
Information Circular 8624

BuMines Ie 8624

A Computer Program

for Clustering Data Points on the Sphere

By Robert J. Shanley and M. Ashraf Mahtab

Denver Mining Research Center, Denver, Colo.

PB231285

UNITED STATES DEPARTMENT OF THE INTERIOR
Rogers C. B. Morton, Secretary

BUREAU OF MINES
John D. Morgan, Jr., Acting Director

REPRODUCED BY, NJlI
u.s. Department of Commerce

National Technical Information Service
Springfield, Virginia 22161



This publication has been cataloged as follows:

Shanley, Robert J
A computer program for clustering data points on the

sphere, by Robert J. Shanley and M. Ashraf Mahtab. [Wash­
ingtonl U.S. Bureau of Mines [1974]

58 p. illus. (U.S. Bureau of Mines. Information circular 8624)

Includes bibliography.

1. Cluster analysis-Computer programs. I. U.S. Bureau of
Mines. II. Mahtab, M. Ashraf, jt. auth. III. Title. (Series)

TN23.U71 no. 8624 622.06173

U.S. Dept. of the Inc. Library



CONTENTS

Abstract , " " . . . .. . . .. . . . . . . . . . . . . . . . . .. . 1
Introduction ; . . . . . . . . . . . . . . . . . . . . . 1
Summary of algorithm.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

One-level mode analysis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
The hybrid mode analysis '" , 2
Application to the sphere......................................... 2
The objective function............................................ 3
Application to fracture orientations........ 3

Program description. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
Summary of subroutines of HYBMODE.............................. 4
Description of output produced by HYBMODE...... 7
Input instructions................................................ 7
Glossary of frequently used variables............................. 8

Program lis ting '.' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
Example output............................................... . . . . . . . . . . 24
References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

ILLUSTRATIONS

1. Spherical counting cell............................................ 2
2. Representation of fracture orientations by points on the

unit sphere...................................................... 4
3. Flow chart of main program. " '" ,. . .. . . . . . . 5

IV





A COMPUTER PROGRAM FOR CLUSTERING DATA POINTS
ON THE SPHERE

by

Robert J. Shan ley 1 and M. Ashraf Mahtab 2

ABSTRACT

The computer program, HYBMODE, has been developed to meet the need for
a fast and economical method for clustering data points on the sphere. The
algorithm used in this development is an extension of D. Wishart's one-level
mode analysis. The program can be used to cluster either vectorial or axial
data; it is currently being used by the Bureau of Mines to cluster fracture
orientations.

INTRODUCTION

An understanding of many phenomena necessitates the collection and
analysis of orientation data by physical and earth scientists. Some examples
of the types of data collected are magnetic orientations, axes of glacial
till pebbles, crystallographic axes, and fracture orientations. Since such
measurements can be conveniently represented by unit vectors, it is natural
that the methods of cluster analysis be applied to collections of points on
the unit sphere. When the data are vectorial the entire sphere may be
involved. However, when the data are axial, only one hemisphere is involved.
The algorithm used in this report constitutes an improvement over the author's
previous work (l)s which was concerned only with axial data, did not cluster
the entire· sample, and used a unit cell four times as large as the one cur­
rently employed.

SLlMMARY OF ALGORITHM

One-Level Mode Analysis

The algorithm used in program HYBMODE is an adaptation of Wishart's one­
level mode analysis (2). The purpose of one-level mode analysis is to divide
a set of points in any coordinate space into a collection of distinct subsets
representing meaningful classifications of the data.

IMa thematician.
2 Physical scientist.
sUnderlined numbers in parentheses refer to items in the list of references at

the end of this report.



2

To start a one-level mode analysis, two numbers must be chosen: r, a
positive real number which is a distance and k, a positive integer. Spheres
of radius r are constructed about every data point. The centers of those
spheres containing k or more observations are called dense points. The
dense points are then clustered by assigning two dense points separated by a
distance less than or equal to r to the same cluster. At this stage, the
algorithm has defined distinct sets of points, each point being dense. Next,
the nondense points are allocated to clusters using some criterion; in this
report, a nondense point is allocated to the cluster containing the closest
dense point. Now, every point belongs to a cluster and the clusters are
distinct. This marks the end of a one-level mode analysis.

The Hybrid Mode Analysis

A major drawback of one-level mode analysis is that the user must choose
both rand k. To make the procedure less arbitrary an additional step is
introduced. A value is chosen for r but a test for randomness is used to
determine the value of k, namely, a point is defined to be dense if there is
a 95 percent probability that the observations within a sphere of radius r
about that point do not consitute a random grouping. The randomness test is
based on the Poisson distribution <1, p.7).

The addition of the above step to one-level mode analysis achieves two
advantages: (1) the user makes only one decision, namely, in choosing the
size of rand (2) there is at least a 95-percent probability that each cluster
contains a nonrandom grouping. The latter advantage results in dividing the
data into subsets that represent meaningful classiciations.

---------------------
/

/
/

NOTE: Percent of hemispherical surface contained in sphere of

radius b = 2 sin {fl about the point P is {I- cos r 1.

FIGURE 1. - Spherical counting cell.

Application to the Sphere

For vectorial data, the
sphere is divided into 800
equal area cells and for
axial data, the hemisphere
is divided into 400 equal
area cells. The user must
specify whether his data are
vectorial or axial, since
this information influences
the randomness test
described earlier. A value
must be chosen fo~ ~ in­
degrees and the value of k
is determined by the random­
ness test. Then, for each
point, the observations con­
tained in a sphere of radius

b =2 sin ( t ) about that

point are counted (see
fig. 1). Each point for
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which this count is k or more is called dense. However, .no cell may contain
more than one dense po'int. This restriction on the number of dense points is
introduced to minimize the computational effort involved in the analysis of
large samples. Points in a cell containing a dense point belong to the
cluster which contains that dense point. From this point on, the algorithm
proceeds as described in the previous two sections.

The value of r is given in degrees and then converted to an Euclidean
distance to provide the user with a better idea of the size of the counting
cell being used (see fig. 1).

The Objective Function

Different values of r produce different partitions of the data. In some
cases knowledge of the structure of the partitions formed as r assumes differ­
ent values may not be sufficient. It may be desirable to select that parti­
tion which is "bestll in the sense that it minimizes or maximizes some variable
associated with the partitions. For example, a minimum variance partition may
be most desirable. HYBMODE evaluates the function:

M N1
1\1 = L L: II Ci -Xi II 2

1=1 j=l

M-l M
+ E L II C1 -C j Il2

i=l j=i+l

where M is the number of clusters in the partition,

is the number of observa tions in the i th cluster,

is the mean of the i th cluster,

is the jth datum of the i th cluster,

and II a-b \I denotes the Euclidean distance from a to b.

Note that the definition of "best" employed here is subjectively deter­
mined and implies a prior knowledge of the distribution of the data. The
function given above has, however, performed well for the several examples of
actural and hypothetical data analyzed by the authors. The hypothetical data
consist of several artifically generated hemispherically normal (1, app,endix D)
clusters. These results are provided in the program' description ~nder the
heading lIexample output."

Application to Fracture Orientations

When the attitude of a rock fracture is measured, the values of azimuth
of the dip and dip (see fig. 2) give the attitude of a plane which approx­
imates the fracture surface. Now, given any plane in three-dimensional'
Euclidean space, there is a line perpendicular to that plane (a normal to the
plane) which passes through the coordinate origin i,(O ,0,0). This -normal must
intersect the unit sphere (that is, the set of all points (X,Y,Z) such that



4>0: dip of plane ABC

Bo : azimuth of dip of plane ABC

Xo= sin 4>0 cos Bo

Yo =sin 4>0 sin Bo

Zo= cos 4>0

"1----''' X
North

X2 + y2 + Z2 = I) a t two
distinct points: (Xl' Yl ,
Zl)' (X2 , Y2 , Z2)' where
either Z'j, 2: 0 or Z2 ? o.

For one of these two
points, the following rel­
ationship holds: Xl = sin
01 cos e , Y. = sin 0 sin1 1 . 1
81 , Z = cos 01' where 0
and e1 are the dip and 1

azimuth of the dip respec­
tively, of the plane of
approximation (for axial
data, Z1 ? 0). Since the
set of all such points
(X , Y , Z ) comprises
h i 1 I 1 h .t e samp e t at 1S actu-

ally analyzed, no distinc­
tion is made between the
planes approximating frac­
ture surfaces and the
fracture surfaces
themselves.

PROGRAM DESCRIPTION

Summary of Subroutines
of HYBMODE

FIGURE 2. - Representation of fracture orientations by
points on the unit sphere.

The program HYBMODE
is written in Fortran IV
and is des igned to run on a

CDC 6400 computer. It is 803 cards long. When dimensioned to handle sob data
points, 75,6008 words of memory are required to load. The main program flow
chart is provided in figure 3. The two subroutines POLARC and SPRPAG have
been adapted from another Bureau of Mines publication (3). Subroutine SORT
has been adapted from a publication of the Kansas State~eological Survey <i).

HYBMODE Main Program

Calls input and initialization routines, sorts data into patches, and
definesrandomne1S-stestfor -spherical coun~ing -cell. Clusters dense po-ints,
allocates non-dense points, and outputs results with value of objective
function

Subroutine CHANGE (M, N)

Points belonging to Mth dense point are reallocated to Nth dense point.

Subroutine ALLOe

Allocates each nondense point to the nearest dense point.



( start)

Initialize constants
and vori abIes.

Subroutine INIT

Yes

Sort data into patches.
Subroutine SORTA

Construct randomness test.
Subroutine POISSON

Compute direction cosines
of each datum.

Subroutine DIRCOS

Define dense points,
I imit one per patch.
Subroutine OPTION

Allocate nondense points
to dense points.

Subroutine ALLOC

Cluster the dense points.
Subroutine DENCLUS

FIGURE 3. - Flow chart of main program.
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Subroutine POURC

Prints "*" at the center and
at every 10° interval around the
boundary of the output graph.
Places N, E, S, W at 0°, 90°,
180°,270°, respectively, and
prints assembled page.

Subroutine SPRPAG (IX,IY,DIN,AZN)

Calculates page coordinates
(IX,IY) of a point with spherical
coordinates (l,AZN,DIN).

Funtion DIST (I, J)

Computes distance from I th

observation to J th observation.

Function DIST2 (K, .1)

Computes dis tance from Kt h

dense point toJth dense point.

Function DISTl (KK, JJ)

Computes distance from KKth

observation to JJth dense point.

Subroutine SORTA (KKL, LL3)

Sorts data into patches.

Subroutine OUTPUT

Prints contents of each
cluster and evaluates the objec­
tive function.

Subroutine INPUT

Reads input data and program
options.

Subroutine POISSON

Formulates randomness test
for spherical counting cell.
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Subroutine OPTION (KKl)

Defines dense points.

Subroutine BPLTPT (NN,K)

Loads arrays CUI, CU2 with observations belonging to NNth dense point.
There are K such points.

Subroutine PCTPLT (KKl)

Plots RLEVEL(J) at the projected (polar equal area)' midpoint of patch J.

Subroutine DIRCOS (A,D,N,SL,SM,SN)

Calculates direction cosines of points, given azlinuths of dip and dips.

Subroutine SPHRPT (X,Y,Z,D,A,R,)

Computes dip and azimuth of the dip of a point, given its (X,Y,Z)
coordinates.

Subroutine DENCLUS

Clusters the dense points.

Subroutine PLTPT (A,D,N)

Given the azimuths and dips of a set of points, plots them (polar
equal area projection).

Subroutine INIT (RADIUS)

Initializes constants and subscripted variables.

Subroutine SUMCOS

Computes (X,Y,Z) coordinates of resultant of cluster CUl, CU2.

Subroutine SORT (X,Y,N)

Sorts the N elements of X and Y into decreasing order of X.

Function DIST3(K, J)

Computes distance from the negative of the Kth point to the J th point.

Subroutine XLEVEL (KKl)

Computes density of each cell.
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Description of Output Produced by HYBMODE

The density (percent of sample) in each patch is computed and plotted
(polar equal area projection) at the projected midpoint of the patch. plots
of the sample, the dense points, and the-contents of each cluster are pro­
vided. The mean of each cluster is also computed. A summary of the above
results and the values of the objective function corresponding to the various
radii (RDlS) are also provided in the computer output.

Input Instructions

The data deck structure for program HYBMDDE is given below:

Card No.
1
2
2
2
2
2
2

3-NOBS/8=K-l

K
K+l
K+l
K+l
K+l
K+2
K+3
etc.

Columns
1-80
1-5
6-10

11-15
16-27
28-39
40-51

1-80

1-8
1-5
6-17

18-29
30-41

1-8

Contents
HED
NOBS
LANS
ISPHER
RDlS
Rl
R2

AZ (I), DIP (I)
1=1, NOBS

CONTINUE
LANS
RDIS
Rl
R2
CONTINUE
LANS
etc.

Format
BAlD

315, 3F12.5
l2F5.0

AlO

IS, 3F12.5
AID

The user may select several option lists by use of ·the CONTINUE card.

More than one data deck may be submitted at a time by assembling them in
order in which they are to be run. They need not be separated by any special
card.

All observations- must- be coded in the- form: (9, ¢) where 9 denotes azimuth
of the dip and ¢ denotes the dip. The spherical coordinates of this observa­
tion when plotted on the unit sphere are (R, 9, ¢). ~he spherical coordinate
system is presented in figure 2.
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Glossary of Frequently Used Variables

Variable name

HED .
NOBS .
ISPHER .
RDIS .
AZ(I) .
DIP (I) .
PCTSURF .

KPCUT .
NDENSE .

SLD(I), SMD(I), SND(I) ..

B(J) .

SL(K), SM(K), SN(K) .

LPATCH(K) .

KBAND(K) .
IBND(K) .
DANG(K) .........•.......

ICUT..•.................
LANS .

R1 •.......•.............

R2 •.•••••••••••••.••••.•

Definition

Heading identifying data.
Number of observations in data deck.
=1, Vectorial data; ~ 1, Axial data.
Radius of spherical counting cell.
Azimuth of dip of I th observation (degrees) ..
Dip of I th observation (degrees).
Percentage of hemispherical (ISPHER=O) or spherical

(ISPHER=l) surface contained in a spherical count­
ing cell.

Randomness test value.
Number of points whose spherical counting cells con­

tain KPCUT or more points.
The (X,Y,Z) coordinates respectiyely of the I th

dense point.
Index of the dense point to which the J th observa­
tion belongs.

(X,Y,Z) doordinates of the point whose spherical
coordinates are (1, AZ(K) , DIP(K) ).

Number of observations lying in patches 1 through
K inclusive.

Number of the band containing patch #K.
Number of patches in band #K.
Range of possible dip values for points in Kth band

is: DANG(K-L) ~ D!P < DANG(K).
Number of points with Dip> 90°.
=1 An observation is counted among those points in
sphere of radius RDIS about point Y if either the
distance from X to Y or the distance from -X to Y
is less than or equal to RDIS.
~1 An observation X is counted among those points
in sphere of radius RDIS about point Y if the
distance from X to Y is less than or equal to Y.

Radius of data plot and dense point plot. If R1 = 0,
these plots are not provided.

Rad ius of dens_ity -plat. IfR2-=o ,thisp.lot -isno.t
provided.
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PR0GRAM HYBMODEITAPE5,OUTPUT,TAPE6=OUTPUT,TAPE7)
COMMON/Bll AZ(500),OIPI500),NOBS
COMMON/B2/ NDENSE,KPCUT,IfLAGl5001
COMMON/B31 RDIS,ISPHER,lANS
COMMON/B81 SLI5CO),SMI500),SNI5001
COMMON/B211 Rl,~2

COMMON/B221 lOP
COMMON/B231 PCTSURF,ROEG
COMMON/B241 MC,VARSUM4

c*****
c***** INITAILIlE CONSTANTS AND VARIABLES
c*****

CALL HilT
99997 CALL SECONOIT1)
c*****
c***** READ INPUT DATA
c*****

CALL INPUT
c*****
c***** CONSTRUCT TEST FOR RANDOMNESS
c*****

CALL POISSON
c*****
c***** SORT DATA INTO PATCHES
c***** DETEKMINE DENSE POINTSIMAXIMUM Of ONE PER PATCHI
c*****

IFIIOPI 3000,3000,3001
3000 IF(ISPHER - 11 2,1,2

1 K1=1
K2=1
GO TO 3

? Kl=I9
1<2=40 1

3 CALL SORTAIK1,K21
IFIR2-6.0) 49,50,50

50 CAll XLEVELIK21
CAll INITRIR21
CAll PCTPlTlK21

49 IFIR11 1000,1000,999
999 CALL INITRIRII

CALL PlTPTIAZ,DIP,NOBS)
IFIICUT .GE. NOBS) GO TO 1001
CALL PLTPT1IAI,OIp,NOBS)

1001 WRITEI6,900) NOBS
900 FORMATI//1X,*UATA PLOTIPOlAR EQUAL AREA PROJECTION).*I

1 1X,*THERE ARE*,I5,lX,*PoINTS IN THE SAMPlE.*)
1000 WRITEll,902)

90? FORMATI1H1,*SUMMARY Of RESULTS*/I
1 30X,*RANDOMNESS*.3X,*NO OF*.4X,*OBJECTIVE*,2X.*TIMEISECONDS)*1
2 1X,*RDIS ISpHER LANS PcTSURF*,5X.*TEST*,5X.*CLUSTERS*.
3 3X,*FUNCTION*,4X.*RECUIREO*III)

CALL OIRCOSIAZ,DIP.NOBS,SL,SM,SNI
3001 CAll OPTIONIK21

c***** ALLOCATE EACH REMAINING POINT TO THE DENSE POINT NEAREST IT
IFINCENSE) 99997,99997.91

qlOLl ALLOC
c***** CLUSTER THE OENSE POINTS

CALL OENCLUS
c***** COMPUTE VALUE OF OBJECTIVE FUNCTION AND OUTPUT CLUSTERS

HYBMOOE
HYBMODE
HYBMOOE
HYBMOOE
HYBMOOE
HYBMOOE
HYBMOOE
HYBMODE
HYBMODE
HYBMODE
HYBMOOE
HYBMOOE
'HYB1400E
HYBMOOE
HYBMOOE
HYBMODE
HYBMODE
HYBMODE
HYBMOOE
HYBMOOE
HYBMOOE
HYBMOOE
HYBMOOE
HYBMOOE
HY8MOOE
HYBMOOE
HYBMOOE
HYBMOOE
HYBMOOE
HYBMODE
HYBMOOE
HYBMOOE
HYBMODE
HYBMOOE
HYBMODE
HYBMODE
HYBMODE
HYBHOOE
HYB1400E
HYBMOOE
HYBMOOE
HYBHODE
HyBMODE
HYBMOOE
HYBHOOE
HYBHODE
HYBMOOE
HYBHOOE
HYBMODE
HYBMOOE
HYBMOOE
HYBMOOE
HYBMOOE
HYBMOOE
HYBHOOE
H'f~~

HYBMOOE
HYBMODE
HYBMODE

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
21
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
41
48
49
50
51
52
53
54
55
~fl

51
58
59



HYBP100E
HYBMOOE
HYBMOOE
HY8MOOE
HYBMODE
HYBl'lOOE
HYBMOOE
HYBIoIOOE
HYBMOOE
HYBMOOE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHA~fGE

ALlOe
Alloe
ALloe
ALloe
Alloe
Alloe
AlLoe
ALloe
AllOt
ALloe
AlLOC
ALloe
Alloe
ALLOt
AlLOC
ALLoe
AlLoe
ALLOt
ALLOt
ALLoe
POlARC
POLAR!:
POLAR!:
POL ARC
POLARe
POL ARe
POLARe
POURe
POLARC

. POlARC
POLARe
POlARC
POLARC
POL ARC
POLARC
POLARC
POLARe
POLA,FlC_
POLARC

CALL OUTPUT
CALL SECONOlTZI
TIME=T2-T I.
WRITEi6.901J NOBS,TIME

901 FORMAT(lX,*TIME REQUIRED TO ANAlYZe*,I5,lX,*OATA POINTS*,F7.3,lX,
1 *SECONDS::<)

WRITE{7,9111 RDEG,ISPHER,LANS.PCTSURF.KPCUT,MC,VARSUM4,TIME
9il FORMATIF5.1,I5,I8,F8.2,IIO,Ill.E14.3,F10.3)

GO TO 999'31
END
SUBROUTINE CHANGE{M,NI

C***** REALLOCATE POINTS BELONGING TO DENSE POINT NUMBER M TC DENSE
C***** POINT NUMBER N

COMMON/B11 AZiSOO),OIPISOO},NOBS
COMMON/E71 BISOO}
INTEGER B
DO 1 NN=l,NOB5
IFIB(NN} .EQ. HI BINNI=N

1 CONTINUE
RETURN $ END
SUBROUTINE ALLOC

C***** ALLOCATE EACH POINT TO A DENSE POINT
COMMON/BII AI15CO},DIPIS001,NOBS
COMMON/B21 NOENSE,KPCUT,IFLAG(5001
COMMON/S7/ ElSOO)
INTEGER B
DIMENSION 0IS(500)
00 1 JJ=l.NOBS
IF {B ( J.J l) 1,5, 1

S 00 2 KK=l,NOENSE
2 OIStKK)=DISTIIJJ,KKI

DS=100.
00 3 NN=1.NDENSE
IF{OIS{NN) .GE. 051 GO TO 3

4 05=0IS(NI'0
MINDEX=NN

3 CONTINUE
BIJJ)=MINOEX

l CONTINUE
RETURN $ END
SUBROUTINE POL ARC

C POLARC * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *C DRAWS AND LABELS AXES AND CIRCLE SURROUNDING OUTPUT GR~PH. *
C PLACES AN * AT EVERY 10 DEGREES AROUND CIRCLE CIRCUMFERENCE,WITH *
C N,E,S.W AT 0.90,180,270 DEGREES RESPECTIVELY. *
C * * CALlS- SPRPAG * * * * * * * * * * *
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *COMMON/B41 NXMID,NYMID,NX,NY,XCONY,YCONV

CO~MON/B5f LPAGEf130,781
DIMENSION lOIR{41
DATA LASTER/IH*f,XINC/I0.0/,lOIR/IHN,lHS,lHE,lHWI
DATA LBLANK/IH I,Q90/90.01
NX l=NX-l
ANGL=O.O
00 ZOO 1=1, 36
CALL SPRPAG{IX,IY,Q90.ANGll

lPAGEIIX,IY)=LASTER
200 ANGL=ANG1.+1Q._

lPAGEINXMID,NYMIOI=LASTER

11

60
61
62
63
M
65
66
01
68
69

1
2
3
4
5
6
7
8
q

10
1
2
:;

"5
6
1
e
<;

10
11.
12
13
14
15
16
17
18
19
20

1
2
:;

"5
6
1
8
9

10
11
12
13
14
15
16
11
tit
19
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C LABEL N,S,E,W AT APPROPR[ATE POS[TIONS * POlARC 20
600 LPAGE(NXMID,NY I=LO[R( 11 POlA~C 21

LPAGE(NXMID,!)=LDIRI21 POLARC 22
lPAGE INX,NYMID)=lOIRI3) POLARC 23
LPAGEll,NYMI0)=LDIR(4) POlARC 24

C P~INT THE COMPLETE ASSEMBLED PAGE [MAGE,ROW BY ROW * POlARC 25
C **NOTE** THE INDEX K MUST GO BACKWARDS BECAUSE THE ASSUMED * POLARC 26
C COORDINATE ORIG[N IS AT LOWER LEFT HAND CORNER OF PAGE. * P~lARC 21

00 100 J=I,NY POLAKC 28
K=NY-J+l POlARC 79

100 WRITE(6,2000) ILPAGEII,KI,I=I,NXI POL ARC 30
2000 FORMATII2IA!) POlARC 31

00 199 Jl=l,13 POlARC 32
00 199 J2=I,121 POlARC 33

199 lPAGE(J2,JI)=lBlANK POL ARC 34
RETURN POL ARC 35
END POL ARC 36
SUBROUTINE SPRPAG(IX,[Y,DIN,AlNI SPRPAG 1

C SPRPAG * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * SPRPAG 2
C GIVEN HEMISPHERE COORDINATES IDIN,AlNl,SPRPAG RETURNS NEAREST * SPRPAG 3
C PAGE COORDINATES (IX,IYI. IF OUTSIDE PAGE,MOVES IX OR IY TO * SPRPAG 4
C CLOSEST POINT ON ECGE OF PAGE * SPRPAG 5

COMMON/B41 NXMID,NYMID,NX,NY,XCONV,YCONV SPRPAG 6
COMMON/BI21 DEGRAD,RADEG SPRPAG 7
ANGLR=AlN*DEGRAD SPRPAG 8

C THE NEXT 3 STATEMENTS PERFORM EQUAL-AREA PROJECT[ON * SPRPAG q
100 XYT=121.219S*SINIDEGRAO*OIN/2.01 SPRPAG 10

NDUM= XYT* S [N( ANGLR I*XCONV+O. 5 SPRPAG 11
JOUM=XYT*COSIANGLRI*YCONV +0.5 SPRPAG 12

ZOO IX=NXMIO+NDUM SPRPAG 13
C BRING X INDEX IN RANGE [F IT IS OUTSIDE. * SPRPAG 14

IF(IX.LT.ll IX=l SPRPAG 15
IFIIX.GT.NX) IX=NX SPRPAG 16
IY-NYMID+JDUM SPRPAG 11

C BR[NG Y INDEX IN RANGE IF IT IS OUTSIDE. * SPRPAG IS
IFIIY.LT.ll IY=1 SPRPAG 19
IFlIY.GT.NYI [V-NY SPRPAG 20
RETURN SPRPAG 21
END SPRPAG 22
FUNCTION CIST([,JI OIST 1

C***** OIST = DISTANCE FROM PT NUMB~R [ TO PT NUMBER J OIST 2
COMMON/BB! S1I500J,SM(500I,SN(500) r[ST 3
D[ST=ISUII-SLIJJJ**2 + (SMIII-SMIJlI**2 + ISN(l)-SN(JIl**2 OIST 4
RETURN SEND DIST 5
FUNCTION DIST2IK,J) DIST2 1

C.**** DIST2 = DISTANCE FROM DENSE pOINT NUMBER K TO DENSE PCINT 0lST2 2
C*.**. NUMBER J 0[ST2 3

COMMON!B6! SLDI500',SMDI5COI,SNOI5001 0lST2 4
DIST2=ISLDIKI-SLDIJII**2+(SMD(KI-$MDIJI)**2+(SND(KI-SNCIJ))**2 DIST2 5
RETURN $ END nlST2 6
FUNCTION nISTltKK,JJ) OISTI 1

C*u** OISTl :-OJSTAN€EFROMPOI-NTNU*BER-KKTQ DENSE-POINTl\I:J~BER DiSH 2
C***** JJ O[STI 3

COMMON/B6/ SlO(SOOl,SMO(SOOltSNO(SOO) DISTl 4
COMMON/BSI SLlSOOI,SM(SOO),SNI500) O[SH 5
OIST1=(SLlKKI-SLD(JJ)I**2+(SMIKKI-SMDIJJlh*2+ISN(KKI-$ND(JJI )**7 DISTl 6
RETURN $ END DIST1 7
SUBROUTINE SORTAlKK1,LL31 SORTA !

c*.**. SORTS DATA INTO PATCHES. IPATCHIJl IS THE LARGEST [NDEX I SORTA 2



C***** SUCH THAT IAlll,OIIII IS IN PATCH NUMBER J. IF PATCH NUMBER
C***** J IS EMPTY, IPATCHIJI = IPATCHIJ-1'. IF(ISPHER = 1, THEN
C***** KKl=lL3=1. IF ISPHER NE I, K~1=19, lL3=401. AND
C***** BANOS 19 THROUGH 36 AND CELLS 401 THROUGH 800 CONTAIN ALL
C***** THE CATA. IF ISPHER = 1 THEN THERE ARE DATA POINTS WITH
C***** DIP GREATER THAN 90 DEGREES IN WHICH CASE BANDS 1 THRCUGH
C***** 19 AND PATCHES 1 THROUGH 400 CONTAIN DATA ALSO.

COMMONtB11 A(50Q),OI5001,NOBS .
COMMON/B91 IPATCHlBOOI.KBANOISOOI
COMMON/BIll IBNC(361
COMMO~/BI61 OANG(37)
DATA- N8/361
REAL KANG
00 q 1=1,800

9 IPATCH{[)=O

C***** ARRANGE DATA IN DECREASING ORDER OF DIP

N08S1=NOBS-l
CALL SORf(O,A,NOBSI

C

C***** ARRANGE THE POINTS IN EACH BAND IN INCREASiNG ORDER OF AZIMUTH

M=1
DO 93 L=l<Kl,NB
IFlM .EQ. NOBSI GO TO 8888

94 CONTINUE
00 92 J=M,NOBS1
Jl=J+l
IFlO(JI .GE. OAN~{L+lll GO TO 8884

888'5 M=J
GO TO <n

8884 00 90 K=Jl,N08S
IFID(Kl .GE. OANG(L+lll GO TO 8886

8887 M=J+l
GO TO 94

8886 IFIAtJI-A(KII 90,90#91
91 TMP=,(\{JI

AfJ)=AII()
AI KI=TMP
TMP=OtJ)
D(J)=OOO
ot K)=Ti"lP

90 CONTINUE
"="'+1

92 CONTINUE
93 CG'ljfINUE

8888 Ca~TINUE

C*****CETERMINE WHICH PATCHES CONTAIN DATA

II=Ll3-1
LP=O
KK=O
IOP=l
00 87 J=KKl,NB
II=II+KK
IBJ=IBNDtJI

SORTA
SORTA
SORTA·
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORrA
SORTA
SORTA
SORTA
SORTA
SORIA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORiA
SORTA
SORTA
SORTA
SORTA
SORTA
saRTA
SORIA
SORTA
SORU
SORTA
SORTA
SORTA
SORTA
SORTA
S_ORT_A
SORTA
SORTA
SaRTI.
SORTA
SORTA
SORiA

13

3
4
5
6
7

·8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
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00 81 K=I,IBJ
IFILP .EQ. NOBS) GO TO 88
KK=K
KANG:flOATtK)*360./FlOATIIBNOlJ))
IFIK .EQ.IBNDIJ)) KANG=360.S
00 86 L=IOP,NOBS
IFlAtL) .GT. KANG .OR. Otl) .IT. DANGtJ+11) GO TO 79
LP=LP+l
IFILP .NE. NOBSI GO TO 86

19 IPATCHtII+K)=LP
I OP=L P+l
L= II+K+1
GO TO 81

86 CONTI NUE
B7 CONTINUE

88 IFCL .EQ. 801) RETURN
DO 89 J=l,800

89 IPATCHtJ)=NOBS
RETURN $ END
SU8ROUTINE OUTPUT

C**···
C••••• PRINTS CONTENTS OF CLUSTERS AND EVALUATES OBJECTIVE FUNCTION

C·····COMMON/B2/ NDENSE.KPCUT,IFLAG(500)
COMMON/B31 RDIS,ISPHER,LANS
COMMON/BUI KOU
COMMON/8141 CUl(,00l,CU2IS00)
COMMON/BISI SLlISOO),SMMtSOO),SNN(5001
COMMON/B19/ SX,SV,SZ
COMMON/B21/ RI,R2
COMMON/B231 PCTSURF,RDEG
COMMON/B241 MC.VARSUM4
COMMON/B2b/ ICUT
DIMENSION CGX(SOI,CGYI50),CGZtsO)
DATA IPLUS1IH+/
MC=O
VAR=O.O
VARA=O.O
WR ITt: t 6,90 1)

907 FORMATtlHl,.OUTpUT OF CLUSTERS, CLUSTER MEANS.)
DO 30 MJ=I,NDENSE
IFtIFLAGCMJ) .NE. MJ) GO TO 30
VARl=O.O
MC=MC+l
IF(MC-lI 1001.1000,1001

1000 WRITEl6,908) MC
908 FORMATtl'. CLUSTER NUMBER.,I51111

GO TO 1002
1001 WRITEI6,910) MC

910 fORMATtlH1.CLUSTER NUMBER.,IS///)
1002 CONTINUE

C••••• PUT POINTS BELONGING TO DENSE POINT NUMBER MJ INTO ARRAYS
C••*.* CUI AND Cu2tAZIMUTH OF DIP AND DIP RESPECTIVELY). KOU IS
C••••• RETU~NED TO THE CALLING PROGRAM AND IS THE NUMBER Of SUCH
CU••• POINTS.

CAll 8PlTPTtMJ,KOU)
XKCU=fLOAlfKOU)
WRITE(6,900) CKK,CUIIKK),CU2tKK),KK=1,KOU)

geo FORMAT15X,*NUM*,5X.*AZIMUTH .,*INCllNATION*,/CI8,2f12.2»

SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORT A
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORrA
SORTA
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT

, OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTpUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
GtH-Pur
OUTpUT
OUTPUT

62
63
64
65
66
61
68
6q
10
71
72
13
14
15
16
77
18
79
80

1
2
3
4
S
6
7
8
9

10
11
12
13
14
15
16
11
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
H
34
35
36
31

-38
39
40
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C***** COMPUTE OIRECTlON COSINES OUTPUT 41
61 CALL OIRCOSICUl,CU2,KOU,Sll,SMM,SNNI OUTPUT 42

c***** CALCULATE RESULTANT BY ADDING THE DIRECTION COSINES OUTPUT 43
CALL SUMCOS OUTPUT 44

C***** DETERMINE SPHERICAL COORDINATES FOR RESULTANT AND MEAN OUTPUT 45
CAll SPHRPT(SX,SY,SI,OP,AT,RI OUTPUT 46
h'RIfE(6,481 AT,OP OUTPUT ~7

48 FORMATfllllX,*MEAN*/IX,*AIIMUTH*,F7.2,IX,*DEG*/lX,*INCLINATION*, OUTPUT 48
I F7.2,lX,*DEG*1 OUTPUT 49
WRlTE(6.9061 R,SX,SY,SZ OUTPUT 50

906 FORMAT(/IX,*RESUlTANT AND ITS COMPONENTS - R.SX,Sy,SI.wl 4FIZ.51 OUTPUT 51
SUM2=O.O OUTPUT 52
ALl=CGXIMC)=SX/XKOU OUTPUT 53
A~n=CGYIMCI=SY/XKOU OUTPUT 54
ANl.=CGlIMCI=SZlXKOU OUTPUT 55
WI< IrE {6, 9111 All, AM 1, AN 1 OUTPUT 56

911 FORMATIIIIX,*CENTER OF GRAVITY - (X,Y,l) COORDINATES*I OUTPUT 57
1 3FIO.41 OUTPUT 58

DO 10 lJ=I,KOU OUTPUT 59
DIS=(SQRTI(ALl-SLlILJII**Z + (AMI-SMMllJI'**2 + (ANI-SNNllJIJ**ZI'OUTPUT 60

1#*2 OUTPUT 61
SUM2=SUM2+0IS OUTPUT 62

10 CONTINUE OUTPUT 63
IIARA=VARA+SUM2 OUTPUT 64
IFIRl) 31,31,20C1 OUTPUT 65

ZOOI CALL PLTPHCU1.CU2,KOUI OUTPUT 66
IF! ICUT .GE. KOU) Gn TO 31 OUTPUT 67
IFI ICUT I 2002, Z002. 2003 OUTPUT 68

2003 WRHEI6,91Z1 MC,KOIJ,ROEG OUTPUT 69
2002 CALL PLTPTIICUl,CU2,KOUI OUTPUT 70

31 WRlTEI6,9IZI MC,KOU,RDEG OUTPUT 71
30 CONTINUE OUTPUT 72

VARSUM2=0.O OUTPUT 73
91Z FORMATIIIIX.*CLUSTER NO.*.I5.1X, OUTPUT 74

1 *CONTAINS*,I5.1X,*POINTS.*/IX, OUTPUT 75
2 *FOR THIS ANALYSIS. ROIS =*.F7.21 OUTPUT 76

VARSUM2=0.0 OUTPUT 77
IFIMC .EQ. 11 GO TO 50 OUTPUT 78
MC1=MC-1 OUTPUT 79
DO 40 LJ= 1. Me 1 OUTPUT 80
LJl=lJ+1 OUTPUT 81
DC 40 MJ=LJl.MC OUTPUT 82_
DIS=(CGX(lJI-CGXIMJ)I**Z + (CGYIlJI-CGYIMJII**Z + OUTPUT 83

1 I CGII L J I-CGlC MJ I I **z OUTPUT 84
VARSUM2=VARSUM2+DIS OUTPUT 85

40 CONTINUE OUTPUT 86
50 VARSUM4=VARSUM2+VARA OUTPUT 87

WR HE{6.90S1 IIARSUM4 OUTPUT 88
905 FORMATIIIIX.*OBJECTIVE FUNCTION =*.F12.31 OUTPUT 89

RETURN $ END OUTPUT 90
SUBROUTINE INPUT INPUT 1

c***** READ INPUT DATA INPUT 2
COMMON/Bll AZ(SOOI,OIPI50CI.NOBS INPUT 3
COMMON/S31 RDIS,ISPHER,lANS INPUT 4
COMMON/BZll Rl,R2 INPUT 5
COMMON/SZ2I lOP INPUT 6
DIMENSION HEDlal INPUT 7
READIS.9001 HEO INPUT 8

900 FCRMATI8AIO) INPUT 9
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IF(EOf,5) 1000,1001
1001 LL=l

IFlHEO(I) .EQ. 10HCONTINUE I LL=2
GO TO (1002,100C),LL

7002 REAOl5,906) NOBS,LANS,lSPHER,ROIS,Rl,R2
1 ,(AZ (11, DIPl l),I=l,NOBS)

906 FORMAT(315,3FI2.5/(12F5.0))
WRITEl6,907) HEO,NOBS,LANS,ISPHER,ROIS,Rl,R2

1,(AZlU,OIPlIhl=l,NOBS)
901 FORMAT(IHl/8AI011

I lX,*NOBS =*.151/
2 lX.*LANS ;*.151/
3 lX.*ISPHER =*.15//
4 IX.*RDIS =*.F6.111
5 lX,*RADIUS OF POI~T PLOT =*.F6.111
6 lX.*RAOIUS OF DENSITy PLOT =*.F6.1/1
1 IX.*AlIMUTH OF THE DIP AND DIP OF THE DATA POINTS*II
8 C12F5.0))

IOP=O
RETURN

7000 READl5,908) LANS.ROIS
908 FORMATCI5,F12.5)

WRITEl6.909) LANS.RDIS
909 FORMATCIHI.*FOR NEXT ANALVSIS OF SAMPLE*I

1 lX.*LANS =*.151/
2 IX,*ROIS =*,F6.1//)

CALL INlT l(lt.O)

10P=1
GO TO 1002

1000 STOP
1002 CONTINUE

RETURN SEND
SUBROUTINE POiSSON

C.**** CONSTRUCT TEST FOR RANDOMNESS - SPHERICAL COUNTING CELL MUST
C***** CONTAIN AT LEAST KPCUT POINTS FOR A SIGNIFICANTC9S)
C*••** CONCENTRATION TO BE PRESENT

COMMON/Bll AZ(500).DIPCSOO).NOBS
COMMON/B21 NOENSE,KPCUT.IFLAGlSOO)
COMMON/B31 RDIS,lSPHER.lANS
COMMON/BI21 OEGRAD,RAOEG
COMMON/B23/ P,RDEG
ROEG=ROIS*OEGRAO
FN=FLOAH NOBS)
PCTSURF=I.o-COS(RDEGI
IFCISPHER .eQ. 1) PCTSURf=O.5*PCTSURF
A=FN*PCTSURF
P"'lOO.O*PCTSURf
WRITE(6.910) ROIS.P

910 fORMATlIX.*FOR ROIS =*.F6.2,lx,*PERCENTAGE OF SURFACE AREA IS*.
1 F6.2l

ROIS=4.0*CSINCROEG/2.0ll**2
ROEG=RDEG*RADEG
EfAC=EXP(-A)
SUM=EFAC
FAC=l.O
DC 816 N=l,-lOo-O
FIN=N
FAC=fAC*A/FIN
PR08=EFAC*fAC

INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
POISSON
POISSON
pOISSON
POISSON
POISSON
POISSON
POISSON
POISSON
Pl1I SSON
POISSON
POISSON
POISSON
POISSON
POISSON
POISSON
POISSON
POISSON
POISSON
POISSON
POISSON
POI SSON
POISSON
POISSON
POISSO_N
POISSON
POISSON
POISSON

10
11
12
13
14
15
16
11
18
19
20
t'l
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
21



SUM=SUM+PRCB
TEST= l.O-SUM
IFITEST - 0.05) 815,876,816

816 CONTlNUE
815 KPCUT=FlN

WRITE(6,90l) KPCUT,ROIS
qCl FGRMATllX,*A POiNT X IS DENSE IF THERE ARE*,15,lX,*08SERVATIONS*1

1 * WHOSE EUClICEAN DISTANCE FROM X IS LESS THAN*,EI0.2,*.*1
2)

RETURN
END
SUBROUTINE OPTICNIKKl)

C***'. BGINNING WITH PATCH NUMBER KKI. EXAMINE EACH POINT TO SEE
C•••** IF IT IS DENSE

CCMMON/Bll AZ(5CO),OIPISOO),Noes
COMMON/BU NOENSE,KPCUT, IFUG(500)
COMMON/B31 ROIS,ISPHER.LANS
COMMON/B61 SlOISOO),SMOI5CQ).SNOISOO)
COMMON/B71 BISOC)
COMMON/BSI SlISOO),SMI500),SNISOO)
CO~MON/B91 LPATCHI800~,KBANO(800)

ceHMeN/Blll IBNOI]6)
COMMON/BI21 OEGRAO,RAOEG
COMMON/B14/ CUl(SOO),CU2(5001
COMMON/B211 Rl,R2
CCM~ON/B26/ Icur
INTEGER B
OHA IPlUSIlH+/
KQUNI:1
I<S=1
LANS1=LANS-l
IPRE=O
DC 10 KK=KKl,8CC
Nl =lPA TCH (KK)
IFINl - IPRE) 104,104,100

100 DO 11 JJ=KS.~l

ISUM=O
DO 12 M"':I,NOBS
FD=O IS f( JJ, "'."'1
IFllANS 1) 7,9,7

9 FDl:CIST3(JJ,MM)
IFlFDI-ROIS) 6,6,7

7 IFCFD-ROrS) 6,6,12
6 ISUM=ISUlhl

IFliSU~-KPCUT)12.8,A

8 CONHNUE
c***** IF PATCH NUMBER kK CONTAINS A DENSE POINT, STORE THE
c***** OiRECTION COSINES OF THE POINT IN (SLO,SMD,SNDI

SlO(KOUNT)=SLIJJ)
SMD(KOUNT)=SM(JJ)
SNn(KOUNT~=SNIJJ)

CUl(KOUNT):AZIJJ)
CU2CKOUNT)=OIPtJJ)

c*.*** ALLOCATE ALL OTHER PotNTSIN THE PATCH TO THE DENSE peINT
oc 1001 JM:KS,Nl

1001 BIJM}=KCUNT
KCUNT=KOUNT+l
GO TO 104

12 cmUINUE

POISSON
POISSON
POISSON
POISSON
POISSON
POISSON
POISSON
POISSON
POISSON
POISSON
POISSON
OPTiON
OPTION
OPHON
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
(JPTlON
OPTrOi\l
OPTION
OPTION
OPTION
OPTION
OPTiUN
OPTION
OPTION
OPTION
OPTION
OPTION
OHION
OPTION
OPTION
OPTION
OPTION
m'flON
OPTION
OPTION
OPTION
OPTlOl'J
OPTION
OPTION
OPTION
OPTION
OPTiON
OPTION
OPTIO?!
OPflON
OPTION
OPTION
OPTiON
OPHON
OPtfON
OPTION
OPTION

17

28
'2Q
30
31
32
33
34
3'5
36
31
38

1
2
3
0\
S

"1
13
9

10
11
12
13
14
IS
16
11
18
19
20
21
22
23
24
25
26
21
28
29
30
31
32
33
34
3S
36
31
38
39
0\0
Itl
42
43
44
4S
46
47
413
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11 CONTI NUE
104 CONTINUE

KS=lPATCHIKK)+l
IPRE=N 1

10 CONTINUE
NCENS E=KOUNT-l
IFINDENSE) 90.90,91

C•••** NDENSE [S THE NUMBER OF DENSE POINTS
91 IFIRII 90.90,1999

199q CALL PLTPTtCU1.CU2,NDENSE)
IFtlCUT .GE. NDENSE) GO TO 90
[Ft[CUT) 92.92.93

93 WR[TEt6,900) NDENSE
92 CALL PLTPTIICUI.CU2.NOENSE)
90 WRITEt6,9COI NDENSE

900 FQRMATI//IX.*THERE ARE*.15.1X.*OENSE POINTS.*)
RETURN SEND '
SUBROUTINE BPlTPTINN.K)

C•••** POINTS BELONG[NG TO DENSE POINT NN ARE PUT INTC ARRAYS CUI
COMMON/Bl/ AZI5CO),OIPISOCl.NOBS
COMMON/B7/ BI5CO)
COMMON/BI4/ CUlISOOl.CU2IS0cl
INTEGER B
MM=NN
KOUNT=1
DO 3 M=I,NOBS
IF(BIMI-MMI 3,4.3

4 CUIIKOUNT)=AZIM)
CU2(KOUNT)=OlPIMI
KOUNT=KOUNT+l

3 CONTINUE
K=KOUNT-l
RETURN
END
SUBROUTINE PCT-PLTIKKl)

C•••** PLOTS RlEVElIJ)IOENSITY OF PATCH J. I.E., PER CENT OF TOTAL
C•••** CONTAINED IN PATCH J) AT THE PROJECTED M[OPO[NT OF PATCH
c*.*** NUMBER JIPOLAR EQUAL AREA PROJECTIONI.

COMMON/B5/ lPAGEI130,78)
COMMON/B9/ lPATCH(800).KBAND(BOO)
COMMON/BIC/ POS(800)
COMMON/all/ IBNDI361
COMMON/B161 OANGI371
COMMeN/B201 RlEVEll8001
COMMON/B211 RI,~2

DIMENSION NUMIII01.NUMII01
INTEGER 0
WR ITEI 6,9a5 )

90a; FORMA TIlH 11
DATA NUMI/IH .IHl.1H2.1H3.1H4.1HS.lH6.1H7,lH8,IH9/,

I NUM/IHO,IHI,IH2,lH3.IH4.1HS.iH6,IH1,IH8,lH9/,LOOT/IH.1
WRlTEI6,900)

900 FORMATIIHQ.*DENSITY PLOT - lOWER AND UPPER HEMISPHERES./I)
DO 1 J=KKI,800
IBJ=KBANOIJI
AZN=tPOSIJ)-0.5)*360./FLOATIIBNOIIBJ))
~~H;:~eJ 'H. I

DIN=IDANGIIBJI+DANGIIBJ11)/2.
IFIOIN .GT. 90.C) DIN:IBO.O-DIN

OPTION
OPTION
OPT I ON
OPTION
OPTION
OPT I ON
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
OPT ION
BPlTPT

CU2 BPl TPT
BPLTPT
"PLTPT
BPlTPT
BPlTPT
RPl TPT
BPLTPT
8PLTPT
BPl TPT
BPl TPT
f\PLTPT
BPlTPT
8PlTPT
BPlTPT
8PLTPT
BPLTPT
PCTpLT

SI\MPLPCTPLT
PCTPlT
PCTPlT
PCTPlT
PCTPLT
PCTPlT
PCTPLT
PCTPLT
PCTPlT
PCTPLT
PCTPLT
PCTPLT
PCTPl1
PCTPlT
PCTPl T
PCTPLT
PCTPLT
PCTPlT
PCTPLT
PCTPlT
PCTPlT
~crp{. r
PCTPLT
PCTpLT

4q
so
51
52
53
54
55
56
') 7 .
58
59
60
61
62
63
64
65

1
2
3
4
5
6
7
1\
q

10
11
12
13
14
15
16
17

1
2
3
4
5
6
7
8
q

10
11
12
13
14
IS
16
17
18
19
20
?l
22
23
24
25



CAll SPRPAGlIX,IY,OIN,AlNI
IF{DIN .LT. 81.01 GO TO 3033
IF{AlN .LT. 180.1 IX=IX-Z
IF{AlN .GT. 180.1 IX=IX+2

3033 CO"lHNUE
IF{J .EQ. 1 .OR. J .EQ. 800) IY=IY-l
K=RLEVELCJI*10CCO.+5.
M=K/IOOO
N=IK-{M*lOOOll/lOO
C=IK-~*lOOO-N*1001/10

LPAGEIIX-2,IYJ=NUMIIM+11
LPAGEIIX-1,IY)=NUM(N+ll _
IF~M .EQ. 0) lPAGE(IX-l,IYl=NUMlIN~11
LPAGE{IX,IYl=lLGT
LPAGE( 1)(+1, IYJ=NUfHO+ll
IFIN .EQ. 0 .ANe. N .EO. C .AND. a .EO. 0) GO TO 2
GO TO S

Z LPAGE{!X-Z,IYl=NUMlfll
LPAGE{IX-l,IY}=NUMl(ll
LPAGEIIX+l,IYI=NUMlllJ

5 IF(J .NE. 400 .AND. J .NE. BOOI GO TO 1
[F{J .EQ.8001 GO TO b
WRHEl6,9011

901 FCRMATCIX,*lOWER HEMISPHERE*//)
CALL POlARC
GC TO 7

6 WRlTEl6,9G21-
90Z FCR~ATIIX,*UPPER HEMISPHERE*II)

CALL POlARC
7 WRITE16,903)

903 FORMA Tt IHR)
WRITEI6,9CSI
WI< HE 16,9041

Q04 FCRMArllHQl
1 CO"lHNUE

WRIff (6,903)
RETURN
ENe
SUBROUTINE OIRCCSIA,O,N,SL,SM,SNI

c***** GIVEN THE SPHERICAL COORDINATES {l,A(II,OfII,I=l,Nl,
c***** RETURN THE CORRESPONDING {X,Y,ZI COORDINATES (SLIII,SMf[I,
c***** SNIII.I=l,Nl

COMMON/BIZI OEGHAC,RAOEG
DIMENSION ACNI,D{Nl,SLfNI,SMfNJ,SNIN)
00 1 JJ=I,N
O[]=D{JJ)*CEGRAD
AA=AfJJI*OEGRAD
SL(JJ)=SIN{CDI-COS{AAI
S~{JJI=SINIOO)*SIN(AAl

SNIJJ)=COS{OO)
1 CG'lTINUE

RETURN
END
SUBROUTINE SPHRPTfX,Y,l,O,A,RI .

c***** GIVEN THE (X,Y,11 COORDINATES OF A POINT, RETURN tTS
c***** SPHERICAL COORDINATES (R.D,AI

COMMeN/BIZI OEGHAD,RADEG
OMA PI 2!6. 2S3!85.JO 7l7'358M-769/
R=SQRTIX*X + y*y + l*ll
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PCTPLT 26
PCTPLT 27
pcrl'lLT 28
PCTPLT 29
PCTPLT 30
PCTPLT 31
PCTPLT 32
PCTPl T 33
PCTPlT 34
PCTPLT 35
PCTPlT 36
PCTPlT 37
PCTPLT 38
PCTPLT 39
PCTPlT 40
peTPU 41
PCTPLT 42
PCTPLT 43
PCTPLT 44
PCTPLT 45
PCTPlT 46
PCTPlT 47
PCTPLT 48
PCTPLT 49
PCTPLT 50
PCTPLT 51
PCTPLT 52
PCTPLT 53
PCTPlT 54
PCTPLT 55
PCTPLT 56
PCTPlT 57
PCTPLT 58
PCTPLT 59
PCTPlT 60
PCTPU 61
PCTPLT 62
PCTPlT 63
DIRCOS 1
DIRCOS 2
OIRCOS 3
OIRCOS 4
OIRCOS 5
OIRCOS 6
OIRCOS 7
DIRCOS 8
DIRCOS 9
01Reos 10
DIRCOS 11
OIRCOS 12
DIRCOS 13
OIRCaS 14
OIRCOS 15
SPHRPT 1
SPHRPT 2
SPHRPT 3
SPHRPT 4
SPHRPT 5
SPHRPT 6
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IFIX .EQ. 0.0 .AND. Y .EO. 0.0) GO TO 9395
IFIY) 9397,9396,9397

9391 IFIX) 9398,9393,9398
9398 A=ATAN2IY,XI

IFIA .LT. 0.01 A=A+PI2
A= lI*RADEG
GO TO 9394

9395 D=A=O.O
RETUKN

9396 A=4BSIIXIABSIX)-1.01*90.01
GO TO 9394

9393 A=ABSltY/ABStY)-2.01*90.0)
9394 D=ACOSllIRI*RADEG

REfURN
END
SUBROUTINE DENCLUS

C**.** CLUSTER THE DENSE POINTS AS FOLLOWS - TWO DENSE POINTS
C***** BELONG TO THE SAME CLUSTER IF THE DISTANCE BETWEEN THE~

C***** IS lESS THAN KCIS DEGREES
CoMMON/B2/ NOENSE,KPCUT,IFlAGt5001
COMMON/B3/ ROIS,IS?HER,lANS
NDENS El=NDENSE-l
DC 6 K=l,NDENSEl
Kl=K+l
DO 6 J=Kl,NDENSE
FO=DIST2IK,JI

3Cl IFIFD .GE. ROIS .OR. IFlAGIKI .EQ. IFlAGIJ)1 GO TO 6
CALL CHANGEIIFlAGIJ),IFlAGIK))
DC 7 NN=I,NOENSE
IFllflAGINNI .EQ. IflAGIJI) IFLAGINNI=IFlAGIK)

7 CONTINUE
6 CONTINUE

RETURN
END
SUBROUTINE PlTPTIA.O,N)

C*.*•• PLOT THE ARRAY IAII).OII).I=I.NI IPOLAR EQUAL AREA
C*•••* PROJECTION

CCMMON/B51 LPAGE(13C,78)
COMMON/826/ ICUT
DIMENSION A(N),OINI
DATA IPlUSIlH+1
ICUT=O
DO 777 KK=I,N
IFIOIKKI - 90.0) 778,778,176

776 DI80=180.0-0(KK)
CALL SPRPAGIIX.IY,0180,AIKK)
lPAGEIIX,IY)=IH+
ICUT=KK

777 CONTI NUE
718 IFIICUT .EO. 01 GO TO 783

WRITEI6,781)
781 FORMATIIH1,.lOkER HEMISPHERE*I/I

-eM--\. POtARC
783 RETURN

ENTRY PLTPTl
780 lCUT1=ICUT+l

00 779 KK=ICUTl,N
CAll SPRPAGIIX.IY,O(KKI,AIKK)I

179 lPAGECIX,IY!=IH+

SPHRPf 7
SpHRPT 8
SPHRPT q

SPHRPT 10
SPHRPT 11
SPHRPT 17.
SPHRPT 13
SPHRPf 14
SPHRpf 15
SPHRPr 16
SPHRPT 11
SpHR!'T 18
SPHRPT 19
SPHRPT 20
SPHRPT n
OENCLlIS 1
DENClUS 2
OENClUS 1
DENClUS 4
DENClUS 5
OHIClUS 6
DENClUS 7
DENClUS 8
DENClUS 9
DENClUS 10
DENClUS 11
DENClUS 12
OENClUS n
DENClUS 14
DENClUS 15
DENCluS 16
DENClUS 17
OENCLUS 18
DENClUS 19
PlTPT 1
plIPT 2
PlTPf 3
PlTPT 4
PlTPT 5
PLTPf 6
PllPT 7
PLTPT 8
PlTPT 9
PL TPr 10
PLTPT 11
PLTPT 12
PlTPT 13
PLTPf 14
PL TPT 15
PlTPT 16
Pl TPT 17
Pl TPT 18
~k-~T 19
PlTPT 20
Pl TPf 21
PlTvT 22
PlfPT 23
PLTPf 24
Pl TilT 25



WR HE( 6, 7821
782 FCRMATIIH1,*UPPER HEMISPHERE*111

CAll POtARC
RETURN
END
SUBROUTINE INITIRADIUS)

C***** INITIALIZE CONSTANTS AND VARIABLES
CCMMeN/Bll AZ(SCO),OIPISOO),NOBS
COMMON/a2/ NDENSE,KPCUT,IFLAG(5001
COMMON/B4! NXMIC,NYMID,NX,NY,XCONV,YCONV
COMMON/B7/ 8(SOOI
CCMMCN/B9/ LPATCH(800),KBANOI800)
CCMMON/BIOI poStaCO)
CO~MON/8111 IBNCl361
CCMMON/BIZI DEGRAD,RADEG
COMMON/B161 DANG(37)
DATA 090/90.01
DATADEGR6D/O.0174532925/,RAOEG/S7.29577951311
DATA DANG/180.0,17~.9.171.9,164.8,160.1,154.2,149.3,

1 144.1,139.S,134.0,12~.I,124.1,119.3,l14.5,l09.9,lOS.l,
2 100.4,95.2,90.0,84.8,79.6,74.9,70.1,65.5,60.7,55.9,
3 50.9,46.0,40.5,35.9,30.7,25.8,19.9,15.2,8.1,4.1,0.0/,
4 [BNC/1,3,10,lO,16,i6,20,20,26.26,28,28,30,30,32,32,
5 36,36,36,36,32,32,30,30,28,28,26,76,20,20,16,16,
6 10.10,3,1/,
7 KBANC/l,3*2,10*3,lO*4,16*S,16*6.20*7,20*8,26*9,26*10,
8 28*11,28*12,30*13,30*14,32*15,32*16,36*17,36*18,36*19,
9 36*20,32*21,32*22,30*23,30*24,28*25,28*26,26*27,26*28,
1 20*29,20*30,16*31,16*32,10*33,10*34,3*35,1*361

INTEGER B
M=Q
DC 3 J-=!,36
IBJ=lBNCIJI
DC 4 K=l. [BJ
101=1'1+1
PGSIMI=K

4 CC'HINUE
3 CCf>.JTINUE

ENHH INI rr
00 I J= 1, NOBS

1 B(JI=O
00 2 J=l,500

2 IFLAG (J I=J
RETURN
ENTRY INITR
IFIRADIUS .lE. C.CI RETURN
XP INC H= 10.0
YPINCH=6.0
NT=RADIUS*XPINCh+O.5
NX=Z*NT+1
NT=RAOIUS*YPINCH+O.5
NY=2*NT+l
NX1=NX-l
NY l=NY-l
NYMfO=NY/2+1
NXM10 -='11 X12+1
NXMIDl.=NXMIC-l
NYM ID l:NYM 10-1
XCCN=Q90fNXMID1

PlTPT
PLTPT
PLTPT
PLTPT
PLTPT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INn
INIT
INIT
INn
HHT
INn
INH
HUT
INn
INIT
INIT
INIf
INIT
INIT
INIT
UHT
HilT
HIlT
INIT
INIT
INIT
INIT
INIT
INH
INn'
INIT
INH
INIT
INIT
nHT
I!NIT
IN IT
INIT
INIT
HIlT
nUT
HHT
INH
HHT
[NIT
INIT
INIT
fNfr
HUT

21

26
27
28
29
30
. 1

2
31
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
315
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
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XCONV=l.O/XCON
YCO"l=QCJC/NYMIOl
YCCNV=I.0/YCON
RETUR:~

END
SUBROUTINE SUMCOS

C***** CO~PUTE IX.Y.ll COORDINATES or RESULTANT OF CLUSTER CLI.CU2
COMMON/BI31 KOU
COMMON/BI~I SLLI5001,$MMI5001.SN~15001

COMMON/BI91 SX.SY.Sl
SX=SY=Sl=O.C
DO 1 K= 1. KOU
SX=SX +Sll I K I
SY=SY+SMMIKI
Sl=SZ+SNNIKI

1 CO\JTINUE
RETURN
END
SUBROUTINE SORTIX.Y,NI

C seRT THE N ELEMENTS OF X AND Y IN DESCENDING ORDE~ OF x
DI~ENSION XINI,YINI.LTIZOI.UTI201
J=N
1= 1
M= 1

5 IF(J-I-II85.85,10
10 IP=II+JI/2

T=)«((PI
XII,PI=XIII
YTo:Y( (PI
YI IPI=Y( 1 I
IQ=J
K=I+l

15 IFIK-IQI 25.25,65
25 IFIX(KI-TI40.55.55
40 IFIXIIOI-TI60.6C.50
50 P=XIK)

XIKI=X(IQI
XIIQlo:P
YP=YIKI
YIKI=Y{fQI
YIIQI=YP
IQ= IQ-I

55 K=K+I
GO TO 15

60 IQ=IQ-l
IF I IQ-K 16'5,40,4C

65 Xlll=XIIQI
XIIQI=T
YIII=YIIQI
Y(IQI=YT
IFI2*IC-I-JI75.75.70

70 LTIMI=1
.UT CMT=I Q-l
1= 10+ 1
GO TO 80

75 LTIMI=IQ+l
UTlMI=J
J=IQ-l

so M=M+l

INIT
INIT
INIT
INIT
INIT
SlJMCOS
SUMCOS
SUMCOS
SUMCOS
SUMCOS
SUMCOS
SUM COS
SUMCO$
SUMCO$
SUMCOS
SUMCOS
SUMCOS
SUMCOS
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SOln
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT

55
56
57
58
<,9

1
2
1
4
5
6
7
8
9

10
11
12
13

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41



GO TG 5
e5 IFl [-J)95, 110.110
<;5 IFlXlll-XIJIHC5.110,l10

le5 P",Xl [I
XII)=XIJI
XIJ)"'P
YP=Yll)
YIIl=YIJI
YlJ)=YP

110 IFIM-1112C,12C.115
115 M=M-l

I-=LTlMl
J=UT( Ml
GC TO 5

120 RETURN
END
FUNCTION OI$T3II,JI

c***** CISf3 = DISTANCE FROM POINT NUMBER I TO THE NEGATrVE CF POINT
c***** NUMS ER J.

COMMON/B81 SLlSOOI.SMISOCI.SNI5001
OIST3=ISl(rl+SLlJII**2+(SM(rl+SMIJII**2+ISNIII+SNIJII**2
RETURN
END
SUBROUTINE XLEVELIKKll
COMMeNIBII AI5CCI.OISOCI.N
COMMON/B91 lPATCHI8001,KBANDl8COI
CCMMCN/eZCI RLEVEll8001
FN=FLCATP-n
RLFVElIKKll=FLOATILPATCHIKKlII/FN
KK2=KKI+l
DO 1 J=KK2.800
J/o'1=J-1
RlEVELIJ)=FLOATILPATCHlJI-lPATCHIJM111/FN

1 CONTINUE
RETURN
END

SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
DIS13
01513
DISH
DISH
IHsn
DIST3
DIST3
XlEVEl
XLEVEl
XLEVEl
XlEVEL
XLEVEl
XLEVEl
XLEVEl
XLEVEl
XLEVEl
XLfVEl
XlEVEL
XlEVEL
XLEVEL

23

42
43
44
45
46
47
48
4C1
50
51
52
53
54
'55
56
57

1
2
3
4
5
6
1
L
2
.3
4
5
6
7
e
C1

10
11
1.2
13
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EXAMPLE OUTPUT
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AXIAL DATA CCNSISTING OF 6 HEM I SPH ER I CAL LY NORMAL CLUSTERS

NOES = 144

LANS = 0

ISPHER = 0

ROIS = 12.5

RADiUS OF POINT PLOT = 4.0

RADIUS OF DENSITY PLOT = 6.0

AZIMUTH OF THE DIP AND DiP Of THE nATA PCINTS

360 60 0 61 1 57 4 57 351 58 356 69
349 65 9 71 347 49 0 76 20 55 348 75
351 19 331 60 8 41 22 66 24 67 339 42

6 36 352 84 329 64 2 89 335 37 32 44
72 60 72 61 74 57 77 63 66 59 64 55
80 52 69 75 56 53 53 51 80 77 67 79
7"1 41 74 40 87 76 71 81 50 69 49 41
98 51 85 80 102 63 44 70 101 '68 47 37

144 57 146 63 145 56 140 65 136 56 134 68
157 67 143 46 158 69 128 68 129 48 161 68
165 53 143 41 148 40 12g 15 142 39 131 80
172 58 149 85 137 34 113 68 118 61 161 85
217 59 218 59 210 64 215 54 222 68 205 53
223 71 204 68 199 52 229 70 232 50 197 55
226 76 239 58 215 80 193 66 220 36 241 69
212 84 187 56 247 54 186 51 193 78 236 83
288 59 288 61 28a 59 287 58 291 69 278 66
301 54 2 en 71 299 71 286 76 272 50 277 46
298- 44 306 68 269 69 310 49 310 48 301 78
262 58 269 78 269 38 278 85 321 59 300 87
168 3 261 3 168 4 336 5 302 8 42 9
230 10 14 14 19 15 163 15 248 15 201 17
324 19 131 19 26 20 356 21 23 21 2G7 21
257 22 113 24 187 28 86 28 G4 29 341 30

FOR RDIS = 12.50 PERCENTAGE Of SURFACE AREA IS 2.37
A POINT X IS DENSE IF THERE ARE 1 OBSERVATIONS
WHnSEEUCllnE~N lHSTA'N'CE 'FROf>l x TSU:'$'S 1'1i~N 4.741:-02.
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UPPER HE~[SPHERE

* N+ :I:

* *+ +
:I< + *+ .. +.. .. ++.. .. + .... ..

+ ..
+

:1<"9- .. .. *+ + + +... + +
+ .. + +

:It + .. ... + *+ .. .. .. .. +
+ .. + •

++ ... .. +

* + .. + + *.. .. + + +
+ .. .... + + ... ..

w* .. .. .. ... * .. E.. + ... ....
* .. .. + .. "*+

+
+ +

* + .. .. "*+ .. .. ....
+ ..

* + *
~ .. .. .. ++ + +

..+ + .. + +

* + + .. + .. *.. ... ..
... + ...

* ... .. .. ... *...
+

* .. :0:..
'* *:It :I<

S

DATA PLOT(POLAR EQUAL AREA PROJ ECTION J.
THERE ARE 144 POINTS IN THE SAMPLE.
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uPPER HH'ISPHERE

*
*

*

*

*

*

..
..

..

*
*

*

*

•
•

* + *.. .. ..
+

+ ..
* .. *.. ....

w· * E..
• •

*

*
..

* +

*

*
*

..

* •
S *

+ +
•

+
+.. •

*

•
•

•

THERE ARE 25 DENSE PQINTS.



OUTPUT OF CLUSTERS. CLUSTER MEANS

CLUSTER NUMBER 1

29

NUM

1
2
3
4
5
6
7
e
9

10
II
12
13
14
15
16
17
18
19
20
21
22
23

AZIMUTH
149.00
161.00
131.00
129.00
113.00
128.00
134 .. 00
157.00
158.00
1b1.00
140.00
146.00
136.00
144.00
145.00
172.00
165.00
129.00
143.00
143.00
142.00
148.00
137.00

I Nel INA T ION
85.00
85.CC
80.00
75.00
68.0C
6s.ec
68.00
67.00
69.0C
68.CO
65.00
63.00
56.00
57.CC
56.00
58.00
53.00
48.0C
46 .. 00
41.00
39.00
40.00
34.00

l"EAN
AZIMUTH 144.02 OEG
INCLINATION 59.66 DEG

RESULTANT ANt ITS COMPONENTS - R,SX,SY,SI.
21.80881 -15.23083 11.05826 11.01640

CENTER OF GRAVITY - (X,Y,I) COORDINATES
=.662-2 .48-08- .4-7-9-0
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UPPER HEMISPHERE

*

*

*

*

*

*

w*

*

*

*

*

*
* N

•

+

•

+

+

+

+

*

+

+ +

++

+

*

+
+

+

*

+
+

+

*

*

•

•

*

*

•

*

E

*

CLUSTER NO. 1 CONTAINS
FOR THIS ANALYSIS, RCIS :

• * •
S

23 POINTS.
12.50

+
+ + *

+

*+

*
*



CLUSTER NU~BER 2

31

NUM
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

AZIMUTH
212.00
215.00
236.00
193.00
226.00
223.00
193.00
204.00
222.00
229.00
241.00
118.00
210.00
187.00
217.00
218.00
239.00
186.00
197.00
199.00
205.00
215.00
247.00
232.00
220.00

(NCLINATICN
84.00
80 .. 00
83 .. 0C
lS.CC
76.00
71.0e
66.00
fl8 e ce
68.CO
10.0C
69.00
6l.0e
64 .. 00
56.0C
59.00
59 .. CC
58.00
5l.0C
55.0C
52.0C
53.CO
54.00
54.CO
50.00
36.00

MEAN
AZIMUTH 213.97 DEG
INCLINATION 61.82 DEG

RESULTANT AND ITS COMPONENTS - R,SX,SV.Sl.
23.55255 -11.21700 -11.60176 11.12190

CENTER OF GRAVITY - (X,V,lt COORDINATES
-.6887 -.4641 .4449
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UPPER HE~tSP~ERE

..
..

...

1:

..

..

..
+

+

.. ..

•

N

•

...
...

•
•

•

•

•

•

E

•
+ +

1:

+ + + +
+. • •.. + + +

+ +
+ +

... + •
+

.. +

... ,. ..
S

.. •
..

..
•

•

ClUS1ER NO. 2 CONTAINS
FOR THIS 4NALYSIS, RLIS =

25 PO INH.
12.50



CLUSTER NUMBER 3 33

NUM
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
11
18
19
20
21
22
23
24

AZ IMUTH
278.00
300.00
269.00
286.00
301.00
297.00
299.00
269.00
218.00
291.00
306.00
288 .. 00
262.00
287.00
288.00
288 .. 00
321.00
301.00
272.00
211.00
310.00
310.00
298.00
269.00

INCLINATION
85.00
87.00
78.00
76.0C
78.00
71.00
71.0C
69.00
66 .. 00
69.00
68.00
61.00
58 .. 00
58.00
59.00
59.0C
59.00
54.00
50.00
46.00
49.00
48.00
440.00
38.00

MEAN
AZIMUTH 289.42 OEG
INCLINATIO~ 61.73 CEG

RfSULTANT AND ITS COMPONENTS - R,SX,SY,SZ.
22.79199 6.67552 -18.93151 10.79399

CENTER OF GRAVITY - (X,Y,Z' COORDINATES
.2781 -.7888 .4497
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UPPER HE~ISPnERE

* N *• *
•

* *

• •
...

*-+ •... -+
-+
... ...

* -+ •
+

... ...
-++

* •... ...
-+

-+
w* ... -+ .. • E

...

• •

*

*

*

*

CLUSTER NO. 3 CONTAINS
FOR THIS ANALYSIS, RDIS =

*

24 POINTS.
12.50

*S *
•

*

•

•

•

•



CLUSTER NUMBER 4

35

NUM
1
2
3
4
5
6
7
S
<}

10
11
12
13
14
15
16
17
18
19
20

AZIMUTH
2.00

352.00
0.00

348 .. 00
357.00

9.00
22.00
24.00

356.00
0.00

329.00
349.00

1.00
4.00

337.00
351.00
360.. 00

20.00
347.00
339.00

INCLINATION
89 .. 00
84.00
76.00
15.00
19.0C
11.00
66.00
67.00
69.00
61.00
64 .. 00
65.00
57.CO
57.00
60.00
58.00
60 .. 00
55 .. 00
49.00
42.00

MEAN
AZIMUTH 357.61 OEG
INCLINATION 64.54 DEG

RESULTANT ANO ITS COMPONENTS - R,SX~SY~SZ.

19.14823 17.2730~ -.11946 8.23271

CENTER OF GRAVITY - (X,Y,Zj COORDINATES
.8631 -.0360.4116
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UPPER HE~ISP~ERE

* N+ *
* *+ +

* + *
+

+ +

* + *+ ++
+ + + +

* + + *+

*
+

*

*

*

*

*

*

*

•

E

*

*

*

*

ClUST~R NO. 4 CONTAINS
fOR THIS A~AlYSISt R[]IS

•
*

2C POINTS.
12.50

*S *
*

•

•

•

•



CLUSTER NUMBER 5

37

NUM
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

AZIMUTH
71.00
85.00
67.00
69.00
80.00
87 .. 00
44.00
50.00

101.00
72.00
77.00

102.00
66.00
72.00
74.00
53.00
56.00
64 .. 00
ao.oo
98.00
49.00
32.00
77.00
47.00
74 .. 00

INCLINATION
81.00
ao.oo
79 .. 00
75 .. 00
77.00
76.00
70.CO
69.00
68.00
61.00
63.00
63.00
59.00
60.00
57.00
51.00
53.00
55.00
S2.00
51.00
47.00
44.00
41.00
37.00
40.00

MEAN
AZIMUTH 70.08 OEG
INCLINATION 59.24 DEG

RESULTANT AND ITS COMPONENTS - R,SX 7 SY,Sl.
23.54675 6.69527 19.0932a 12.04447

CENTER OF GR~VITY - (X,V,Z) COORDINATES
.2678 .7631 .4SIS
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UPPER HE~ISP~ERE

* N *
* *

* ,.

,.
*

* *+

* + *+

+ +

• + + •
+ + + + +

+

* + + + *+ +
+

+
w. • E

+

* + + *

*

•
•

*

*

CLUSTER NO. 5 CONTAINS
FOR THIS ANALYSIS, ROIS =

* •

25 POINTS.
12.50

*S *
*

*

•

•

*



CLUSTER NUMBER 6

39

NUM
1
2
3
4
5
6
7
a
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

AZ IMU fH
8.00
6.00

335.00
86.00
94. CO

187.00
341.00

23.00
.26.00

113.00
257.00
291.00
356.00
l'H.OO
201.00
324 .. 00

14.00
19.00
42.00

163.00
230. eo .
248.00
302.00
336.00
168.00
168.00
261.00

INCLINATION
41.00
36 .. 00
37 .. 0e
28.00
29.00
28.00
30.eo
21.00
20.0C
24 .. 00
22.00
21 .. 00
21.00
19.00
17.00
19 .. 00
14.00
15.00
9.00

15.00
10.OC
15.00

8 .. 00
5 .. 00
4 .. 00
3 .. 00
3.00

MEAN
AZiMUTH 6.59 nEG
INCLINATION 6.04 CEG

RESULTANT ANC ITS COMPONENTS - R,SX,SV,SZa
25.25966 2.64190 .30534 25.11926

CENTER OF GRAVITY - (X,y,Z) COCRDINATES
.0978 .0113 .9303
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CLUSTER NO. 6 CONTAINS 21 POINTS.
rOR THIS ANALYSIS, RLIS = 12.50

*S *
•

OBJECTIVE FU~CTION = 31.301

TI~E REQUIREC TO ANALYZE 144 tATA POINTS 8.584 SECONDS



fOR NEXT AN~lYSIS OF SA~PtE

lA~S = 0

RDIS = 13.5

FOA RDIS = 13.50 PERCENTAGE Of SURfACE AREA IS 2.76
A FOINT X IS DENSE IF THERE ARE 7 OBSERVATIONS
WHOSE EUCLIDEAN CISTANCE FROM X IS lESS THAN 5.53E-02.
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OUTPUT OF CLUSTERS. CLUSTER MEANS

CLUSTER NUMBER 1

43

NUM
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
16
19
20
21

AZIMUTH
2.00

352.00
0.00

348.00
357.00

9.00
22.00
24.00

356.00
0.00

329.00
349.00

1.00
4.00

337.00
351.00
360.00

20.00
347.00

B.OO
339.00

INCLINATION
89 .. 00
84.00
76.00
75.00
79 .. 0C
71.00
66 .. 00
67 .. 00
69.00
61 .. 00
64 .. 00
65 .. 00
57.00
57.0C
60 .. 00
58.00
60 .. 00
55.00
49.00
41.00
42.00

MEAN
AZIMUTH 357.99 DEG
INCLINATION 63.38 DEG

ReSULTANT AND ITS COMPONENTS - R,SX,SY,Sl ..
20.05976 17.92216 -.62815 8.98742

CENTE~ OF GRAVITY - {X,Y,ll COORDINATES
.8535 -.0299 .4280
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FUR THIS ANALYSIS, RCIS =

* •

21 POINTS.
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CLUSTER NUMBER 2

45

NUM
1
2
3
4
5
6
1
8
9

10
n
12
13
14
1.5
16
17
18
19
20
21

AZIMUTH
212.00
215.00
236.00
193.00
226.00
223.00
204.00
222.00
229.00
241.00
210.00
217.00
218.00
239.00
197.00
199.00
205.00
215.00
247.00
232.00
220.00

INCLINATION
84.0C
SO.OC
83.0C
78.00
76.0C
71.0C
68.CO
68.0C
70.0C
69.00
64.00
59.0C
59.0C
58.0C
55.00
52.00
53.0C
54.00
54.00
50.00
36.00

MEAN
AZIMUTH 219.06 OeG
INCLINATION 63.13 CEG

RESULTANT AND ITS CCMPONENTS - R,SX,SY,SZ.
20.00528 -13.85704 -11.24451 9.041R4

CENTER OF GR~V[TY - (X,Y,ZJ COOROINATES
-.6599 -.5355 .4306
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CLUSTER NO. 2 CONTAINS
FOR THIS ANALYSIS, RDIS =

21 POINTS.
13.50



CLUSTER NUM8ER 3

47

NUM
1
2
3
4
5
6
1
8
9

10
11
12
13
14
15
16
11
18
19
20
21
22

AZIMUTH
149 .. 00
161 .. 00
131.00
129.00
113 .. 00
128.00
134.00
157.00
158. 00
161.CO
140 .. 00
146.00
136 .. 00
144.00
145.00
1.65.00
129.00
143.00
143.00
142.00
148.00
137.00

INCLINATION
85.00
85.00
80.00
75 .. 00
68 .. 0e
68 0 0e
6a .. oc
67 .. 00
69.0C
68 .. 00
65 .. 00
63 .. 00
56.0C
57 .. 0C
56 .. 00
53 .. 00
48 .. 00
46.0C
41.00
39 .. 00
400CC
34 .. 0C

Mf:AN
AZIMUTH 142.76 CEG
INCLINATION 59.88 nEG

RESULTANT AND ITS COMPONENTS - R,SX,SV,SI.
20.89873 -14.39103 10.94023 10.48648

CENTER OF GRAV[TY - (X,Y,ll COORDINATES
-.6541 .4973 .. 4761
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CLUSTi-:R NO. 3 CONTAINS
FOR THIS ANALYSIS. RUIS ~

22 POINTS.
13.50



CLUSTER NUMBER 4

49

NUM
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

AZIMUTH
278.00
300.00
269.00
286.00
301.00
291.00
299.00
269 .. 00
278.00
291.00
306.00
288 .. 00
262.00
287.00
288.00
288.00
321.00
301.00
272.00
277.00
310.00
310.00
298.00
269 .. 00

INCLINATION
85.00
87.00
78.00
76.00
18.0C
71.0C
71.00
69 .. 0C
66.00
69.0C
68.00
61.00
58.CC
58.CC
59.00
59.00
59.00
54.00
50.00
46.00
49.00
48.00
44.00
38.00

ME~N

AZIMUTH 289.42 DEG
INCLINATiON 61.73 OEG

RESULTANT AND ITS COMPONENTS - R,SX,SY,~Z.

22.79199 6.67552 -18.93151 lC.19399

CENTER Of GRAVITY - (X,V,Z) COORDINATES
.2781 -.1888 .4497
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CLUSTER NUMBER 5

51

NUM
1
2
3
4
5
6
7
8
9

to
11
12
13
14
15
t6
11
18
19
20
21
22
23
24
25

AZIMUTH
11.00
85.00
67.00
69.00
80.00
87.00
44 .. 00
50.00

10L.00
72.00
77.00

102.00
66.00
72.00
74.00
53.00
56.00
64" 00
80.00
98.00
49.00
32.00
77.00
47.00
74.00

INCLINATION
81.00
80.0e
7<;l.CC
75.00
77.CO
76.,OC
10.CC
69.00
68.CO
61.,00
63 .. 00
63 .. 00
59 .. 0C
60 .. 00
57.0e
51.00
53.00
55 .. 00
52 .. 00
51..0e
47 .. 00
44.00
41.,00
31 .. 00
40.00

MEAN
AZIMUTH 70.68 DEG
INCLINATION 59.24 DEG

RESULTANT AND ITS COMPONENTS - RoSX,SY~Sz.

23.54675 6.69527 19.09328 12.04441

CENTER OF GRAVITY - (X~y,l) COORDINATES
.2618 .7637 .4818
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CLUSTER NUMBER 6

53

HUM
1
2
3
4
5

I.IIMUTH
193.00
I1S.00
172.00
187.00
186.00

INCLINATION
66.00
61.00
58.CO
56.00
51.00

MEAN
AZIMUTH 183.26 OEG
INCLINATION 58.18 DEG

RESULTANT AND [TS COMPONENTS - R,SX,SY,SZ.
4.95047 -4.19976 -.23922 2.60998

CENTER OF GRAVITY - (X,Y,Z) COORDINATES
-.8400 -.0478 .5220
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CLUSTER NUMBER 7

55

NUM
1
2
3
4
5
6
7
S
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

~lIMUTH

6.00
335.00

86.00
94.00

187.00
341.00

23.00
26.00

113.00
257.00
297.00
356.00
131.00
201.00
324.00

14.. 00
19.00
42.00

163.00
230.00
248.00
302.00
336.00
168. 00
168.00
261.00

INCLINATION
36.00
37 .. CO
28.00
29.00
2a .. oo
30.00
21.00
20.00
24.00
22.00
21.00
21.0e
19.00
17.0C
19.0C
14.00
15.oe
9.0e

15.CC
10.00
15.00
a.oc
5 .. 0e
4.00
3.00
3.00

MEAN
AZIMUTH 6.13 DEG
INCLINATION 4.70 DEG

RESULTANT AND ITS CCMPONENTS - R,SX.SY,SI.
24.44680 1.99222 .21404 24.36455

CENTER OF GRAVITY - (X,V,I) COORDINATES
.0766 .0082 .9371
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CLUSTER NO. 1 CONTAINS 26 POINTS.
feR THIS ANALYSIS. RCIS = 13.50

OeJECTIVE FUNCTICN = 44.489
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TIME REQ~tREC TO ANALYZE 144 CATA POINTS 6.129 SECONDS
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