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Editor’s Remarks

A Fourier series, a mathematical series of sines and cosines, can be used to analyze data suspected
of being oscillatory. If the analysis indicates that the fit is poor, the data probably are not periodic; if the
fit is good, then possibly they are. Inasmuch as a periodic function is predictable, the investigator is pro-
vided with a powerful analytical tool.

Natural cycles can be observed in sun-spot activity, tides, tree-ring growth, weather patterns, and
many other phenomena. The geological record is more obscure, but many cyclic phenomena can be inter-
preted in sedimentary sequences. Cyclic sedimentation is now receiving more attention (see D. F. Merriam
ed., 1964, Symposium on Cyclic Sedimentation, Kansas Geological Survey Bull. 169), and results should
be forthcoming from this important aspect of geology.

Recently, Fourier analysis has been successfully applied in geology to phenomena believed to be
cyclic in nature. Analyses have been made of varved sequences (R. Y. Anderson and L. H. Koopmans,
1963, Harmonic analysis of varve time series, Jour. Geophys. Res., v. 68, no. 3), electric log representa-
tion of sediments (F. W. Preston and J. H. Henderson, 1964, Fourier series characterization gfscyclic
sediments for stratigraphic correlation, Kansas Geological Survey Bull .169), microrelief (R. O. Stone and
J. Dugundji, 1965, A study of microrelief - its mapping, classification, and quantification by means of a
Fourier analysis, Eng. Geol., v. 1, no. 2), and other mapped properties such as structural, geochemical,
topographic, and stratigraphic data (see, reference list).

One of the problems in using Fourier analysis is the necessity of having orthogonally oriented data.
In geology, of course, this criterion is seldom, if ever, met. This program, which will accept irregularly
spaced data, will greatly facilitate the application of Fourier analysis in solving geologic problems.

For a limited time the Survey will make available the card deck for $10.00. Two versions of the
program are available, one in FORTRAN 1V for the CDC 3400, and the other in FORTRAN |V for the IBM
7040. Because the two versions are slightly different, it is necessary to specify which program is desired
when ordering the deck.

The Kansas Geological Survey is the only geological organization known to be actively distributing
computer program decks as well as data decks. The programs are sold for a limited time at a nominal cost.
Versions of the programs have been executed on Burroughs B5500, CDC 3400, Elliott 803C, IBM 1620,
7040, 7090, and 7094/1401 computer systems. A list of available decks is given below.

’

ALGOL F ORTRAN I FORTRAN IV
Marine Simulation (CC 1) $20.00
2D Regression (CC 2) $10.00 $10.00 $10.00
Trend-6 (CC 3) $25.00
Discrim (CC 4) $ 5.00
Nongridded Double
Fourier (CC5) $10.00
*Trend-3 (SDP 3)
Match-Coeff (SDP 4) $ 2.00
*Correlation and distance
Coeff (SDP 9)
Time-trend (SDP 12) $ 5.00 $ 5.00
Covap (SDP 13) $15.00
Trend-3 (SDP 14) $25.00 $25.00
Cross=-Association (SDP 23) $10.00
Single and $ 5.00
double Fourier (SDP 24) $15.00
Precambrian wells (SDP 25)
List of about 2,6000 Precambrian wells $50.00
Trend-4 (SDP 26) $ 7.50
Sediment analysis (SDP 28) $10.00
4D Trend (KGS B171) $10.00 $10.00
Conversion of T&R to
Cartesian coordinates (B 170-3) $ 5.00 $ 5,00
Hydrodynamic oil=trap mapping
(reprint, Colo. Sch. Mines) $10.00

*Qut of print, therefore not available.

Comments and suggestions concerning the Computer Contribution Series are welcome and should be
addressed to the editor. An up-to-date list of publications is available on request.



FORTRAN IV PROGRAM USING DOUBLE FOURIER SERIES FOR

SURFACE FITTING OF IRREGULARLY SPACED DATA

WILLIAM R. JAMES

INTRODUCTION

The double Fourier series has recently come
into use in geology as an alternative model to the
polynomial for trend-surface analysis. Thus far its
use has been restricted to gridded data due to the
ease with which coefficients are computed. The
extension of the model to irregularly spaced data
greatly facilitates applications in geology.

Coefficients of the series are calculated by
the least-squares method. Where data are arranged
on a grid with fundamental wavelengths chosen as
the grid lengths plus one, coefficients are easily
obtained in great number. If the fundamental wave-
lengths are chosen as some other values or the data
are irregularly distributed, computation of coeffi-
cients is more cumbersome but may be of greater
advantage. Because there is essentially no restric-
tion on choice of fundamental wavelengths in the
latter method these values may be chosen on a sub-
stantive basis and hence may {ecd to more meaning-
ful trend maps. Also, fundamental wavelengths may
be chosen such that some extrapolation beyond the
control area is possible, whereas in the gridded case
the surfaces merely repeat themselves upon extra-
polation beyond the control grid. This paper presents
a review of the method of coefficient derivation and
application to trend surfaces, a discussion of the
differences between the gridded and nongridded
applications of the method, a computer program for
computation of coefficients and the mapping of sur-
faces, and examples of applications of the method.

Acknowledgments.--The writer is indebted to
Dr. W. C. Krumbein for discussions leading to the
development of this program and aid in constructing
the map examples, and to Dr. John Tukey and the
Statistical Techniques Research Group, af Princeton
University for stimulating discussion regarding this
subject.

REVIEW OF THEORY AND APPLICATION OF
F OURIER SERIES TO GRIDDED DATA

A finite definition of the double Fourier
series useful for surface fitting to gridded data is
given in equation (1). This brief review is based

mainly on James (1966), and is included here for
completeness.

KC LC
FU,V)=1 I cc..cos(2niU/M)cos(2njV/N)

i=0 =0 'l
KC LS

+I I csiicos(ZwiU/M)sin(ZTriV/N)
=0 j=1
KS LC

+I I sciisin(2 wiU/M)cos(2njV/N)
i=1 =0
KS LS

+1I I ssiisin(2 wiU/M)sin(27jV/N)

i=1 =1 )

where:

U = north-south coordinate axis increasing to
the south with origin at northern map
edge*

V = east-west axis increasing to the east with
origin at the western map edge

X(U,V) = mapped variable

M = maximum U value plus one (fundamental
wavelength in U direction)

N = maximum V value plus one (fundamental
wavelength in V direction)

KC = maximum cosine harmonic in U direction

LC = maximum cosine harmonic in V direction

KS = maximum sine harmonic in U direction

LS = maximum sine harmonic in V direction

If M is even, KC = M/2; KS = (M-2)/2

If N is even, LC = N/2; LS = (N-2)/2

If M is odd, KC =KS = (M-1)/2

If Nis odd, LC = LS = (N-1)/2

Coefficients of the series are ccii, Y

|
sc.., and ss...
1 I

*Notation of U,V,X in this paper corresponds to
Y,X,Z of other papers published in the Computer
Contribution Series.



The series is linear with respect to its coef-
ficients and thus the least-squares method may be
used to calculate the coefficients. In matrix
notation the problem consists of the solution of the

equation S {3\ =g, which is:é\ =S —]g where B’ is
the column vector of coefficients, S is the square
matrix of sums of squares and cross-products of
Fourier series terms, and g is a column vector of the
sums of products of observed values and individual
Fourier series terms. This matrix equation may be
written as shown in Table 1.

If the definition of the double Fourier series
given in equation (1) is used and if the data are on
a grid, the S matrix is remarkably simple in that all
elements outside the main diagonal are identically
equal to zero and the elements of the main diagonal
are simple functions of M and N. The inversion of
the S matrix becomes insignificant as the inverted
matrix has only a main diagonal, the elements of
which are merely the reciprocals of the correspond-
ing elements of S. Thus for gridded data and the
given definition of the Fourier series, computation
of the S matrix need not be made by computer,
Coefficients may be calculated directly by the
following formulas.

By using these formulas, as many as several
thousand coefficients may be calculated in a few
minutes with a high-speed digital computer. Com-
puter programs available for such calculations have

M-1 N-1
cey; = (w/(MN) UEO V—):O X(U'V)cos(21riU/M)cos(21riV/N)
M-1 N-1
cs.. = (w/(MN) I I XU v cos(2miU/M)sin(2niV/N)
i u=0 V=0 u,v)
M-1 N-1
sc.. = (w/(MN) I L X sin(2miU/M)cos(2njV/N)
0 U=0 V=0 u,v)
M-1 N-1
e (w/(MN) U——)?O VEO X(U'V)sin(21riU/M)sin(21riV/N)
(2)
where :
w =1ifi=0(or KC, when M is even) and j = 0 (or LC when N
is even)
w =2ifi=0(or KC, when M is even) or j = 0 (or LC when N
is even)

w =4 if i is not zero (or KC when M is even) andj is not zero
(or LC when N is even)

been written by Harbaugh and Preston (1965),
Preston and Harbaugh (1965), and James (1966).
Because the Fourier series is a continuous
function, the terms may be combined in a variety of
ways to produce trend-surface and residual contour
maps, or to objectively contour the data itself
(James, 1966; Krumbein, 1966). Trend surfaces may
be constructed by grouping the coefficients accord-
ing to their wavelengths. In Figure 1, the Fourier

Table 1.~ Matrix equation for least-squares determination of Fourier series coefficients (after James, 1966).

2
U)\:/(AOCO) U‘ZVA]COAOCo ...... | {/B SDLSAOCO oo UEIX(U,V)AOCO
2
T A.C,A.C I (ACA)T L. IB_ .D,A,C cc I X A.C
UVOO]O UV]O UVKSLS]O 10 UV(U,V)TO
Y AC,A.D I A.CLAD, ..., IB, D, AD cs I X A.D
UVOO3] Uv1031 UVKSLSS] 31 UV(U,V)S]
. . )
YA CB,_ .D YACB, Dic ..v.n. I B, <D e) ss I X B, .D
uv 0~0"KS™LS uv 170°KS™LS UV KS™LS KSLS UV U,V) KS™LS
S /B\ = g
Notations

A = cos(2niU/M)
Ci = cos(2njV/N)

Bi = sin(2wiU/M)
D.I,= sin(2njV/N)
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Figure 1.- Diagram displaying grouping of double Fourier series coefficients according to wavelength

(after James, 1966).

coefficients are arranged in a diagram to indicate
this grouping. Block O contains only one term
which produces a horizontal plane at the value of
its coefficient. Block | contains eight terms which
represent the fundamental wavelength surfaces. The
sum of blocks 0 and | represents the first harmonic
trend surface. Block Il contains 16 terms which rep-
resent surfaces of one half the fundamental wave-
lengths. The sum of terms in blocks O, I, and Il
represents the second harmonic surface. Each suc-
cessive harmonic surface is constructed by adding
the terms in the next block.

For the case of gridded data the coefficients
are independent of the combination of Fourier terms

used for a given surface. Thus a 22 array analogous

to that developed for orthogonal polynomials may be

built with computational ease. The Z“ values can
be used to separate trends from residuals in the data.

RESTRICTIONS ON USE OF GRIDDED MODEL

Although advantages of the gridded model
are great, there are some restrictions inherent in its

use,

The first restriction is that the fundamental

wavelengths used in the series definition (M and N
in equation 1) are determined only by the map
dimensions and have no necessary relation to any
wave forms which might actually be present in the
data. This feature of the model could conceivably



lead a careless investigator to interpretations of
wave forms in his data which have been introduced
entirely by the model. This arbitrary selection of
wavelengths also excludes the possibility of extra-
polation of trend surfaces. All surfaces will begin
to duplicate themselves in the U and V directions
beyond the control grid.

EXTENSION OF MODEL TO IRREGULARLY
SPACED DATA AND INCOMPLETE GRIDS

The matrix equation (equation 2) and the
general application of this equation to the Fourier
series shown in Table 1 are valid regardless of the
distribution of data points or the selection of funda-
mental wavelengths. The only change in the pro-
cedure for deriving coefficients for the nongridded
case is that the S matrix now contains nonzero
elements outside the main diagonal and all the
elements of this matrix must be computed and the
matrix inverted. This reduces the number of coef-
ficients which may be calculated in comparison to
the case of gridded data. However, it enables one
to choose nearly any fundamental wavelengths for
the series that are desired.

These wavelengths may be selected by using
autocorrelation techniques or by substantive judg-
ment on a theoretical or observational basis. The
only general restriction on these choices is that the
fundamental wavelengths must be larger than the
dimensions of the control area, because the surfaces
duplicate themselves over intervals equal to the
fundamental wavelengths in the U and V directions.
By setting the fundamental wavelengths sufficiently
larger than the dimensions of the control area, the
abrupt repetition of trends outside the control area
is avoided Thus extrapolation beyond the control
area is feasible.

PROGRAM DESCRIPTION

The basic purpose of this FORTRAN IV
program is to compute the coefficients of selected
double Fourier series terms by the least-squares
method. The coefficients to be derived are selected
by the investigator prior to computation and may be
selected to isolate trend surfaces as discussed pre-
viously, or on any other basis desired. Three
options are available. These options produce the
following information.

OPTION 1.

a. Trend and residual values at each data

point are calculated.

b. Data mean and variance and standard
deviation are calculated.

c. The reduction in total corrected sum of
squares of the data due to removal of
the trend, and the F ratio calculated
from variance estimates made from the
trend and residual surfaces are computed.

OPTION 2. A continuous symbol (COSY) map of
the trend surface is produced.

OPTION 3. This option provides a total Fourier
series fit to the observed values, pro-
duces computed values and residuals for
a check on machine rounding error,
and produces COSY maps of the total
fit surface and the trend residual sur-
face. This option may not be taken if
the number of data points exceeds an
upper limit based on machine storage
capacity. As the program is presently
written, this upper limit is 90 data
points, but this limit will be different
for different machines and may be
changed by altering a DIMENSION

statement,

PROGRAM INPUT

Several decisions must be made by the user
before the program may be run. These decisions
include the choice of the fundamental wavelengths
in the U and V directions, the origin of the wave
forms on the U, V grid, the double Fourier series
terms to be included in the trend, and the double
Fourier series terms to be used for the total fit if
that option is taken.

The fundamental wavelengths (i.e., the
values M and N in equation 1) may be chosen in any
manner so long as they are larger than the control
area. If the user suspects some periodicity in his
data he may estimate its wavelength and multiply it
by successive integers until a length greater than
the control area is obtained. This length may then
be used as the fundamental wavelength and terms of
the suspected wavelength may be included in the
trend. If the user chooses, he may run the program
several times using a variety of fundamental wave-
lengths, choosing from them on the basis of the
reduction in sum of squares due to removal of the
trend.

The origin of the wave form may be any U,
V, point on or off the control area. The choice of
this origin does not affect the shape of the derived
surfaces or the reduction in the sum of squares. It
will, however, change the numerical value of the
coefficients.

The choice of the double Fourier series
terms included in the trend surface may be made in
several ways. The most common way, as discussed
previously is to group the terms according to their
wavelengths. This has the effect of separating
broad scale variability from local variability in a
manner analogous to polynomial trend surfaces
(Krumbein, 1966; James, 1966). In many cases
other combinations of terms may be useful to define
atrend. For example, an investigator may wish to
isolate a suspected periodicity in his data and thus
will wish to choose terms of the proper wavelength
to include in the trend surface.



If the total fit option is taken, the double
Fourier series must be expanded to include the same
number of terms as there are data points. This
expansion may be done (using equation 1) by step-
ping i and | alternately by one integer until the
proper number of terms is obtained. In other words,
the terms included are defined by expanding the box
diagram in Figure 1 in the direction indicated by
the arrows until a sufficient number of terms is
included.

In order to define the various double Fourier
series terms to be used in the computations, the
following code is used.

i = the wave frequency in the U direction
over the length of one fundamental
wavelength (same as in equation T1).

i= the wave frequency in the V direction,
etc.

T = code number indicating the type of
double Fourier series term used.

T =1if cos U cos V is the type
T =2 if cos Usin V is the type
T =3 if sin U cos V is the type
T =4 if sin Usin V is the type
With this code a set of three digits (ijT) uniquely
defines a term in the double Fourier series.
After the above decisions have been made,
the input deck is made as follows.

l. Four title cards (?A8)
For carriage control a must be punched
in the first column of the first card, and
"0" 's in the first column of the other three
cards. The titles are alphanumeric
characters.

Il.  Master card (2F6.0, 311, x, 213, 2F6.0)

col. variable description
1-6 UW fundamental wavelength in U

direction

fundamental wavelength in V
direction

option for computed trend values
and residuals; "0" deletes these
computations; "1" includes them
option for COSY map of trend sur-
face; "0" deletes map; "1" includes
map

option for complete fit computations
(cannot be taken if number of data
points exceeds ninety); "0” deletes
computation of total fit; "1" in-
cludes computation of total fit

16  not used at present

-

II‘I n

7-12 VW
13 OPA

14  OPB

15 OPC

17-19 M number of terms in trend
20-22N number of data points
23-28U0 origin of wave form on U axis
29-34VO origin of wave form on V axis

1ll. Format card (9A8)
Data card format. This format must include

space for control point identification, U
value, V value, and observed data value.
IV. Map control card (6F6.0)

col. variable description

-6 UL minimum U value to appear on map
7-12 UH maximum U value to appear on map
13-18 VL minimum V value to appear on map
19-24 VH maximum V value to appear on map
25-30BASE  base of the values to be contoured
31-36CINT  contour interval

V. Trend surface identification card (26(311))

This card contains M (number of terms in
trend) sets of three digits (i, |, T), each set
identifying a term of the double Fourier
trend. All digits are punched consecutively
across the card.

VI. Data deck (Format given by format card)

Each data card includes an integer control
point identifier, a U value, a V value, and
the value of the dependent variable at that
data point.

VII. Total fit double Fourier series term identi-
fication card (26(311)) Include only if option
3 is taken.

This card is set up the same way as the trend-
surface identification card except it contains
N (number of data points) sets of three digits
(i, i, T). Up to four such cards may be
necessary.

VII. Next data deck, if any, beginning with the
cards as above,

ADDED NOTES ON PROGRAM

The mapping portion of the program is inde-
pendent of the rest of the program. Because the
double Fourier series is a continuous function, maps
including any area within or without the control
area may be called for by merely changing the
values of UL, UH, VL, and VH on the map control
card, The maps duplicate themselves over every
interval equal to the fundamental wavelength and
thus extrapolation beyond this interval usually lacks
meaning. If however, the chosen fundamental
wavelengths are much larger than the width of the
control area, extrapolation of the trend surfaces
may be of great value and this should be considered
when specifying values for UL, UH, VL, and VH.

It is also a feature of this program that only
20 contour intervals are available for mapping.
Values of residuals will fluctuate about the zero
plane approximately within the range of + 1 stand-
ard deviation of the data. Therefore if residual
maps are to be considered, the base of the contour
scale should be negative and numerically large
enough in magnitude to reach all values. For
example, if the data ranges from values of 1,000 to
3,000 with a mean of 2,000, the value for BASE



should be -1,000 and CINT should be 200 if all 2. An option could be added such that

the maps are to be studied. If the residual map is maps would be produced over a range of U, V,

of no interest, the base may be set at any con- limits such that recomputation of coefficients need
venient value near the lower limit of the data not be made for maps for which extrapolation is
range. desired.

3. The number of data points for which
computation of total fit is possible is limited only by
machine storage capacity. This program is written

SUGGESTED FUTURE ADDITIONS AND for a CDC 3400 computer. If total fit to more than
ALTERATIONS TO PROGRAM ninety data points is desired, the program could be
rewritten to exclude computation of trends and
1. An option may be added whereby iter- residuals and thus increase the number of data points
ation would be made using a variety of fundamental for which total fit is possible. Similarly, a machine
wavelengths giving the worker a wide choice of with larger storage capacity will allow total fit to a
trends to be considered. larger number of data points.

Listing of FORTRAN |V statements in Fourier program for irregularly spaced data.

PRNOGRAM FOURFIT
C 33 3% 336 3 % 3 56 30 3 36 H H H 362 M BRI KKK R H R KR

C A DOUBLE FOURIER SURFACE FITTING PROGRAM FOR
C IRREGULARLY SPACED DATA
C PROGRAM BY We Re JAMESs NORTHWESTERN UNIVERSITYs JUNEs 1966

C 3% % 36 36 363036 30 36 36 30 36 36 36 36 3035 36 36 36 3 3 2 3 3 K 3426 I K I S A8
DIMENSION TITL(36)sFMT(9)sIDEN(200)sIT1(100)9sJJ(100)sD(200)»
XG(100) o IDT(100)sSC(1U0)9C(100) sCOMP(200)sRES(200)sU(200)sV(200)
COMMON/BB/ VV(T70) sUU(42)sCH(20)s BASEs CONTOUR(19)s BLANKS
XS5(GUe9uU) » PaUWoeVioUL s UHsVL s VHoUO sVOsCVAL(424+70)
C 3R 3 3636 30 36 36 36 36 38 36 38 36 3 363838 363 30 38 36 36 36 30 3036 3 oo e N H R H
C READ CONTROLS AND DATA
C%***********%%*******3\‘******%%***%****%
1 READ(6U100)Ys TITL
IF(FOF+60)2,3
2 STOP
3 PRINT 100s TITL
100 FORMAT(9A8)
ITOP =0
READ(6U$101) UWsVWsOPASOPBSOPCsOPDsMaNsUOVO
101 FORMAT(2F6e094F140Ce21392F640)
PRINT 200 sUWsVWsOPASOPRSOPCsMsNsUO VO
200 FORMAT(///5Xs¥MASTER CARD*¢5Xe%U WAVELENGTH%*93XsFB8e2910Xs%V WAVELE
XNGTH* 93X sF8e2s//10Xs*COMPUTED VALUES*93XsF1e095Xs#COSY MAP#* 43X s
XF1eOs5X s #COMPLETE FIT*43XeF1e0s//10Xs*NO COEFF IN TREND*92X 913 95Xs
X*¥NO DATA PTS*%¥93X9s1695Xe*¥WAVE ORIG*¥92Xs2F6e2)
READ(605100) FMT
IF(OPR «FQe 1) 445
4 READ(605102) ULsUHsVLISVHIBASESCINT
PRINT 4100sULsUHsVLsVHsBASESCINT
4100 FORMAT(///710Xs*¥MAP CARD* 95X 9 ¥UMIN¥ 92X sF 602 95X 9 ¥UMAXH* 92X sF6e2
KOX o ¥VMIN¥ 92X sF6 a2 95X 9 VMAX* 92X sF6 29/ /20X 9 *BASE*92XsF8e2910Xs
X#*¥CONTOUR INTERVAL* 92X sF642)
DO 135 K=1,19
135 CONTOUR(K)=BASE + (CINT*K)
5 READ(6U$103) (II(I)eJdJ(I)sIDT(I)el=1sM)
103 FORMAT(26(311))
DD 6 K=1N
READ(6O¢sFMT) IDEN(K)sU(K)sVI(K)sD(K)
6 CONTINUE
102 FORMAT(6F6.0)
203 FORMAT(2X 94 (1492X9F54292X9F5e292X9F10eb9s2X))

6



C ****%***********‘%************ W d KRR K N
C COMPUTE Ss BETA HATs AND G MATRICES
C***********%%*****************%*******%
P=2.0%3,1415926
76 DO 10 I=1sM
G(1)=040
DO 10 J=1,M
10 S(1sJ)=040
DO 11 K=1sN
UA=(P*(U(K)=-UO))/Uw
VA= (P%(V(K)=VO))/VW
DO 12 I=1,M
UTI=I1(1)%UA
VIT=JJ(1)*VA
IF(IDT(I) «EQe 1)16513
13 IF(IDT(1) «FQe 2117514
14 IF(IDT(I) «FQe 3) 18,515
15 SC(I)=SINF(UTT)*SINF(VIT)
GO TO 19
16 SC(I1)=COSF(UIT)*COSF(VII)
GO TO 19
17 SC(I)=COSF(UIT)*SINF(VII)
GO TO 19
18 SC(I1)=SINF(UIT)*COSF(VII)
19 G(I)=G(I)+SC(I)*D(K)
12 CONTINUE
DO 20 I=1sM
DO 20 J=1sM
20 S(I9J)=S(IsJ)+ SCII)%5C(J)

11 CONTINUE
33 % 35 3 3 33 33 KR KRR KK R K RN

C SOLVE FCR COEFFICIFNTS
CHR¥HHFFHFHHEHR XA R U FERHFRE RN R R UK HHFH%R
K=0
21 CONTINUE
K=K+1

IF(K «EQe M)25422
22 DO 23 I=KM
TF(ABSF(S(IsK)) «LEe 0e0001) GO TC 3000
XY=S(T1+K)
G(I)Y=G(T)Y/XY
DO 95 J=K M
95 S{T1eJ)=S(TeJ)/XY
3000 CONTINUFE
23 CONTINUE
L=K+1
DO 24 I=L M
IF(S(IsK) eEQe 1le0D) 3001+3002
3001 CONTINUE
G(IV=G(I)=-G(K)
DO 24 J=K M
S(IeJ)=S(TeJ)=S(KsJ)
3002 CONTINUE
24 CONTINUE
GO TO 21
25 CI(M)=G(M)/S(MsM)
L=M=1
DO 30 I=1sL
30 C(IVy=GI(1)
I=M
26 CONTINUE
I=1-1



K=T+1
IF(K oEQe 1129427

27 DO 28 J=K M

28 C{I)=C(I)=S(IsJ)*C(J)

GO TO 26

29 CONTINUE

PRINT 1001

1001 FORMAT(lHl//20X9*COEFFICIENTS*9//10X9*USUB*s4k’*VSUR*94X’*TYPE*9

X4X o *COEFFICIENTS®/ /)
DO 18N K=1.M
PRINT 100GUsII(K)sJJIK)sIDT(K)sC(K)

180 CONTINUE

10CO FORMAT{10Xs3(14s4X)sF1246)
C F 3363638 3030 36 3636 3430 36 30 96 3 % 30 03 3 H 3K SR N KK K%

c

COMPUTED VALUES AND RESIDUALS

C 36 338 3690 38 30 36 36 56 3 35 36 36 36 36 36 3 36 36 3 30 36 38 3 36 3 36 30 S35 3 S K 3 % 3%

31
11

34
35
36
37
38
39

40
33

112

[F(OPA +FQe 1131450
PRINT 110

FORMAT (1H1 930X s *COMPUTED VALUES AND RESIDUALS*s//10Xs
XEIDEN*9 8Xo%UN9IX 9%VH* 98X s*¥0BS VAL ¥ 7X e ¥COMP VAL* sBX e ¥RESIDUAL¥s//)
S6=0eN

TSS = 040

T§=Oor)

DO 32 K=1sN

COMP(K) =040

RES({K)I=040

UA=({Px(U(K)=UD) ) /W

VA= (PX(VI{K)=VD)) /YW

DO 33 I=1sM

UIT=TT(1)Y*UA

VIT=JJ(I)*VA

IF(IDT(I) «FEQe 1)37934

IF(IDT(I) «FEQe 2138435

IF(IDT(I) «EQe 3)39+436
COMP(K)=COMP{K)+C(I)*SINF(UII)*SINF(VII)

GO TO 40C
COMP(K)Y=COMP(K)+C(T)*COSF(UIT)*COSF(VII)

GN TO 40

COMP (K )=COMP(K)+C (L I)*COSF(UIT)*SINF(VIT)

GO TO 40

COMP () =COMP{K)+C(I)*SINF(UIT)*COSF(VID)

CONT INUE

CONT INUE

RES(K)=D(K)=COMP (K

PRINT 111s IDEN(K)sU(K)sVIK)sD(K)sCOMP(K) sRESI(K)
FORMAT (10X 91495X 92 (FHe294X)93(F1l0ets5X))
SS=RES(KI*RES(KI+SS

TS=TS+D(K)

TSS=T55+D(K)*D(K)

T5=T%/N

AS=TS#*TSxN

VAR=(TS5=-AS)/ (N=1)

ST=VAR#¥#MN 5

2S5=100Ge0%(140=(55/(TS5-AS5)))
F=(IN=-M)*(TS5=A5=-55))/((M=1)%55)

InS=M=-1

IDR=N-M

PRINT 112

FORMAT(///710Xs*DATA MEAN* 98X o*5ST DEVIATION®* 97X e *VARIANCE* 97X s
X*¥PCT SS CONTRIRBN#*s8Xs%F RATIO®* 92X s%¥DF NUM%s2X s #DF DENOM*)
PRINT 113sTSeSTeVARSZSsFsIDSHIDR



113 FORMAT(/10Xs5(F12¢435X)92(1345X))
50 CONTINUE
CHRIFFFFHHER X HHRERRHFER RN AR R R R
C MAPPING OPTION FOR COMPUTED SURFACE
CHBRERXRARFRHRRFRFFRE R RRR RN KRR REHR R R
IF(OPB «EQe 140151569
51 IF(ITOP +EQe 1)70+52
52 DO 53 I=1.42
UULT)=((P*¥(UL=-UO)) /UW)+(P*(I=1)%*(UH=-UL))/ (41 e0%UW)
DO 53 J=1,70
53 CVAL(TsJ)=0.0
DO 54 J=1+70
54 VW IJ)=((P*¥(VL=VO) ) /VW)+(P*(J=1)%(VH=VL) )/ (69.0%VW)
DO 63 K=1,42
DO 63 L=1+70

DO 55 I=1sM
UITT=ITI(I)*UU(K)
VIT=JJ(I)*VV (L)
IF(IDT(I) «EQe 1158456
56 IF(IDT(I) «EQe 2)59457
57 IF(IDT(I) «EQe 3)604+61
58 CVAL(KsL)=CVAL(KsL)+C(I)*COSF(UII)*¥COSF(VII)

GO TG 62

59 CVAL(KsL)=CVAL(KsL}+C(I)*COSF(UII)*SINF(VII)
GO 70 62

60 CVAL(KsL)=CVAL(KsL)+C{I)*SINF(UII)*COSF(VII)
GO TO 62

61 CVAL(KsL)=CVAL(KsL)+C(II*SINF(UIT)*SINF(VII)
62 CONTINUE
55 CONTINUF
63 CONTINUE
CALL COZYMAP(1)
PRINT 4005
4005 FORMAT (1H1 920X s*SYMBOL MEANINGS#%s//10X s%SYMBOL%* 95X s *MAX VAL ¥+//)
DO 4000 K=1+19
PRINT 4001s CH(K)s CONTOURI(K)
4001 FORMAT(13Xs1A196XsF10e4)
4000 CONTINUE
GO TO 84
70 DO 71 K=1s42
UULK Y= (C(P*(UL=UO) ) /UW)+(P*(K=1)%(UH=UL})/(41«0%UW)
DO 71 L=1,70
S(KsL) =040
VVIL)Y=(IP®(VL=VO) ) /VW)+(P#(L=1)%(VH=VL) )/ (69« 0%VW)
DO 72 I=1sM
UITI=11(1)%UU(K)
VII=Jgu(I)y®vv(L)
IF(IDT(I) «EQe 1)73s574
74 IF(IDT(I) «FQe 2)78+79
79 IF(IDT(I) «FQe 3)80,81
73 S({KsL)=S(KsL)+C(1)*COSF(UII)*COSF(VITI)
GO TO 82
78 S(KsL)=S(KsL)+C(I1)*COSF(UII)*SINFI(VIT)
GO TO 82
80 S(KsL)Y=S5(KsL)+C(I)*SINF(UIT)Y*COSF(VII)
GO TO 82 :
81 S(KsL)=S(KsL)+C(I)*SINF(UII)*SINF(VII)
82 CONTINUE
72 CONTINUE
71 CONTINUE
CALL COZYMAP(2)



83

69
84
75

99

100

101

102

156

50

52
51

DO 83 1=1+42

DO 83 J=1,70
S(TeJ)=S(1sJ)=CVALI(TsJ)
CALL COZYMAPI(3)

GO T0 1

CONT INUE

IF(OPC «EQe 140175599
READ(6Cs1U3) (TI(K)sJJ(K)sIDT(K)sK=1sN)
M=N

ITOP=1

GO TO 76

GO TO 1

END

SUBROUT INFE COZYMAP(IOP)

DIMENSION PR(140)

COMMON/BB/ VV(T70) sUU(42)9sCHI(2C)s BASEs CONTOURI(19)s BLANKS
X S(9D+90)s PsUWsVWsULsUHsVL sVHsUOSVOs CVALI{(42+70)
DATA (CH=1H191HB89s1H/9s1H5s1Hes1H3 s 1H%*s1H2s1H+91H6s1Hss1H9s1H=-s1HO
X1H=91H4 s 1H( 91HT7s1H) s1HS$)

DATA(BLANK=1H )

IF(IOP «EQe 1)1s2

PRINT 100

FORMAT(1H19// 920X s #TREND SURFACE*)

GO 10 5

IF(IOP +FQe 2)394

PRINT 101

FORMAT (1H1+//20Xs*TOTAL SURFACEs FOURIER FIT*)

GO TO 5

PRINT 102

FORMAT (1H1 s/ /920X s *RESIDUALS FROM FOURIER TREND#*)
CONT INUE

PRINT 150

FORMAT (/19X s 1HUs3DXs 1HV)

DO 6 J=1,470

VV (J)=VL + ((J=1)*%{VH=-VL))/69.0

DO 7 1=1+42

UU(CIY=UL + ((I=1)%(UH=UL))}/4140

PRINT 111s VVI(1)s(VV(J)eJ=10+70+10)

FORMAT (//21X9F6e2sT{F6Eea294X)o/24Xs1H¥98Xs1H*96(9Xs1H*))
PRINT 112

FORMAT (23X s72(1H=-))

IF(IOP «EQe 1) 50451

DO 52 1=1+42

DO 52 J=1+70

S(IeJ)=CVALI(IsJ)

CONT INUE

DO 10 I=1442

DO 9 U=1,70

PR (J)=BLANK

IF(S(TsJ) «LTe BASE) GO TO 14

DO 11 K=1+19

IF(S(IsJ) «LEe CONTOURI(K)) GO TO 13

CONT INUE

K=20

PR(J)=CHI(K)

CONT INUE

CONTINUE

IF(] «EQe 1 «ORe MOD(I46) «FQe O)Y GO TO 15

PRINT 113s (PR(J)sJ=1s70)

FORMAT (23X s 1HI s 7OA191HI)

10



Gn TO 10
15 PRINT 114sUU(TI)s(PR(J)sI=1s70)
114 FORMAT(16X9sF6e292H%15s70A1s1HI)
10 CONTINUE

PRINT 112

END

EXAMPLES

Isopach data for an evaporite basin in
Colorado and Kansas were taken from Krumbein

(1962). There are 31 irregularly spaced data points.

The location of these points on a U, V grid and the
corresponding well numbers are shown in Figure 2.
U, V values and observed thicknesses are shown in
Table 2 below.

A hand-contoured map is presented in Krumbein
(1966 p. 2236). These data provide the bases for
the five maps shown in Figures 3-7.

Table 2. - Isopach data for map example.

Figure 3 is the first harmonic trend (Block O
+ 1 as indicated in Figure 1) of the above data with
a fundamental wavelength chosen as six units in the
U and V directions. Locations of control points are
shown by heavy dots. Figure 4 is also the first
harmonic trend surface but with fundamental wave-
lengths of 12 units in the U and V directions. The
difference between these two maps is apparent al-
though the sum of squares reduction is but slightly
different. In Figure 3 the basin seemingly is
symmetrical, whereas in Figure 4 the basin seems to
have a somewhat linear trend to the northwest.

Well no. U \ Thickness of unit in feet
1001 3.55 3.10 845
1004 3.40 2.30 9206
1006 3.30 1.15 844
1007 2.95 0.20 447
1009 4,85 3.10 1001
1010 5.00 2.60 933
1012 4,35 0.60 374
1014 2.60 1.85 608
1015 2.85 2.35 640
1017 4,30 1.15 614
1019 3.80 2.90 915
1020 4.00 3.60 1139
1021 4,95 2.25 702
1023 2.30 2.60 464
2002 3.65 3.70 1118
2003 4.20 3.85 1224
2004 4,40 4,25 1204
2005 5.10 4,10 1144
2006 5.50 3.80 1048
2008 3.45 4.80 1162
2009 3.30 5.10 1003
2011 3.10 5.55 721
2012 3.00 6.20 775
2015 5.50 4.20 1023
2016 5.30 4.30 1114
2017 4.60 5.70 955
2019 2.20 4.50 532
2021 2.30 5.50 562
2031 5.10 5.75 1005
2034 1.40 5.55 530
8001 5.80 3.40 1126

11



Figures 5 and 6 show these same surfaces on Strongly negative values, however, appear on the
twice the scale of Figures 3 and 4 with extrapolation  map both to the northwest and southwest of the

beyond the control area included. Figure 5 shows control area. This map would begin to duplicate
extrapolation of the first harmonic trend with a itself in the U and V directions if any further extra-
fundamental wavelength of six units in the U and V polation was carried out.

directions. It is seen that this surface is merely Figure 7 shows the complete fit surface to the
duplicated over every interval of six units. Figure data using a fundamental wavelength of twelve units.
6 shows extrapolation of the trend with 12 units as @ The blank area indicates strongly negative values
fundamental wavelength. There is no repetition of and the dollar symbols indicate strongly positive

the surface in this map area as the extrapolation was  values. It is apparent that extrapolation of this

only carried out over one fundamental wavelength, total fit map is unreasonable.
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Figure 2.- Location of wells on U,V grid.
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TREND SURFACE

U SYMBCL MAX VAL Vv

0,00 ! =700,0000 2,52 3.39 4e26 5.13 6400

» 8 =600,0000 » #* » ® “
—cn- / =50020000 ecmccccccccccnrccwnncccnTrrccnrceccrcrcacrtacccanan
0,00%1==0 S =40040000 ======444444 ((CCCCCCCCCCCCOOLCLC(((440404====]
I1=00 . =300.0000 00======44444444 (((((((C(((((((644444044======]
1000 3 =200.0000 000=======2=444464444444444404444440484========200]
1000 o =100,0000 Q00000==========344444444444444==22====22=300001]
1000 2 0.0000 00000000=========sz==s=s==s======32===32000000001
0,73%#1000 hd 100,0000 0000000000000====2===322======20000000000000001
1000 6 200,0000 00000000000000000000000000000000000000000000001
1000 ’ 300,0000 00000000000000000000000000000000000000000000001
1000 9 400,0000 00000000000000000000000000000000000000000000001
1000 - 500.0000 00000000000000 = eeccenrcneseccacccnces===0000001
1000 0 600,0000 00000000000 =e==mcccncarccaccncecccsa===a 00001
1.61#1000 = 700.0000 00000000000 === cccccnmmccnccccccaea===0000000]
1000 “ 800,0000 0000000000000 ==ercenvemecarcacasea===)000000000]
1000 ( 900,0000 000000000000000000000======00000000000000000001
1000 7 1000,0000 00000000000000000000000000000000000000000000001
1000 ) 110040000 000000Q000000000000000000000@00000000000000001
I======000000000000000000000000800000000000000000======2=====z===APs====]
2.49“]========================:=========:==================:==========:=====I
I=====================.=========================‘0444‘04====_============1
[=====2==s======3==T=ZS=T========23=32446444444464064644440444044464444444=====]
SRESSSE=SSS=SS3s33S2333s=s3@ES44444444444446 (UL (44464664444441]
I1a -=========================4aaaaaaa((((((((((((((((((((((((((44’944441
J4444===2====3===23=33===844404446 ( (((CCC(TTTTTTITTTTITTTITTT (L ((((44444]
3.37"I4444=========&==========44 G4 ((C(((TTTTTTTITITTTTNTTTITTILTT®(L((( (4G40l
[44444=======22=222=222=444W44 (((((TZTTTTIHINININIINI I NIFTTTTT(((( (441
144444=32=2==2==323==2353244444 ((((TTTP)))))W ) 388333) ) ) )) )NV TTTTT((( (a4l
1(4444===2==223==3=22=233244444 ((((TTZT))))) ) 5888898888 888) ) ) )V TTTTT((( (]
1(44444====2==223===3==2244444 (((TTTT7))) ) ) 5555555558588 58888)))) 7777 (( (]
I (4444====22===3===2===F=4444 ((((T7T77))))$%%% PEIPPEDESBSED))))TTTT(( (1]
4,24%] (4444=3==32=300========4444 ((((T7T77))) ) 35558 ERSSFEBSESES) NI TTTIT(( (1]
[(4464=@=2=2000000======4444 (((TT77))) 5555335553 HPFT855888%))))TTT(((I
1(4444=====00000000=3=2=2=4444 (((T7777))) 3535555533 EPIESSE$SS8) ) ) TTTT7 (( (]
1(444===2===00000000====2==444 ((((777))) 3755555355539 5535$5538%%)) )777T@ ((1

14444==2=20000000000==%=234444 (((777)) 2953555535355 5855585%%8%5)))) 777 (( (4]

1444====22000000000000===244@ ((@777)P) $55$355555S$5$5555585)) ) T77((( (4]
5,12%1444===30000000000000=====444 ((((T777)))) 55535353 ¢@$5533588%))))7777( @44l
[144====3000000000000003===4444 ( (((7T77)))))35535%$ $558%))))TTT7(( (4441

14=2===000000000000000=====4444 ((((TTTT)))))) §$$8899%35)))) ) TTTT (( (4444l
I=====00000000000000000==2=34444 ((((T7777)))) M) @) ) TTTTT((((4444=]

I====0000000000000000000=====4444 (((((TT777TT)) NI NITTITTTITT (((((44b44==]
1===000000000000000000000=====44444 ( ((((@TTTTTTTTTITTITTITTT((((((444b44===]
6.,00#1==0000000000000000000000=====2444444 ((CCCCCCCCCOCCOCOCCC(((440404s=3==]

Figure 3. - First harmonic trend with fundamental wavelength of six units in U and V directions.
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TREND SURFACE

u SYMBCL MAX VAL v
0.00 1 ‘700.0000 2.52 3.39 “026 5.13 6.00
# 8 =600,0000 # #* * # ®
- / =500,0000 ===wmccccccnnrcnccccce rencacecessca e ereTeee®
0,00%]1888 5 =400,0000 11111118888R////5555440333304422224446666999991
177/ o =300,0000 118888888/ ////55554,0¢33338488#222244466664999991
1555 3 =2004,0000 BBBB///////55555¢64¢43333#88822244446666949999991
[eo5 * =100e0000 /////7/5555555000003333008%82222+4444666614199999991
[3e0 2 00000 55555555,00000¢333330#8882222444¢46666191999999991
0,73#1333 * 10060000 ceeseooeee3333333¢40n08222244444666649199999999=~1
[oeu 6 200,0000 ,33333333333648080822222+4+444+66666149999999999==1
1222 ’ 300,0000 3333u#84atau882222222444446666609999999999====1
[+s2 9 400,0000 #884808222222222++4+44+%6666669199419999999=c===]
[+e+e - 5000000 2222222224+ ++++++444666666999949191999999=======(]
1666 O 60040000 ++44+++44+++66666666699999999999999~==--B-0001
1.61%1446 = 70040000 66666666666666699999999997999999%=c=e====0000001
Teoo “ 800,0000 6699199999999999999999999999==========0000000001
1999 ( 900,0000 999999999999999999999wmecem=ea==000000000000==
1999 7 1000,0000 999999999999 e=mmacee===2==00000000000000=======]
) T ) 1100,0000 =ec~e=- --------0000000000006.00==============I
ICET T TR P L LR P L L L L L P L Yole] 00000000000000:::::::===========&====I
2,49 [ecccmemecee=ee=00000000000000000000====25z===2==222=2==2224444444444444]
[=====0000000000000000@0=========222=232=24444444440640440406044404606444444]
I1-0000000000000000=====3==2222244444444404044404404604044404064604444044441
I0 0000000000===========aa4.th44444444((((((((((((((((((((((((((((44461
10000000000====2==2226444444464 (CCCCCCCCCCCCCCCCCCCCOCCOOOCCCCCL(@UL(a]
[~00000000===2=3===444444444 (((CCCCCCCCCTTTITTITITTTTTITTITTTTTT QL OCCCCCCCCT
3.37"1--0000000====i=4444“‘0‘0 (C( (#( (CCTTT7777777777070070777T700Q7T07 L0l
[===000000======4444644 ((((CC(TTTTTTT 77)))“)))))))))77 TITT7T7CCCC(]
[====000000====2444444 ((((((T7TTT7TTIV)INWMII NI NNV TTTTTTITT (]
[weee=e00000===2=44444 (((((TTTTTTT)@))))))))))IDINININIIINIINITTITTITTT( (]
199===e=00000====44444 (((((TTTTTT)) )))))))i:SSSS&S&SS)))))))))7777777(1
19999+====0000== 4440 (((7T7TTT))))))I))IE8S $555359%$%9)))))) N TTTTT(1

=4

4

4,24%1999999====00 S4644 ((((T7777))))))) 5888589555539 558888%)))))) 77777 (1
199999999 ===0000 ==444((((77777))))))S$$$$$$$$S$$‘ﬁ$$$$$$$$))))))777771
16699999999===000====444 ((((77777))))) 3558555555859 8555555%9%%)))))7 771
[+66664999999===0000===444 ((((7T777)))))) 3355555555339 955559%9%%)))))7™M771
[4+4446664999999===000===444((((1TTT))) PEF5555525PSFEE5E858))) NI TTTTTI
1222+++66694 1999e==00===444@ ((WM77))7)) 5535555555555 5559558%)))))TTT7(I

5128 #8#222+4466699999===000==2444(((TTT77))))) $5$55559@55355555%5%5%))))) 7971
[308822244466699999===00===3444((((7777)))) )S$S$$$$?§$$$$$SS$) MINTTTT (1
1333348822¢+44666,49999==000===444(((T7TTT)))))) 555855555 5%%))))))TTTT (1
Teoe33308#224046699999===00===444((((TTTT)))) $SSEESSE555%8%)))) )V TTTT( (1
1555003348 822¢446609999==000===444(((T7 7))))))))3888888))) )NV TTTTT( (1
1/7/555¢00333%#8224446699999==000==444((( 14220 RRRRRRRRRRRRR R R R R AR AN

6.00“188///555.o333““22*’6660v99---00===444((((77777)))))))))))))))77777((((1

Figure 4.- First harmonic trend with fundamental wavelength of twelve units in U and V directions.
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TREND SURFACE

U

"3000
]
=3,00%[44 (
Le7
1777
)
I3
=1,54%]))%

INs
IS
17))
(77
10
Oe22%]444

===

1000
1000
10=~-

SYMBCL

—~ N~ P NC I O e TWe U\ @ =

MAX VAL

=700,0000
=600,0000
=500,0000
=400.,0000
=300,0000
=-200,0000
=100,0000
0.0000
100,0000
200,0000
300,0000
400,0000
500.,0000
600,0000
700,0000
80040000
900.0000
1000.0000
1100.,0000

Y

2404 3,78 5e52 7,26 9,00
@ @ » ™ ™
=======244444 (((((((((((44444===========24444]
======4444 (((TT7T77777T((((L44==========2444( (]
TE==444(((TTIINIIII N TT(((444=========444((T]
=====44 ((T77)))3855985%8) )77 ((444======2==44 ((TTI]

=====44((TT7)$339553%988)) 77 ((44=======2==44(T77)1
00===44( (7)) 533353355 %%%) 77 ((4==2=0000===44(TT) I
000==44((7)) 38835355 %%%)) 77 (44===0000===44(77)1
000===44(T7)) 33353588 55) 77 ((4===2000000==44( (7)1
0000==44((77))33%%%%%)) 77 ((44==00000000==44( (71
00000==44 ((T7TT7TT)))N)))TTT((44==000000000===44( (]
000000==444 (((TTTT7T7T((((444==00000000000===44 (1]
0000000===44444 ( ( ( (44444====0000000000000====41
000000000=====2===========000000000000000000===
00000000000000000000000000000000000000000000001
00000000000000000000000000000000000000000000001
000000000000 =" =mccacee=e=g@d00000000000000000001

[Q0we==ereeceae==0000000000000000000000""==cm=ea====00000000000000000000001
1,98#100000000000000000000000000000000000000000000000000000000000000000000001
1000000000000000000000000000000000®000000000I®OVO0A00000000000000000001

[===========z====z=====ssz===z==@===cS======z=====E=S==zs=3z=====s=xz===s===x3]
I44444444444444444=‘F===========’::444444444a“444444=iiF=====:=======44I
TCCCCUTTTIT (L ((4ab4a=====222=2224446 (((((TTTT7(((({( ®44=====z====24444 (]
L7777 1)) N TTT (((446====0=====044 ((TTT2)))) ) BITT ((444==========444 ( ( (]
3.73*177)))$$$$$)))777((44=========“44((‘7))) $98$%))) 77 ((444=========44((T71]
1))$35555333%)) 77 ((44========264((77))5P$55555585) ) 77 ((44=========44((T7) ]

I))$$$$$$$$$$$))7((44:5::.0:-:44((7>)$$$S§$‘sss$))77((44===oo====44(77)1
[))$353383889%%)) 7((44==00000==44((7))533353555%%)) 7M44=220000===44 (TT) I

1))383553%$%%) ) /17 (44===00000===@(L77)3935$£55$%%5)) 7 ((44==000000==44((7)1
17))33855%%%)) 77 ((44==0000000==441(7))$$%$ $%))77(84==30000000===4((771]
5.,49#177))))))))))77((44==00000000===44((77)))0%¢))) 7T ((44===00000000==44( (71
I((7777777777((444==0000000000===44(((WTTTT7T7T777(((44===0000000000==44( (1
I44 (00 (444===000000000000===444 ((((((((((4444===00000000000====441
1=2=244446444444====000000000000000=====24444444444=====000000000000000====
I=======3======000000000000000000000=======2======0000000000000000000000=1

100000000000000000000000000000000000000000000000000000000000000000000001
7424%100000=========0000000000000000000000000====e=====0000000000000000000001
|0==erereceeeaa=00000000000000000000===">aneae====0000000000000000000001
1000=========0000000000000000000000000=========0000000000000000000000001
100000000000000000000000000000000000000000000000000000000000000000000001

I=========z=============2==0000000================3===========200000000====
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Figure 5. - Extrapolated first harmonic trend with fundamental wavelength of six units.
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Figure 6.- Extrapolated first harmonic trend with fundamental wavelength of twelve units.
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Figure 7.- Total fit surface with fundamental wavelength of twelve units.
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KANSAS GEOLOGICAL SURVEY COMPUTER PROGRAM
THE UNIVERSITY OF KANSAS, LAWRENCE

PROGRAM ABSTRACT

Title (If subroutine state in title):

FOURFIT (main program title)

SUBROUTINE COZYMAP

Computer:  CDC 3400 Date: September 22, 1966

Programming language: FORTRAN [V (3400)

Author, organization: William R. James, Department of Geology, Northwestern University,

Evanston, lllinois.

Direct inquiries to: Author, or

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

University of Kansas, Lawrence

Purpose/description: A double Fourier series is used as a mapping function for use in trend-surface

analysis on irregularly spaced data. Coefficients are computed for given sets of double Fourier

series terms and continuous symbol maps are produced from them.

Mathematical method: Coefficients are derived by the method of least squares.

Restrictions, range: Up to 200 data points may be used and up to 90 coefficients may be calculated

for any given map.

Storage requirements:

Equipment specifications: Memory 20K 40K 60K K 29

Automatic divide: Yes No Indirect addressing Yes X No

Other special features required  Floating point option.

Additional remarks (include at author's discretion: fixed/float, relocatability; optional: running time,

approximate number of times run successfully, programming hours) Regardless of type of machine, in making

a total fit with a matrix larger than 25 x 25, roundoff error becomes critical. This program was adapted to

regular FORTRAN 1V to run on the IBM 7040, and although the trend surfaces were usually similar in areas

of good control, the coefficients were markedly different. Therefore, each investigator using this program

will have to evaluate results in light of runs at his installation.
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