O U R T H  P O W E R S  OF DATA 
I F  ( N O V E C  - 1) 3 1 , 3 0 9 3 1  
S C A L A R  D A T A  H A V E  T O  A V O I D  T H E  N E X T  S E C T I O N .  
C O N T I N U E  
DO 6 I = l r  K O U N T Z  
DO 5 J=1,4 
P O W E R t J )  = P O W E R ( J 1  + ( T ( I * I A X I S ) ) + + J  
C O U N T  F R E Q U E N C Y  OF M E A S U R E M E N T S  I N  F A C H  C O L U M N  OF H I S T O G R A M  

N U M B E R ( M 1  = N U M B E R ( M 1  + 1 
GO T O  32  
C O N T  I N U E  

M = ( T I I i f A X I S 1  + 1.0)/0.025 

V E C T O R I A L  D A T A  H A V E  T O  A V O I D  THE N E X T  S E C T I O N .  
C O M P U T E  D I R E C T I O N  C O S I N E S  F R O M  E L E V A T I O N S .  
D O  2 1  I = l , K O U N T Z  
DO 2 1  J = l , K O U N T 2  
T A K E  O N L Y  L I N E S  W I T H  A P O S I T I V E  D I R t C T I O N ,  TO A V O I D  D U P L I C A T I O N .  
I F  (S(I.2) - S ( J v 2 ) )  2 1 , 2 2 9 2 3  
I F  ( I - J )  28121,28  
I F  ( S ( I p 1 )  - S ( J v 1 ) )  21924923  
I F  (S(I.3) - S ( J , 3 ) )  2 1 1 2 3 ~ 2 3  
D ( 1 )  S ( 1 1 1 )  - S ( J t 1 )  
O ( 2 )  = S ( 1 , 2 )  - S ( J i 2 )  
D ( 3 )  = S f I s 3 )  - S ( J p 3 )  
P = D ( 1 ) * * 2  + D ( 2 ) + * 2  + 0(3)*+2 
P = S Q R T ( l . O / P )  
O ( 1 )  = C ( l ) + P  
D ( Z )  = C ( 2 ) * P  
D ( 3 )  = C ( 3 ) + P  

C O  2 5  K = l t 4  



25 P O W E R ( K )  = P O W E R I K )  + l D ( I A X I S ) ) * + K  
M = ( D ( 1 A X I S )  + 1.0)/0.025 
N U M B E R ( M 1  = N U M B E R I M )  + 1 

2 1  C O N T I N U E  
C 

I T O T A L  = 0 
D O  3 3  M = 1 , 8 0  

3 3  I T O T A L  = I T O T A L  + N U M B E R ( M )  

32 C O N T I N U E  
C O U N T  = I T O T A L  

C C O N V E R T  F R E O U E N C I E S  T O  P E R C E N T A G E S  
DO 7 P = 1, 8 0  
P = N U M E E R ( M )  

7 N U M B E R ( M )  = l l O O ~ O + P / C O U N T )  + 0.5 
C F I N D  L A R G E S T  P E R C E N T A G E  

M = O  

I N U M  = N U M B E R ( 1 )  
DO 8 I = 1, 8 0  

8 M = M A X O ( M , I N U M )  
C 
C D R A W  H I S T O G R A M  

M = M+5 
C F O R  ONE ROW A T  A T I M E ,  F I N D  T H E  S Y M B O L  R E Q U I R E D  I N  E A C H  C O L U M N  

1 3  D O  12  I = l i 8 0  
I F  l N U M B E R ( 1 )  - M )  10,9,9 

10 I R O H I I )  = 0 
GO T O  1 2  

9 I R O W ( 1 )  = 1 
12 C O N T I N U E  

C F I L L  I N  E A C H  ROW OF T H E  H I S T O G R A M ,  A N D  R E P E A T  T H E  T I T L E S  A T  B A S E  
W R I T E  ( 6 , 1 0 8 )  M t I R O W  
M = M - 1  
I F  ( M )  14,14,13 

14 W R I T E  ( 6 9 1 0 3 ) ( 1 H A R K (  I , J ) , J = 1 , 5 ) , 1 = 1 , 6 )  
W R I T E  ( 6 , 1 0 2 )  A 
W R I T E ( 6 r l 0 9 )  
W R I T t  ( 6 , 1 1 4 )  

C 
C C C M P U T E  A N D  P R I N T  T H E  M O M E N T S t  S K E W N E S S  A N D  K U R T O S I S  

W R I T E ( 6 , l l O )  
D O  15 J = 1,4 
P O W E R l J )  = P O h E K ( J ) /  C O U N T  

15 W R I T E  ( 6 , l l l ) J ,  P O W E R I J )  
h R I T E  (69 1 1 2 )  
A ( 1 )  = P O W E R l 3 ) / ( S B R T ( P O W E R ( 2 )  + *  3 ) )  
A ( 2 )  = P O W E R l 4 )  / ( P O W E R ( 2 ) * + 2 )  
& R I T E  ( 6 , 1 1 3 )  A ( l ) c  A ( 2 )  

C 
101 F O R M A T ( l H 1 ~ 4 3 H D I S T R I R U T I O N  OF D I R E C T I O N  C O S I N E S  A B O U T  T H E ,  12 ,  

1 5 H - A X  I S  ) 
102 F O R M A T  I X , 5 X , 5 F 2 0 . 1 )  
103  F O R M A T ( X ,  3 0 A 4 )  
105 F O R M A T  ( L H O ,  14, 1 3 H  M E A S U R E M E N T S )  
1 0 7  F O R M A T  ( X v I 2 )  
108  F O R M A T  ( X , 1 2 r 2 2 X 1 8 0 1 1 )  
109 F O R M A T  ( l H O ,  5 1 X ,  2 6 H V A L U E  OF D I R E C T I O N  C O S I N E S )  
110 F O R M A T  ( 1 H O v  3 9 H M O M E N T S  OF T H E  A R O V E  D I S T R I B U T I O N  A R E  - 1  
111 F O R M A T  ( X t  11, F 8 . 4 )  
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1 1 2  FORMAT (1HOV 2lHSKEWNESS AND KURTOSIS)  
1 1 3  FORMAT (X9F8.49 4 x 9  F 8 - 4 )  
1 1 4  FORMAT ( 1 H O t  39HPERCENTAGE FREQUENCY PLOTTED VERTICALLY)  

RETURN 
END 

S IBFTC READIN DECK 
C 

C 
C 
C 
C 
C 
C 
C 
C 

C 

C 
C 

6 

7 

C 
C 
32 
1 
2 
3 
4 
5 
30 
20  

2 1  
2 2  

SUBROUTINE READIN - - - - - - - - -  
THE SUBROUTINE READS I N  INFORMATION FROM THE DATA DECK. 
LAYOUT OF DATA A S  FOR PROG4, 
THE SUBROUTINE COMPUTES DIRECTION COSINES FOR EACH MEASUREMENT 

AND S T O R E S  THE RESULTS I N  DIRCOSg (DIMENSIONED KOUNT? 3 ) -  
THE NUMBER OF MEASUREMENTS IS COUNTED AND STORED I N  KOUMT. 

I F  STRUCTURES ARE L INEATIONS.  NOTE COMMENTS C A R D  BELOW, 

COMMON C O V H A T ~ D ~ D I R C O S ~ E I G H A T ~ E I G V A L ~ G C O O R D ~ K O N T R L ~ K ~ U N T ~ K O U N T 2 ~  
1 L ~ L I S T , N A M E , N O V E C , S I S C O O R D I T , T R A C O S  

DIMENSION C O V M A T ( 3 ~ 3 ) ~ 0 ( 3 ) , D I R C O S ( 3 0 0 ~ 3 ~ ~ E I G M A T ~ 3 , 3 ~ ~ € I G ~ ' A L ~ 3 ~ ~  
1 G C O O R D ~ 3 0 O r 3 ~ r K O N T R L ~ 2 O ~ ~ L ~ 3 O O ~ 6 ~ ~ L I S l ~ 3 O O ~ 6 ~ ~ N A M E ~ 6 ~ 9 ~ ~ S ~ 3 O O ~ 3 I ~  
2 SCOORD( 3 0 0 1 3  1 9  T (  3 0 0 9 3 )  9 T R A C O S (  3 0 0 9 3  1 

DIMENSION F M T ( 6 1 9  A M T ( 6 )  
DATA BLANK/6H / 
DATA ( A M T ( I ) , I = 1 , 6 ) / 3 6 H  ( A b , A 6 r 3 F 6 . 0 9 3 F 6 . 3 r 6 1 3 )  

READ I N  ALPHAMERIC INFORMATION. PRINT OUT MAIN HEADINGS- 
READ (5,100) ( N A M E ( 1 , I ) v  I = 1 1 9 ) ,  N A M E ( 2 r l ) .  N A M E ( 2 r 2 )  
HRITE ( 6 9 1 1 0 )  ( N A M E ( l r I ) ,  I = l r 9 )  9 N A M E ( 2 , l ) V  N A M E ( 2 9 2 )  
WRITE ( 6 . 1 0 3 )  
READ (59101) I D Z ,  ID29 ~ F M T ~ I ~ ~ I ~ l ~ 6 ~ ~ C O R 1 2 ~ C O R 3 ~ C O R A Z I  
W R I T E  161101) I D 1 9  I D 2 ,  ( F M T ( I ) ~ I = 1 ~ 6 ) ~ C O R 1 2 , C O R 3 ~ C O R A ~ I  
DO 7 I = l r 6  
READ (5,102) I D l r I D 2 9  ( N A M E ( 1 v J ) t  J = l r 9 )  
W R I T E ( 6 , 1 1 2 )  IDltID2, ( N A M E ( I 9 J ) r  J = 1 , 9 )  
NEXT = 1 
1 = 1  

USE STANDARD FORMAT AND NO CORRECTIONS I F  NONE S P E C I F I E D  ON CARD 2 
I F  (COR121 2 9 1 9 2  
COR12 = 1.0 
I F  (COR3 1 4 9 3 r 4  
COR3 = 1.0 
I F  ( F M T ( 1 )  - BLANK) 20r5920 
DO 30 J = l r 6  
F M T ( J )  = A M T ( J )  
READ (5,FMT) I D l , I D 2 , A l r A 2 9 A 3 , A 4 , A 5  
I F  (A+-999 .0 )  2 2 9 2 1 9 2 2  
I F  ( A 5 - 9 9 9 . 0 )  8 9 2 2 ~ 8  
W R I T E  ( 6 , 1 0 5 )  
STOP 

READ 000 

C 
8 CONTINUE 



25 

C 
C 

10 

11 

C 
12 

C 
C 
C 
C 

C 
C 
C 

31  
19 

14  

C 
17  

C 
C 
C 

18  

16 
23  

C 

2 4  
C 

SUM=OoO 
S U M 2  = 0.0 

R E A 0  I N  N U M E R I C A L  I N F O R M A T I O N  F R O M  D A T A  CARDS. 
R E A D ( 5 t F M T )  IDl~ID2t(GCOORO(ItJ)tJ=lt3)t ( D I R C O S ( I t J ) t J = l t 3 ) t  

W R I T E ( 6 r 1 1 3 )  IOltID2t(GCOORO(ItJ)tJ=lt3)t ( O I R C O S ( I t J ) t J = 1 , 3 ) t  
1 ( L I S T ( I 1 J ) t  J= 1 9 6 )  

1 ( L I S T ( I p J ) t  J= l t 4 )  
I F  ( D I R C O S ( I t 1 )  - 999.0) 1 1 t 1 2 t 1 1  
G C O O R O ( I p 1 )  = G C O O R O ( I t 1 )  C O R 1 2  
G C O O R D ( I t 2 )  = G C O O R D ( I t 2 )  C O R 1 2  
G C O O R D ( I t 3 )  = G C O O R D ( I , 3 )  C O R 3  
O I R C O S l  I t  1) = D I R C O S l  I t  1 )  + C O R A Z I  
SUM = SUM + D I R C O S ( I t 3 ) * + 2  
SUM2 = SUM2 + D I R C O S ( I e 2 ) * + 2  
I = I+1 
GO T O  10 

K O U N T  = I - 1 
W K I T E ( 6 t l 0 4 )  K O U N T  

COMPUTE D I R E C T I O N  C O S I N E S  F R O M  A Z I M U T H  A N D  AMOUNT OF DIP ( D E G R E E S )  
I F  SOME N U M B E R S  H A V E  B E E N  I N S E R T E O  I N  THE D I R C O S ( I t 3 )  C O L U M N t  

ASSUME T H A T  THE M E A S U R E M E N T S  ARE A L R E A D Y  D I R E C T I O N  C O S I N E S .  
I F  ( S U M  - 0.05) 3 1 t 3 1 t 1 6  

I F  T H E R E  A R E  N O  N U M B E R S  I N  T H E  O I R C O S ( I t 2 )  COLUMN,  ASSUME T H A T  
T H E  M E A S U R E M E N T S  A R E  S C A L A R .  
I F  ( S U M 2  - 0.005) 19919817 
N O V E C  = 1 
DO 14 I = N E X T , K O U N T  
GCOORD(  1 9 3 )  = G C O O R D I I t 3 )  - O I R C O S I I t l )  
GO TO 1 6  

DO 18 I = N E X T t K O U N T  
A = D I R C O S ( I t 1 )  3 .14159 / 180.0 

FOR L I N E A R  S T R U C T U R E S ,  I N S E R T  A C A R E  D I R C O S ( I t 2 ) = O I R C O S ( I r 2 ) + 9 0 . 0  

I F  [ D I R C O S ( K O U N T  + 1, 2 )  - 9 9 9 . 0 )  2 3 1 2 4 ~ 2 3  
R E A D  ( 5 , 1 0 1 )  IDl~ID2~(FMT(I)tI~l~6),CORLZ1CORl2tCOR3~CORAZI 
W R I T E ( 6 r l O l )  I D l ~ I D 2 ~ ~ F M T ~ I ~ ~ I ~ l t 6 ~ ~ C O R l 2 t C O R 3 ~ C O R A ~ l  
I = K O U N T  + 1 
N E X T  = I 
GO TO 32 
C O N T I N U E  

100 FORMAT ( 1 2 x 9  1 1 A 6 )  
101 F O R M A T  [ X ,  A 5 9  7A6t 3F6.0) 
1 0 2  F O R M A T  ( 1 2 A 6 )  
103 F O R M A T  ( 1 H O t  40HPRINT-OUT OF M A S T E R  C A R D S  A N D  D A T A  C A R D S )  
104 F O R M A T  I X i 1 6 , X t 1 2 H M E A S U R E M E N T S )  
105 F O R M A T  ( l H O ,  3 9 H F A U L T Y  R E A D  IN, P L E A S E  C H E C K  D A T A  DECK. )  
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110 F O R M A T  ( 1 H l c  20x1 l l A 6 )  
112  F O R M A T  ( X , 1 2 [ A 6 9 3 X ) )  
1 1 3  F O R M A T  ( X t 2 ( A 6 t 3 X ) , b F 1 2 - 4 * 6 1 3 )  

R E T U R N  
E N D  

S I B F T C  S C A L A R  
C 

C 
C T H I S  S U B R O U T I N E  C O M P U T E S  A C O V A R I A N C E  M A T R I X  OF D I R E C T I O N  COSINES 
C ( C O V M A T ) ,  F R O M  A G R O U P  O F  E L E V A T I O N S  (S(I,3)) OF A G I V E N  H O R I Z O N  
C 

S U B R O U T I N E  S C A L A R  - - - - - - - -  

COMMON C O V M A T ~ D ~ D I R C O S ~ E I G H A T ~ E I G V A L ~ G C O O R D ~ K O N T R L ~ K O U N T ~ K O U N T Z ~  
1 L , L I S T t N A M E , N O V E C ~ S , S C O O R D t T t T R A C O S  

D I M E N S I O N  C O V H A T ( 3 ~ 3 ) ~ 0 ~ 3 l ~ D I R C O S ~ 3 0 0 ~ 3 ~ ~ E I G M A T ~ 3 ~ 3 ~ t E I G V A L ~ 3 ~ ~  
1 G C O O R 0 ~ 3 0 0 ~ 3 ~ ~ K O N T R L ( 2 O ~ ~ L ~ 3 O O ~ 6 ~ ~ L I S T ~ 3 O D ~ 6 ~ ~ N A M E ~ 6 ~ 9 ~ ~ S ~ 3 O O ~ 3 ~  
2 S C O O R 0 ( 3 0 0 ~ 3 ) ~ T ~ 3 0 0 ~ 3 ) ~ T f t A C O S ( 3 O O t 3 )  

C 
C I N I T  I A L  I Z E  

C O U N T  = K O U N T 2 + ( K O U N T 2  - 1 1 

E I G V A L ( J 1  = 0.0 
DO 5 J = l r 3  

DO 5 K t 1 ~ 3  
5 C O V M A T ( J , K )  = 0.0 

C 
C C O M P U T E  D I R E C T I O N  C O S I N E S  F R O M  E L E V A T I O N S -  

DO 1 I = l r K O U N T 2  
DO 1 J = l , K O U N T Z  
I F  (1 -J )  3,193 

3 D ( 1 )  = S I I . 1 )  - S ( J t 1 )  
D ( 2 )  = S ( I t 2 )  - S I J v 2 1  
D ( 3 )  = S ( I v 3 )  - S ( J v 3 )  
P = D(l)**2 + D ( 2 ) * * 2  + 0(3)**2 

O ( 1 )  = D[l)*P 

D ( 3 )  = D ( 3 ) + P  

P = S Q R T  ( l . O / P )  

o ( 2 )  = o ( 2 1 4 ~  

C 
C C O M P U T E  C O V A R I A N C E  M A T R I X .  

DO 6 K = l r 3  
E I G V A L ( K 1  = E I G V A L ( K )  + D ( K 1  
DO 6 M = l r 3  

6 C O V M A T ( K 9 M )  = C O V M A T ( K 9 H )  + D I K ) + D [ M )  
1 C O N T  I N U E  

C 
DO 7 K = l * 3  
D ( K )  = E I G V A L ( K 1  / C O U N T  
DO 7 M = 1 , 3  

7 C O V M A T ( K t M 1  = C O V M A T ( K , M ) / C O U N T  
C 

R E T U R N  
END 
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S I R F T C  S E K S H N  

C 
C C O M P U T E S  S L O P E  AND L O C A T I O N  O F  I N T E R S E C T I O N  O F  M E A S U R E D  P L A N E S  
C W I T H  P R I N C I P A L  P L A N E S .  
C 

S U B R O U T I N E  S E K S H N  - - - - - - - - -  

C O P M O N  C O V M A T ~ D ~ D I R C O S c E I G M A T ~ E I G V A L ~ G C O O R D c K O N T R L ~ K O U N T ~ K O U N T Z ~  

D I M E N S I O N  C O V M A T ( 3 ~ 3 ) ~ D ( 3 ) ~ O I R C O S ( 3 0 0 ~ 3 ~ ~ E I G M A T ~ 3 ~ 3 ~ ~ E I G V A L ~ 3 ~ ~  
1 G C O O R D ( 3 0 0 ~ 3 ~ ~ K O N T R L ~ 2 O ~ t L ~ 3 O O ~ 6 ~ ~ L I S T ~ 3 O O ~ 6 ~ t N A M E ~ 6 ~ 9 ~ ~ S ~ 3 O O t 3 ~ ~  
2 S C O O R D ( 3 0 0 ~ 3 ) ~ T ( 3 0 0 ~ 3 ~ ~ T R A C O S ( 3 0 0 ~ 3 )  

1 L * L I S T , N A M E , N O V E C t S t S C O O R D , T 1 T R A C O S  

C 
W R I T E  ( 6 r  103)  
W R I T E ( 6 t 1 0 0 )  
W R I T E  1 6 8  101) 

DO 1 I = l r K O U N T 2  
A * T ( I * 2 )  / T ( I e 1 )  
B = T(It3) / T ( I t 1 )  
C = T(I.3) / T ( I 1 2 )  

C 

1 W R I T E ( 6 * 1 0 2 )  A , B e C * ( S ( I * J ) ,  J = 1 * 3 )  
C 

100 F O R M A T  ( 1H0, S l H S L O P E  ( T A N G E N T  O F  A N G L E )  O F  I N T E R S E C T I O N  O F  B E D  A 
1 N D e  1 9 x 9  3 3 H D I S T A N C E  F R O M  O R I G I N  P A R A L L E L  T O  1 

101 F O R M A T  ( X * 5 X *  9H1-2 P L A N E *  5 x 9  9 H l - 3  P L A N E I  5x1  9H2-3 P L A N E *  
1 2 8 x 1  6 H l - A X I S S  7 X f  ~ H Z - A X I S I  7 x 1  6 H 3 - A X I S )  

102 F O R M A T  ( X ,  3 F 1 4 . 4 ,  23x9 3F13.4) 
103 F O R M A T  ( 1 H l r  6 2 H D A T A  F O R  D R A W I N G  C R O S S - S E C T I O N S  P A R A L L E L  T O  T H E  P R  

l I N C I P A L  A X E S )  
R E T U R N  

E N D  

S I B F T C  S E L E C T  D E C K  
C 

C 
C T H I S  S U B R D U T I N E  S E L E C T S  S U B S E T S  O F  D A T A  F R O M  T, S e  A N D  L ( O R  L I S T )  
C A C C O R D I N G  T O  T H E  C O D E  O N  T H E  C O N T R O L  C A R D  ( S E E  P R O G 4 ) .  
C N U M B  I N D I C A T E S  T H E  C O N T R O L  C A R D  P O S I T I O N  OF THE C H O S E N  GROUPS.  
C K O U N T 2  IS T H E  N U M B E R  OF I T E M S  I N  THE S U B S E T .  A C O V A R I A N C E  M A T R I X  
C ( C O V M A T )  IS C O M P U T E D  F O R  1. THE M E A N  V A L U E S  O F  T H E  C O L U M N S  OF T 
C A R E  S T O R E D  I N  011)  T O  O ( 3 ) .  
C 

S U B R O U T I N E  S E L E C T  ( N U M B )  - - - - - - - - - - - - -  

COMMON C O V M A T ~ O ~ D I R C O S t E I G M A T ~ E I G V A L ~ G C O O R D c K O N T R L ~ K O U N T ~ K O U N T Z c  
1 L ~ L I S T , N A H E , N O V E C ~ S ~ S C O O R D c T * T R A C O S  

D I M E N S I O N  C O V M A T ( 3 ~ 3 ) ~ D ( 3 1 t D 1 R C O S ( 3 0 0 ~ 3 ~ ~ E I G M A T ( 3 ~ 3 ~ ~ E I G V A L ~ 3 ~ c  
1 G C O O R D ~ 3 0 0 ~ 3 ~ ~ K O N T R L ~ 2 O ~ t L ~ 3 O O t 6 ~ t L I S T ~ 3 O O ~ 6 ~ t N A M E ~ 6 ~ 9 ~ t S ~ 3 O O c 3 ~ t  
2 S C O O R D ( 3 0 0 ~ 3 ) ~ T ~ 3 0 0 ~ 3 ) ~ T R A C O S ( 3 0 0 ~ 3 )  

C 
W R I T E  ( 6 1 1 0 0 )  



1.21 

C 

2 6  

2 7  

4 8  

1 2  

13 
3 7  

8 
14 

3 8  

3 3  

3 2  

C 
3 4  

3 1  

C 
30 
2 3  

2 4  

2 5  
C 

C 
C 
C 

1 

4 

WRITE ( 6 , 1 0 1 )  
KOUNTZ = KOUNT 
PUT L L I S T ,  AND I N I T I A L I Z E  COVHAT. 
DO 2 6  J=1,6 
DO 26 I = l , K C U N T  
L I I I J )  = L I S T ( 1 s . J )  
DO 2 7  J = 1 , 3  
D ( J )  = 0.0 
DO 27 K = 1 , 3  
C O V M A T ( J 9 K )  = 0.0 
KNUMB = NUMB 

'KONTRL' IS A THREE-DIGIT  INTEGER, 
THE F I R S T  D I G I T  I N D I C A T E S  THE BEGINNING OF A NEW SUBSET, 
THE SECOND D I G I T  I S  THE FACTOR CODE NUMBER ( K L A S S ) ,  
THE THIRD D I G I T  I S  THE CATEGORY CODE NUMBER ( K A T ) .  

F I N D  'NUMB'TH SUBSET AND COMPUTE KLASS AND KAT. 
DO 1 3  I = 1 , 2 0  
N = K O N T R L ( I ) / 1 0 0  
I F  ( N I  1 2 ~ 1 3 ~ 1 2  
KNUMB = KNUMB - 1 
I F  (KNUMR) 8 r 8 ' 1 3  
CONTINUE 

KOUNTZ = 0 
GO T O  20 
M = I  
K = I A B S [ K O N T R L ( M ) )  

N = K / 1 0 0  

KLASS = K / 1 0  

WRITE (69 106) 

I F  ( K )  2 0 1 2 0 , 3 8  

K = K - N + 1 0 0  

I F  ( K L A S S )  3 2 9 3 3 9 3 2  
WRITE ( 6 ' 1 0 5 )  
G O  T O  20 
KAT = K - K L A S S I L O  
I F  ( K A T )  3 3 , 3 3 , 3 4  

K = l  
I F  ( K L A S S - 6 )  3 0 , 3 0 , 3 1  
W R I T E  ( 6 , 1 0 4 )  
STOP 

I F  ( K O N T R L ( M ) )  23,20,24 
W R I T E ( 6 , 1 0 2 )  NAMECKLASSpKAT) 
GO TO 2 5  
WRITE ( 6 , 1 0 3 1  NAME(KLASS,KAT)  

'KONTRL' W A S  P O S I T I V E ,  S P E C I F I E D  CATEGOHY ONLY IS T O  RE RETAINED. 
DO 2 J = l  vKOUQT2 
I F  ( L ( J v K L A S S )  - K A T )  2 , 4 1 2  
DO 5 1 ~ 1 9 3  
T ( K , I )  = T ( J , I )  
S ( K . 1 )  = S ( J , I )  
L ( K , I )  = L ( J v 1 )  
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5 

2 

C 
C 

6 

9 

3 

7 

22 
C 

C 
C 
C 

20  

36 
35 

2 8  
C 

2 9  

100 
C 

101 
102 
103 
104 

105 
106 

L ( K , I + 3 )  = L ( J v I + 3 )  
K = K + l  
C O N T  I N U €  
K O U N T Z  K - 1  
GO TO 22  

* K O N T R L *  WAS N E G A T I V E ,  S P E C I F I E D  C A T E G O R Y  IS T O  B E  O M I T T E D .  
D O  7 J=1* K O U N T 2  
I F  ( L ( J v K L A S S 1  - K A T )  9 ~ 7 p 9  
DO 3 I = 193 
T ( K . 1 )  T ( 3 , I )  
S ( K p I 1  = S ( J p 1 )  
L(K,I) = L ( J , I )  
L ( K p I + 3 1  0 L ( J r I + 3 )  
K = K +  1 
C O N T  I N U E  
K O U N T 2  = K-1 
M = M + 1  

N = K O N T R L { M ) / 1 0 0  
IF (NI 3 5 r 1 4 r 3 5  

* K O N T R L '  WAS Z E R O ,  OR E N D  O F  S U B S E T  H A S  BEEN R E A C H E D ,  
E N D  S E L E C T I O N ,  C O M P U T E  C O V M A T  A N D  D. 

C O N T I N U E  

N U M 6  = 9 
I F  ( K O N T R L I M ) )  35.36.35 

DO 28 I = l t K O U N T 2  
D O  28 J=1,3 
D ( J )  = D ( J )  + T ( I , J )  
DO 28  K = 1 , 3  
C O V M A T i J p K )  = C O V M A T ( J t K 1  + T ( I , J ) + T ( I , K )  

C O U N T  = K O U N T Z  

D ( J )  = D ( J )  / C O U N T  
D O  29 J=1,3 

D O  29 K = 1 , 3  
C O V M A T ( J 9 K )  = C O V M A T ( J , K ) / C O U N T  

F O R M A T ( l H 0 , 9 5 H I N  C O M P U T I N G  THE N E X T  S E T  O F  R E S U L T S ,  O N L Y  M E A S U R E M E  
l N T S  I N  THE F O L L O H I N G  C A T E G O R I E S  WERE U S E D  - )  

F O R M A T ( X * 8 H I N C L U D E O ,  3 0 x 1  B H E X C L U D E D )  
F O R M A T  ( 4 0 X v A 6 )  
F O R M A T  ( X  9 A 6  1 
F O R M A T  ( l H 1 , 6 3 H S E L E C T I O N  ERROR.  P L E A S E  C H E C K  C O N T R O L  C A R D S  A T  E N D  

1 O F  D A T A  D E C K )  
F O R M A T  ( 1 H O c  1 6 H A L L  M E A S U R E M E N T S )  
F O R M A T  ( L H O ,  6 7 H S E L E C T I O N  U N S P E C I F I E D  ON C O N T R O L  CARD.  NO I T E M S  R 

Z E T A I N E D  I N  S U R S E T . )  
R E T U R N  

E N D  

S I B F T C  S O L S P  
C 



SUBROUTINE SOLSP IA,XINC,NVIZERO~IERR) _ - - _ - - - - - - - - - - - - - - -  C 
C THIS IS N.U. L IBRARY SUBROUTINE 4F01.1 (REDIMFNSIONED).  
C 

DOUBLE PRECIS ION A, TEMP 
DIMENSION A ( 3 , 4 ) 9  X ( 3 1 1 ) p  N J ( 3 )  

C 
I ERR=O 
NHl=NC- 1 
N P l = N C + l  
NCV=NC + NV 
DO 10 I = l , N C  

10 N J ( I ) = I  
DO 15 J=l ,NV 
L=NC+J 
DO 1 5  I = l V N C  

1 5  A ( I v L ) = X ( I , J )  
DO 100 K = l , N M l  
TEMP=O.O 
DO 30 I=K,NC 
DO 3 0  J=K,NC 
I F  ( A B S ( A ( I I J ) ) - T E M P )  3 0 , 3 0 9 3 2  

I I = I  
J J = J  

30 CONTINUE 

2 2  IERR=K 

32 T E M P = A R S ( A L I , J ) )  

I F  (TEMP-ZERO) 2 2 , 2 2 3 2 1  

GO T O  111 
2 1  I F  ( 1 1 - K )  7 2 , 1 1 9 7 2  
7 2  DO 7 5  J=K,NCV 

T E M P = A ( I I , J I  
A ( I I , J ) = A ( K , J )  

75  A (K ,J )=TEMP 
7 1  I F  ( J J - K )  4 2 , 4 1 9 4 2  
42 DO 4 5  I = l , N C  

TEMP=A( 1, JJ )  
A I I , J J ) = A (  I t K )  

45 A (  I ,K)=TEMP 
N T E M P = N J ( J J )  
N J ( J J ) = N J ( K )  
N J ( K ) = N T E M P  

4 1  L = K + 1  
DO 55 J=L,NCV 
A ( K , J ) = A ( K , J ) / A ( K I K )  
DO 55 I=L,NC 

55 A ( I , J ) = A (  I , J ) - A ( I I K ) + A ( K , J )  
1 0 0  CONTINUE 

302 IERR=NC 
I F  ( A B S ( A ( N C t N C ) ) - Z E R O  1 302 ,302 ,301  

GO T O  111 
3 0 1  00 3 1 0  J=NPl,NCV 

A ( N C , J ) = A ( N C , J ) / A ( N C , N C )  
K=NM1 

615  DO 320 I=K ,NMl  
3 2 0  A ( K , J ) = A ( K , J ) - A ( K , I + l ) ~ A ( I + l , J )  

K=K- 1 
I F  ( K )  3 1 0 , 3 1 0 1 6 1 5  
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310 C O N T I N U E  
DO 110 1 = 1 * N C  

DO 110 J = l , N V  

110 X ( L r J ) = A ( I r M )  

L = N J (  I )  

M= J + N C  

111 R E T U R N  
E N D  

S I B F T C  S P I N  
C 

C 
C T H E  I N P U T  MAY R E  A N U M B E R  ( = K O U N T )  OF D I R E C T I O N  C O S I N E S  (DIRtOS), 
C OR G E O G R A P H I C A L  C O O R D I N A T E S  ( G C O O R D )  A N D  A R O T A T I O N  M A T R I X ( E 1 G M A T )  

S U B R O U T I N E  S P I N  ( K O S C O R ,  K O O K S )  - - - - - - - - - - - - - - - -  

C L I K E  T H A T  O B T A I N E D  F R O M  S U B R O U T I N E  A X E S .  T R A N S F O R M E D  C O S I N E S  OR 
C C O O R D I N A T E S  A R E  S T O R E D  I N  T R A C O S  OR SCOORD. I F  K O S C O R = O *  O N L Y  
C D I R C O S  A R E  T R A N S F O R M E D .  IF K O S C O R  = 1, GCOORD A R E  T R A N S F O R M E D .  
C I F  K O S C C R  = 2 1  B O T H  D I R C O S  A N D  GCOORD A R E  R O T A T E D .  
C 
C I F  K O O K S  = 1, A L I S T  OF I T E M S  W H I C H  D E V I A T E  C O N S I D E R A B L Y  F R O M  T H E  
C A V E R A G E  IS P R I N T E D  O U T -  I F  K O O K S  = Or THE L I S T I N G  IS S U P P R E S S E D  
C 

COMMON C O V H A T r D r D I R C O S r E I G M A T ~ E I G V A L ~ G C O O R D ~ K O N T R L ~ K O U N T r K O U ~ T 2 ~  

D I M E N S I O N  C O V M A T ( 3 r 3 ) r D ( 3 ) r D I R C O S ( 3 O O r 3 ~ ~ E I G M A T l 3 r 3 ~ ~ E I G V A L ~ 3 ~ ~  
1 G C O O R 0 ~ 3 0 0 ~ 3 ~ ~ K O N T R L ~ 2 O ~ ~ L ~ 3 O O ~ 6 ~ r L I S T ~ 3 O O ~ 6 ~ ~ N A M E ~ 6 ~ 9 ~ ~ S l 3 O O ~ 3 ~ ~  
2 S C O O R D l 3 0 0 r 3 ) r T ( 3 0 0 r 3 ) r T R A C O S ( 3 0 0 , 3 )  

1 L , L I S T ~ N A M E I N O V E C ~ S ~ S C O O R D I T I T R A C O S  

C 

C I N I T I A L I Z E  
I F  ( K O S C O R - 1 )  l r 2 , l  

1 DO 1100 J = l r 3  
DO 1200 I = 1, K O U N T  

1200 T R A C O S ( 1 r J )  = 0.0 
DO 1100 I = l r K O U N T  

DO 1100 K = 1r3 
C 
C M U T I P L Y  E A C H  DIRCOS V E C T O R  B Y  T H E  M A T R I X  E I G M A T V  T O  O B T A I N  T R A C O S p  
C V E C T O R S  IN T E R M S  OF D I R E C T I O N  C O S I N E S  A B O U T  THE P R I N C I P A L  A X E S .  
1100 T R A C O S ( 1 . J )  = T R A C O S ( 1 . J )  + D I R C O S I I t K )  E I G M A T ( K r J 1  

I F  ( K O S C O R - 1 )  5 9 2 v 2  
C T R A N S F O R M  GCOORG T O  SCOORD B Y  M U L T I P L Y I N G  E A C H  V E C T O R  B Y  E I G H A T .  
2 00 3 J = l r 3  

DO 4 I = l , K O U N T  
4 S C O O R D ( 1 r J )  = O - O  

DO 3 I = l , K O U N T  
00 3 K = 1 , 3  

3 S C O O K D ( 1 , J )  = S C O O R D ( I , J )  + G C O O R D ( I I K ) ~ E I G M A T ( K I J )  
5 C O N T  I N U E  

C 
C I F  A LISTING O F  T R A N S F O R M E D  M E A S U R E M E N T S  IS N O T  D E S I R E D r  O M I T  N E X T  
C T H R E E  C A R D S .  

W R I T E  (6,106) 
DO 6 I = l , K O U N T  



6 
C 
C 
C 
C 
c 7  
C 

C 
2 1  

2 2  

20 
2 3  

I F  A D E C K  OF P U N C H E D  C A R D S  I S  R E Q U I R E D ,  C O N T A I N I N G  T R A N S F O R M E D  
C O O R D I N A T E S  A N D  D I R E C T I O Y  C O S I N E S ,  I Y S E R T  T k O  C A R D S  A S  F O L L O W S ,  
D O  7 I = l r K O U N T  
W K I T E  ( 6 , 1 0 8 )  1 ,  (SCOORD(I,K),K=1,3),(TRACOS(I~K),K=lt3) 

I F  ( K O O K S )  23,23921 
C A L C U L A T E  T H E  R O O T - M E A N - S Q U A R E  D E V I A T I O N  F R O M  T H E  M E A N  V E C T f l R .  
W R I T E  ( 6 1  109)  
N R I T E  (6,110) 
E = S Q R T ( ( E I G V 4 L L l ) ) + * 2 +  ( E I G V A L ( 2 ) ) * * 2  + ( E I G V A L ( 3 ) ) * * 2 )  
D O  20 I = l  ( K P U N T  
T S U M  = S Q R T ( ( T R A C O S ( I , l ) ) + + Z +  ( T R A C O S ( I , 7 ) ) * * 2  + ( T R A C O S ( I , 3 ) ) * * 2 )  
T H E  M U L T I P L I E R  O F  E O N  T H E  N E X T  C A R D  C A N  B E  A D J U S T E D  TO G I V E  A 

R E A S O N A B L E  L E N G T H  OF L I S T  OF U N U S U A L  M E A S U R E M E N T S .  

P R I N T  OUT L I S T  O F  M E A S U R E M E N T S  D I F F E R I N G  F R O M  THE M E A N  R Y  MORE 
1.5 RMS D E V I A T I O N S .  

I F  ( T S U M  - 1 * 5 + E )  20,22,22 
I 1  = L I S T ( I , l )  
I 2  = L I S T ( I t 2 )  
I 3  = L I S T ( I p 3 )  
I4 = L I S T ( I V 4 )  
I5 = L I S T ( I t 5 )  
I 6  = L I S T ( I , 6 )  
W K I T E  (6 ,111)  I ~ ~ G C O O R D ~ I ~ J ~ ~ J ~ l r 3 ~ ~ ~ D I R C O S ~ I I J ) , J = 1 , 3 ~ ~  

l N A M E ( 1 ,  I l ) ~ N A ~ E ( 2 ~ 1 2 ) ~ N A M E ( 3 ~ 1 3 ~ ~ N A M E ~ 4 ~ 1 4 ~ ~ N A M E ~ 5 ~ 1 5 ~ ~ N A M E ~ 6 ~ 1 6 ~  
C O N T I N U E  
C O N T  1 N U E  

C 
106 F O R M A T  ( l H O v 9 6 H L I S T  O F  C O O R D I N A T E S  A N D  D I R E C T I O N  C O S I N E S  O F  M E A S U R  

l E M E N T S  T R A N S F O R M F D  T O  R E F E R  T O  P R I N C I P A L  A X E S )  
107 F O R M A T  ( X I  I 4 ~ 3 X ~ t 1 0 ~ 3 ~ 3 X ~ E 1 0 ~ 3 ~ 3 X ~ E l O 0 3 ~ 1 0 X ~ 3 F 8 0 4 )  
108 F O R M A T  ( l H P , 6 X ~ I 6 r 3 F b o 0 , 3 F 6 ~ 3 )  
109 F O R M A T  (1HOr 6 2 H T H E  F O L L O W I N G  M E A S U R E M E N T S  D E V I A T E  C O N S I D E R A B L Y  FR 

1 0 M  T H E  P E A N O  
110 F O R M A T  ( X , 4 H I T E M , X , l S H L O C A T I O N  C O O R D S , 1 6 X t 1 7 H D I R E C T I O N  C O S I N E S ,  

1 1 4 x 9  7 H F A C T O R S )  
111 F O R M A T  ( X , I 4 , X , 3 E 1 0 . 3 , 3 X , 3 F 7 . 4 , 3 X , 6 ( A 6 p X ) )  

R E  T U R N  
E N D  

J I R F T C  WULFF 
C 

S U B R O U T I N E  WULFF - - - - - - - _  
THIS S O R R O U T I N E  P L O T S  A S C 4 T T E R  D I A G K A M  O F  

A GPUUP O F  D I R E C T I O N  C O S I N E S  ( T ( I f J ) .  T H E  D I A G R A M S  M A Y  D E  U S E D  
A S  C l V t K L A Y S  ORi A 2 0 - C E U T I M E T K E  D I A M E T E R  W U L F F  N E T .  
T H E  NUMRER I N  E A C H  R E C T A N G L E  I N D I C A T E S  T H E  N U M R E R  O F  P O I N T S  
F A L L I h G  I N  T H P T  R E C T A N G L E .  



12c 

t 
D I M E N S I O N  I R O W ( 4 8 * 4 0 )  

C 
C 

C 

C 
t 

2 

7 

6 
C 
C 
C 

C 
24 

1 

C 
C 
C 

2 8  

3 

C 
C 
C 

2 5  

C 

12 
18  
14 
13 

I N I T I A L I Z E I  P U T T I N G  -9 I N  THE A R E A  OUTSIDE THE S T E R E O G R A M .  
W R I T E  (6 ,105 )  
S E E  COMMENT O N  C O N S T A N T S  BELOW. 
P = 1.0 / (3.937*6.0)  
a = 1.0 / (3 .937*5*0 )  
F O R  P O I N T S  ON T H E  C I R C U M F E R E N C E  O F  THE P R I M ' I T I V E  C I R C L E S  
( M P / 2 1 * * 2  + ( N O / 2 ) * * 2  = 1, B Y  THE T H E O R E M  OF P Y T H A G O R A S .  
DO 6 M = l t 4 8  
R = M  
R * A B S ( R - 2 4 - 0 1  
DO 2 N=1,40 
I R O W ( M , N )  = 0 
N2 = S Q R T ( 1 1 . 0 5 - ( R * P ) * * 2 ) / Q . , 2 )  + 0.5 
N3 20 - N 2  
N2 = 20 t N Z  
D O  7 N = l , N 3  
I R O W ( M I N 1  = -9 
00 6 N = N 2 , 4 0  
I R O H ( M , N )  = -9 

C O M P U T E  T H E  N U M B E R  OF P O I N T S  I N  E A C H  R E C T A N G L E  O F  T H E  S T E R E O G R A M .  

I F  ( N O V E C - 1 )  2 4 , 2 5 , 2 4  
T H E  N E X T  S E C T I O N  I S  F O R  V E C T O R I A L  D A T A  O N L Y .  
DO 3 I = l r K O U N T 2  
UP = T ( I p 3 )  
I F  ( U P )  1 , 2 8 9 2 8  
T ( 1 r l )  = - T ( I * l )  
T(I.2) = -T(I,2) 
I N  THE N E X T  TWO E X P R E S S I O N S ,  3.937 I S  T H E  R A D I U S  O F  THE N E T ,  I N  
I N C H E S ,  6.0 IS T H E  N U M B E R  O F  L I N E S  O F  O U T P U T  P E R  INCH, 5 - 0  IS THE 
N U M B E R  OF T W O - D I G I T  C H A R A C T E R S  P E R  I N C H ,  0.5 IS A R O U N D I N G  F A C T O R .  
M = ~ ~ T ~ I ~ l ~ / ~ l ~ O + A B S ~ T ~ I ~ 3 ~ ~ ~ ~ * 3 ~ 9 3 7 * ~ ~ 6 ~ 0 ~ ~ + 1 ~ 0 + 3 ~ 9 3 7 * 6 ~ 0  
N = I ( T ( I , 2 ) / ( 1 . O + A B S ( T I I ~ 3 ) ) ) ~ * 3 ~ 9 3 7 * ~ ~ 5 ~ 0 ) ~ + 1 ~ 0 + 3 ~ 9 3 7 * 5 ~ 0  
I R O W L M e N )  = I R O W ( M , N )  + 1 
GO T O  2 6  

T H E  N E X T  S E C T I O N  IS F O R  S C A L A R  O A T A  O N L Y .  
C O M P U T E  D I R E C T I O N  C O S I N E S  F R O M  E L E V A T I O N S .  
D O  11 I = l , K O U N T 2  
D O  11 J = l r K O U N T 2  
P L O T  E A C H  V E C T O R  O N C E  O N L Y  - D I R E C T E D  UPWARDS.  
I F  ( S ( I t 3 )  - S ( J t 3 ) )  1 1 * 1 2 , 1 3  
I F  ( I - J )  1891ltl8 
I F  ( S ( I t 1 )  - S ( J , l ) )  11 ,14913 
I F  ( S ( I v 2 )  - S ( J , 2 ) )  11913,13 
D ( 1 1  = S ( I , l )  - S ( J v 1 )  
D ( 2 )  = S ( I r 2 )  - S ( J , 2 )  
D ( 3 )  = S ( I . 3 )  - S ( J 1 3 )  
P = D ( l ) * * 2  + D ( 2 ) * * 2  t D ( 3 ) * * Z  
P = 1.0 / S Q R T ( P )  
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I -  

C 
C 

D ( 1 )  = C ( 1 )  P 
O ( 2 )  = C ( 2 )  * P 
O(3) = C ( 3 )  P 

C SEE E X P L A N A T I O N  OF T H I S  E X P R E S S I O N  ABClVE ( P R E C E D I N G  STATEMENT 2 8 ) .  
30 M = ( ( D ( l ) / ( l . O + A 8 S ( D ( 3 ) ) ) ) , 3 . 9 3 7 + ( - 6 . 0 ) )  + 1.0 + 3 * 9 3 7 * 6 * 0  

N = ( ( 0 ( 2 ) / ( 1 . O + A R S ( D ( 3 ) ) ) ) + 3 . 9 3 7 1 ( - 5 . 0 ) )  + 1.0 + 3.937*5 .0  
IROW(M,N)  = I R O W ( M 9 N )  + 1 

11 C O N T I N U E  
2 6  C O N T I N U E  

DO 4 M=1,24 
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