DANIEL F. MERRIAM, Editor

FORTRAN IV CDC 6400
COMPUTER PROGRAM TO
ANALYZE SUBSURFACE
FOLD GEOMETRY

By
E. H. TIMOTHY WHITTEN

Northwestern University

COMPUTER CONTRIBUTION 25
State Geological Survey

The University of Kansas, Lawrence

1968



EDITORIAL STAFF

Daniel F. Merriam, Editor

Nan Carnahan Cocke, Editorial Assistant
Assistant Editors
John C. Davis  Owen T, Spitz

Associate Editors

John R. Dempsey R.G. Hetherington William C. Pearn
Richard W. Fetzner Sidney N. Hockens Max G. Pitcher
James M, Forgotson, Jr, J. Edward Klovan Floyd W, Preston
John C, Griffiths William C. Krumbein Walther Schwarzacher
John W, Harbaugh R.H. Lippert Peter H.A. Sneath

Editor’s Remarks

This report, "FORTRAN [V CDC 6400 computer program to analyze subsurface fold geometry", by E.
H.T. Whitten, should find many applications. Geologists are interested in the origin of folds and their
description, Because of the economic importance of folds in controlling the localization of mineral deposits,
they have been studied qualitively for many decades. Now Dr. Whitten has provided a quantitative method
of analysis that can readily be used on a computer,

The purpose of the program is to ". . .describe and map the nature and variability of fold geometry..."
in order to predict the occurrence of folded structures, The method has been applied in preliminary trials on
"plains=type" folds in the Michigan Basin (Whitten, 1967, Fourier trend=surface analysis in the geometrical
analysis of subsurface folds of the Michigan Basin, in Computer applications in the earth sciences: Colloquium
on trend analysis: Kansas Geol. Survey Computer Contribution 12, p. 10-11) and in Kansas (described in
this paper). In this context petroleum geologists should find the program of considerable interest as both areas
are prolific oil producers.

This publication is the thirty-third program made available in two series (COMPUTER CONTRIBU-
TIONS and Special Distribution Series) by the Geological Survey. Some people have asked why we have
published so many programs. The answer is simple.

(1) An investigator is interested in only some of the computer techniques described,
and earth scientists represent a diverse group.

(2) Many potentially useful computer methods have been developed in other disciplines
and are available; earth scientists should be aware of these.

Earth scientists are the last members of the scientific community to adopt computer methodology. It is
imperative that they do this quickly, for self preservation if nothing else. Once they are aware of the "state-
of-the-art” and have utilized these methods appropriate to earth studies, the need for published programs will
lessen. Hopefully this day is near!

The Geological Survey will make available for a limited time on magnetic tape the program deck with
test data and operating instructions for $15.00, An extra charge of $10,00 is made if a punched-card deck is
required. An up-to-date list of computer and related publications can be obtained by writing the Editor,
COMPUTER CONTRIBUTION Series, Kansas Geological Survey, The University of Kansas, Lawrence, Kansas
66044,



FORTRAN IV CDC 6400 COMPUTER PROGRAM TO
ANALYZE SUBSURFACE FOLD GEOMETRY

By

E. H. TIMOTHY WHITTEN

INTRODUCTION

The FORTRAN |V program, prepared for the
CDC 6400 computer, is designed principally to per-
mit description and analysis of subsurface folds on
the basis of well-log data if dip and strike informa-
tion is not available. If dip data are available,
these can be used directly by the program.

Description of folds may be viewed as an end
in itself. If folds in adjacent areas are described in
terms of scalars, however, the areal variability may
have distinct trends that permit limited extrapola=
tion into neighboring unexplored areas. In addition,
if the folds are described in a quantitative manner,
it is possible to correlate fold attributes with other
geologic variables in an attempt to determine fac-
tors controlling development of differing fold geo~

metry (Whitten, 1966a).
OUTLINE OF LOGIC USED IN PROGRAM

In order to describe and map the nature and
variability of fold geometry in a quantitative man=
ner, it is useful to use scalar descriptors of fold
shape. The basic requirements for the quantitative
description of a fold are statements of the size, fold-
axis orientation, and summary statements concern=
ing the changing shape of the profile, i.e., section
normal to the fold axis (Whitten, 1966a, 1966b).
Traditionally, the changing shape has been describ-
ed qualitatively; however, Loudon (1964) and Whit-
ten (1966a, 1966b) have described a method of de-
veloping scalar descriptors.

The method (Loudon, 1964) can be explained
easily in relation to the profile of a cylindroidal
fold. At i points along a fold profile, the angle
ei between the normal to bedding and an arbitrary

reference axis is measured. The first through fourth
statistical moments, skewness, and kurtosis of the
array of scalars (cos ei) provide useful descriptors of

the fold geometry and can be used to compare and
map the geometries of a population of folds. Al -
though comparisons of several folds are possible, the
actual shape of the fold profile cannot be retrieved
from such statistics because the sequence in which
the cos 0. values were obtained is lost in computing
them.

In the more general case, if a folded surface
is considered in three dimensions, a large number
of normals to bedding can be measured and referred
to convenient reference axes (e.g., south, east,

and vertical up). If P;, Q;, Ty are the direction co-

sines of the ith normal referred to south, east, and
up, the dispersion matrix A can be constructed thus

~
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The eigenvectors of A define the principal axes of

the population and the eigenvalues of A refer to the

variance of the normals to bedding with respect to
the orthogonal principal axes. |f the eigenvectors

are

by b1z b13
_of

ba1 b2 by | =R
b3 b32 b33

then the eigenvalues can be expressed as
diy 0 0
0 dyy 0 = IB ,
0 0 d33

where —IiART =D. Ifitis arranged that d” >dpo

~ o~ o~

2d33 then b” b

21 b3] (the first column of IET)

gives the direction cosines of the principal axis Al.
The second and third columns of R' are the direction
cosines of AI| and AII!’ respecti\;‘ely. Because d33
is the smallest eigenvalue, AIII approximates the

geometric fold axis (if the folds are cylindroidal or
conical). Likewise, All approximates the normal to

the bisecting plane if the folds are of open style; if



the folds approach isoclinal form, dy, tends tody;
and then exceeds dyqso that AI becomes the normal

to the bisecting plane of isoclinal folds.

The normals to bedding can be referred to the
three orthogonal principal axes instead of the arbi-
trary cardinal axes, and the four statistical moments,
skewness, and kurtosis can be computed for the new
direction cosines. These statistics computed with re=
spect to A“, or AI for isoclinal folds, provide de=

scriptors for the fold profile; those computed with
respect to AIII provide descriptors for the changing

form of the folds parallel to the geometric fold axis.
If folds are observed in the field, actual dip
and strike values can be used to build a matrix A,

In subsurface work, the actual dip at well sites com-
monly is not determined directly and the only infor-
mation available consists of the elevation of each
folded stratum at a large number of localities. If the
folded stratum is reconstructed from such data, the
dips and strikes at each well site, or at an arbitrary
grid of points, can be calculated and used to gene=
rate the scalar descriptors referred to above. Statis—
tics for a single fold, or for the aggregate of all
folds in an area, can be computed in this manner. If
elevation (X,) is expressed as a linear or nonlinear

function of independent spatial coordinates (U, V),
differentiation of the function X] =f(U,V) yields

the tangent plane (bedding at a point).

Inthe computer program listed here, it is as-
sumed that the double Fourier series provides an
adequate simulation of folded subsurface lithic units.
The method, developed by James (1966) for calcu-
lating the double Fourier series on the basis of ir-
regularly spaced data, has been used in this program,
which permits surfaces up to the complete fifth har-
monic to be obtained by the method of least squares.
The program is designed to remove the linear poly=
nomial surface, to compute Fourier coefficients with
respect to the deviations from the linear surface, and
to complete subsequent calculations with the com=
bined linear and Fourier coefficients. Differentia-
tion of the linear plus Fourier function yields nor=
mals to the simulated surface at the original data
points or at a specified grid of new locations. The
combined coefficients also are used to print maps of

the folds and von Wulff projections (lower hemisphere,

stereographic projections). Computation of the prin-
cipal axes and scalar statistics has been based on,
but represents a considerable modification of, a pro=
gram originally published by Loudon (1964).

Additional details of the computation are illus=

trated with data for 200 randomly selected wells cut-
ting top of the Arbuckle Group in Kansas; these data
were made available by D.F. Merriam, and are
drawn from a more complete set of well data that
formed the basis of a published map (Merriam and

Smith, 1961),
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RUNNING THE PROGRAM

In addition to the data, a large number of con-
stants and scaling factors must be supplied. It is nec=
essary to provide for operator choice of these constants
because raw data for each project tend to differ with
respect to scale, orientation, etc. Before setting up
the control cards when elevation data are supplied,
decisions are required on the following points:

1. Because dips are involved, the horizontal and
vertical units of length must be equal, or de=
signed to give a specified vertical exaggera=
tion; commonly, locations are defined in miles
or kilometers and elevations in feet below sea
level so that considerable scaling is required.

2, The program assumes that orthogonal coordinate
axes are used, the origin is at the northwestern
corner of the map, the first coordinate (U) has
increasing positive values toward the south, and
the second coordinate (V) has increasing posi-
tive values to the east. Data with axes in other
senses commonly can be accommodated by use
of a single card, as indicated by a comment
card, in subroutine READIN.

Provision is made for rotation of the reference
orthogonal axes because the commonly used
cardinal axes are arbitrary in most projects and
geometry of a double Fourier series trend sur=
face depends upon the axes orientation.

4,  Computation of the double Fourier series coef-
ficients requires specification of five constants:

UW = fundamental wavelength in U direction

VW = fundamental wavelength in V direction

M = number of terms to be used in the double
Fourier series

UO - wave origin in U direction

VO = wave origin in V direction,

UW and VW are chosen empirically: in prac-

tice several values somewhat larger than the

map dimension must be tested and those yield=

ing the coefficients with smallest absolute values

are selected. This statement assumes that the

inherent wavelengths of the irregularly spaced

data are not known before the analysis begins.

5. Because inclusion of data from the area around
the region of principal interest helps eliminate



boundary effects in the computed surface for the
region, it is commonly desired to differentiate
between the total data array and those data
points at which dip values are computed. If a
value is assigned to KOUN, dip values will not
be computed for the last KOUN data points.
Alternatively, use of subroutine SELECT per-
mits assorted subsets of the total data matrix to
be used for both surface and dip=value calcula-
tions. Both KOUN and SELECT cannot be used
in the same problem.

6.  To insure better sampling from the Fourier sur=
face, a grid of points (maximum 1500 points)
can be specified at which dip values will be
calculated. For this purpose, the U,V origin
for the grid, the number and magnitude of the
increments in the U and the V directions, and
the angle that the grid lines make with axes
used to compute the Fourier coefficients, must
be specified.

7.  If a map or maps of the linear plus Fourier func-
tion are called, the boundaries of the map
frame(s) in terms of U, V coordinates, the
smallest contour value required, and the mag-
nitude of the 20 contour increments automati=
cally used, must be specified.

DECK ASSEMBLY

The data deck must comprise the following:

. 4 title cards

1 master card

n factor cards (n can be zero to 6 and is

specified by NLIST on master card)

data cards (program dimensioned for up to

1600 cards)

end of data card

subset selection card

. control card

Fourier coefficient specification cards -
sufficient cards to specify all coefficients
at 25 per card

n map control cards (n can be zero or any
number as specified by OPB on control
card)

J. any number of additional selections can be
made by use of different additional subset
selection cards here, but each selection
card must be followed by a control card
(G) and map control cards (1) if specified
on the control card.

O O@>

IO'I'II'H

Title Cards (Format 9A8):

Four cards required; column 1 of first card car=
ries 1 but for next three cards column 1 must be zero.
Any alphanumeric descriptive information can be
placed on remainder of these four cards.

columns

1-6
7

9-12

13-48

49-58

59-62

63-68

69

70

71-74

75-78

Master Card:

identifi- format
cation

iD1 Ab
NLIN 11
IRECT 11
THETA F4.0
FMT 6A6
COR12 FI10.0
COR3 F4.0

CORAZI F6.0

NLIST 11

NFOLD 11

UTRANS F4.0

VTRANS F4.0

purpose

Identification of project
Leave blank, except
use 1 if wish to elimi-
nate subtracting linear
before calculating
Fourier coefficients
Leave blank, except
use 1 if wish to rotate
reference axes clock -
wise with respect to the
map; if blank anticlock -
wise rotation effected
automatically if THETA
is greater than 0

Leave blank, unless
axes are to be rotated;
THETA is the angle (in
degrees) for rotation
Format for reading data
cards; if left blank,
automatically uses
(2A6,3F6.0,2F6.3,613)
Correction factor used
to multiply both U and
V coordinates (GCOORD
(1,1) and GCOORD(l,2))
Correction factor used
to multiply the eleva-
tion W coordinate
(GCOORD(1,3)) - if
no scaling required,
must insert 1

Correction factor used
to add to directional
data (DIRCOS(1, 1)) to
convert dips to strikes,
etc,

Leave blank if no sub-
set selections required
from total data deck;
values 1 through 6 are
used to correspond with
number of factors speci~
fied on data cards; if
left blank, no factor
cards required in data
deck

Leave blank if direc-
tional data supplied as
data; use 1 if elevation
data supplied

U-axis origin shifted to
UTRANS subsequent to
use of COR12

V=axis origin shifted to




VTRANS subsequent to
use of COR12

Factor Cards: NLIST cards must be included

1-6 iD1 A6  Identification of project
(as on master card)
7-12 D2 A6  Space not used by pro-
gram
13-18 NAME A6  Category 1 of Factor L
L, m (e.g., SANDST)
19-24 NAME A6 Category 2 of Factor L
(L,2) (e.g., SHALEb)
61-66 NAME A6 Category 9 of Factor L
(L,9) (e.g., CONGLM)

Repeat on L cards, where L = NLIST. An example
of the system would be:

FACTOR 1 2 3
CATEGORY  Lithology Area Age
1 SANDST INNERb PRECMB
2 SHALEb OUTERb  ORDVCN
3 bbbbbb bbbbbb SILURN

Data Cards:

Program is dimensioned for 1600 cards but this
can be increased by changing dimensions of DIRCOS,
GCOORD, LIST, and IEDIT in the COMMON state-
ments. Any format can be stipulated by master card
provided that all variables are accounted for in
following list:

1-6 NPROJ A6  Identification of pro-
ject (as on master card)
7-12 IPT(1) A6  Sample point identifi-
cation
13-18 GCOORD F6.0 U coordinate
(1
19-24 GCOORD F6.0 V coordinate
(1,2)
25-30 GCOORD F6.0 W coordinate
(1,3)
31-36 DIRCOS F6.3 Azimuth of dip direc-
a,n tion in degrees E of N
37-42 DIRCOS F6.3 Angle of dip in degrees
(1,2)
43-45 LIND(1) I3  Category for Factor 1
(e.g., 002 for shale
in example given)
46-48 LIND(2) 13  Category for Factor 2

(e.g., 001 for PRECMB)

58-60

LIND(6) 13 Category for Factor 6

(blank if no factor 6)

End-of -data Card: (Always needed)

1-6 NPROJ Aé

13-18 999. F6.0

Note: If sense or sequence
as provided for by comment

ldentification of project
{os in master card)

If variable data=card for-
mat specified on master
card, 999. must be punch-
ed in columns used for
GCOORD (I,1) - the U
coordinate.

of U and V are changed
cards in subroutine READ-

IN, this card also will be affected and the value on
the card must be modified so that 999. is read into
the eventual GCOORD(l, 1) location.

Subset Selection Card(s):

If no subset selections required, a card with T in

column 78 is required here.

1-6 NPROJ A6

7-12 D2 Ab

13-15 KON- 13
TROL(1)

70-72 KON- 13
TROL(20)

75 ISLE 13

78 LAST L3

Control Card:

Identification of project
(as in master card)

Space not used by pro-
gram

If left blank, includes all
data cards but if subset
required must insert in:

Col. 13: 0 include

= exclude
Col. 14: Factor specifi-
cation
Col. 15: Category speci-

fication (e.g.
=12 excludes
shales on basis
of example used)

subset selection as for
columns 13 to 15

use 2: subroutines SEK -
SHN, SPIN, and rotated
WULFF to be called

use 1: subroutines SPIN
and WULFF (rotated) to
be called

use 0: these three sub-
routines omitted

punch T if this is the last
selection card

One card required if NFOLD not zero, i.e., required



when elevation data supplied.

1-6 UW F6.0 Primary wavelength in U
direction

7-12 VW F6.0 Primary wavelength in V
direction

13 OPA F1.0 Leave blank except insert 1
if computed and residual
values from linear plus Four-
ier surface required for each
data point

0 omits printed map, 1 gives
one map, 2 gives two maps,
etc. No limit to number,
but require one map control
card for each map called

14 OPB F1.0

1519 M 15 Number of terms used in
Fourier series (maximum num=
ber is 121, or 50 for less than
100000g central memory ver-
sion ~ see comments cards
in subroutine FOLDING)

20-25 UO F6.0 Wave origin in U direction

26-31 VO F6.0 Wave origin in V direction

32-37 UMIN F6.3 Grid origin in U direction

38-43 UINCRM F6.3 Increment between points in
U direction

44-46 JUINS 13 Number of increments along
U

47-52 VMIN F6.3 Grid origin in V direction

53-58 VINCRM F6.3 Increment between points in
V direction

59-61 JVINS 13 Number of increments along
\

62-64 ANGLE F3.0 Angle in degrees between
grid and map axes measured
in clockwise direction from
map axes

65-67 KOUN I3 Number of data cards to be

ignored subsequent to calcu-
lation of Fourier coefficients
= must be zero if subset se~
lections are called.

Note: Leave columns 32 through 64 blank unless dip
values are to be read off Fourier surface on a grid
(maximum of 1500 grid points).

Fourier Coefficient Specification Cards:

One or more cards required if elevation data
supplied, i.e., if NFOLD is not zero. Must desig-
nate M coefficients (where M is defined on control
card). Format is 7511 and each coefficient requires
three digits (i,i,T) for specification so that 25 co=
efficients are specified per card. Additional cards
are used if more than 25 coefficients are specified.

i refers to the wave frequency in the U direc-

tion over the length of one fundamental wave-

length

j refers to the wave frequency in the V direc-

tion over the length of one fundamental wave=

length

T defines the type of double Fourier series term

where

T =1 designates cosUcosV

T = 2 designates cosUsinV

T = 3 designates sinUcosV

T = 4 designates sinUsinV
The subscripts in Figure 1 correspond to the i | values
and c and s refer to cos and sin, respectively. To
call the coefficient corresponding to 5591 and €519

values of 114 and 122 (ijT values) would be inserted
on the Fourier coefficient specification cards. Com=
monly, all terms of the Blocks 0 and |, Blocks O
through 11, Blocks 0 through 11, etc. are specified.
Other specifications can be made for special pur-
poses.

Map Control Cards:

The number of cards included is defined by OPB on

the control card.

1-6 UL F6.0 Minimum U coordinate for
map
7-12 UH F6.0 Maximum U coordinate for
map
13-18 VL F6.0 Minimum V coordinate for
map
19-24 VH F6.0 Maximum V coordinate for
map
25-30 BASE F6.0 Lowest contour value re-
quired
31-36 CINT F6.0 Contour interval (20 inter=

vals automatically used)
Note: If COR12, UTRANS, and/or VTRANS values
specified on master card, UL, UH, VL, VH must be
specified in terms of transformed U and V coordinates.
If COR3 has been specified, BASE and CINT must

be in terms of the transformed W coordinate.

ILLUSTRATIVE EXAMPLE USING SUBSURFACE WELL
DATA

To illustrate the manner in which the pro-
gram works, folds of the upper surface of the Arbuc-
kle Group in Kansas were analyzed using 200 wells
selected in a statistically random manner from a
much larger target population of wells. Merriam
and Smith (1961) demonstrated on the basis of the
target population that the surface is complexly fold=
ed; obviously, 200 locations in Kansas are inade=
quate for a detailed analysis of the surface geometry,
although they are sufficient to illustrate the tech=
nique. In this example, the complete fourth har=-
monic double Fourier trend surface is used; actual
data are listed in Appendix B.

The program lists the original data matrix
following the title cards and the variables supplied
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Figure 1.- Diagram displaying grouping of double Fourier series coefficients according to wavelength (after

James, 1966).

on the master card (Fig. 2); in the example U and V
are in inches measured from the northwestern corner
of a 1:500,000 map of Kansas and W is in feet. To
give a X10 vertical exaggeration, U and V are mul-
tiplied by COR12 = 7.89141414 and W by COR3 =
0.0019. Use of COR12, COR3, UTRANS and/or
VTRANS on the master card causes scaling of U, V,
and W; the new values are listed by subroutine READ-
IN (Fig. 3); in this example the U,V origin was
shifted to U = 110 miles (UTRANS) and V = 210 miles
(VTRANS). Irrespective of the site numbers supplied,
the program numbers the data points sequentially

(left margin, Fig. 2) and this new number is retained
as a reference throughout the program. Dip trend

and dip values are zero in Figure 2 because eleva-
tion rather than dip values were supplied. Subrou-
tine READIN continues to compute the linear poly=
nomial surface and to list the coefficients; from
Figure 4 it is seen that the linear polynomial equa-
tion for the scaled values of U, V, and W is

W = -3.68590935 - 0.013167269U
+ 0.009480935V

and the sum of squares is 38.95 percent. fhese val-

ves are carried in COMMON.



040291 TCP nF ARBUCKLE IN KANSAS 29 APRIL 1968

200 RANDCM DATA PCINTS FRCM MERRIAM AND SMITH INVEST,
CCMPLETE FSURTHHARMSNIC N = 200s KSUN = 98

FWL = 250/500 MILES

PRINT=CUT CF MASTER CARDS

n40291 =0 =0 =0¢00 (A64A3,2X,3IF15:6461192F340)

TsB91414140 «001900000 =0+00000
04029 INNER CUTER

CRIGINAL DATA MATRIX

- O W D o O o v

PRCJ SAMPLE USCUTH)Y V(EAST)
1 040287 001 28,6600 16,7500
2 040287 003 22,1000 23,3600
3 040287 004 10.5800 29.8000
4 040287 006 16,2400 22,1800
) 040287 008 3,3600 22,0100
6 040287 009 17,1300 14,1800
7 040287 014 18,5000 15,1000
8 040287  01% 1043000 28,9600
9 040287 017 16.6900 18.9000
10 040287 022 12,2600 21,1100
11 040287 023 4.0000 29,9200
12 040287 025 4,0100 21,8600
13 040287 027 21.6700 22,7500
14 040287 028 14,5300 35,9300
15 040287 029 21,1600 21.5900
16 040287 030 6,4000 28,2000
17 040287 o031 19,8300 30,500n
18 040287 033 17,7400 o
19 040287 037 23.9--
20 040287 041
21 040287 [l
22 o

25» 1961

0000 1 1110.0000210+0000

W(LP) DIP TREND DIP  CATEGCRIES
=«1709,0000 -0,0000 =0,0000 1 =0 =0 =0 <0 =0
«2961,0000 =-N,0000 =0+0000 1 =0 =0 =0 =0 =0
=2240,0000 =0.0000 =0e0000 1 =0 =0 =0 =0 =0
-1872,0000 =0.0000 =0+0000 1 =0 =0 =0 =0 =0
-2584,0000 =0,0000 ~0¢0000 1 =0 =0 =0 =0 -0
-2810.0000 -0,0000 «0.0000 1 =0 =0 =0 =0 =0
=3062,0000 =0.0000 =0.0000 1 =0 =0 =0 =0 =0
«254040000 =N.0000 =0+0000 1 =0 =0 =0 =0 =0
=-2300.0000 -0.0000 =0¢0000 1 =N =0 =0 =0 -~
=1505,0000 =N.0000 “Ns0000 1 =0 =0 ="
=1921,0000 =0.0000 =0+0000 1 -~
=2466,0000 -N.0000 =0.00n"
=2780,0000 -N.N000 -

-707,0000 -0,0n -
=2677,0000
-2801 ~°

Figure 2. = Partial list of data points selected randomly from top Arbuckle Group in Kansas.

On reverting to the main program, the first
subset selection card is read and printed out (Fig. 5)
with a statement of the groups included and ex-
cluded and the number of data remaining after the
selection. Because the data consist of elevations,
subroutine FOLDING is called and the control card
read and listed (Fig. 5). Next, the Fourier coeffi-
cient specification card(s) are read and Figure 6
shows the ijT and corresponding coefficient values.

Figure 7 lists the transformed U and V coordi-
nates, deviations from the linear surface (scaled if
requested), dip at each U,V-point, and direction
cosines of the normal to simulated bedding at each
point. 1f OPA is set to 1 by the control card, com-
puted elevations on the Fourier trend surface and the
linear plus Fourier surface are listed (Fig. 8) together
with the residuals (both true and scaled) from the
linear plus Fourier surface; these values permit cal-
culation of summary statistics (Fig. 8). The percen=
tage of the total sum of squares accounted for by the
linear is carried in COMMON from subroutine READ -
IN and TOTAL SS (here 96.58 percent) refers to the

total sum of squares accounted for by the linear (in

example 38.95 percent) plus 94.3910 percent of the
remaining sum of squares (100.00 - 38.95) accounted
for by the Fourier surface. |f the map~-output option
is called, the first map control card is read and
printed out (Fig. 8) followed by the map (Fig. 9); if
more than one map control card is included, the
additional specifications and maps follow. It is es-
sential that all variables specified on the map con-
trol cards be in transformed units, that is, in units
transformed according to the operations performed

on the data in response to entries on the master card.
The U and V coordinates in Figure 9 are in miles,
and as scaled and transformed, the northwestern cor=
ner of Kansas (used by Merriam and Smith as the
original axes origin) is at coordinates U = = 110
miles, V = =210 miles, so the map is for the central
part of the State.

Figure 10 is a von Wulff stereographic pro-
jection (lower hemisphere) of the normals to bedding
simulated by the linear plus Fourier surface; the
points projecting into the area of two digits of the
output are summed and printed so that values up to
99 are possible and values less than ten are pre-



U AND V VALUES RCTATEDs TRANSLATED AND SCALED SCALED W
1 -41,66035 ~77.8188] «3,24710 1
? 64,60025 -25,65657 «5.62590 1
3 -26,50884 25,.,16414 -4 ,25600 1
4 18,15657 -34,96843 -3,55680 1
5 -83,4B8485 =36 430997 -4.90980 1
6 25,17992 =98 ,09975 ~5,33900 1
7 35,99116 -90,83965 ~5,81780 1
8 -28,71843 1R,5353% -4,82600 |
9 21,70770 -60,85227 =4,37000 1
10 -13,25126 =43,41225 -2 ,85950 ]
11 -78,43434 26411111 «=3,64990 1
12 78435543 =37:49369 -4 468540 1
13 61.00694 ~30.47033 -5.28200 1
14 4,66225 73.53851 -1434330 1
15 56,98232 =39,62437 -5,08630 1
16 =59 ,49495 12.53788 5.32190 1
17 46 ,48674 3ne68811 -5.08820 1
18 29.99369 37.63258 -4,16100 1
19 TR 60480 =18e23R64 -6,39730 1
20 56,50884 1644292919 =-5.62210 1
21 =22.01073 =30.70707 =2.71890 1
22 62.19066 ~49,0151% =5.74180 1
23 -59,25821 -095644 =4,61890
24 24.46970 5136364 =3,406°°
25 13.18497 =-15+3188) -
26 -8,04293 2753157
27 3,24179 12497~
28 -26,50884
29 24.+943)R
30 rd- e
3
Figure 3.- Original data rotated, translated and scaled.
040291 TOP OF ARBUCKLE IN KANSAS 29 APRIL 1968
200 RANDOM DATA PCINTS FROM MERRTAM AND SMITH INVEST, 25, 1961
REGQESSIQN MATRIX
2.00000000E +02 6,68166031E402 =5,02249054E+03 6,68166031E+02 £+22063851E408
«5002249054E+03 2,11138293E4+05 2.28340174E+06
VECTOR Y
=7+93597700E+02
~8,65189268E+403
3.73811145E404
CCEFFS DEGREE 1
«3.68590935 -.01316727 +00948094
YBARoBS YBARCCMp SUM RESIDS
«3,9680 ~3,9680 =,0000

PER CENT REDUCTICN IN SUM CF SQUARES

38,95

INTERNAL CHECK CN S

38,95

Figure 4.~ Linear polynomial equation values for the scaled values of U, V, and W.
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040291 TCP oF ARRBUCKLE IN KANSAS 29 APRIL 1968
200 RANDCM DATA PCINTS FRCM MERRIAM AND SMITH INVEST, 25, 1961

GELECTION CARD 1 AS FOLLOWS =0 =0 =0 =0 =0 =0 =0 =~0 <0 =0 «f =0 «0 <0 «0 <0 =0 «0 =0 =0

IN ¢OMPUTING THE NEXT SET OF RESULTSe ONLY MEASUREMENTS IN THE FOLLOWING CATEGORTES WERE USEp =
INCLUDED EXCLUPED
ALL MEASUREMENTS

200 CASES IN GRCUP AFTER SELECTION

CCNTRCL CARD U WAVELENGTH 250,00 V WAVELENGTH 500400
COMPUTED VALUES 1 cosY MAP )
S, CCEFFS IN TREND 81 WAVE SRIG 10,00 10,00

Figure 5.~ First subset selection card.
ceeded by a blank as in Figure 10. In this example

040291 TOP oF ARBUCKLE IN KANSAS 29 APRIL 1968 only normals to bedding at original data points lying
200 RANDOM DATA PCINTS FROM MERRIAM AND SMITH INVEST, 2 within the map area of Figure 9 are used. This was
achieved by setting KOUN = 98 on the control card
CCEFFICIENTS and insuring that the 98 cards for data points lying

outside the limits of Figure 9 are at the end of the
data deck. In this manner, the entire data deck is
used to compute the linear and Fourier coefficients,

usus vsue TYPE CCEFFICIENTS

‘i) 8 : :::2};;‘; etc., but only a specified group of points is used

% 0 f --;“3;93 for the von Wulff diagrams and succeeding calcula-

1 1 3 1i074130 tions and output. This option is frequently used =

: : 2 1390893 inclusion of data from beyond the geographic limits

0 1 1 -2:6!35672‘5' of immediate interesg co;nmonly permits troublesome

Q ! 2 +879734 boundary effects to be eliminated. |f subroutine

8 g ; -1:122333 SELECT is utilized to obtain subset selections, the

! z : my229208 subsets are separated prior to calculation of the

1 2 3 -i864118 Fourier coefficients; the resulting smallness of data

3 g : THil%e sets can introduce troublesome boundary effects and

2 2 2 -2460340 if a subset is drawn from a small geographic area,

g 2 bt '::gggg; new primary wavel.epgths (UW and VW, on control

2 1 1 :.23:?; carsi) must be spemfle.d. Use of ’rh.e subset-selection

H 1 3 PN option is more useful if the subset is to be drawn

] 1 4 =+907968 from points scattered throughout the entire geogra=

¢ o ! g +oe41} phic area under investigation.

0 3 1 207248 Figure 11 shows summary statistics for the

? 3 2 _'gggzg 102 normals used in Figure 10 (i.e., 200 original

1 3 2 2091162 points = KOUN = 200 - 98 = 102). These statistics

l H ] _l:zzgzg: refer-to the mc'rricies enumerated at fh? beginning

2 2 1 .:gggzgg of this paper. In Figure 11, the covariance matrix

; ; z :gggégé is A, RT is the following nine values (eigenvectors),

; 4 ; :'z;(‘);zg and the values 0.99650, 0.00284, and 0.00067

3 3 3 .Ezggggg are d”, d22, and d33, respectively. The revised

; ; ; ?g‘:;;z vector matrix gives, in columns, the direction co-

3 2 ] % sines of the principal axes in terms of U, V, and W,

3 2 4 The apical angle of the cone, in this example,

3 1 -0.0 degrees, measures departure from the cylindroi=

3 dal model; a perfect cylindroidal fold has a zero
Figure 6. - Fourier coefficient values. angle and as the apical angle increases the folds are



040291 TCP oF ARBUCKLE TN KANSAS 29 APRIL 1968
200 RANDCM nATA PCINTS FRCM MERRTAM AND SMITH INVEST. 25 19s1

CRIGINAL DATA MATRIX (TRANSFCRMED IF REQUFSTEN) ANn CCMPUTED NIP valLUuEs

IDEN 1 v SCALED LINFAR DIP AZIMUTH DYP ANGLE
DEVIATIONS

1 41,6604  -77,81R8 6281 233,50 2.05
? 64,4003  =25,65A6 -,B488 178,82 3,38
3 -26,5088 25,1641 -1,1577 343,02 .R8
4 18,1866 -34,96R4 .6997 176,61 3,20
5  «83,4R48 =36,3100 -1,9787 83,32 2,56
6 25.1799 -98,0997 -.3915% 202,76 3,04
7 35,9912  =-90,R396 -, 7967 216,01 1,16
R -28,71R4 18,5354 -1,6940 2197 1.35
9 21.7077  -60.R523 .1787 213.10 216
10 =13,2%13 =43,412? 1.0635 256440 1.59
1n =78,4343 2he1111 =1.24643 24090 5ets2
12 =78.,3%54  =37,4937 =1.6757 5181 3.55
13 61,0069 =30.4703 -.5039 180423 .14
14 4,6622 73.5385 1,706R 223474 5.25
15 56.9823  =39,6244 -.2744 187.24 >.0-
16 -59,40949 12.5379 -2,538? 267,55

17 46,4867 30,6RR1 -1,0811 21?2 ="

18 29,9937 37,6326 -,4369

19 78,6048 .18, 23R6 -] &~"

2n 56,5088  =14,2929

21 -22,0107 -2~

2? 62 17

Figure 7. - List of transformed data and computed dip values.

040291 TCP oF ARBUCKLE IN KANSAS 29 APRIL 1968
200 RANDCM NATA PCINTS FRCM MERRIAM AND SMITH INVEST, 25y 1961

SCALED SCALED SCALED TRUE
IDEN U v CBS vaL CCMP VAL CaMP VAL
LTN ADDED
1 41,66 -77,82 6281 +6095 =3,2656 -1718,7536
2 64,40 =25,66 -,8488 -eB8064 -5 ,5835 ~2938,6998
3 -26,51 25,16 -1,1577 ~-1,1273 «4,2286 =2223,9975
4 18,16 =34.97 #6997 #3833 -3,8732 -2038,5452
s ~-B3,48 -36,31 -1,9787 =1.8816 «4,8125 =2532,9031
A 25.18 =98,10 -,3915 -.4361 .5'3717 -?830.3‘31
7 35,99 =90.84 -, 7967 ~e682) «5,70132 ~3001.6802
A -28.72 18454 ~1.690 =1.1181 -442501 =2236,8925
9 21. 71 «60.85 .1787 *3049 =4,42437 =2233,5521
10 =13.2% =43.4}) 1.0635 141055 «2.,8175 -1482,8845
1n “78,43 26011 =1+2463 =1.0788 ~3.4844 -1833,8811
1? =-78.36 =37,49 -1,6757 =1,6310 =6,6407 34t
13 61,01 =30,47 ~,5039 06090 <5.30%"
14 4,66 73,54 1,7068 #9557 L-uBd
15 56,98 «39,62 w2744 - ,735‘6544
16 «59,49 12.564 =2,53R~ -3.6716 -1932,3365%
1: 53.39 30+69 ce1742 -,8685 =457,1152
A 29.99 V1410 23077 -4.0894 -2152,2905
) ¢ 1,119% 1.2913 =4,%060 -2371,5699
45,76  =189,64 1,2029 1,1515 -3,7298 =1963,0587
199 32,28 102,66 .4378 1.1223 -2,0156 =1060,7309
200 44,90 =208,42 2,0137 2.1802 -2,8906 =1521,3798
DATA MEAN ST DEVIATICN VARIANCE PCT SS CONTRIBN F RATIC OF
=,0000 1.,3877 1,9257 94,3910 25,0324

PCT SS CONTR DUE LINEAR 38,95
TOTAL SS IS 9658

MAP CARD UMIN =100.00 UMAX 80.00 VMIN =100.00 VMAX /0,00
BASE =9.5000 CNTCUR INTERVAL «4750

Figure 8.~ Computed elevations for Fourier trend surface and residual values.
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DIRECTICN cCgINES
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SELECTICN 1

ScALED TRUE
RESIDUAL
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-.0971 =51,0969
.0387 2043481
=.1146 =60+3198
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Figure 9. - Linear plus Fourier map of central part of Kansas.

more distinctly conical. The value is based on the
least=squares plane fitted to intersections of the
bedding normals with the unit sphere (projection
sphere); the distance between the center of the
spheres and the least=squares plane permits the api=
cal angle to be calculated (Whitten, 1966a). Fi-
nally (Fig. 11), the trend and plunge of each princi=
pal axis are listed together with the variance (d-
value) of the normals about each axis. The AIII

axis always approximates the geometric fold axis.
If d22 has the intermediate d-value, A" is the nor-

mal to the bisecting plane but, if d” is intermediate,

i.e., the folds tend toward isoclinal geometry, then
AI is the normal.

In many runs subroutine SPIN need not be
called, but Figure 12 shows the output from this op~
tion; the output is useful for redrafting the original
data on cross sections in the three orthogonal planes
defined by the principal axes. The second through
fourth columns are the U, V, and W coordinates of
each datum point referred to the principal axes; the

11

next three columns are the direction cosines of the
normals to bedding referred to the principal axes.
The arithmetic simply involves multiplying the ori-
ginal vectors and scalars by the eigenvectors. Figure
13 shows the stereogram of Figure 10 similarly ro=
tated = the projection plane is now the AIA"'plane

so that AIII is at the center (for Figure 13, the nu=

merals in parenthesis, rather than the cardinal terms,
should be read). Subroutine SEKSHN is also op-
tional and has a use analogous to that of SPIN; the
actual inclination of each simulated bedding plane,
expressed as tangent of the angle and as the actual
angle, with the orthogonal principal-axes planes is
given (Fig. 14). The last three columns of SEKSHN
output reproduce the same values as those in the
second through fourth columns of SPIN output.

Standard output includes a histogram and
scalar descriptors with respect to each of the princi-
pal axes; these are produced by subroutine MOMENT.
As an example, one histogram is shown in Figure 15
together with the first four statistical moments and
the skewness and kurtosis values.
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Figure 10. = von Wulff stereographic projection (lower hemisphere) of normals to bedding simulated by
linear plus Fourier surface.
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040291 TCP OF ARBUCKLE IN KANSAS 29 APRIL 1968
200 RANDOM nATA PCINTS FRCM MERRIAM ANpD SMITH INVEST, 25

102 MEASUREMENTS (SELECTION 1)

CCVARIANCE MATRIX

200292 =+00066 »01459
=.00066 «00090 =.01010
201459 =+01010 +99618

EIGENVECTORS AND EIGENVALUES IN CCLUMNS

«01468 =+96984 =e¢24330
=-,01015 024317 =,96993
99984 «01671  =,00628
099650 200284 «00067
REVISED VECTAR MATRIX USED TC DEpINE NEW RERERENCE AXES
201468 96984 «24330
~,01015 024317 296993
«99984 =e01671 «00628

APICAL ANGLE OF CONE MEASURED FRCM 3=AXIS IS
-.00

PRINCTPAL AXES AND ASSCCIATED VARTANCE

TREND (DEGREES E, CF Ne) AND PLUNGE CF 1eAX1S
34,7 AT 89,0
«99650

TREND (DEGREES Ee OF Ne) AND PLUNGE OF 2«AXI1S
14,1 AT =1.,0

«00284
TREND (DEGREES Eo CF Neo) AND PLUNGE CF 3AX1S
284,1 AT oé
+00067

3=AXIS IS APPRCXIMATELY B GECMETRIC FOLD AXIS

Figure 11.- Trend and plunge of each principal axis
with variance of normals about each axis.

040791 ToP OF ARBUCKLE IN KANSAS

29 APRIL 1968

If specifications for a grid of points are given
on the control card, the dip is calculated for each
point on the linear plus Fourier surface, together
with direction cosines of the normals to bedding
(Fig. 16). These values are used to prepare a new
von Wulff stereogram (Fig. 17), fold axes (Fig. 18),
and histograms and scalar descriptors (Fig. 19).

ILLUSTRATIVE EXAMPLE USING ORIENTATION
DATA

Although primarily designed for use with sub=
surface elevation data, this program can accept
orientation data as input. Figure 20 shows the ini-
tial output for a small synthetic data matrix in which
different categories have been assigned. Factor 1
(lithology) has two categories (sandstone and shale)
and factor 2 also has two (first and second). The
first subset selection card read
021-21
and Figure 21 shows that, on this basis, only five
samples remain; the main program FOLDSTA termi=
nates the selection automatically if less than seven
data points remain and moves to the next selection.
In this problem the second subset selection card was
blank, except for T in column 78, so all points were
retained. The resulting stereogram is shown in
Figure 22. All succeeding output and options are
analogous to those described for the elevation data.

200 RANDOM DATA POINTS FROM MERRIAM ANN SMITH INVEST. 25y 1961

102 MEASURFEMENTS (SELECTION 1)

THE MEASUREMENTS BELOW ARE IN TERMS OF THE PRINCIPAL AXES

LTST NF COURDINATES AND DIRECTICN COSINES OF MEASUREMENTS TRANSFORMED TO REFER TO PRINCIPAL AXES

SAMPLF U{SHUTH) V(EAST) WlUP)
1 806 =21,491 ~R5.611
2 357 68,711 -9,222
3 '1-802 '31.309 170951
4 1.371 26.101 =29.495
5 -2,836 =72,104 =55.542
) 574 48,282 =R9.026
7 «654 57,008 «79.356
R -2,304 ~32,331 10.780
9 1,115 35,847 -&> -
1n 1,309 -2.371=
1] -2,661
12 -~

U{SOUTH) V(EAST) wp)
«9998 #0109 =e0165
«9990 0402 0218
«9996 -e0299 -e0017
29991 « 0365 002730
09993 ‘.0325
9994

Figure 12.- List of coordinates and direction cosines of measurements transformed to refer to principal axes.
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Figure 13.- Rotated stereogram (lower hemisphere) showing distribution of normals to bedding referred to
principal axes.
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040291 TOP OF ARBUCKLE IN KANSAS 29 APRIL 1968

200 RANDOAM DATA POINTS FROM MERRIAM ANN SMITH TNVEST. 25y 1961

102 MEASUREMENTS (SELECTION 1)

DATA FOR NRAWING CRCSS=SECTIONS PARALLEL TO THE PRINCIPAL AXES

SLOPF (TANGENT AND ANGLE) OF INTERSECTINN OF BREP AND NISTANCE FROM ORIGIN PARALLEL TO
1=-2 PLANE 1=3 PLANE 2=3 PLANE 1=AX1S 2=AXIS 3=AXIS
1 0109 6  =e0165 =1,0 =1,5033 =58.3 «8062 -21.4912 «85.6109
? 20403 2.4 « 0218 1.3 5418 29.4 «3575 68,7110 -9,2218
3 =e0299 =1.8  ~.0n17 - <0561 3.3 ~1.8023 =31,8091 17,9506
4 O ELY) 2.2 20230 1.4 6303  33.3 1+3212 26,1005 2944951
S =.0376 =1.9 20481 2,9 =1,4771 =57,9 -2.8357 ~7241044 =55,5425
[ « 0358 2.1 =.0017 ~e]  =.0485 2.9 «9743 48,2819 ~89.0261
7 N344 2.0  =+0143 “sR  =,4158 <=23.4 «6541 57.0084 =79,3565
R -e 0400 2.4 »0095 6 -,2376 =13,8 =243036 -32,3312 10,9802
9 #0190 1.1 =+0060 .ab =43176 =18.2 1.1152 35,8474 =53,7399
10 -.3038 -2 -+0183 -1.1 4,7938 80.9 1.3095 -2,3128 -45,3247
1M «04R? 2.9  =e0629  =3.7 =143052 =54.4 246609 ~82.3974 “
12 =e0659  =3,9 e 04643 Zeb  =¢8727 =~35.1 =244454 ~66,R47
13 <0366 2.2 0194 1.2 .5306 28,9 «7013
14 <0631 3.7  =¢0392 =2.,3 -.6209 =32.9 osT
15 «0339 2.0 «0123 o7 «3643 20.7 =
16 =e0116 -,7  =.0110 -7 .9505 45,1 0029
17 0476 2.8 =.(155 ~e9  =.326R - =e0034 =«0169
18 0119 o7 =e0325 =}.° +9998 20178 =+ 0056
: +9998 -+ 0196 « 0087
19 «03R2 2.3 L
20 La1n2 " 14468 29902 -, 0377 ~e0130
21 —.nan- v ~4,726 9995 20175 «0268
. * -73.315 =99.837 .9990 -.0394 «0228
-.866 55,522 40.831 1.0000 20031 =-+0019
v 620 19,102 ~-72.588 .9997 .0001 ~e0243
100 14451 T1.480 ~37.065 9996 « 0271 «0000
101 -,131 =47,088 40,714 09972 -40707 00243
10?2 =705 5.221 314477 9995 -+0280 -e0124

A=2 AXIS 1S APPROXIMATELY NORMAL YO AXIaL PLANE
THE FOLLOWING MFASUREMENTS DEVIATE TONSTDERABLY FROM THE MEAN
ITEM LOCATION CNORDS DIRFCTION CNSINES FACTORS

Figure 14.- Data for drawing cross sections parallel to principal axes: Upper figure = SEKSHN output: Lower
figure SPIN output (coordinates and direction cosines referred to principal axes).
040291 TOP OF ARBUCKLE IN KANSAS 29 APRIL 1968

200 RANDOM DATA PCINTS FRCM MERRIAM AND SMITH INVEST, 25, 1961 SELECTICN 1

CRIGINAL DATA MATRIX (TRANSFCRMED 1F REQUFSTED) ANn COMPUTED DIP VALUES

1DEN U v SCALED LINFAR DIP AZIMUTH DIP ANGLE DIRECTICN CCSINES
DEVIATICNS S E upP
(GRIN)

1 =100,0000 =100,0000 0,0000 359.82 6.09 =,106 =,000 994
?  =80,0000 =100,0000 0,0000 184,064 3,21 056  =,006 998
3 «60,0000 =100,0000 0,0000 230,55 1,64 .018 -,022 1,000
4 40,0000 =100,0000 0,0000 233,25 .96 .010  ~=,013 1,000
5  =20,0000 =100,0000 0,0000 178,86 1,70 .030 001 1,000
) 0,0000 =100.0000 0.0000 181.59 &8 «012  =,000 14000
7 20,0000 =100,0000 0,0000 198,91 2.61 ,043 =,015 999
R 40,0000 =100.0000 0.0000 209452 ?.50 .03 =,022 <999
9 60,0000 =100,0000 0.0000 205.01 2.37 037 =,017 «999
10 8040000 =100+0000 040000 195.34 10.19 171 =047 984
11 1000000 =100+0000 0.0000 216441 9,70 136 =.100 986
12 <«100,0000 =R0,0000 0,0000 563 2,60 =,045 «004 «999
13 =80,0000 =R0,0000 0,0000 137,76 1,60 .021 .019 1,000
14 =60,0000 =R0,0000 0,0000 262,29 1,63 003  =,025 1,000
15 =40,0000 =B0,0000 0,0000 230,05 ?2.11 J024 -e02R 999

16 =20,0000 =BR0,0000 0,0000 220,06 7,43 032  «,027 L
17 0,0000 =80,0000 0,0000 254,94 1,68 .0n8

18 20,0000  =R0,0000 0,0000 224,18 > a2«

19 40,0000 =-80,0000 0,0000 223,06

20 6040000  =80.0000 0.,0000

21 80+0000 =80.0000
2?2 1000000 -°~

Figure 16.~ Computed dip values and normals to bedding computed for specified new grid of points.
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040291 TCP OF ARBUCKLE IN KANSAg 29 APRIL 1968

200 RANDCM DATA PCINTS FRCM MERRIAM AND SMITH INVEST, 25, 19¢l

DISTRIBUTICN COF DIRECTICN COSINES ARCUT THE 2=AXIS
102 MFASURFMENTS (SELECTICN 1)

-1.0 -.5 000
+ . . . . + . . . +* . . . + . -

. . .
000000000000000000000000000000000000000000000000000000

31 0
30 0
29 0
28 0
27 0
26 0 #
25 0 LA
24 0 »e
23 0 L2
22 0 #é
21 0 #e
20 0 i+
19 0 *
18 0 LT T
17 0 #an
16 0 LY
15 0 sos
14 0 YT
13 0 YTy
1?2 0 Y YY)
11 0 Ty
10 0 ntwe
9 0 avuy
R 0 T
7 0 rere
6 0 YTy
) 0 L2222 1]
& 0 YTy,
3 0 YT Y Y
2 0 PTYYY ey
1 0 ™ BN Basssats
00000000000000000000000000000000000000000000000nN0N000
+ . . . . + . . . . ¢ . . . . ¢ . . .
-1.0 ‘.5 0.0

VAL UE COF DIRECTICON ¢2SINES
PERCENTAGE FREQUENCY PLCTTEpD VERTICALLY

MOMENTS CF THE ARCVE NISTRIRUTICN ARE =

1 =.0002
2 «0028
3 =-,0003
6 «0001

SKEWNESS AND KURTCSTS
=2.1344 11.3632

A=2 AXIS IS APPRCXIMATELY NCRMAL T2 AXIAL PLANE

Figure 15.= Histogram and summary statistics of direction cosines about A”-axis.
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Figure 17.= von Wulff stereogram (unrotated) prepared for data at specified new grid points.
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040291 TOP oF ARBUCKLE IN KANSAS 29 APRIL 1968

200 RANDCM pATA PCINTS FRCM MERRIAM ANp SMTITH INVEST. 25, 1961

121 MEASUREMENTS (SELECTICN 1)

CCVARTIANCE MATRIX
»00628 =+00160 201097
=,00160 00174 =.01121
001097 -e01121 099198

EIGENVECTCRS AND EIGFNVALUES IN COLUMNS
«01114 +95899 «2R321
-.01133 =,28309 «95903
099987  =,01390 0077

99223 « 00660 .00118

REVISED VECTGR MATRIX USEn TC DEFINE NEW REFERENCE AXES
01114 +95899 028321
-,01133 =-,28309 95903
«99987  =,01390 «00771

APICAL ANGLE OF CONF MEASURED FROM 3=AXIS 1S
'900

PRINCIPAL AXES AND ASSCCIATED VARTANCE

TREND (DEGREFS Eo. CF Ms) AND PLUNGE CF 1-AXTS

45.5 AT B9,1
«99223

TREND (DEGREES Es CF No) AND PLUNGE CF 2.AXTS
16,4 AT -o8

« 00660
TREND (DEGREFS Eo OF Ne) AND PLUNGE OF 3=AX1S
286.5 AT 04
.00118

3=AXTS IS APPRCXIMATELY B GECMETRIC FZLD AX1S

---------.--’-.------------—--_--‘-------C---

Figure 18.- Trend and plunge of each principal axis with variance of normals about each axis prepared for
data at specified new grid points.
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040291 TCP CF ARBUCKLE IN KANSAS 29 APRIL 1968
200 RANDCM DATA PCINTS FRCM MERRIAM AND SMITH INVEST, 25, 1961

DISTRIBUTICN OF DIRECTICN CCSINES ARCUT THE 2«AXIS

121 MEASURFEMENTS (SELECTICON 1)
=1,0 *s5 0,0
+ . P . . + . . . . + . . . . * . . . »
o 3000000000000000000000000000000000000000000000000000000000(
2
25 ]
24 0
23 0
22 0
21 0 »
20 0 *
19 0 ®
18 0 ne
17 0 »o
16 0 o
15 0 L L)
14 0 e
13 0 son
12 0 LTy}
11 0 FT XY
10 0 T Y
9 0 [T Y
R 0 rrry s
7 0 e »
6 0 BoHe o
-] 0 Y YYY Y]
4 0 LR Y'Y XY YY)
3 0 LYY IYYYII 2}
2 0 & NEBNBRERDON
1 0 BN SUHRE SBORBBORBRDION
0000000000000000000000000000000000000000000000000000000000(
+ . . . . + . . . . + . . . . ¢ . . . .

'1.0 ".5 0.0
VALUE CF DIRECTICN COSINES
PERCENTAGE FREQUENCY PLCTTEpD VERTICALLY

MOMENTS OF THE ABCVE DISTRIBUTICN ARE =

1 -, 0003
2 « 0066
3 -, 0006
4 «N002

SKEWNESS AND KURTCSTS
-1,0316 5,5003

A=2 AX1S IS APPRCXIMATELY NORMAL To AXIAL PLANE

Figure 19.- Histogram and summary statistics of direction cosines about A""axis prepared from data at speci-
fied new grid points.
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TEST OF FCOLD PRCGRAM FCOR DIKECTICNAL DATA

MARCH 8 1968 CuC340V
V40281
WHITTEN

PRINT=CUT CF MASTER CARDS

040781 (2A65F6e34613)
040281 SANSTN SHALES
040281 FIRST SECCND
CRIGINAL DATA MATRI

PRCJY SAMPLE

1 040281 1

2 040281 P4

3 040281 3

4 040281 4

5 040281 S

[} 040281 6

7 040281 4

8 040281 [}

9 040281 9

10 040281 1V

11 Q40281 11

12 040281 21

13 040281 22

14 040281 23

15 V40281 24

16 040281 25

17 0402561 26

18 040281 e

19 040281 28

20 040281 29

21 04028l 3¢

FT4 040281 31
23 9

22 MEASUREMENTS

X

U(SCTUTH)
0.0000
0,0000
0.0000
00000
0.0000
040000
0.0000
0.0000
00000
U400V
0,0000
1.0000
2.0000
=1.0000
=2.0000
=0,0000
~1,0000
1.0000
-0.,0000
2.0000
=2.0000
=1.0000
99,0000

V(EAST)
0.0000
1.0000
240000
3.0000
440000
5.0000
60000
70000
840000
90000
1040000
=0, 0000
1.0000
240000
3.0000
4,0000
54,0000
60,0000
7.0000
840000
9.0000
100060
=0e00UY

=0+000

w(UP)
Ve 0000
V0000
00000
00000
0. 0000
V.0000
0eV000
U« 0000
U« 00V0
U.0000
0eV000
~0.,0000
=0e0000
=0+0000
=00000
=0.0000
-U+0000
=0+0000
=0.0000
=0.0000
=00000
=0+0000
=0+0000

=0,000

DIP TREND
270,0000
270,0000
2700000
90,0000
90,0000
90,0000
9040000
90,0000
90,0000
270,0000
270,0000
271.0000
271,.,0000
89,0000
91.0000
900,0U00
272.0000
272,0000
92 . 0000
92,0000
85,0000
272.,0000
=0.0000

uip
4%.0000
40.0670
22455170
81170
33.2330
4348170
435000
33.2000
B¢ 0500
226000
40«8330
759670
589500
691000
7544000
33.6670
7134670
734330
299000
754000
6843000
59.0830
=0« QLU0

-0,000 2 =0

1

1
1
1
1
1
1
1
1
1
2
2
2
2
2
1
1
I
4
2
2
-0

Figure 20. - Synthetic data matrix in which dip values and categories have been supplied.

TEST COF FCLD PRCGRAM FUOW DIRECT]
MARCH 8 1968 CouC3400

SELFCTICN CARD 1 AS FOLLCWS 12

IN cCMPUTING THE NEXT SET OF RESU

INCLUDED

SHALES

S CASES IN GRCUP AFTER SELECT

SELECTED SUBGROUP HAD CONLY 5 DATA ITEMS.

Figure 21. - Selected subgroup has only 5 data items.

CNAL DATA

=21 =0

-0 =0

=0 =0 ~0
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1 -0
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-u
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=-v
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-0
~-u
=-u
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-u
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-u
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-V

=0

SuB.
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FIRST

ICN

20

SELECTION FIELD

SELECTICN FIELD

CCMPUTATICNS ON SUBGRCUP WERE CMITTED,

-U
-y
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-V
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-l
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22 MEASUREMENIS
STERECGRAM SHCWING DISTRIBUTLICN CF PCINTS PRCJECTED On LOWER HEMISPHERE CF 20=CENTIMETRE WULFF NET

Figure 22.- von Wulff stereogram for synthetic data matrix of dip values.
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APPENDIX A. - Listing of FORTRAN 1V program.

aNaNeNaNaNaNaNaXaxaNakaNaRaNaNaNaaNaNaNaNaNaXaNaNaXa)

NN

4

WHE
KEY

PROGRAM FOLDSTA(TAPESL1sTAPES2sINPUTsQUTPUT s TAPE6=0QUTPUT,

«TAPES=INPUT sPUNCHs TAPES3)

PROGRAM PREPARED BY E« He TIMOTHY WHITTEN JUNE 1967 FOR CDC 3400
AT NORTHWESTERN UNIVERSITY GEOLOGY DEPARTMENTs EVANSTON,

WITH PROGRAMMING ASSISTANCE OF MRS BETTY BENSON

ADAPTED FROM T, Ve LOUDON»S ORIGINAL FORTRAN 4 PROGRAM FOR

VECTORAL DATAs COMBINED WITH MODIFI1ED VERSION OF A

DOUBLE FOURIER SURFACE-FITTING PROGRAM IRREGULARLY-SPACED DATA

WRITTEN BY We Re JAMES IN 1966
MODIFIED FOR CDC6400 FEBRUARY 1968 BY Je SCHUYLER

MAXIMUM 121 FOURIER COEFFICIENTS (ACCOMMODATES COMPLETE 5TH

HARMONIC) ALLOWED - REQUIRES CENTRAL MEMORY CDC6400 OF

131100 OCTAL - CHANGING 2 DIMENSION AND 1 EQUIVALENCE STATEMENT
IN SUBROUTINE FOLDING ALLOWS REDUCTION TO 50 COEFFICIENTS WITH

ONLY 73600 OCTAL CM REQUIREMENT,

FDSTA
FDSTA
FDSTA
FDSTA

ILL 60201FDSTA

FDSTA
FDSTA
FDSTA
FDSTA
FOSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA

**********%**************************l*************i*i************FDSTA

DECK ASSEMBLY REQUIRES

4 TITLE CARDS READ IN READIN
1 MASTER CARD READ IN READIN
ZERO TO 6 FACTOR CARDS READ IN READIN
UP TO 1600 DATA CARDS READ IN READIN
999+ CARD END OF DATA CARDS READ IN READIN
SUBSET SELECTION CARDS READ IN FOLDSTA
CONTROL CARD READ IN FOLDING
FOURIER COEFF SPECIFICATION CARDS READ IN FOLDING
ZERO TO N MAP CONTROL CARDS READ IN FOLDING

FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA

ANY NUMBER OF ADDITIONAL SELECT/CONTROL/MAP CARDS READ BY FOLDSTA FDSTA
I K NN N R H I NI RHNRH ISR FHNH RN NN R XA R RRERRRRRE )FDST A

COMMON DIRCOS (160093)s GCOORD(160093)
COMMON /1/ IEDIT(1600)

COMMON /7/ KONTROL(20)

COMMON /9/ KOUNT2sNSELsTITLA(18)sTITLB(18)
LOGICAL LASTsSAVED

INTEGER WHSAVE

DATA (KALF=800)

REWIMD 52 $ REWIND 53

CALL READIN (KOUNTsNFOLD)

NSEL=0

N DATA SHOULD BE SAVED ..e 2 FOR 2ND HALF OF ARRAYs 3 FOR TAPES
INDICATES CURRENT AVAILABILITY OF DATA (1=IN SITUs 2 N 3 AS ABOVE

KEY=1 % SAVED=eFALSE.
WHSAVE=2 % IF (KOUNT.GTeKALF) WHSAVE=3
DO THIS SELECTION

READ 100 (KONTROL(I)sI=1920)s1SLEsLAST
NSEL = NSEL+1
PRINT 110sTITLASNSELsKONTROL

RELOAD DATA IF NEED BE
GO TO (1s293) KEY
READ(53) ((GCOORD(IsJ)»J=193)9sI1=1sKOUNT) $ REWIND 53
IF (NFOLD«.EQel) GO TO 9
READ(52) ((DIRCOS(IsJ)sJ=133)s1=1sKOUNT) $ REWIND 52
GO TO 9
DO 6 I=1,KOUNT
DO 6 J=1,3
GCOORD(1sJ) = GCOORD(I+KALFsJ)
IF (NFOLD.EQel) GO TO 9
DO 8 I1=1sKOUNT
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FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA

VONdOCUVPH WN -



aNakakKs!

= O @

15

1)

20

34

22

25

41
35
21
27
29
43
37
37
38
30
32

42

DO 8 J=1,3
DIRCOS(IsJ) =
KEY=1
CONTINUE

DO 15 I=1sKOUNT
IEDIT(I) =1

KOUNT 2=KOUNT

CALL SELECT

IF (KOUNT2 «GTe6)
PRINT 109sKOUNTZ %
KOUNT3=0

IF (NFOLDeEQel)
CALL GETCOV

DIRCOS{I+KALF»sJ)

GO TO 10
GO TO 40

CALL FOLDING (KOUNT3)

CALL WULFF
CALL AXES (NFOLD)
ISLE = 1 TO SELECT FOR SPIN AND ROTATED WULFF

2 FOR SEKSHN IN ADDITIONeeseeeO FOR NONE OF THESE

IF (SAVED) GO TO 28

GO TO (22+22520) WHSAVE

IF (ISLE.EQe0) GO TO 34

SPIN HAS BEEN CALLED - THIS DESTROYS
SIMILARLY MOMENT WILL DESTROY DIRCOS
THE FOLLOWING OPERATIONS EFFECT THE
SAVEDs COPY GCOORD AND DIRCOS
WRITE (53) ((GCOORD (IsJ)s J =
WRITE (52) ((DIRCOS (IsJ)s J =
GO TO 27

IF (LAST) GO TO 30

WRITE (52) ((DIRCOS (IsJ)y J =
GO TO 27

IF (ISLE.EQe0) GO TO
DO 25 I = 1sKOUNT

DO 25 J 1,3
GCOORD (I + KALFs J)
DO 41 I = 1sKOUNT
DO 41 J = 1,3
DIRCOS (I + KALFs J) =
GO TO 27

IF {(LAST) GO TO 30
DO 21 I = 1sKOUNT
VO 21 J = 1,3
DIRCOS (I + KALF»s J)
IF (ISLE.EQe0) GO TO
KEY = WHSAVE

IF (ISLE.EQ.0) GO TO
CALL WULFF $ IF (ISLE.GTel) CALL SEKSHN
GO TO (30s37»38) WHSAVE

DO 39 I = 1sKOUNT % DO 39 J =
DIRCCS (IsJ) = DIRCOS (I+KALFsJ)
GO TO (425305930) KEY
READ(52) ((DIRCOS(IsJ)y
IF (KEYeEQel) GO TO 42
DO 32 IAXIS = 1,3

CALL MOMENT (IAXIS)

IF (KEYeEQel) GO TO 43

1+3) »
193)9 I

I =

193)s 1

35

[}

]

GCOORD (IsJ)

DIRCOS (IsJ)

= DIRCOS (IsJ)
29 3% SAVED = «TRUE.

30 $ CALL SPIN

193

J=1s3)s I=1sKOUNT) %

GRID
IF (KOUNT34EQe0) GO TO 40 % KOUNT3

CALL DIPAZAN(KOUNT3)

KOUNTZ2 =

23

1»KOUNT) %
1»KOUNT) 3

1sKOUNT) %

STORED DATA UNLESS COPIED
UNLESS THIS IS COPIED
COPYING AUTOMATICALLY

REWIND 53
REWIND 52

REWIND 52

REWIND 52

FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FD>TA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDOSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA
FDSTA 98
FDSTA 99
FDSTA100
FDSTA101
FDSTA102
FDSTA103
FDSTAl104
FDSTA105
FDSTA106
FDSTA107
FDSTA108
FDSTA109
FDSTA1ll0
FDSTAL1ll
FDSTA11l2
FDSTA113
FDSTAll4
FDSTALl1lS5
FDSTAlle
FDSTA117

59
60
61
62
63
64
65
66
67
68
69
70
71
12
73
T4
75
76
117
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97



NnNONN

33

40

100
109

11¢

10

14
15

17

20

30

40

45
60

70

CALL GETCOV

CALL WULFF
CALL AXES (NFOLD)

DO 33 I1AXIS
CALL MOMENT

IF (LAST)

4y7
FORMAT (12X921135L3)

FORMAT (1HO»

END

SUBROUTINE AXES

- - > e = wm = e

SJASED ON LIBRARY SUBROUTINE HDIAG WRITTEN BY CORBATO AND MERWIN.
COMPUTATION CENTER.

OF THE M,

Ie

1+3
(IAXIS)

26HSELECTED SUBGROUP HAD ONLY»
10MPUTATIONS ON SUBGROUP WERE OMITTED.)
FORMAT (2(9A8/)s*0SELECTION CARD*I3s% AS FOLLOWS*,2014)

Te

GET READY TO PROCESS NEXT SELECTION

COMMON 74/ D(3)+sCOVMAT(343)
COMMON 75/ EIGVALI(3)sEIGMAT(3,3)

COMMON /9/ KOUNT2sNSELsTITLA(18)sTITLB(18)
COMMON 710/ ABCI(3)
DIMENSION H(393)
DIMEMSION DTEMP(3)

PRINT 99,TITLA
WRITE(69103)

Do 6 J=1,3
WRITE (649102)
DO 6 K=143
COVMAT (JsK)

H{JsK) =
N=23
IEGEN = 0
IF (IEGEN)

15910915

DO 14 I=1sN
DO 14 J=1sN

UlIs»J) = 040
IF(IeEQeJ)U(IsJ)=1e0

CONTINUE
NR = 0

IF (N-1)
NMI1l=N-1

100051000517

DO 30 I=1sNMI1

XtI) = 060

IPL1=1+1

DO 30 J=IPL1sN

IF ( X{(I)

1Q(I)=J
CONTINUE

SET INDICATOR FOR SHUT-QOFF ¢eRAP=2%%—-273NR=NO.
RAP=.745058059E-08

HOTEST=1.0E38

DO 70 I=1sNMI1

IF (I-1) 60+60+45
IF ( XMAX- X(I))

XMAX=X(1)
IPIV=]

JPIV=1Q(I)

CONTINUE

(COVMAT (JsK) »

60570570

Ul393)sX(3)»1Q(3)

PRINT 98 sKOUNT2sNSEL

- ABS( H(I»J))) 20920430
X(I1=ABS(H(I,J))

24

52H DATA ITEMS.

K=193)

OF ROTATIONS

FDoTAlls8
FDSTA119
FDSTA1l20
FDSTA121
FDSTA122
FDSTA123
FDSTA124
FDSTA125
CFDSTALl26
FDSTA127
FDSTA128
FDSTA129
AXES 1
AXES 2
AXES 3
AXES 4
AXES 5
AXES 6
AXES 7
AXES 8
AXES 9
AXES 10
AXES 11
AXES 12
AXES 13
AXES 14
AXES 15
AXES 16
AXES 17
AXES 18
AXES 19
AXES 20
AXES 21
AXES 22
AXES 23
AXES 24
AXES 25
AXES 26
AXES 27
AXES 28
AXES 29
AXES 30
AXES 31
AXES 32
AXES 33
AXES 34
AXES 35
AXES 36
AXES 37
AXES 38
AXES 39
AXES 40
AXES 41
AXES 42
AXES 43
AXES 44
AXES 45
AXES 46
AXES 47



80
85
90

100
110

148
150

152

153

200
210
230
240
250

300
320

350

370

380

390

IF ( XMAX) 100051000980

IF (HDTEST) 90s90+85

IF (XMAX — HDTEST) 909905148

HDIMIN = ABS( H(1l,1) )

DO 110 1I= 2N

IF (HDIMIN- ABS( H(IsI))) 11051105100
HDIMIN=ABS(H(Is1))

CONTINUE

HDTEST=HDIMIN*RAP

RETURN IF MAXeH(IsJILESS THAN(2#%-2T7)ABSF(H(KsK)=-MIN)

IF (HDTEST- XMAX) 1485100091000
NR = NR+1

AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES

TANG=SIGN( 2609 (HIIPIVSIPIV)-H(JIPIVsJPIV)))*H(IPIVsJPIV)/(ABSIH(IPIAXES
IV IPIVI-H{JPIVeJPIV)II+SQRTU(HUIPIVSIPIVI-=H(JPIVsJPIV) ) %X%2+440*H( IPAXES

2IVeJPIV)*%2))
COSINE=1e0/SQRT(1e0+TANG*%2)
SINE=TANG*COSINE
HIT=H(IPIVsIPIV)

AXES
AXES
AXES
AXES

HUIPIVeIPIV)=COSINE*%#2% (HII+TANG* (20%H(IPIVsJPIV)+TANG*H(JPIVsJPIAXES

1viy)

AXES

HOJPIVsJPIV)=COSINE®¥2* (H(JPIVsJPIV)I-TANG* (2, 0¥H(IPIVsJPIV)-TANG*HAXES

1 11))
HUIPIVsJPIV)=0.0

IF ( HCIPIVSIPIV) - H(JPIVsJPIV)) 15291539153

HTEMP = HUIPIVLIPIV)
HUIPIVsIPIV) = HUJPIVsJPIV)
AUJPIVeJPIV) = HTEMP

HTEMP = SIGN(1.0s —SINE) * COSINE
COSINE = ABS(SINE)

SINE = HTEMP

CONTINUE

DO 350 I=1sANMI1
IF(I-IPIV)21093505200
IF(I-JPIV) 21093504210
IFCIC(I)-IPIV)230+240+230
IFCIQ(I)-JPIV)350+2409350
K=IQ(I)

HTEMP=H(I,K)

H(IsK)=0e0

IPL1=1+1

X(I) =00

DO 320 J=IPL1>sN

IF ¢ X(I)- ABS( H(I»J)) ) 30093009320
X(I) = ABS(H{I,J))

1Q(I)Y=J

CONTINUE

H(IsK)=HTEMP

CONTINUE

XCIPIV) =040

X(JPIV) =040

DO 530 I=1sN
IF(I-IPIV)370+530+420

HTEMP = H(IsIPIV)

H(IsIPIV) = COSINE*HTEMP + SINE*H(IsJPIV)

IF ¢ X(I) = ABS( H(IsIPIV)) 138093905390

X(I) = ABS(H(ISIPIV))

IQ(T)y = IPIV

H(IsJPIV) = -SINE*HTEMP + COSINE¥H(IsJPIV)
IF ¢ X(I) = ABS( H(IsJPIV)) ) 40095305530

25

AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES

48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

65
66
67
68
69
70
71
12
73
14
75
16
17
78
19
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106



400

420
430
440
450

480

490
500
510

530

[aXaNal

540

550

1000

[aNaKa]

[a¥akKa)

704
705
707

711

X(I1) = ABS(H(IsJPIV))
IQ(I) = JPIV

GO TO 530
IF(I-JPIV)4309530+480
HTEMP = H(IPIVsl)

HUIPIVel) = COSINE#HTEMP + SINEX*H(IsJPIV)

IF ( XCIPIV) = ABS( H(IPIVsI)) ) 4404509450
XCIPIV) = ABS(H(IPIVsI))

IQUIPIV) = 1

H(IsJPIV) = —-SINE¥HTEMP + COSINE¥H(IsJPIV)

IF ( X(I) = ABS(U H(IsJPIV)) ) 40055305530

HTEMP = H(IPIVsI)

HUIPIVel) = COSINE¥HTEMP + SINE¥H(JPIVsI)

IF ( X{IPIV) - ABS( H(IPIVsI)) ) 4905009500
XCIPIV) = ABS(H(IPIVsI))

IQUIPIV) = 1

HUJPIVsIl) = —-SINE*HTEMP + COSINE¥H(JPIVsI)

IF { X(JPIV) - ABS( H(JUPIVsI)) ) 510+530+530
X(JPIV) = ABS(H(JPIVsI)})

IQ(UPIVY = 1

CONTINUE

TEST FOR COMPUTATION OF EIGENVECTORS

IF(IEGEN) 409540940

DO 550 I=1sN

HTEMP=U(Is1IPIV)
UCTIsIPIV)=COSINE*HTEMP+SINE*U(IsJPIV)
ULTIsJPIV)=—SINE*HTEMP+COSINE*U(IsJPIV)
GO TO 40

CONTINUE

END OF LIBRARY SUBROUTINE HDIAG.

WRITE (6+104)

DO 8 J = 193

DO 7 K = 1,3

EIGMAT(JsK) = U(JsK)

CIGVAL(J) = H{JedJ)

WRITE(69102) (EIGMAT(JsK)s K = 193)
WRITE (6+106) (EIGVAL(K)s K = 143)

IF +VE ENDS OF ANY PRINCIPAL AXIS IN -VE DIRECTION CHANGE

DO 707 K = 1,3

E1=ABS(EIGMAT(1sK)) $ E2=ABS(EIGMAT(2sK)) $ E3=ABS(EIGMAT(3,K))

J=1

IF (E2.GEe E1l) J=2

IF (E34GEeE1l +ANDe E3,GE«E2) J=3
IF (EIGMAT(JsK) «GEe«Oe0) GO TO 707
DO 705 J = 1,3

EIGMAT (JsK) = - EIGMAT (JsK)
CONTINUE
WRITE (65700)
WRITE(69102) ((EIGMAT(JsK)sK=1393)sJ=143)

IF (NFOLDeNE.1l) GO TO 760 $ WRITE (65701)
A4 = 0.0

DO 76 I = 143

CON = ABC(I)*EIGMAT(I3)

26

AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXE>
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES

107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165



O ON

[aXal

[aXaNaNaNal

76 A4 = A4 + CON
A4=180¢0-ACOS{A4)%36040/3414159
WRITE (6+702) A4

760 WRITE (6+105)

DO 1011 J = 1,3
WRITE (65107) J
DO 1010 I = 1,3
1016 DTEMP(I)= EIGMAT(IsJ)
CALL ENISOC(1sDTEMP)
1011 WRITE(69102) EIGVAL(J)
WRITE (6+703)
RETURN

98 FORMAT (16s* MEASUREMENTS*95Xs*(SELECTION*51391H)/)

99 FORMAT (2(9A8/)91H0»120X*SUBe AXES*//)

102 FORMAT (2X3F10.5)

103 FORMAT(/X»17THCOVARIANCE MATRIX) ‘

104 FORMAT(/1HOs40H EIGENVECTORS AND EIGENVALUES IN COLUMNS)
105 FORMAT (//3X*¥PRINCIPAL AXES AND ASSOCIATED VARIANCE™*)
10> FORMAT(//2X93F10e5)

107 FORMAT(/1H+s 36Xs 3HOF 4 Ils 5S5H-AXIS)

AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES
AXES

700 FORMAT(*OREVISED VECTOR MATRIX USED TO DEFINE NEW REFERENCE AXES*)AXES

701 FORMAT (//3X*APICAL ANGLE OF CONE MEASURED FROM 3-AXIS IS#%*)
702 FORMAT (15XeF6e2)

703 FORMAT (28X*3-AXIS IS APPROXIMATELY B GEOMETRIC FOLD AXIS*//28X»

o‘}S(lH"))
END
SUBROUTINE ENISOC (LINFOLsDTEMP)

THIS SUBROUTINE CONVERTS DIRECTION COSINES TO RADIAL COORDINATES.,

DIMENSION DTEMP(3)
D1=DTEMP(1) $ D2=DTEMP(2) % D3=DTEMPI(3)
PRINT 100

CALCULATE THE TREND AND PLUNGE
RAD = 18040/34141593
PLUNGE=90+.0- RAD*ACOS(D3) $ FE=D2/D1
TREND=RAD*ATAN(FE)
IF (D2 oLTe 0e0) 31s 32
31 IF (FE «LTe 040) 33 34
32 IF (FE oLTe 0e0) 34y 35

33 TREND = - TREND $ GO TO 22
34 TREND = 18040 - TREND $ GO TO 22
35 TREND = 36040 - TREND

22 PRINT 103s TREND» PLUNGE
RETURN

100 FORMAT (X» 35HTREND (DEGREES Ee OF Ne) AND PLUNGE)
103 FORMAT (X9sF9elss4H AT s Fbel)

cND

SUBROUTINE FOLDING (KOUNT3)

THIS SUBROUTINE COMPUTES DOUBLE FOURIER SERIES COEFFICIENTS,

NORMALS TO LINEAR + FOURIER SURFACEs COMPUTED VALUES ON SURFACES

AND PRINTS MAPS OF COMPUTED SURFACES

COMMON DIRCOS (1600+3)s GCOORD(160093)
COMMON /1/ IEDIT(1600)

27

AXES

AXES

AXES

AXES

AXES

ENSOC
ENSOC
ENSOC
ENSOC
ENSOC
ENSOC
ENSOC
ENSOC
ENSOC
ENSOC
ENSOC
ENSOC
ENSOC
ENSOC
ENSOC
ENSOC
ENSOC
ENSOC
ENSOC
ENSOC
ENSOC
ENSOC
ENSOC
ENSOC
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG

166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191



COMMON 72/ COEFL(3)s SSRED

COMMON /97 KOUNT2sNSELsTITLA(18)sTITLB(18)
COMMON /10/ ABC(3)

COMMON /11/COR3

C
DIMENSION CH(20)sVPRINT(T7)sPR(70)sCONTOUR(19)
DIMENSION I1(121)y JJU121)sIDT(121)5C(121)95C(121)
DIMENSION G(121)s S5SS5S(121,121)
EQUIVALENCE (C»s»G)> (NsKOUNT2)
C DIMENSION PERMIT UP TO COMPLETE 5TH HARMONIC (121 COEFFS) BUT IF
C ONLY 3RD HARMONIC (49 COEFFS) SUFFICIENT USE FOLLOWING 3 CARDS
C INSTEAD OF PRECEEDING THREE.
C DIMENSION G(50)9555(50+50)
C DIMENSION I1(50)5JJ(50)sIDT(50)5C(50)s5C(50)
C EQUIVALENCE (CsG) » (DIRCOS9SSS) » (DIRCOS(2501)9SC) » (NsKOUNT2)
LOGICAL GRID
INTEGER PRsCH
C

DATA (CH=1H1s1H89s1H/91HS59s1Hes1H3 s 1H*s 1H291H+»1H691Hs»1H9 s 1H—s1HO»

A1H=91H&4»1H( s 1HT7» 1H) » 1HS)
CH T2 203006 I3 36T 663 3626003693693 96 96 2696 960606 3 36 96 3 ¢

C READ CONTROL CARD AND FQURIER COEFF SPECIFICATION CARD

Qi iz s i sttt s 2222222 22222222 27

FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG

READ 107sUWsVWsOPASOPBsMsUQsVOSUMINSUINCRMs JUINSsVMINSVINCRMsJVINSFOLDG

* s ANGLE s KOUN

IF (NSELeEQel) READ 103, (II(L)»JJ(LISIDT(L)sL=1sM)

PRINT 108sUWs VWs OPAs OPBs Ms UOs VO
IF (JUINS.EQ.0) GO TO 6

NUPTS=JUINS+1 $ NVPTS=JVINS+1 $ KOUNT3=NUPTS#NVPTS

ANGLE = (ANGLE)*(3414159/180.0)
CANGL = COSF(ANGLE) $ SANGL = SINF(ANGLE)
GO I3 36 T 3096 T3 3 396 43096 06 26 3696 36 3 38 36 696 36 36 36 96 0 %

C COMPUTES SSSs BETA HATs AND G MATRICES
@222 2222 2222 2222222222222 2222222 2T Y
6 P=240%361415926 $ UAC = P/UW $ VAC=P/VW
DO 10 I=1,M
G(I)=0.0
DO 10 J=1sM
10 SSS(1sJ) = 0a0
DO 11 IE=1+KOUNT2
K=IEDIT(IE)
U=(GCOORD(Ks1)-UQ) *UAC $ V=(GCOORD(Ks2)-V0)
DO 19 I=1,M
UIT=II(I)*U $ VII=JJ(l)#*V
ISKY=IDT{(I)
GO TO(13s14515416)s15KY

13 sC(I) = COS(UITI) * COS(vVII) $ GO TO 19
14 SC(I) = COS(UII)I®*SIN(VII) $ GO TO 19
15 SC(I) = SIN(UITI*COS(VII) $ GO TO 19
16 SC{I) = SIN(UILI)*SIN(VIT)

19 CONTINUE
DO 20 I=1sM
G(I) = G(I) + SC{I)*GCOORD(Ks3)
DO 20 J=1sM
20 SSS(IsJ) = SSS(IsJ) + SC(I)®SC(J)
11 CONTINUE
€42 2222222222122 222222222 TLTL ST Y

C SOLVE FOR COEFFICIENTS
CAEIIEA I3 06 36 06 06 46 3 0633896 96 356 36 36 3 36 3% 6 36 3 36 96 36 3 36 3 %
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FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG
FOLDG

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

54
55
56
517
58
59
60
61
62
63

65
66
67



C

C

21

95
23

29
24

25

26

28

180

103

107
108

999
1000
1001

74

66

K=0 FOLDG 68
CONTINUE FOLDG 69
K=K+1 FOLDG 70
IF(K «EQe M) 25,22 FOLDG 71
DO 22 I=KsM FOLDG 72
IF(ABS(SSS(14K))eLE«0+00011GOTO 23 FOLDG 73
XY = SSS(IsK) FOLDG 74
GLI)=G(I)/XY FOLDG 75
DO 95 J=K»sM FOLDG 76

SSS(IsJ) = SSS(1sJ)/XY FOLDG 77
CONTINUE FOLDG 78
L=K+1 FOLDG 79
DO 24 I=LsM FOLDG 80
IF (SSS(IsK) «LEe 0.0001) GO TO 24 FOLDG 81
G(1)=6(1)-G(K) FOLDG 82
DO 29 J=KsM FOLDG 83
SSS(IsJ) = SSS(IsJ) — SSS(KsJ) FOLDG 84
CONTINUE FOLDG 85
GO TO 21 FOLDG 86

FOLDG 87
C(M) = G(M)/SSS(MsM) FOLDG 88
1=M-1 FOLDG 89
CONTINUE FOLDG 90
K=I+1 FOLDG 91
DO 28 J=KsM FOLDG 92
ClI) = CLI) - SSS(1»J)*C(J) FOLDG 93

1=1-1 $ IF (1.GT.0) GO TO 26 FOLDG 94
PRINT 999sTITLASNSEL § PRINT 1001 FOLDG 95
PRINT 10005 (IT1(K)sJJ(K)sIDT(K)sCIK)IsK=1sM) FOLDG 96

FOLDG 97
KOUNT2 = KOUNT2 - KOUN FOLDG 98
GRID=oFALSEs $ GO TO 66 FOLDG 99

FOLDG100
FORMAT (7511) FOLDG101
FORMAT (2F64092F1e031552F6e052(2F6¢3513)51F340513) FOLDG102
FORMAT (///4X*CONTROL CARD*s5X*U WAVELENGTH*F11.2»10X*V WAVELENGTH#FOLDG103
o F11e2//10X*COMPUTED VALUES*F4,055X*COSY MAP*F4.0 //10X*NO. COEFFFOLDG104
¢S IN TREND*I5s5X*WAVE ORIG*»2X32F642) FOLDG105
FORMAT (9A8/9A8540X*SELECTION®13) FOLDG106
FORMAT (6Xs3185F1646) FOLDG107
FORMAT (//20X*COEFFICIENTS*//10X%USUB*,4X*VSUB*,4X*TYPE*,4X*COEFFIFOLDG108
«CIENTS*//) FOLDG109

FOLDG110

C 3 &I I3 3 3 I I I I I3 I 33 I I I I I I FOLDG111
COMPUTE DIP AZIMUTHS AND ANGLES FOLDG112

C*****l**i**{**i*i********************** FOLDG113

FOLDG114
ENTRY DIPAZAN FOLDG115
DO 74 I = 1,KOUNT2 FOLDG116

IEDIT(I) = 1 FOLDG117
GRID=+TRUE. FOLDG118
VV=VMIN $  UU=UMIN $ WW=0.0 FOLDG119
PRINT 999,TITLASNSEL $ PRINT 104 $ IF (GRID) PRINT 148 FOLDG120
ABC(1) = ABC(2) = ABC(3) = 0.0 FOLDG121
DO 8 IE=1,KOUNT2 FOLDG122
K=1E FOLDG123
IF (GRID) GO TO 84 FOLDG124
K=1EDIT(IE) FOLDG125
UU=GCOORD(Ks1) $ VV=GCOORD(Ks2) $ WW=GCOORD(Ks3) $ GO TO 85 FOLDG126

29



84 UUT=UU $ VVT = VvV

UU = UUT*CANGL + VVT*SANGL $ VVaVVT*CANGL - UUT*SANGL

85 U = (UU-UO)*UAC $ V = (VV-VO)*VAC
COMPU = 040 $ COMPV = 0.0
86 DO 155 I=19M
UIT = TI(I)*U $ UIIC = II(I)®UAC
VII = JJ(1)#V $ VIIC = JJ(1)*VAC
ISKY=IDT(1)
G0 TO(151915291535154),1SKY
151 COMPU=COMPU-C(T)*SIN(UIT)*COS(VII)*UIIC
COMPV=COMPV-C(1)%*COS(UIT)*SIN(VII)*VIIC
GO TO 155
152 COMPU=COMPU-C( 1) *SIN(UTF)*SIN(VII)*UIIC
COMPV=COMPV+C(1)*COS(UTIT)*COS(VII)*VIIC
GO TO 155
153 COMPU=COMPU+C( 1) *COS(UIT)*COSU(VII)I*®UIIC
COMPV=COMPV-C(I1)*SIN(UIT)*SINIVII)*VIIC
GO TO 155
154 COMPU=COMPU+C( 1)*#COS(UTIT)®SIN(VII)*UIIC
COMPV=COMPV+C(I)*SIN(UIT)»*COS(VII)*VIIC
155 CONTINUE
COMPU = COMPU + COEFL({2)
COMPV = COMPV + COEFL (3)
H = SQRT (COMPU%*%2 + COMPV*%2 + 1,0)
Al = -COMPU/H $ A2 = -COMPV/H $ A3=
DIRCOS(K»2)=(36040/P)*ACOS(A3)
F={(360.0/P)*%ATAN(A2/Al)
FF = A2/Al
IF (A2 +LTe 0e0) 1409141
140 IF (FF oLTe 0e0) 1425143
141 IF (FF oLTe 040) 1445142

142 DIRCOS (Ksl) = 18040 - F
GO TO 145

143 DIRCOS (Ksl) = 36040 -F
GO TO 145

144 DIRCOS (Ksl) = ~F
GO TO 145

145 CONTINUE

PRINT 146sKsUUsVVeWWs (DIRCOS(KsJ)sJ=192)9sA1lsA25A3
ABC(3)=ABC(3)+A3

30 ABC(1)=ABC(1) + Al $ ABC(2)=ABC(2)+A2

DIRCOS (Ky»l) = A1l
DIRCOS (Ks2) = A2
DIRCOS (K»s3) = A3

IF («NOTe GRID) GO TO 8
UU = UUT + UINCRM $ VvV = VT
IF (MOD(KsNUPTS) o4EQe0) 798
7 VV=VVT+VINCRM $ UU=UMIN
8 CONTINUE
DO 9013 1 = 1,3
9013 ABC(I) = ABC(I)/KOUNT2

leO/H

$

FOLDG127
FOLDG128
FOLDG129
FOLDG130
FOLDG131
FOLDG132
FOLDG133
FOLDG134
FOLDG135
FOLDG136
FOLDG137
FOLDG138
FOLDG139
FOLDG140
FOLDG141
FOLDG142
FOLDG143
FOLDG144
FOLDG145
FOLDG146
FOLDG147
FOLDG148
FOLDG149
FOLDG150
FOLDG151
FOLDG152
FOLDG153
FOLDG154
FOLDG155
FOLDG156
FOLDG157
FOLDG158
FOLDG159
FOLDG160
FOLDG161
FOLDG162
FOLDG163
FOLDG164
FOLDG165
FOLDG166
FOLDG167
FOLDG168
FOLDG169
FOLDG170
FOLDG171
FOLDG172
FOLDG173
FOLDG174
FOLDG175
FOLDG176

104 FORMAT (1HO»30Xs*ORIGINAL DATA MATRIX (TRANSFORMED IF REQUESTED) AFOLDG177

oND COMPUTED DIP VALUES#,//10X»

FOLDG178

o*IDEN¥* 38X o ¥UR 99X s #V¥ 45X , *SCALED LINEAR* 94X s*¥DIP AZIMUTH#*44Xs%DIP AFOLDG179
oNGLE*s5Xs *DIRECTION COSINES*s/40Xs#DEVIATIONS* 34X s%S% 38X s%E%9TXs FOLDG180

oHUP¥%y/ /)
145 FORMAT (BXI1692F11leé4sF13,492F154293F843)
148 FORMAT (113Xs6H(GRID))

IF (GRID) RETURN
CH 33T 30T I3 39008 0000 3 36633606 303 36 3636 96 36 49636 3 3 3 0 K X
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C

34
35
36
37
38

2381

18

40

50

101

105 FORMAT(///10Xs*DATA MEAN*+8Xs*¥ST DEVIATION¥*s7Xs *VARIANCE*»7X>

106
110

COMPUTED VALUES AND RESIDUALS FOR LINEAR + FOURIER SURFACE

PRINT 999TITLASNSEL $ IF
§S = TSS = TS = Q.0
KOUNT2 = KOUNT2 + KOUN
DO 40 IE=1sKOUNT2 %
U=(GCOORD(Ky1)=-UO)
COMP=0.0

DO 2381 I = 1sM
UIT=II(I)*U % VII=JJ(])*V
ISKY=IDT(I)
GO TO(34935936937)sISKY

(OPA<EQe1l) PRINT 110

K=1EDIT(IE)
*UAC $ V=(GCOORDI(K»2)-VQ) *VAC

CS = COS(UII) * COS(VIIYy % GO TO 38
CS = COS(UIT) * SIN(VII) $ GO TO 38
CS = SIN(UII) * COS(VII) $ GO TO 38
CS = SIN(UIT) * SIN(VII)

CMMP = COMP + C(1)%*CS + COEFLI(1)
«*GCOORD (K9 2)

COMP = COMP + C(I)*CS

RES = GCOORD(Ks3) - COMP

IF (OPA.EQe0) GO TO 18

RESS= RES/COR3 $ CMPS = CMMP/COR3
PRINT 1015
5SS = RES*%2 + SS
TS=TS+GCOORD(Ks3)

+ COEFL(2)%*GCOORD(K»s1)

TSS=TSS+GCOORD(K93) #GCOCRD(K»3)
TS=TS/N

AS=TE#TSEN

VAR=(TS55-AS)/(N-1)

ST=VAR**0,5

25=100+0%(1e0-(S5/{TSS=-AS)))
F=({N-M)*(TSS-AS-5S))/((M-1)*%5S)

1DS=M-1

IDR=N-M

KOUNT2 = KOUNT2 - KOUN

PRINT 105

PRINT 1069TSsSTsVARSZSsFsIDSs»IDR

ZZS = (1000 —-SSRED)*ZsS $ Z2S = (Z7ZS5/100.0) + SSRED
PRINT 1106 SSRED»ZZS

CONTINUE

FORMAT (1149X92F10e2sF14e495F15e¢4)

X*#¥PCT SS CONTRIBN*98Xs*F RATIO*s2Xs*DF NUM*9 2X 9 %DF DENOM#* )
FORMAT(/10Xs5(F12e435X)2(1355X))
FORMAT

K 9 (GCOORD(KsJ)sJ=193)sCOMP sCMMP s CMPS»RESIRESS
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+ COEFL(3)FOLDG202
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(1HO» 40X 9 *SCALED# 9 9X*SCALED#*9» 10X*SCALED* 9 11 X*TRUE*910Xs*SCAFOLDG232

oLED* 911 Xo%TRUE¥s /10X s ¥ IDEN* 98X o ¥UKsIX 9 ¥V %5 8X» #OBS VAL* 97X *COMP VAFOLDG233

oL#s1TX o ¥COMP VAL* 920X s ¥RESIDUAL %5 /80Xs*LIN ADDED*s/)

FOLDGZ234

X®IDEN¥*s 8Xo¥UX 39X *¥VH 48X 9 *¥OBS VAL¥»TX s *¥COMP VAL¥*,8Xs*COMP VAL%*,15XFOLDG235

e s ¥*RESIDUAL ¥ /71X s #LIN ADDED¥5/)

FOLDG236

1106 FORMAT(///10Xs%PCT SS CONTR DUE LINEAR¥,F8e2/10Xs* TOTAL SS IS*,F8FOLDG237

ee2)

C 3 33 36 3 36 3 6 3% % % 3 I3 I3 3 I 6 36 I I 8 K 336 3 K I WA K * X

C MAPPING OPTION FOR COMPUTED SURFACE
CHMI RN NI TN I KR RHTRNEHN

1F (OPBeEQeO)
NMAP=0PB

RETURN
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64

DO 17 MM=1,sNMAP
READ 102sULsUHsVL9sVHesBASEsCINT
PRINT 199sULsUHsVLsVHIBASE»CINT
DO 135 K=1s19
135 CONTOUR(K)=BASE + (CINT*K)
PRINT 100
USTEP=(UH-UL) / 4140 $ VSTEP = (VH-VL) / 690
DO 81 U=10s70»10
81 VPRINT(J/10) = VL + (J-1)*VSTEP
PRINT 111sVLe(VPRINT(J)eJ=1sT)

PRINT 112
UF IX=(UL-UO)*UAC $ UTAH=(P#(UH-UL)) / (414%UW)
VFIX=(VL-VO)*VAC $ VIAH= (P¥{VH-VL)) / (69.*VW)

DO 80 I=1s42
U=UFIX + (I-1)%UTAH
ULL = UL + (I - 1)%(UH - UL)/4l.
DO 70 J=1,70
V = VFIX + (J-1)%VTAH
VLL = VL + (J - 1)¥(VH - VL)/69.
PR(J) = 1H
COMP = COEFL(1) + COEFL(2)%ULL + COEFL(3)%*VLL
DO 60 L=1sM
UITI=TI(L)*U $ VII=JJ(L)*V
LSKY=IDT(L)
GO TO(56957+58959)sLSKY

56 CS = COS(UII) * COS(VII) $ GO TO 60
57 CS = COS(UII) * SIN(VII) % GO TO 60
58 CS = SIN(UII) # COS(VII) % GO TO 60
56 CS = SIN(UIIL) * SINIVII)

60 COMP = COMP + C(L)%*CS
IF (COMP LT+ BASE) GO TO 70
DO 64 K=1,19
IF(COMP+LE«CONTOUR(K))IGOTO 65
CONTINUE
K=20
65 PR(J) = CH(K)
70 CONTINUE
IF (I1eEQel «ORe MOD(I96)eEQe0) 76977
76 UPRINT=UL + (I-1)%USTEP $ PRINT 114+UPRINT
7T IF (1-20) 7172573
71 CONTP = CONTOUR(1)/COR3
PRINT 4001sPRsCH(1)sCONTRsCONTOURI(T)
72 PRINT 4002
73 PRINT 113,PR
80 CONTINUE
PRINT 115
17 CONTINUE
RETURN

100 FORMAT (1H1//20X*TREND SURFACE*//19X1HUs30X1HV)
102 FORMAT(6F640)

$ GO TO 80
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111 FORMAT(//20X9FTe2sF3e256F1002/24X1H¥% s 8X1H¥»6(9IX1H¥* ) » 2X*XSYMBOL*2 X*¥FOLDG296

oMAX VALUE#*»3X#MAX VALUE®H)
112 FORMAT(23Xs72(1H-) e 11X*TRUE* s 7X%#SCALED*)
113 FORMAT(23Xs1HIs70Als 1HI)
114 FORMAT (1H+s14XF7e2s1H%)
115 FORMAT (23Xs72(1H=-))

199 FORMAT (///10X%*MAP CARD#*s5X*¥UMIN¥F8e2s5X*¥UMAX*¥FB8e235X*VMIN*FB8e2 s
o DSXHVMAX¥FB42//20X*BASE*F10e4910X*¥CONTOUR INTERVAL*F10e4)
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4001

4

12

00z

27

502

13

503

FORMAT (23X1HI+70Als 1HI»4XAlsF12e19F1243)
FORMAT (1H+s98X» 1H3 s 6X6HBEYOND»6X6HBEYOND)
END

SUBROUTINE MOMENT (IAXIS)

- - e . - . -

A HISTOGRAM AND DESCRIPTIVE STATISTICS ARE CALCULATED FOR A

DISTRIBUTION OF DIRECTION COSINES. MEASURED ABOUT THE IAXIS AXIS,

DIMENSION POWER(4)9sA(5) »CT(3)

COMMON T(160093)s S(1600+3)

COMMON /MISC/ NUMBER(80)s IROW(80) sDUMMY (2324)

COMMON /1/ I1EDIT(1600)

COMMON /7 5/ EIGVAL(3)s EIGMATI(3+3)

COMMON /9/ KOUNT2sNSELSTITLA(18)sTITLB(18)

DATA (A = =1e0s =0e59 0,05 0e59 1,0)

PRINT 99sTITLA $ PRINT 101sIAXIS $ PRINT 98+KOUNT2sNSEL
PRINT 102sA $ PRINT 103

COUNT = KOUNT2

po 3 J=1s4

POWER(J) = 0e0

DO & M=1,80

NUMBER(M) = 0

TAB = TRAB = 04,0

WRITE TITLES FOR HISTOGRAM

CALCULATE SUMS OF FIRST TO FOURTH POWERS OF DATA

DO 6 IE=1,KOUNT2Z2

I=IEDIT(IE)

CHANGE DIR COS TO REFER TO PRINCIP AXES

IF (IAXISeNE«1l) GO TO 31

DO 27 J = 13

CT(J) = TUIs1)*EIGMAT(1sJ)+TUIs2)*EIGMAT(2sJ)}+T(193)*¥EIGMAT(3+J)
ACT = SQRTU(CT(1)%%#2) + (CT(2)%%2))

BCT = SQRTU(CT(11*%*2) + (CT(3)*%2))

TlIsl) = CTL1)/ACT $ T(Is2) = CTL2)/ACT % T(1s3) = CT(3)/BCT
TAB = TAB + ABS (T(I»2)) $ TRAB = TRAB + T([s2)

L =1 $ IF(TRAB«LT.TAB) L = 2

DO 5 J = 14

POWER(J) = POWER(J) + (T(IsIAXIS))*¥*y

COUNT FREQUENCY OF MEASUREMENTS IN EACH COLUMN OF HISTOGRAM
M = (T(I+IAXIS) + 140)/0.025

NUMBER (M) = NUMBER(M) + 1

CONVERT FREQUENCIES TO PERCENTAGES

DO 7 M =1, 80

P = NUMBER(M)

NUMBER(M) =(100.0%P/COUNT) + 05

FIND LARGEST PERCENTAGE

MHI=0
DO 8 M=1,80
MHI = MAXO (NUMBER(M) ¢MHI)

DRAW HISTOGRAM

M = MHI + 5

DO 502 I=1»80

IROW(I)=1R

PRINT 115

IF (MeGTeMHI) GO TO 503

FOR ONE ROW AT A TIMEs FIND THE SYMBOL REQUIRED IN EACH COLUMN
DO 12 1=1,80
IF(NUMBER(T)eGE«M)IROW(])=1R%*
CONTINUE

PRINT 108sMs IROW M
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VNP WN

10

12
13
14
15
16
17
18
19
20
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[aNaNaNA

15

98

99
100
101

102

103
108
109

110
111

113
115

3
4

6

7

M=M-1 MOMNT
IF (MeGTe 0) GO TO 13 MOMNT
PRINT 115 $ PRINT 103 $ PRINT 102»A MOMNT
PRINT 109 MOMNT
COMPUTE AND PRINT THE MOMENTSs SKEWNESS AND KURTOSIS MOMNT
WRITE(65110) MOMNT
DO 15 J = 14 MOMNT
POWER{(J) = POWER(J)/ COUNT MOMNT
WRITE (65111)Js POWER( ) MOMNT
Bl = POWER(3)/(SQRT(POWER(2) #** 3)) MOMNT
B2 = POWER(4) / (POWER(2)%%2) MOMNT
PRINT 113,B1,B2 MOMNT
IF (IAXISeNEe2) RETURN MOMNT
PRINT 100sL MOMNT
RETURN MOMNT
MOMNT

FORMAT (169% MEASUREMENTS*s5Xs*(SELECTION*91351H)/) MOMNT
FORMAT (2(9A8/)91H0»120X%#SUBe MOMENT%*/ 1HI() MOMNT
FORMAT(3HOA-sI1s* AXIS 15 APPROXIMATELY NORMAL TO AXIAL PLANE%*) MOMNT
FORMAT(#QODISTRIBUTION OF DIRECTION COSINES ABOUT THE#I2s#-AXIS*) MOMNT
FORMAT (Xe5X9s5F20e1) MOMNT
FORMAT (Xs 6(3Xs1H+33Xs1lHes3Xs1Hes3Xs1Hes3Xs1He)) MOMNT
FORMAT (XI2921X91HO980R191H0»20X12) MOMNT
FORMAT (/52X26HVALUE OF DIRECTION COSINES/*0QPERCENTAGE FREQUENCY PMOMNT
oLOTTED VERTICALLY®*) MOMNT
FORMAT (1HO»s 39HMOMENTS OF THE ABOVE DISTRIBUTION ARE -) MOMNT
FORMAT (I59F124¢4) MOMNT
FORMAT (*OSKEWNESS AND KURTOSIS*/F9e&sFl244/1H)) MOMNT
FORMAT (24Xs82(1H0)) MOMNT
END MOMNT
SUBROUTINE READIN (KOUNTsNFOLD) READN
--------- READN
SUBROUTINE READS DATAs SCALESs ROTATES AND TRANSLATES KEADN
I[F ELEVATION DATA SUPPLIED COMPUTES LINEAR PULYNUMIAL KEADN
-------- - - READN
COMMON DIRCOS (160093)s GCOORD(1600s3) READN
COMMON /1/ IEDIT(1600) READN
COMMON /2/ C(3)s SSRED READN
COMMON /6/ NLISTsLIST(1600)sNAME(699)sNAMTEMP(6)sLIND(6) READN
COMMON /9/ KOUNT2sNSELSsTITLA(18)sTITLB(18) READN
COMMON /11/COR3 READN
DIMENSION FMT(6)s SFMT(6)s EM(3)sYVECT(3)s XMTRX(3s3)>» READN
INTEGER FMTsSFMT»BLANK READN
LOGICAL SCALE READN
DATA (BLANK=1H ) READN
DATA (SFMT=48H (A6sA693F6e092F6e3+613 READN
READ 100sTITLASTITLB READN
IF(EOF(5))3s4 READN
SToP READN
PRINT 100sTITLASTITLB $ PRINT 103 READN
READ 101sID1sNLINy IRECTsTHETAsFMTsCOR12sCOR39CORAZISNLIST»NFOLD»UREADN
+«TRANSsVTRANS READN
PRINT111sID1sNLINs IRECTsTHETASFMTsCOR129COR3yCORAZIsNLISTsNFOLDsUREADN
« TRANSsVTRANS READN
IF (NLIST.EQeO) NAME(1l,1) = S5HOMNES READN
IF (NLIST.EQ.0) GO TO 40 READN
00 7 L=1sNLIST READN
READ (55,102} ID1s1ID2s (NAME(Lo9J)s J=159) READN
WRITE(69112) ID1sID2s (NAME(LsJ)s J=159) READN
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40

33

30

USE STANDARD FORMAT AND NO CORRECTIONS UNLESS ON MASTER CARD
SCALE = oFALSE,.

IF (COR12 + COR3 +EQe040) GO TO 33

SCALE = +TRUEe.

IF (COR12.EQe0.0) COR12=140

IF ( COR3.EQe0e0) COR3=1.0

IF (FMT(1) - BLANK) 8+5,8

DO 30 J=1s6

FMT(J) = SFMT(J)

CONTINUE

PRINT 106 % IF (NLIST.GTe0) PRINT 116 5 PRINT 117
1 =1

C STATEMENT 10 FOR SPECIAL FORMAT KANSAS DECK HAD DIRCOS/LIND REVERSED

aEaNANAKA!

10

15

READ FMTs NPROJsIPTs
o (LIND(J)s J = 156)

(GCOORD(I9Jd)s J=193)s(DIRCOS(I9J)sJ=1+2)>

CARD SUCH AS FOLLOWING PERMITS SIGN AND DIRECTION OF U AND V ON A
PUNCHED DECK TO BE CHANGED
GC=-GCOORD(Is2) $ GCOORD(I192)=GCOORD(I»1) $ GCOORD(Is»1l)=GC
PRINT 114s I1sNPROJSIPTs(GCOORD(I9J)sJ=193)s(DIRCOS(IsJ)sd=192)
e (LIND(J)YsJ=196)
IF (GCOORD(Isl) «GTe 99840) GO TO 12
DIRCOS(Isl) = DIRCOS(Is1) + CORAZI
IF («NOTe SCALE) GO TO 19
GCOORD(1Is1) = GCOORD(I,1) * COR1l2

GCOORD(1s2) GCOORDI(I42) * COR12
GCOORD (193) = GCOORD (l+3) * COR3
19 ENCODE (69120sLIST(I)) LIND
I = I+1
GO TO 10
12 KOUNT = [-1 $ PRINT 104 sKOUNT
IF (NFOLDeNEes1l) GO TO 17
ROTATE REFERENCE AXES AND SHIFT AXES ORIGIN IF REQUESTED
IF (THETA «EQe 0e0) GO TO 22
IF ¢ IRECT - 1) 29992
) A = 1.0 $ GO TO 11
2 A = —-1a0
11 Z = 040174532925 * THETA
RCOS = COS (2) $ RSIN = SIN (2)
22 PRINT 23
DO 24 K = 1,KOUNT
DECODE (69120sLIST(K)) LIND
GCOORD (Ksl) = GCOORD (Ksl) = UTRANS
GCOORD (Ks2) = GCOORD (Ks2) = VTRANS
IF (THETA «EQe 040) GO TO 24
GCOORD (Ksl) = RCOS * GCOORD (Ksl) - AXRSIN¥GCOORD(K»s2)
GCOORD (Ks2) = RCOS*GCOORD(Ks2) + A¥RSIN*GCOORD(Ks 1)
24 PRINT 259 Ks (GCOORD (KsL)s L = 193)s LIND
COMPUTE LINEAR POLYNOMIAL SURFACE»s STORE RESIDUALSs COEEFICIENTS
IF ELEVATIONS SUPPLIED
C(l) = C(2) = C(3) = 0,0
EM(1) = 1.0
IF (NLIN oNEe 0) GO TO 17
DO 110 I = 13
YVECT(I) = 040
DO 110 J = 1.3
110 XMTRX (IsJ) = Q060 $ SYOBS = SYOBSQ = SYCP = 0.0

35

READN 30
READN 31
READN 32
READN 33
READN 34
READN 35
READN 36
READN 37
READN 38
READN 39
READN 40
READN 41
READN 42
RDN&43-44
READN 43
READN 44
READN 45
READN 46
READN 47
READN 48
READN 49
READN 50
READN 51
READN 52
READN 53
READN 54
READN 55
READN 56
READN 57
READN 58
READN 59
READN 60
READN 61
READN 62
READN 63
READN 64
READN 65
READN 66
READN 67
READN 68
READN 69
READN 70
READN 71
READN 72
READN 73
READN 74
READN 75
READN 76
READN 77
READN 78
READN 79
READN 80
READN 81
READN 82
READN 83
READN 84
READN 85
READN 86
READN 87



C

32

SYCPSQ = SYRES = 0.0

DO 32 K =1sKOUNT

CM(2) = GCOORD (Ksl) $
DO 32 I = 143
YVECT(I) = YVECTI(I)
DO 32 J = 13

XMTRX (IsJ) = XMTRX
PRINT 109s TITLA
WRITE (6+122) ((XMTRX(I9J)sJ=193)s1=1193)
WRITE (6+105) YVECT

EM(3) = GCOORD (Ks2)

+ EM(I)*GCOORD(K»s3)

(IsJ) + EM(I)*EM(J) $ COUNT = KOUNT

INVERT X-MATRIX

201

2

2

2
2

2

2

18

11
12

13
14

28

29

60

65
17

26

MAX = 3
DO 201 I=1sMAX %
A(IsJ) = XMTRX(IsJ)

DO 214 K = 1sMAX
DIV = A(KsK) $
DO 211 J = 1lsMAX
AlKsJ) = A(KsJ)/DIV

DO 214 I = 1sMAX % 1F
DIV = A(IsK) $ A(I4K)
DO 213 J = 1sMAX
Allosd) = A(IsJ)
CONTINUE

DO 228 I = 1sMAX $
ClI) = C(I) + A(IsJ)
DO 229 1 = 1sMAX
S = S + YVECT(I)
PRINT 108
WRITE (69127)
DO 60 K =
YCOMP =
YRES =
GCOORD
SYOBSQ
SYCPSQ
SYRES =
SSYOBS
YBARCP
SSYCPS

DO 201 J=1sMAX
A(KsK) = 1.0

(1-K)
= 0.0

21292149212

= DIV¥A(KsJ)

DO 228 J = 1sMAX
* YVECT(J) % S = 0.0

* C(I)

(C(I) » I = 19eMAX)
19 KOUNT ) YOBS = GCQORD
Cll) + (C(2))*GCOORD(Ksl) +
YOBS - YCOMP
(Ke3) = YRES %
SYOBSQ + YOBS#*x2 $
SYCPSQ + YCOMP#®*2
SYRES + YRES $ YBARQOB =
SYOBSQ - YBARQOB*SYOBS
SYCP/COUNT $ SSYCP = SYCPSQ -~ YBARCP*SYCP
S - YBAROB*SYQOBS $ SSRED = 100.,0 * (SSYCP/SSYOBS)
PCTRED 10040 * (SSYCPS/SSYOBS)
WRITE (69133) YBAROBsYBARCP,sSYRES
WRITE (69135) SSRED
WRITE (69137) PCTRED
IF (NFOLDeEQel) RETURN

(Ke3)
(C(3))*GCOORD(Ks2)

SYOBS
SYCP

SYOBS + YOBS
SYCP + YCOMP

Hu

SYOBS/COUNT

W oun

fl

FOLLOWING ONLY USED WHEN DIRECTIONAL DATA SUPPLIED
WHATZ1S=3414159/180.

DO 18 I=1»KOUNT

A = DIRCOS(Isl) * WHATZIS

B = DIRCOS(Is+2) * WHATZIS

SINB=SIN(B)

DIRCOS(1s1) -COS(A) * SINB

DIRCOS{I+2) SIN(A) % SINB

DIRCOS(Is3)= COS(B)

IF («NOT. SCALE) GO TO 28

PRINT 115 $ PRINT 117

DO 26 I=1sKOUNT

PRINT 113s Is (GCOORD(I9J)sJ=193)s(DIRCOS(IsJ)sJ=1s2)

fon

READN 88
READN 89
READN 90
READN 91
READN 92
READN 93
READN 94
READN 95
READN 96
READN 97
READN 98
READN 99
READN100
READN1O1
READN102
READN103
READN104
READN105
READN106
READN107
READN108
READN109
READN110
READN11l1
READN112
READN113
READN114
READN115
READN116
READN117
READN118
READN119
READN120
READN121
READN122
READN123
READN124
READN125
READN126
READN127
READN128
READN129
READN130
READN131
READN132
READN133
READN134
READN135
READN136
READN137
READN138
READN139
READN140
READN141
READN142
READN143
READN144
READN145
READN146



<

[aNaNaNA!

28 RETURN READN147
READN148

23 FORMAT (///10Xs* U AND V VALUES ROTATEDs TRANSLATED AND SCALED*»6XREADN149
e *SCALED W¥*s 11X*#CATEGORIESH*) READN150

25 FORMAT (10X91I1593F156595X96(2Xs11)) READN151
100 FORMAT (9A8) READN152
FOR KANSAS DECK HERE USE (A692113F4¢096A69F10e092F5.0921192F440} READN153
101 FORMAT (A6921 19F4e096A69F10e09F4e0sF6e0921192F440) READN154
102 FORMAT (12A6) READN155
103 FORMAT (1HO»25HPRINT-0UT OF MASTER CARDS / X»25(1H-)/) READN156
104 FORMAT (Xs16sXs12HMEASUREMENTS) READN157
105 FORMAT (//12X8HVECTOR Ys (/10XE2048)) READN158
106 FORMAT (//15X*ORIGINAL DATA MATRIX*¥/15X»20(1H-)/) READN159
108 FORMAT (/10Xs* COEFFS DEGREE 1%) READN160
109 FORMAT (9A8/9A8) READN161
111 FORMAT (X9sAE93XsI291Xs1291XsF6e291X96A69/2X93F19e9921492F80e4) READN162
112 FORMAT (X»12(A6s3X}) READN163
113 FORMAT (20X1693X95F12e4) READN164
114 FORMAT (1695Xs2(A6393X)9s5F12e45613) READN165
115 FORMAT (//15X#SCALED DATA MATRIX%#/15Xs18(1H-}/) READN166
116 FORMAT (1H+s89X10HCATEGORIES) READN167
117 FORMAT(12X4HPROJ»4X6HSAMPLE » BXB8HU(SOUTH) s SXTHV(EAST) s 6XSHW(UP ) READN168
e 4XOHDIP TRENDs6X3HDIP) READN169
120 FORMAT (6R1) READN170
122 FORMAT (//5X1THREGRESSION MATRIXs (/5X6E1848)) READN171
127 FORMAT (5X6F18.8) READN172
133 FORMAT (//18X9s»7HYBAROBS»12X8HYBARCOMP»10X10HSUM RESIDS//5Xs3F204)READN173
135 FORMAT (//5X36HPER CENT REDUCTION IN SUM OF SQUARES//10XF12e2) READN174
137 FORMAT (//5X19HINTERNAL CHECK ON S// 10XF12.2) READN175
END READN176
SUBROUTINE SEKSHN SEKSH 1
--------- SEKSH 2
COMPUTES SLOPE AND LOCATION OF INTERSECTION OF MEASURED PLANES SEKSH 3
WITH PRINCIPAL PLANES, ' SEKSH 4
SEKSH 5

COMMON /1/ IEDIT(1600) SEKSH 6
COMMON T(1600s3)s S(1600+3) SEKSH 7
COMMON /9/ KOUNT2sNSEL,TITLA(18)sTITLB(18) SEKSH 8
DIMENSION KRIS(3) SEKSH 9
DATA (KRIS=8H 1-348H SEKSH 10
PRINT 99,TITLA PRINT 98sKOUNT2sNSEL SEKSH 11
SEKSH 12

PRINT 103 $ PRINT 100 SEKSH 13
PRINT 101sKRISs(JeJ=1s3) SEKSH 14
SEKSH 15

F=5942957 SEKSH 16

DO 1 I1E=1sKOUNT2 SEKSH 17
I=IEDIT(IE) SEKSH 18

A= T(Is2) / T(lsl) SEKSH 19

B = T(Ie3) / T(lsl) SEKSH 20

C = T(Is3) /7 T(Is2) SEKSH 21
AA=F * ATAN(A) BB=F#ATAN(B) $ CC=F*ATANI(C) SEKSH 22

1 PRINT 102, I sAsAAIBsBBsCsCCr(S(IsJ)sJ=193) SEKSH 23
RETURN SEKSH 24
SEKSH 25

98 FORMAT (I16s% MEASUREMENTS*s5X s ¥ (SELECTION*51391H) /) SEKSH 26
99 FORMAT ( 2(9A8/)s1HO»120X%¥SUBe SEKSHN#*/) SEKSH 27
100 FORMAT ( 1HOs52HSLOPE (TANGENT AND ANGLE) OF INTERSECTION OF BED ASEKSH 28
INDs 19Xs 33HDISTANCE FROM ORIGIN PARALLEL TO SEKSH 29

37



NN ON

101 FORMAT (7Xs3(A8s6H PLANE»2X)s 11X»3(I8s5H-AXIS) /
e9X 9 14H-—====—= 32Xy 14H-——==—~— * 12X 14H- - )/)
102 FORMAT (X1693(F9e4sFTel)s 11X93F1344)

SEKSH
SEKSH
SEKSH

103 FORMAT (*0ODATA FOR DRAWING CROSS-SECTIONS PARALLEL TO THE PRINCIPASEKSH

"ol AXESH)
END
SUBROUTINE SELECT
KONTROL IS A 3-DIGIT INTEGER»
THE SECOND DIGIT IS THE FACTOR CODE NUMBER (KLASS)s
THE THIRD DIGIT IS THE CATEGORY CODE NUMBER (KAT),

COMMON DIRCOS (160093)s GCOORD(160093)

COMMON /1/ ITEDIT(1600)

COMMON /4/ D(3)sCOVMAT(3+3)

COMMON /6/ NLISTsLIST(1600)sNAME(65»9) sNAMTEMP(6)sLIND(6)
COMMON /7/ KONTROL(20)

COMMON /9/ KOUNT29sNSELsTITLA(18)»TITLB(18)

PRINT 99 $ PRINT 100

IF (KONTROL(1) oNE«0) GO TO 3
PRINT 105 $ GO TO 30

DO 20 K=1520

IF (KONTROL(K) +EQe0) GO TO 30
PRINT 109sKsKONTROL(K)

INGA = TABS(KONTROL(K))

VAR = INGA/10

KAT= MOD(INGAs10)

IF (KVAR «GTe NLIST) 13,15

13 PRINT 104 $ STOP

133}

15 NEW=Q
IF (KONTROL(K)) 17916916
16 PRINT 103 sNAME(KVARSKAT) $ GO TO 18

17 PRINT 102sNAME(KVAR»KAT)
13 DO 2 IE=19KOUNTZ
I=1EDIT(IE)
DECODE (65120sLIST(1)) LIND
IF (KONTROL(K)) 59454
*KONTRL' WAS POSITIVEs SPECIFIED CATEGORY ONLY IS TO BE RETAINED.
4 IF (LIND(KVAR) <EQe KAT) 692
KONTROL WAS -VEs EVERYTHING EXCEPT SPECIFIED CAT RETAINED
5 IF (LIND(KVAR) +EQe KAT) 256
6 NEW=NEwW+1
IEDIT(NEW) = 1
2 CONTINUE
20 KOUNTZ2 = NEW
30 PRINT 107 »KOUNT2
RETURN

B3 3 063 3 336 3 663 I I 36 I I I I I 9 K I I I I I I I I N

ENTRY GETCOV
bR AR AR S S22 22222 S22 TIT T TRTR T TR T NS

7 DO 31 J=1,3
D(J) = 0e0
DO 31 K=1,3
31 COVMAT(JsK) =040
DO 28 IE=1»KOUNT2
I = IEDIT(IE)

38

SEKSH
SEKSH
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT



28

29

99

DO 28 J=193

D(J) = D(J) + DIRCOS(IsJ)

DO 28 K=1s3

COVMAT(JsK) = COVMAT(JsK) + DIRCOS(I»J)*DIRCOS(I9K)
COUNT = KOUNTZ2

DO 29 J=143

D(J) = D(J) / COUNT

Do 2¢ K=1s3

COVMAT(JsK) = COVMAT(JsK)/COUNT

RETURN

FORMAT (1HO»120Xs%SUBe SELECT*///)

SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT

100 FORMAT(*0OIN COMPUTING THE NEXT SET OF RESULTSs ONLY MEASUREMENTS ISELCT

102
103
104

105
107

109
120

38

39

40

48

49
50

FORMAT (40XsA6)
FORMAT (XsAb6)

FORMAT (1H1963HSELECTION ERRORes PLEASE CHECK CONTROL CARDS AT END
10F DATA DECK)

FORMAT (1HOs 16HALL MEASUREMENTS)

FORMAT (/16s% CASES IN GROUP AFTER SELECTION*)

FORMAT (//1H+999X s *SELECTION FIELD*I3s% USEDsVALUE=#+14)
FORMAT (6R1)

END

SUBROUTINE SPIN

COMMON /1/ IEDIT(1600)

COMMON T(160093)s S(160093)

COMMON /5/ EIGVAL(3)sEIGMAT(3,3)

COMMON /6/ NLISTsLIST{1600)sNAME(699)sNAMTEMP(6)sLIND(6)
COMMON /9/ KOUNT2sNSELSTITLA(18)»TITLB(18)

DIMENSION GCO(3)sDIRCI(3)

PRINT 99sTITLA $ PRINT 98sKOUNT2sNSEL
PRINT 105

DO 40 IE=1»KOUNT2

I=IEDIT(IE)

DO 38 J=1s3

DIRC(J) = T(lsJ)

T(IsJ) = 060

DO 39 JU=1,3

DO 39 K=1,3

T(IsJ) = T(IsJ) + DIRC(K) * EIGMAT(KsJ)
CONTINUE

DO 50 IE=1sKOUNT2

I=IEDIT(IE)

DO 48 JU=193

GCO(J) = S(1sJ)

S(I9J)=0e0

DO 49 J=1,3

DO 49 K=1y3

S(Isd) = S(IsJ) + GCO(K) * EIGMAT(K»J)
CONTINUE

PRINT 106 $ TAB=TRAB=0.0

DO 6 IE=1sKOUNT2

I=1EDITC(IE)

PRINT 107> I 9s(S(IsJ)sd=193)e(T(IeJ)sJ=193)
TAB=TAB + ABS (T(I1s2) )

TRAB = TRAB + T(Is2)

39

«N THE FOLLOWING CATEGORIES WERE USED -%#/9HOINCLUDEDs30X8HEXCLUDED)SELCT

SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SELCT
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
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L=1 % IF (TRABeLT«TAB) L=2
PRINT 100»sL
PRINT 109
E = SQRT((EIGVAL(1))1#%24+ (EIGVAL(2))%¥%2 + (EL1GVAL(3))#%2)
DO 20 IE=1sKOUNTZ2
I=IEDIT(IE)
TSUM = SQRT (TU(Is1)%%2 4+ T(I»2)%%2 + T([93)%¥2)
IF (TSUMeLTe 145%E) GO TO 20
DECODE(69120sLIST(I}) LIND
DO 21 L=1sNLIST
KAT=LIND(L)
21 NAMTEMP(L) = NAME(LsKAT)
PRINT 1119I1s(S(IsJ)eJd=1+3)9(T(IsJ)sJ=193)s (NAMTEMP(L)sL=1sNLIST)
20 CONTINUE
PRINT 112
RETURN

98 FORMAT (16s* MEASUREMENTS*»s5Xs*# (SELECTION*»[391H)/)
G3 FORMAT { 2(9A8/)»1HO9120X*¥S5UBe SPIN*/)
100 FORMAT (3HOA-s11le% AXIS IS APPROXIMATELY NORMAL TO AXIAL PLANE®*)

SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN
SPIN

105 FORMAT (1HO»s 25Xs STHTHE MEASUREMENTS BELOW ARE IN TERMS OF THE PRSPIN

1INCIPAL AXES)

SPIN

106 FORMAT(*QLIST OF COORDINATES AND DIRECTION COSINES OF MEASUREMENTSSPIN
e TRANSFORMED TO REFER TO PRINCIPAL AXES*/THOSAMPLE »4X8HU(SOUTH) s5XSPIN

e THVIEAST ) 9 8X5HWI{UP) » 14X8HU(SOQUTH) »2X8H V(EAST) s3X5HW(UP))
107 FORMAT (XI693F13e¢3910X9s3F10e4)

SPIN
SPIN

109 FORMAT(*OTHE FOLLOWING MEASUREMENTS DEVIATE CONSIDERABLY FROM THE SPIN
eMEAN%/% ITEM LOCATION COORDS*s16X*¥DIRECTION COSINES*14XTHFACTORS/)SPIN

111 FORMAT (Xs169Xs3E10e393X93FTe493Xs6(A69X))
112 FORMAT (//25Xs45(1H-))
120 FORMAT (6R1)
END
SUBROUTINE WULFF
SUBROUTINE PRODUCES LOWER HEMISPHERE VON WULFF STEREOGRAM OF
APPROXIMATELY 20 CMS DIAMETER.

COMMON T(160093)» S(1600s3)
COMMON /1/ 1EDIT(1600)
COMMON /9/ KOUNT2sNSELSTITLA(18)sTITLB(18)
COMMON /MISC/ IROW(54s46)
WRITE (69105)
R6 = 640 * 3,937 $ P= 1e0/R6
RS = 540 * 3,937 $ Q= 100/R5
FOR POINTS ON THE CIRCUMFERENCE OF THE PRIMITIVE CIRCLE»
(MP/2)%%2 + (NQs2)%%2 = 1y BY THE THEOREM OF PYTHAGORAS,
DO 2 M=1+54 3% DO 2 N=1s46
2 IROW(MsN) = 0
DO 3 IE=19KOUNTZ2
I=IEDIT(IE) _
T3 = T(Is3) % F = SIGN(1e0sT3)
Tl = T(Isl) * F
T2 = T(Is2) * F
A=ABS(T3) + 1.0

IN THE NEXT TWO EXPRESSIONSs 3937 IS THE RADIUS OF THE NETs IN

SPIN

SPIN

SPIN

SPIN

WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF

INCHES» 60 1S THE NUMBER OF LINES OF QUTPUT PER INCH» 5.0 IS THE WULFF
NUMBER OF TWO-DIGIT CHARACTERS PER INCHes 0e5 IS A ROUNDING FACTORGWULFF

40

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
62
63
64
65
66
67
68

VONOUFEWN-

10

12
i3
14
15
16
17
18
19
20
21

23
24
25



C
C

31
32
33

37

38

35

33
40

100

101

102
103

104
105

NOTE THAT LEFT PAREN OF FORMAT 105 KNOCKS OUT NORMAL PAGE OVERFLOWs
RIGHT PAREN OF FORMAT 103 RESTORES 1ITe)

M T1/A %#(-R6) +1e0 +R6
N T2/A #(-R5) + 1le0+R5
M=M+3 & N=N+3

IROW(MsN) = IROW(MsN) + 1

" n

FILL IN BACKGROUND EXCEPT WHERE PLOTTED

QSQ=Q*x2

DO 6 M=1:54

R = ABS (M-2740)

X = (le05- (R®P)*%2) / QSQ

IF (XeGTe0) 31532

N2=SQRT(X) + 05 $ GO TO 33
NZ2=0

NA=23 - N2 $ NB=23 + N2

DO 7 N=1sNA
IFCIROW(MsN) eEQeO) IROW(MIN)=—9
CONTINUE

DO 6 N=NB»s46

IF(IROW(MsN) eEQeO)IROW(MIN)=-9
CONTINUE

DO 40 M=1s54

DO 40 N=1s46

IF (IROW(MsN)) 37538935

IROW(MsN) = 2RVV
GO TO 40
IROW(MsN) = 2R
GO TO 40

IF (IROW(MsN) LEe9) GO TO 39
ITEMP=IROW(MsN)
ENCODE(10+102s1ROW(MsN)) ITEMP
GO TO 40

IROW(MsN) = IROW(MsN) + 2R O
CONTINUE

PRINT THE RESULTS.

DO 4 M=1,54

IF (M«EQe28) PRINT 104

PRINT 100 (IROW(MsN)sN=1+46)
PRINT 101sKOUNTZ2 $ PRINT 103
RETURN

FORMAT (21Xs23R2s1He923R2)

FORMAT (62XBHSOUTHI(1)//15+% MEASUREMENTS*)

FORMAT (8XI2)

WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF
WULFF

FORMAT (1HOs 98HSTEREOGRAM SHOWING DISTRIBUTION OF POINTS PROJECTEWULFF
«D ON LOWER HEMISPHERE OF 20-CENTIMETRE WULFF NET/1H))

FORMAT (19X4HWESTs21(2H )9 1Hes3H(3)»20(2He

FORMAT (1H1s63Xs5SHNORTH 7/ 1H()

END
001171 CARDS

41

) s THEAST(2))

WULFF
WULFF
WULFF
WULFF
WULFF
WULFF



APPENDIX B. - Listing of assembled data deck used to generate results illustrated.

Note: To accommodate format and axes sense used in data deck supplied by Kansas Geological Survey,
subroutine READIN was modified as follows:
(a) Statement 10: sequence altered as noted on comment card,
(b) Format 101: changed to read scaling factors needed - see comment card, and
(c) Card labelled READIN 48 was actually used.

1 040291 TOP OF ARBUCKLE IN KANSAS 29 APRIL 1968

0 200 RANDOM DATA POINTS FROM MERRIAM AND SMITH INVEST. 25, 1961
0 COMPLETE FOURTHHARMONIC N = 200s KOUN = 98

0O FWL = 250/500 MILES

040291 (A6sA392X93F1546961192F340) 7¢89141414.0019 11 110 210
040291 INNER OUTER

040287001 164750000 -8.660000 =1709.0000001
040287003 23360000 -22.100000 =2961.0000001
040287004 294800000 -10.580000 -2240.0000001
040287006 22.18C00C -16240000 -1872.0000001
040287008 22010000 -34360000 -2584,0000001
040287009 144180000 -17.130000 -2810.0000001
040287014 154100000 -18.500000 -3062.0000001
040287015 284960000 ~10.300000 -2540,0000001
040287017 18.900000 -164690000 -2300.0000001
040287022 21110000 -12.260000 -1505.0000001
040287023 29920000 -4,000000 ~1921.0000001
040287025 21860000 -44010000 -2466.0000001
040287027 224750000 -21.670000 -2780.0000001
040287028 354930000 -144530000 —-707.0000001
040287029 21590000 -21.160000 -2677.0000001
040287030 284200000 -64400000 -2801.0000001
040287031 30500000 -19.830000 -2678.0000001
040287033 314380000 -17.740000 -2190.0000001
040287037 244300000 -23.900000 -3367.0000001
040287041 244800000 -21.100000 -2959.,0000001
040287043 22720000 -11.150000 -1431.0000001
040287044 204400000 ~-21.820000 -3022.0000001
040287046 264490000 ~-6+430000 -2431.0000001
040287051 33.120000 -17.040000 -1792.0000001
040287052 244670000 -154610000 -2146.0000001
040287053 30100000 -12.920000 -2131.0000001
040287056 284250000 -14.350000 =2421.0000001
040287059 27210000 -10.580000 ~2204.0000001
040287060 14310000 ~17.100000 -2810.0000001
040287062 19.380000 -17.600000 -2348.0000001
040287066 32.480000 -24240000 -1618.0000001
040287068 184960000 -14.540000 -1834.0000001
040287069 324970000 -11790000 -1884.0000001
040287070 234500000 -14570000 ~2308.0000001
040287072 314400000 -12.,200000 -2058.0000001
040287073 31600000 -22.820000 -2711.0000001
040287074 354900000 -9.900000 -1537.0000001
040287077 214540000 -144900000 -1667.0000001
040287078 334460000 -12.310000 -1694.,0000001
040287080 19400000 -16.570000 ~2300.0000001
040287082 354180000 -19.790000 -1465.0000001
040287084 21200000 -34500000 -2349.0000001
040287085 234500000 -13.020000 -1564.0000001
040287087 344450000 -19.450000 -1257.0000001
040287088 254600000 -17.180000 =2337.0000001
040287090 294320000 -11.480000 -2109.0000001
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040287093
040287095
040287098
040287100
040287104
040287111
040287112
040287114
040287115
040287116
040287118
040287119
040287120
040287121
040287125
040287127
040287128
04028713¢C
040287131
040287132
040287134
040287137
040287138
040287139
040287140
040287141
040287143
040287150
040287151
040287154
040287155
040287156
040287157
040287159
040287161
040287162
040287164
040287165
040287166
040287169
040287170
040287172
040287173
040287174
040287175
040287176
040287180
040287181
040287182
040287184
040287186
040287190
040287191
040287194
040287196
040287198
040287002
C40287005
040287007
040287010

254900000
204120000
334870000
14.780000
34.280000
244600000
254100000
264470000
204230000
35.270000
25.000C00
224950000
35000000
30070000
184450000
29.050000

4400000
264700000
154580000
204700000
20800000
224110000
2648560000
294930000
244620000

26040000

324860000
224400000
27910000
194920000
29.620000
364500000
16.580000
344450000
30260000
354600000
234230000
27.020000
20940000
17.530000
280270000
13.920000
324580000
354450000
21.210000
36.200000
284520000
29800000
30400000
254020000
16600000
294920000
17.100000
21.700C00
20600000
30320000
124130000
13180000
124340000
10850000

-19.050000
-194800000
-23.970000
-204580000

-1.780000
-204450000
~-22.840000
-13.190000
-17.580000
-19.230000

-9.200000

-8.420000
-23.130000
-15.180000

-9.010000
-21.080000
-20.900000
~12.800000

-44630000
-204390000
-11.500000
~21.,000000
-214170000
-16.800000
-23.120000
-164520000
-134520000
-13.230000
-16.480000
-11.100000
-204270000
-10+219000

-54120000

-64220000
-224270000
~204950000
-11.590000
-17.010000
~22+900000
-10.020000

-8.160000

-2+200000
-19.860000
-17.030000
-14.570000
-16.250000
-17.200000
-13.,960000
-10.020000
~-17.820000

~-1.850000
-22.020000
-14.050000
~144210000

-64280000
-15.550000
~-18.020000

-3.920000

-44810000

-1320000
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-2607.0000001
-275140000001
-1626.0000001
-3431,0000001
-2305.0000001
-2483.0000001
-3095.0000001
~1490.,0000001
-2307.0000001
-1037.0000001
-1407.0000001
~2133.0000001
-3090.0000001
-1890.0000001
-165140000001
-2998.0000001
-1902,0000001
-1785.0000001
-1593.0000001
-2722.0000001
-1477.0000001
-2598,0000001
-2951.0000001
-2435.0000001
-3177.0000001
-2241.0000001
-1775.0000001
-1500.0000001
-2481.0000001
-1599.0000001
-2875.0000001
-1353.0000001
~1608.0000001
-1499.0000001
-3029.0000001
-1860.0000001
-1412.0000001
-2407.0000001
-3044,0000001
-1657.0000001
-254040000001
-1313.0000001
-2140.0000001

-883.,0000001
-1695,0000001
-174640000001
-2440.0000001
-2346.0000001
-2182.0000001
-2063.0000001
-1583.0000001
-3061.0000001
-2402.0000001
-1608.0000001
-1613.0000001
-2195.0000001
-2934.0000002
-1478.0000002
~1826.0000002
-1477.0000002



040287011
040287012
040287013
040287016
040287018
040287019
040287020
040287021
040287024
040287026
040287032
040287034
040287035
040287036
040287038
040287039
040287040
040287042
C40287045
040287047
040287048
040287049
040287050
040287054
040287055
040287057
040287058
040287C61
040287063
040287064
040287065
040287067
040287071
040287075
040287076
043287079
040287081
040287083
040287086
040287089
040287091
040287092
040287094
040287096
040287097
040287099
040287101
040287102
040287103
040287105
040287106
040287107
040287108
040287109
040287110
040287113
040287117
040287122
040287123
040287124

39330000
494300000
464000000
4310000
5900000
7800000
54960000
2100000
414990000
414300000
414200000
«300000
3.900000
24400000
434100000
8900000
474300000
12600000
1150000
45900000
«850000
104500000
51200000
10.000000
264120000
494860000
10480000
424000000
12710000
7500000
474320000
44990000
414890000
11.000000
44620000
444080000
44390000
24800000
19090000
28,600000
43.100000
32.600000
12.320000
124420000
4000000
74820000
504650000
7210000
44710000
1930000
39.600000
1.200000
494000000
39.010000
444410000
244480000
84200000
404000000
10820000
84200000

-214140000
=14.850000
-24150000
-8.150000
-8.960000
-1.780000
-1.500000
-2+650000
-54310000
-164380000
-3.500000
-¢400000
-15.650000
-244000000
-154340000
-21.000000
-44920000
~14.830000
~25.850000
~-13.250000
~54500000
-25.010000
-26.,100000
-+500000
-184600000
-19.500000
-17.900000
-14760000
-11.000000
~19.580000
-18.580000
~154250000
-21.500000
-13.550000
-10.860000
-23.,100000
-64200000
~244400000
-264150000
-19.000000
-24,150000
~204650000
~-14.050000
~164500000
-24.100000
-20.980000
-4,020000
~6+130000
-204480000
-19.400000
-18.880000
~15.000000
~9.930000
-84570000
-244450000
-14.200000
~164820000
-214420000
-12.920000
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-1119.0000002
—-125.0000002
-1891.0000002
-1800.0000002
-2017.0000002
-1578.0000002
~1693,.,0000002
-1800.0000002
-2056.0000002
-1077.0000002
~2586.0000002
=2029.0000002
-2208.0000002
-3167.0000002
=399.0000002
-3603.0000002
-1400.0000002
=2545.0000002
-1923.0000002
-638.0000002
-1803.0000002
-1507.0000002
134.0000002
-6242.0000002
=2295,0000002
-10000002
-325640000002
-885.0000002
=1313.0000002
-2270.0000002
=210.0000002
-2446.0000002
-1108.0000002
-3561.0000002
-2256.0000002
~978.0000002
-3782.0000002
-1867.0000002
=3657.0000002
-4373.0000002
1.0000002
=2923.0000002
-3292.0000002
-2435.0000002
-2333.0000002
=4272.0000002
145.0000002
-1634.,0000002
-1844.,0000002
=3075.0000002
-1135.0000002
-2802.0000002
125.0000002
-1971.0000002
-1293.0000002
-3589.,0000002
-2133.0000002
=1366.000Q002
-3609.0000002
-2280,0000002



040287126
040287129
040287133
040287135
040287136
040287142
040287144
040287145
040287146
040287147
040287148
040287149
040287152
040287153
040287158
040287160
040287163
040287167
040287168
040287171
040287177
040287178
040287179
040287183
040287185
040287187
040287188
040287189
040287192
040287193
040287195
040287197
040287199
040287200
040291
040291
250

38.010000
41.180000
9790000
41110000
6.600000
11,120000
74500000
2000000
9010000
154100000
454020000
364990000
7000000
12.610000
424860000
3880000
«100000
9.000000
1660000
17830000
11870000
13.190000
49,700000
37450000
34,200000
17.400000
41120000
74910000
44,080000
12580000
1.600000
2580000
394620000
«200000
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-26.050000
-204140000
-94950000
-5.220000
-19.680000
-94500000
-6.620000
-20.430000
-13.890000
-25.850000
-25.080000
-25.280000
-154680000
~144770000
-23.480000
-1.060000
-164610000
-26.120000
-7+430000
-¢100000
-24520000
-13.100000
-254900000
~74180000
-26.200000
~1100000
-19.860000
-84010000
-20,520000
-10.680000
-164250000
-84140000
-18.030000
-84250000

-999,
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20.

-1857.0000002
~-998.0000002
-1835.0000002
-2274.0000002
-2853.0000002
~2012.0000002
=1937.0000002
~307540000002
=2101.0000002
-5400.0000002
-485.0000002
~1852.0000002
-2489.0000002
-2545,0000002
-792.0000002
-1860.0000002
-2382.0000002
-5211.0000002
-1819.0000002
-1647.0000002
-1392.0000002
-2344.0000002
56340000002
-1934.0000002
-2834.0000002
-1521.0000002
-835.0000002
-1998.0000002
-488.0000002
-2240.0000002
-2462.0000002
-1936.0000002
-1421.0000002
-1609.0000002
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KANSAS GEOLOGICAL SURVEY COMPUTER PROGRAM
THE UNIVERSITY OF KANSAS, LAWRENCE

PROGRAM ABSTRACT

Title (If subroutine state in title):

FORTRAN |V CDC 6400 computer program to analyze subsurface fold geomeiry.

Date: June 12, 1968

Author, organization: E.H. Timothy Whitten

Northwestern University

Direct inquiries to:  Author or

Name: D.F. Merriam Address: Kansas Geological Survey

University of Kansas
Lawrence, Kansas 66044

Purpose /description: __To permit description and analysis of subsurface folds using well-log data if strike

and dip information not available, or direct use of dip and strike.

Mathematical method: Scalar descriptors are used to describe and map fold geometry.

Restrictions, range:

Computer manufacturer: CDC Model: 6400

Programming language: FORTRAN 1V
7410137 ¢

k%

Memory required: Approximate running time:

Special peripheral equipment required:

Remarks (special compilers or operating systems, required word lengths, number of successful runs, other ma-
chine versions, additional information useful for operation or modification of program)

This program has been successfully tested and run on the CDC 6400 for numerous data sets.

*according to number of Fourier coefficients called.

x Example used here: central process. 136 sec., peripheral process. 51 sec. Time differs widely according

to number of coefficients and particularly printed maps.
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Mathematical simulation of marine sedimentation with IBM 7090/7094 computers, by J.W.
1966 . .
A generalized rwo-drmensronal regression procedure, by JeRs Dempsey, 1966
FORTRAN 1V and MAP program for computation and plotting of trend surfaces for degrees 1

Harbaugh,

COMPUTER CONTRIBUTIONS

Kansas Geological Survey

University of Kansas
Kansas

Lawrence,

through 6, by Mont O'Leary, R.H. Lippert, and O.T, Splfz, 1966 %

FORTRAN lI program for multivariate discriminant analysis using an IBM 1620 computer, by

J.C. Davis and R.J. Sampson, 1966 .

FORTRAN 1V program using double Fourler series for surface f'rhng of |rregu|ar|y spaced

data, by W.R. James, 1966
FORTRAN 1V program for estimation of cladistic relahonshlps usmg the 1BM 7040 by R.L.
Bartcher, 1966 .

Computer applications in the earth suences

edited by D.F. Merriam, 1966.

Prediction of the performance of a solution gas drive reservoir by Muskar s Equahon, by

Apolonio Baca, 1967
FORTRAN 1V program for mathematical simulation of marine sedimentation with IBM 7040
or 7094 computers, by J.W, Harbaugh and W.J. Wahlstedt, 1967

Three=dimensional response surface program in FORTRAN |l for the IBM 1620 compufer, by

R.J. Sampson and J.C. Davis, 1967 .

FORTRAN 1V program for vector trend analyses of directional dara, by W T Fox, l967
Computer applications in the earth sciences:

Merriam and N,C. Cocke, 1967 ,

FORTRAN 1V computer programs for Markov chain experlments in geology, by w.C.

Krumbein, 1967 .
FORTRAN 1V programs to defermme surface roughness in topography for fhe CDC 3400
computer, by R.D. Hobson, 1967 .,

FORTRAN Il program for progressive ||near fit of surfaces on a quadrahc base usmg an IBM
1620 computer, by A.J, Cole, C. Jordan, and D.F. Merriam, 1967,
FORTRAN 1V program for the GE 625 to compute the power spectrum of geologlcal surfaces,

by J.E. Esler and F.W. Preston, 1967,

FORTRAN 1V program for Q-mode cluster analysis of nonquanhrahve dafa usrng IBM

Colloquium on Classification procedures,

Colloqurum on trend analysis, edited by D.F.

7090/7094 computers, by G.F. Bonham-Carrer, 1967 .

Computer applications in the earth sciences:
Merriam, editor, 1967 .
FORTRAN Il time-trend package for fhe IBM 1620 compufer, by J C Daws and R J

Sampson, 1967 .

Computer programs for mulhvanafe ana|y5|s in geology, D E, Merrlam, edrfor, 1968
FORTRAN 1V program for computation and display of principal components, by W.J.

Wahlstedt and J.C. Davis, 1968 .
Computer applications in the earth sciences:
Merriam and N.C. Cocke, 1968 .
Computer programs for automatic confourmg, by D B Mclnryre, D D Pollard and R

Smith, 1968 .

Mathematical Model and FORTRAN 1V program Tor compurer simulation of deltaic
sedimentation, by G.F. Bonham=Carter and A.J. Sutherland, :
FORTRAN IV CDC 6400 computer program to analyze subsurface fold geomefry, by E.H.

T. Whitten,

1968

Colloquium on time=series analysis, D.F.

Colloquium on simulation, edited by D.F.

1968
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