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FORTRAN IV PROGRAM FOR VECTOR TREND ANALYSES
OF DIRECTIONAL DATA

WILLIAM T. FOX

ABSTRACT

A FORTRAN IV computer program for the IBM 7090/7094 uses orthogonal polynomial trend-surface
mapping techniques in the analysis of regional trends in directional data. Direction cosines are used for each
cell in the grid to compute the vector mean azimuth, mean dip angle, length of resultant vector, and
spherical radius of the circle of confidence around the resultant vector. Linear, quadratic, cubic, quartic,
and quintic orthogonal polynomial response surfaces are computed and plotted as isoazimuth and vector trend
maps to aid in interpreting regional flow patterns. Residuals from the trend-surface maps emphasize local

topographic anomalies on the depositional surface.

The first example output consists of 20 azimuth and dip measurements of cross-bedding from the
Wasatch Formation of Wyoming. A second example is based on a study of the orientation of drumlins south of
Lake Ontario in New York State. The third example uses cross-bedding measurements from the Pocono For-
mation in Pennsylvania. In the last two examples, linear, quadratic, and cubic isoazimuth and vector trend
maps are used fo interpret the major current pattern, and residual maps to outline topographic highs or lows.

INTRODUCTION

As a wave breaks over an offshore bar or a
glacier molds boulder clay into a drumlin, current
direction is recorded. By plotting a large number of
recorded directions as vectors with a constant magni-
tude, where the magnitude has no geologic signifi-
cance, it is possible to study the distribution of cur-
rents which existed when for example a sediment was
deposited. Because major currents move down a
regional slope under the influence of gravity or are
carried parallel to a shoreline by longshore drift, a
study of the trends of ancient currents provides a
means of paleogeographic interpretation. In this
computer program, techniques developed for orthog-
onal polynomial trend-surface mapping of gridded
data are applied to directional data, and the method
is called vector trend analysis.

Vector trend analysis makes use of techniques
explained by Grant (1957) for fitting a trend surface
using orthogonal polynomials. The program is limited
to gridded data but can be expanded to accept non-
gridded data through the use of nonorthogonals as
described by Krumbein (1959). To handle vectorial
data, direction cosines are used for the computation
of the resultant vector within each cell. Steinmetz
(1962) discusses the use of direction cosines for the
analysis of dip directions and dip angles in cross-
bedding. Direction cosines are used for three-
dimensional vector summation to determine both
direction of the dip and dip angle. Magnitude of the
resultant vector, R, is computed for each grid loca-
tion along with the spherical radius of the circle of

confidence, theta, around the resultant vector. The
spherical radius of the circle of confidence gives a
measure of dispersion of observed vectors around the
resultant vector,

In vector trend analysis, the linear, quadratic,
or cubic trend surfaces can be used to represent trends
of regional flow pattern, and residuals to show local
anomalies or deflections from the regional trend.
Vector trend maps show the overall flow pattern that
is parallel to the paleoslope, and residuals are used
to interpret local topographic highs or lows which
would deflect the major flow pattern.

The total sum of squares of deviation from
the mean azimuth is computed for the resultant
vector map. For each trend surface, the sum of
squares of deviations from the trend is computed.
Reduction in the percentage of the total sum of
squares indicates the amount of total variability
accounted for by the trend.
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PROGRAM DESCRIPTION

The program listed in Table 1 is written in
FORTRAN 1V for use on an IBM 7090,/7094 computer
system. The program is subdivided into a MAIN
program and four subroutines, DIRCOS, TREND,
PRTMAP, and MAPVEC, which are used to calculate
the polynomial coefficients and plot the vector trend
maps.

The MAIN program is used to read in the
data and control cards that handle options available
with the program. The arrangement of data cards
and different options are discussed in the section on
data input preparation.

In preparing data for the vector trend pro-
gram, a rectangular grid is placed over a map and
azimuth and dip measurements are recorded for each
grid cell. The program is dimensioned to handle a
grid with a maximum of eight rows and columns, and
fifty azimuth readings per cell, Each observation
includes either an azimuth and dip reading or an
azimuth, If the number of azimuth and dip readings
differs for each grid cell, a data card with the
number of observations preceeds the azimuth and dip
measurements. |f the number of observations is the
same for each location, the constant, NAZM for the
number of azimuths is read in on the control card.
The number of rows, NROW, and number of columns,
NCOL, are limited to eight by the plotting sub-
routine, MAPVEC. If more than eight rows or
columns are included, the program will compute the
azimuth of the resultant vector and dip angle for
each grid cell, but will not compute the correspond-
ing trend-surface maps.

The north azimuth, ANORTH, is used to
orient the grid on the original map. The north
arrow's azimuth on the original map with respect to
the vertical direction of the grid is recorded as the
azimuth ANORTH. For example, if the top of the
grid is parallel to top of the map so that rows extend
east and west and columns north-south, the value for
ANORTH is zero. On the other hand, if the top of
the grid lies along the western margin of the map so
that rows extend north and south and columns in an
east-west direction, orientation of north arrow on
the map with respect to top of the grid is 270 degrees.
In the last example used in this paper, ANORTH is
270 degrees.

Subroutine DIRCOS is called by the MAIN
program to compute the vector mean azimuth and dip
angle for each grid cell, Direction cosines are used
for calculating the azimuth and dip angle according
to the equations outlined by Steinmetz (1962, p.
806-809). The method is based on a series of equa-
tions developed by Fisher (1953) for measuring
dispersion of points on a sphere. Azimuth directions
are measured from north in a clockwise direction and
range from 0 to 360 degrees. Dip angles, which are
measured in the direction of the azimuth, range from
0 to 90 degrees. In using cross-bedding measurements,

readings must be corrected for regional dip before
being processed by the program. As a measure of
dispersion, magnitude of the resultant vector, R, is
computed for each grid cell. If all angles in the
cell are equal, R equals N, the number of obser-
vations in the cell. If the azimuths in the cell are
not equal, the corresponding value of R is less than
N, and if the azimuths within a cell diverge widely,
the value of R is small. Significance points of R are
available in tables to test data for random orienta-
tion (Watson, 1956). Theta, the spherical radius of
the circle of confidence around the resultant vector,
R, is computed for 0.05 and 0.01 levels of signifi-
cance. The spherical radius of the circle of con-
fidence resembles a confidence interval on a two-
dimensional plot or a trend surface (Krumbein and
Graybill, 1965, p. 137). As an example of meaning
of the radius of the circle of confidence, at a
significance level of 0,05 the probability that the
true azimuth direction and dip angle deviates more
than theta degrees from calculated resultant dip
direction and angle is 5 percent. |f the constant
NOPRT is read in as a -1 on the control card, values
for the direction cosines A, B, and C; magnitude of
the resultant vector, R; vector mean azimuth direc-
tion and dip angle; and theta, the radius of the
circle of confidence around the resultant vector, are
printed for each grid cell.

Subroutine TREND is called by the MAIN
program to compute the polynomial coefficients that
are used to plot the linear, quadratic, cubic,
quartic, and quintic vector trend maps. Methods
described by DeLury (1950) and Krumbein and Gray-
bill (1965, p. 308) using matrix algebra to compute
orthogonal polynomials trend-surface maps are
incorporated into this program to determine the poly-
nomials coefficients and Z-squared array. Orthog-
onal polynomials for n = 3 to n = 8 based on DeLury
(1950) are included as a data statement in sub-
routine TREND. Polynomial coefficients are used to
compute trend values for each grid cell. Residual
values are calculated for each trend by subtracting
the trend value in each cell from the corresponding
value for the resultant vector.

Subroutine PRTMAP is called by the MAIN
program to print a series of maps representing the
resultant vectors based on observed data in each cell,
the different combinations of linear, quadratic,
cubic, quartic, and quintic trends, and residual
maps. The title, which is printed at the top of each
map, is placed at the end of the data deck and read
in by subroutine PRTMAP. The first map in the series
gives values for resultant vectors in each grid cell,
The map is followed by a plot of the azimuths of the
resultant vectors, which are printed by subroutine
MAPVEC. The next map in the sequence gives
residual values from the mean azimuth with the total
sum of squares printed at the bottom of the page.
Three maps are printed for each trend, with cumula-
tive maps for linear through quintic. For each trend,



the first map gives trend-surface values for each grid
cell. These maps are manually contoured to give the
isoazimuth trend maps. The second map is a plot of
the azimuths, which is followed by a map of residuals
for the trend. At the bottom of the residual map, the
sum of squares for the map is printed with percentage
reduction in the total sum of squares. The sum of
squares gives the amount of variability not accounted
for by the trend.

Subroutine MAPVEC is called by subroutine
PRTMARP to plot directional arrows or vectors. In
subroutine MAPVEC, the origin of the vector is
plotted as an X and the shaft of the vector is plotted
as a series of dots. If the azimuth is located in the
upper half of the circle meaning that it is less than
or equal to 90 degrees or greater than 270 degrees,
the arrowhead is plotted as an A. If the azimuth is
greater than 90 degrees and less than or equal to
270 degrees, the arrowhead of the vector is plotted
as V. Because letters are printed closer together in
the rows than in columns, there is a better resolution
for vectors which trend in a general north-south
direction than those which trend east-west. The
north arrow is plotted on the right side of the map
with X at the origin and the letter N at the north
end of the arrow.,

INPUT DATA PREPARATION

Data cards for the vector trend program in-
clude a program control card, variable format card,
set of cards with azimuth and dip readings, and
title format card. A sample listing of data cards for
example 1 is given in Table 2,

The first data card, which is the program
control card, is as follows:

Col.

1-4  NAZM=0 The number of azimuth and dip
readings is different for each
location.

The number of azimuth readings
is the same for each location and
is equal to N.

No dip measurements are included
with the data.

A dip measurement is included
with each azimuth reading.

N is equal to the number of rows
in the grid. Maximum number of
rows = 8,

N is equal to the number of
columns in the grid. Maximum
number of columns = 8.

Print out the direction cosines,
length of resultant vector, mean
azimuth and dip, and circle of
confidence for each grid cell.
Do not print the above infor-
mation for each cell.

NAZM=N

8 IFDIP=0
IFDIP=1
12 NROW=N

16 NCOL=N

20 NOPRT=-1

NOPRT=1

21-28 ANORTH The azimuth reading of north with
respect to the right margin of the
grid is measured clockwise from
vertical on grid.

A single digit is used to indicate
the highest order trend map to be
computed; 1 for linear, 2 for
quadratic, 3 for cubic, 4 for
quartic, and 5 for quintic.

30 IFTRD

The second card in the data deck is for the
variable format used in reading the azimuth and dip
measurements, The variable format must be enclosed
in parentheses and arranged on data cards according
to the following description.

The arrangement of data cards that follow
the variable format card is set by the program control
card and variable format card. If the number of
azimuth readings is constant (NAZM=N) and no dip
measurements are included (IFDIP=0), azimuth
readings for each location are arranged across a
single card according to the variable format. If the
number of azimuth readings is constant (NAZM=N)
and dip measurements are included with each
azimuth (IFDIP=1), one azimuth and one dip reading
are included on each card. If the number of azi-
muths differs for each location (NAZM=0), the
number of azimuths is punched on a separate card in
columns 1-4 and placed before the azimuth and dip
readings for each location. Also if the number of
azimuths differs, the azimuth readings must be
punched with one azimuth per card according to the
variable format. If azimuth and dip readings are
included, the azimuth reading must preceed the dip
reading on the data card.

The title card using columns 1-72 is read in
by subroutine PRTMAP ang placed at the end of the
data deck. The title is printed at the top of all
maps and  used to identify the output.

PROGRAM OUTPUT

Three examples of output from the vector
trend program are used to illustrate how the data
cards are set up and how different program options
operate. In the first example, a series of azimuth
and dip readings for cross-bedding are taken from a
single outcrop. In the second example, orientation
measurements, taken on the long axes of drumlins,
are used to study the direction of flow of a conti-
nental glacier across an area in western New York
State. The third example is based on a map of cross-
bedding directions from the Pocono Formation in
Pennsylvania.

Example 1 - Cross-bedding from Wasatch Formation

In the first example, data consist of 20 azi-

muth and dip measurements (Table 2) from a cross-
bedded scmcgfone in the Cathedral Bluffs Member of



the Wasatch Formation (Eocene) in southwestern
Carbon County, Wyoming (Steinmetz, 1962, p. 808).
Computer output (Table 3) includes a listing of the
azimuth and dip readings. Values for direction
cosines A, B, and C which are used to compute the
azimuth of resultant vector and dip angle are given
with the magnitude of the resultant vector (R). If
all azimuth and dip readings are the same, length of
the resultant vector equals the number of azimuths.,
In the Cathedral Bluffs example, magnitude of the
resultant vector equals 12.99 and number of obser-
vations equals 20, The computed azimuth of the
resultant vector, which is measured in a clockwise
direction from north, equals 10.2 degrees and the
mean dip angle is 15.4 degrees. The spherical
radius of the circle of confidence around the result-
ant vector equals 24,8 degrees with a level of
significance of 0.05. Radius of the circle of con-
fidence of 24.8 indicates that probability of true
direction of cross-bedding deviating more than 24.8
degrees from the calculated resultant vector is 5
percent. For the 0.01 level of significance, the
radius of the circle of confidence equals 31.58
degrees. Because this example included only one
location, vector trend maps were not printed and
the program terminated after the above parameters
were computed and printed.

In the second and third examples, all infor-
mation included in the first example also could be
printed for each grid cell. In a complete analysis,
it is useful to compute the magnitude of the resultant
vector and radius of the circle of confidence for each
gri‘d cell in order to note the variability within each
cell.

Example 2 - Drumlins from New York State

The second example is based on a study of
drumlin orientation south of Lake Ontario in western
New York State. The area extends 32 miles in an
east-west direction and 24 miles north-south in-
cluding 768 square miles. A rectangular grid with
6 rows and 8 columns was placed over topographic
maps of the area with the upper left corner of the
grid touching the southern tip of Sodus Bay, New
York. Each grid cell is 4 miles on a side enclosing
an area of 16 square miles. Five drumlins were
selected within each cell, using a random numbers
table. The azimuth of the long axis of each drumlin
was measured in a clockwise direction from north.

A listing of the data cards is given in Table 4.

The polynomial coefficients array, Z-squared
array, and array of the percentage of total corrected
sum of squares for each coefficient are given in
Table 5. The arithmetic mean azimuth, which is
given by the AQQ regression coefficient, is 161,237,
In testing the program, the mean azimuth also was
computed by vector summation using subroutine
DIRCOS giving a value of 161.263. Because there
is less than 0.03 degrees difference in the means

computed using the different methods, the arithmetic
mean, which is the AQQ regression coefficient in the
coefficients array, is used in the program. The
Bo1, Co02, D03, E10, F20, and G 30 regression
coefficients also were computed using vector sum-
mation, and they agreed within 0,01 degrees with
results obtained using matrix algebra. Therefore,
vector summation with direction cosines is used for
computing the mean azimuth within each cell, and
matrix algebra is used for computing the coefficients
array and Z-squared array.

Maps of the mean azimuth within each cell,
which are based on the computed resultant vectors,
are given in Figure 1. Figure 1A, which is a con-
tour map of the azimuth of resultant vectors, is
defined as an isoazimuth map. Contour lines that
connect points of equal azimuth are defined as iso-
azimuth lines. Figure 1B is a plot of the azimuths
contoured in Figure TA. It is possible to note the
significance of isoazimuth lines in Figure 1A by
referring to the plot of azimuths in Figure 1B. The
residual map in Figure 1C was derived by subtracting
the mean azimuth (161,24) from the resultant vector
in each cell of the grid. Because a constant value
was subtracted from each grid cell, the map for the
resultant vectors in Figure 1A corresponds closely to
the contour map of residual values in Figure 1C.
The total sum of squares for the residuals (4543.83)
is printed at the bottom of the residual map. It can
be seen from the isoazimuth contour map and the
plot of the vectors that the general trend of glacier
flow was deflected to the east in the northeastern
part of the map.  Minor deflections in the glacier
flow are emphasized by areas enclosed by contour
lines on the residual map.

Linear trend=-surface and residual maps of
glacial flow are given in Figure 2. lIsoazimuth lines
for the linear trend-surface are shown on Figure 2A
with the mean (161) represented by a darker line.
The azimuth for each cell is plotted as an arrow on
the vector trend map (Fig. 2B). From the vector
trend map, it can be seen that the glacier spread
from north to a general southerly direction fanning
out southeastward. Major deviations from the trend
are presented on the residual map (Fig. 2C) with the
dark line indicating zero deviation. Deviations in
the area are small, but a cluster of large negative
or counter-clockwise deviations is present in the
northeastern corner. A line of positive or clockwise
deviations extends in a southeasterly direction from
the center of the map. An area of negative devia-
tions also is found across the western side and along
the southern margin of the map. The sum of squares
for the residual map is 1362.03, which is 29.98 per-
cent of the total sum of squares. The linear trend
therefore accounts for 70,02 percent of the vari-
ability on the original map.

The quadratic trend-surface maps are given
in Figure 3. In Figure 3A, the isoazimuth lines
form a dome with high azimuth values in the center



and lower azimuth readings around the margin. The
long axis of the dome extends in a northwest-south-
east direction with the azimuth values ranging from
164.0 to 154.4 degrees. The quadratic vector trend
map (Fig. 3B) shows a general twisting of vectors in
aclockwise direction toward the center of the map
and counter-clockwise toward the edges. The quad-
ratic vector trend map could be interpreted as a
major clockwise deflection of the glacier flow in the
center of the map area. Residuals for the quadratic
trend map resemble residuals from the original with
contour lines generally pulled in toward the center.
The zero deviation line in the center divides the
map into positive deviations in the west and negative
ones in the east. For the quadratic residual map,
the sum of squares is 4289.65 which is 94.41 percent
of the total sum of squares. Therefore, the quadratic
trend map accounts for only 5.59 percent of the total
sum of squares.

Trend and residual maps for linear plus quad-
ratic are given in Figure 4, On the isoazimuth map
(Fig. 4A) contour lines bend around the high values
in the northwestern corner of the map with the lowest
values in the northeastern corner. The mean azi-
muth line (161) extends as a curve in a north-south
direction through the middle of the map. On the
vector trend map (Fig. 4B) the vectors spread out to
the southeast. In contrast to the linear map, linear
plus quadratic vectors are farther apart in the
southern part of the map area. For the residual map
from the linear plus quadratic trend surface, an area
of high negative or counter-clockwise residuals
truncates the northeastern corner of the map. Neg-
ative residuals also are present along the southern
tier of cells and near the northwestern corner, The
center of the map generally has low positive devia-
tions. For the linear plus quadratic trend, the sum
of squares equals 1107.85, which represents a 75,62
percent reduction in the total sum of squares.

The cubic trend and residual maps are pre-
sented in Figure 5. The isoazimuth lines of the cubic
trend (Fig. 5A) show a pocket of low azimuth read-
ings in the northeast with a corresponding high area
in the southwest., The cubic vector trend map (Fig.
5B) shows the slight deflections which result from the
cubic trend. Residuals from the cubic trend (Fig.
5C) show high negative residual values in the eastern
part of the map and positive residuals to the west,
The sum of squares for the cubic residuals is 4320.36,
which is 95,08 percent of the total sum of squares.
Therefore, the cubic vector trend accounts for 4,92
percent of the total sum of squares.

Combined maps for the linear, quadratic, and
cubic components are given in Figure 6. The isoazi-
muth contour lines of the combined trend (Fig. 6A)
show a general pattern that is similar to the isoazi-
muth lines for the resultant vectors in Figure 1A,

The vector trend map (Fig. 6B) is dominated by the
linear trend, and to the southeast is modified by the
quadratic and cubic components. The combined

linear, quadratic, and cubic map has a sum of
squares of 884,38, which is 19.46 percent of the
total sum of squares. Therefore, the combined map
accounts for 80,54 percent of the variability, leav-
ing only 19.46 percent for the quartic and higher
trends.

Trend-surface and residual maps in Figure 1-
6 are useful in interpreting the glacier flow pattern
and the effect which the preglacial topographic
relief had on the movement of the glacier. The
major control of the glacier comes from the buildup
of ice to the north of the drumlin field in Lake
Ontario. As ice became thicker in the source area,
it spread southward molding the ground moraine and
lake-bed clay into drumlins. Where the glacier flow
was unimpeded, it spread in a fan-shaped mass to
the south and southeast. The glacier took the path
of least resistance and flowed around and eventually
over hills which stood in its path. Where the
glacier encountered a stream valley, it tended to
follow the valley course. Record of the path fol-
lowed by the glacial ice is preserved in the spoon-
shaped drumlins that were formed as the glacier
bulldozed over the boulder clay.

The linear and quadratic trend-surface map
(Fig. 4) is used to interpret the course the glacier
would have taken over a smooth featureless plain.
The linear trend alone accounts for 70 percent of the
total sum of squares and exhibits a fan shape of a
sEreading glacier. By adding the quadratic trend to
the linear, the twist inherent in the linear trend is
partially removed. The linear plus quadratic trend
accounts for 75.6 percent of the total sum of squares,
leaving only 24.4 percent for the cubic and higher
trends. Residuals from the linear plus quadratic
(Fig. 4C) are used to interpret the preglacial surface.
In the northeastern corner of the map, the glacier
was deflected in a clockwise direction toward the
zero line as indicated by the positive deviation. To
the west of the zero line, the glacier was deflected
in a counter-clockwise direction to the east. There-
fore, the zero line lies along a preglacial valley
into which the glacier flowed from both sides. In
the middle of the map, the low deviation values
represent gently rolling topography, which did not
exert strong influence on the glacier. Near the
northwestern corner, the high negative deviation is
the result of a topographic high that deflected the
glacier to the east. Along the southern margin, high
deviation values may represent waning of the glacier
or may be caused by the edge effect of the trend-
surface map.

Example 3 - Cross-bedding in Pocono Formation

A series of cross-bedding measurements col-
lected by Pelletier (1958, p. 1047) from the Pocono
Formation in Pennsylvania are used for the third
example of the vector trend program. A listing of
the data cards is given in Table 6. Because the



number of observations varies with each location,
zero is read in for NAZM on the control card. No
dip measurements are included, so zero is read in for
IFDIP, The number of rows (NROW) equals 6 and
the number of columns (NCOL) equals 3. NOPRT
was set equal to 1 to suppress the intermediate out-
put. The azimuth reading for north (ANORTH) is
270; therefore, the north arrow points to the left
margin of the map. Subroutine MAPVEC plots the
azimuth direction from the center to the margin of a
2-inch square. Because a 1-inch square has 10
letters in the horizontal direction and 6 letters in the
vertical direction, there is a higher resolution along
the bottom or top than the right or left margin, Most
azimuths point in a western direction, so the grid was
flipped on its side by setting the north azimuth at
270. The coefficients array, Z-squared array, and
percentage of the total corrected sum of squares for
each coefficient are printed in Table 7.

The isoazimuth map of resultant vectors for
cross-bedding direction is given in Figure 7A with a
plot of resultant vectors in Figure 7B. From the plot
of vectors, it can be seen that the general trend of
cross-bedding is to the west. Figure 7C represents
the residuals with the mean azimuth (290.33) sub-
tracted from each resultant vector. The residual map
shows a trough of negative residuals in the middle of
the map with positive residuals along the southern
margin and in the northeastern (upper left) corner.

Maps for the linear trend are given in Figure
8. The linear trend-surface map (Fig. 8A) shows an
increase in azimuth readings from the northeastern to
southwestern corner of the map. This trend is shown
in the vector trend map (Fig. 8B), where vectors
converge on the northwestern corner of the map
(lower left corner of the plot). Residuals for the
linear trend (Fig. 8C) closely resemble residuals
from the resultant vectors in Figure 7C. Although
the linear trend appears strong, it only accounts for
20.88 percent of the total sum of squares. The high
percentage of the total sum of squares not accounted
for by the linear trend (79.12) is reflected in the
large values of the linear residuals.

The quadratic trend-surface map (Fig. 9A)
has the shape of an elongated basin with the highest
azimuth values on the margin and in the northeastern
and southwestern corners, and the lowest values in
the center, For the quadratic vector trend ma
(Fig. 9B), the primary change occurs in a norfﬁ-
south direction with little change from east to west.
Residuals from the quadratic map contoured (Fig. 9C)
account for 22,5 percent of the total sum of squares.

The combined maps for the linear plus quad-
ratic vector trend surfaces are presented in Figure
10A. The isoazimuth trend-surface map for linear
plus quadratic (Fig. 10A) resembles a plunging syn-
cline with highest azimuth values in the south-
western corner and lowest values at the center of the
eastern margin. The vector trend map (Fig. 10B)
shows the southern column of vectors converging on
the middle column and to the west. The northern
column of vectors spreads from the middle column
and to the northwest. The residual map for the
linear plus quadratic (Fig. 10C) has an S-shaped
area of negative residual values extending from the
southeast toward the northwest. The combined
linear plus quadratic vector trend map accounts for
43.37 percent of the total sum of squares, leaving
56.63 percent for trends of cubic or higher degree.

By inspection of the Z-squared array (Table
7), it can be seen that the quartic cross-product
coefficient (3, 1) accounts for a higher percentage
of the total sum of squares (26.76) than the linear
(20.88) or quadratic surface (22.50). With the
program, it is possible to compute and plot up to
the quintic surface. According to Whitten (1966,
p. 134), however, it is desirable to have at least
three times the number of data points as number of
coefficients for the degree of trend surface. For
the quartic trend surface, the number of coefficients
is 15 and the minimum number of evenly distributed
data points desirable would be 45. Because there
are only 18 data points on the Pocono map, the
quadratic trend with 6 coefficients would be the
highest degree trend justified by the number of data
points. :
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Table 1.-Llisting of FORTRAN 1V program for vector trend analysis.

$18J0B
$IBFTC MAIN DECK

a¥NaXaXaXaNakaNalaRaNaNaa¥alaNaRaNa¥a¥aNaXaRaXaXa¥aXaXaXaXeXaXaXaXaXaXa)

101

105
106
107

FORTRAN IV PROGRAM FOR VECTOR TREND ANALYSIS OF DIRECTIONAL DATA.

WILLIAM T. FOX

DEPARTMENT OF GEOLOGY AND DEPARTMENT OF GEOLOGY
WILLIAMS COLLEGE STANFORD UNIVERSITY
WILLIAMSTOWNs MASS. 01267 STANFORDs CALIF. 94305

FIRST CARD READS IN NAZMsIFDIPsNROWsNCOL sNOPRT s ANORTHs IFTRD
COLe 1-49 O - NUMBER OF AZIMUTH OBSERVATIONS VARIES AT EACH LOCATION
FIRST DATA CARD FOR EACH LOCATION 1S USED TO GIVE THE
NUMBER OF OBSERVATIONS AT THAT LOCATION.
N - THE NUMBER OF OBSERVATIONS WHICH IS CONSTANT FOR
ALL LOCATIONS.
COL. 8 0 - NO DIP OBSERVATIONS MADE.
1 - DIP MEASUREMENTS INCLUDED WITH EACH AZIMUTH ON A CARD.

COL. 12 NUMBER OF ROWS FOR VECTOR TREND ANALYSIS
COL. 16 NUMBER OF COLUMNS FOR VECTOR TREND ANALYSIS.
CoL. 20 1- DO NOT PRINT INTERMEDIATE OUTPUT.

=1 -~ PRINT INTERMEDIATE OUTPUT.

COLe. 21-28s AZIMUTH READING OF NORTH FROM VERTICAL ON MAP
WITH ONE DECIMAL PLACE

COoL. 30 HIGHEST TREND MAP TO OE COMPUTED
1 - LINEAR TREND

2 - QUADRATIC TREND
3 - CUBIC TREND

4 -~ QUARTIC TREND

5 -~ QUINTIC TREND

SECOND DATA CARD IS FOR THE VARIABLE FORMAT, FMT, FOR READING IN
AZIMUTH AND DIP DATA.

THE THIRD CARD IS THE FIRST OF THE AZIMUTH AND DIP READINGS.
THE TITLE CARD IS THE LAST CARD IN THE DATA DECK.

DIMENSION AZ(S50)s AZBAR(10910)sAZMAP(10910)s AZI(100)sDIP(50)>
DIP1(50)sDIPBAR(10510)sNMAP{(10910)sRES(10+98+8)9sTRD(10s898)»
THETA(2) oFMT(2)sFLNC(10)sTITLE(12)9P(89898)95SS5(8+8) sDNAZ(8+8)
G(B8s8)sCOEF(898)sZ5Q(898)sDIV(8s8)9sSUMSQL1I0)sD(8s8)sPCTSQ(898)
COMMON ABARs AZs AZBARs AZMAPs AZls DBARs DIPs DIPly DIPBARsD),

1 T9JsKsMaNAZsNCOLsNROW sN1 sNP sNCPRT »ANORTHIAVGASAVGD s IFTRDsTRD»

2 RESsSUMSQsTOTSQsGrCOEF»ZSQsDIVDNAZsMDPCTSQ

W N

READ (59900) NAZMsIFDIPsNROWsNCOL s NOPRT s ANORTHs IFTRD
WRITE (65928) NROW
WRITE (6»929) NCOL

IF (NAZM) 10051055101
NAZ = NAZM

WRITE (6+930) NAZ

GO TO 106

WRITE (69931)

IF (IFDIP) 10041074108
WRITE (69932)

GO TO 3



108

N =

10

12
14
15

18

30
32

34

36

46

48
50

900
901
903
904
905
907
909
911
913

WRITE(6+933)

READ (59901) (FMT(M)sM=1,512)
WRITE(6+922) (FMT(M)sM=1+12)

DO 50 I=14NROW

DO 48 J=1sNCOL

IF (NOPRT +EQe -=1) WRITE (69903) I,J
IF (IFDIP) 151,12

IF (NAZM) 24842

IF (NOPRT +EQs =-1) WRITE (6+904) NAZ

IF (NOPRT +EQe =1) WRITE (6+905)
READ(59sFMT) (AZ(K)9sK=1sNAZ)

DO 4 K = 1,NA2

IF (NOPRT oEQe =1) WRITE (69907) KsAZ(K)
GO 10 30

READ(5+909) NAZ

IF (NOPRT «EQe =-1) WRITE (6+904) NAZ

IF (NOPRT «EQe =1) WRITE (6+905)

DO 10 K=1,yNAZ

READ(54FMTS AZ(K)

IF (NOPRT +EQe =1) WRITE (6+907) KsAZ(K)
GO TO 30

IF (NAZM) 154514415

READ(5,909) NAZ

IF (NOPRT «EQes -1) WRITE (6+904) NAZ
IF (NOPRT +EQe =1) WRITE (6+911)
DO 18 K=1,sNAZ

READ(5sFMT) AZ(K)sDIP1(K)

IF (NOPRT +EQe =1) WRITE (69913) KsAZ(K)sDIP1(K)
GO TO 34

DO 32 K=1,sNAZ

DIP1(K)=0.0

IF (NAZ +EQe 1)} GO TO 46

N1=NAZ

DO 36 K=1sNAZ

AZI(K)=AZ(K)

DIP(K)=DIP1(K)

CALL DIRCOS

AZBAR(IsJ)=ABAR

DIPBAR(1,J)=DBAR

GO TO 48

AZBAR(1sJ) = AZ(K)

DIPBAR(IsJ) = DIP1(K)

CONTINUE

CONTINUE

IF (NROW +LEe 2 «ANDe NCOL o+LEs 2) GO TO 100
IF (NROW +GTe 8 «ORe NCOL +GTe 8) GO TO 100
CALL TREND

FORMAT (514sFB8e1s12)

FORMAT (12A6)

FORMAT (1H1510X+22HOBSERVED DATA FOR ROW +1492Xs10HAND COLUMNsI4)
FORMAT(1HO»10Xs24HNUMBER OF OBSERVATIONS =s14)

FORMAT(1HO 910X s 1 7THNUMBER AZIMUTH)

FORMAT (1H »11XsI3+4XsF8el)

FORMAT(I4)

FORMAT (1HO»10X s 25HNUMBER AZIMUTHS DIP)

FORMAT (1H s11XsI3s5XsF8e1sF941)



922
928
929
930
931

1

FORMAT (1H0»9X s 36HVARIABLE FORMAT FOR READING DATA IS 512A6)
FORMAT (1H1s9X»16HNUMBER OF ROWS =414)

FORMAT (1HO+9Xs19HNUMBER OF COLUMNS =,414)

FORMAT (1HO»9X s 20HNUMBER OF AZIMUTHS =,14)

FORMAT (1HO»9Xs48HNUMBER OF AZIMUTHS IS DIFFERENT AT EACH LOCATION

)

932 FORMAT(1HOs9X9s24HNO DIP MEASUREMENTS MADE)
933 FORMAT (1HOs9Xs43HDIP MEASUREMENTS INCLUDED WITH EACH AZIMUTH)
100 RETURN

END

$IBFTC SDIRCOS DECK

C
C
C
C

(a¥a Nl

NN

~Nowm &

O ®

10

61
62
71

T2

S WN -

N -

SUBROUTINE DIRCOS

SUBROUTINE DIRCOS IS USED TO CALCULATE THE VECTOR MEAN AZIMUTH
AND DIP ANGLE FOR EACH CELL IN THE GRID AND FOR THE GRAND MEAN.

DIMENSION AZ(50)s AZBAR(10910)sAZMAP(1010)s AZI(100)sDIP(50)»
DIP1(50)sDIPBAR(10510) sNMAP(10s10)sRES(1098+8)sTRD(10+848) s
THETA(2) sFMT(2)sFLN(10)sTITLE(12)sP(898s8)955(8+8) +sDNAZ(8s8)>
G(85s8)9sCOEF(8+8)sZSQL898)+DIVIB8)sSUMSQII0)»sDI(8+8)sPCTSQ(8+8)
2PRL2)

COMMON ABARs AZs AZBARs AZMAP, AZ1s DBARs DIP, DIP1s DIPBARsD)
T9JosKsMINAZINCOLINROW sN1 sNPsNOPRTsANORTHIAVGAsAVGD s IFTRDsTRD
RESsSUMSQs TOTSQsGsCOEF$sZSQsDIVsDNAZ sMDsPCTSQ

PR{1) = 0.05
PR(2) = 0,01
SUMA=0,0
SUMB=0.,0
SUMC=0.,0

RADIAN = 57,2958
FLN1=N1

CALCULATE DIRECTION COSINES AsB AND C.

DO 10 K=1,N1

IF (AZI(K)) 5555+4
X=AZI1(K)Y/RADIAN

GO TO 6

X = 00

IF (DIP(K)) 554847

Y = DIP(K)/RADIAN

GO TO 9

Y = 0.0

SUMA = SUMA + COStY) #® SIN(X)
SUMB = SUMB + COS(Y) ® COS(X)
SUMC = SUMC + SIN(Y}

CONTINUE

R IS THE MAGNITUDE OF THE RESULTANT VECTOR.

R=SQRT (SUMA®®24+SUMB##24+SUMC*%2)
IF (SUMA) 62461462

A = 0.0

GO T0 70

A = SUMA / R

IF (SUMB) 72471472

B = 0.0

GO TO 80

B = SUMB /7 R

10
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[aXa¥a)

[a¥aXaXa)

80
81

82

11
12

15
17

20

22
25

35
37

46
45

48

52

902
903
904
905
910
911
912
913

IF (SUMC) 82,81,82
C = 0.0

GO TO 11

C = SUMC / R

ABAR IS THE AVERAGE AZIMUTH DIRECTION.

ABAR=RADIAN®ATAN(A/B)
IF(B) 12920415
ABAR=ABAR+180+0
GO TO 35

IF(A) 17+25435
ABAR=ABAR+ 36040
GO TO 35

IF (A) 22435,21
ABAR = 90,0

GO TO 35

ABAR = 270.0

GO TO 35

ABAR = 0.0

DBAR 1S THE AVERAGE DIP ANGLE

DBAR = RADIAN # ARSIN(C)

IF (NOPRT +EQe 1) GO TO 55

DO 45 N=1,2

X1 = (1e/PR(N)I®®*(1,/(FLN1-1s))-1,

CX = 1o - ((FLN1-R)#*X1)/R

IF (CX oGTe 140 «¢ORe CX oLTe ~1+0) GO TO 46

THETA IS THE SPHERICAL RADIUS OF THE CIRCLE OF CONFIDENCE
AROUND THE RESULTANT VECTOR.

THETA(N) = RADIAN #* ARCOS (CX)
GO TO 45

THETA (N) = -1,

CONTINUE

WRITE(65902)
WRITE(65903)
WRITE(6+904)
WRITE(6+905)
WRITE(6+910) ABAR

WRITE(6+911) DBAR

DO 50 N=1,2

WRITE(6»912) PRI(N)

IF (THETA(N} +EQe —-1e) GO TO 52
WRITE (6+913) THETA (N)

GO Y0 50

WRITE (6+915)

CONTINUE

2N >

FORMAT (1HO»10Xs20HDIRECTION COSINE A =9F9.5)
FORMAT(1HO»10Xs20HDIRECTION COSINE B =3F9,5)

FORMAT (1HO»10Xs2CHDIRECTION COSINE C =3F9.5)

FORMAT (1HO»10X+32HLENGTH OF RESULTANT VECTOR (R) =3F6e2)
FORMAT(1HO»10Xs21HVECTOR MEAN AZIMUTH = 3F8.3s8H DEGREES )

FORMAT (1HO»10Xs27HVECTOR MEAN DIP ANGLE = sF8+.198H DEGREES )
FORMAT (1HO»10X923HLEVEL OF SIGNIFICANCE = F7.3)

FORMAT (1HC»10Xs64HRADIUS OF THE CIRCLE OF CONFIDENCE AROUND THE R

11



1ESULTANT VECTOR =3sF7.2,8H DEGREES )
915 FORMAT (1HO»10X»55HRADIUS OF CIRCLE OF CONFIDENCE GREATER THAN 180
1 DEGREES)
55 RETURN
END
$IBFTC STREND DECK
SUBROUTINE TREND

SUBROUTINE TREND IS USED TO CALCULATE THE COEFFICIENTS ARRAY
AND THE Z-SQUARED ARRAY USING ORTHOGONAL POLYNOMIALS AND MATRIX
ALGEBRA« TREND AND RESIDUAL VALUES FOR SURFACES UP TO QUINTIC
CAN BE COMPUTED.

[a¥aNaXaRaNa)

DIMENSION AZ(50)s AZBAR(10510)sAZMAP(10910)s AZI(100)sDIP(50)
DIP1(50)sDIPBAR(10510) sNMAP(10310)sRES(1058s8)sTRD(1098+8)
THETA(2) oFMT(2)sFLN(10)sTITLE(12)+P(8s898)9S5(8+8) sDNAZ(898)>
G(838)sCOEF(Bs»B)925Q(8+s8)sDIVIBIB)ISUMSQ(10)9D(898)sPCTSQ(898)
COMMON ABARs AZs AZBARs AZMAPs AZls DBARs DIP» DIP1ls DIPBARsDs

1 1sJsKeMsNAZsNCOLINROWSN1 sNPsNOPRT yANORTHsAVGASAVGD s IFTRDsTRD

2 RESsSUMSQsTOTSQsGsCOEF+ZSQsDIVIDNAZIMDsPCTSQ

w N =

ORTHOGONAL POLYNOMIALS FOR N = 3 TO N = 8 ( DELURYs 1950, P 18-19 )

(aXaNal

DATA (P(233sL)sL=193)/-1e90e91e/9{P{294sL)sL=194)/~3a9=10esle930e/
1(P(2959L)sL=195)/-2e9~16900s1l602s/>

2(P(2+969L) 9L =196)/~5e9=3ev=1lesles3e954/

3 (P(2sT7sL)sl=197)1/-3e9=209=1¢9Ces1e92e93e/>

G(P(298 3L ) sL=198)/=Tes=5¢9=309=10e31e93495e97e/

5(55(2’L)9L=3’8)/20!200’100'70.0280!1630/9

6(P(3939L)sL=193)/109~2631a/9(P(354sL)sL=194)/10es=10er=1001s/>

T(P(3s59L)sL=195)1/2e9~1las2e9=10e924/

BIP(356sL)9sL=196)/5es~1les=ber=bes=1e354/

9 (P39 TsL) sl =19T7)/5e9001=30e9=40e9-3430e95¢/

1(P(3s8sL)sL=198)/Terl0e9~309~569=549=3¢910e974/>

2(SS{3sL)sL=398)/603b09140e98Bbe98bes1684/

3P (49390 )sL=193)/0430490s /9 (PlhstasL)sl=194)/=109309-16e93e/>

4(P(4+55L) 9L =195)/=10e92¢3069=20s1e/

SIP(4369sL) oL =196)/=5e9Tevb4e9=bors~Tes54/

6(P(4s 7ol )sl=197)/=1691e210900er~1e9-10esle/»

7(P(4’89L)OLzI’B)/‘70i5007o)3o"300-709‘50070 /o

B(SS(4sL)sL=398)/04320e31049180e96¢92640/

DATA (P(5s5sL)sL=195) / les=4es6e9=besle/>
(P(Ss6sL)sL=196) / lers=3es2e32e9=303le /
(P(S5sT7sL)sL=197) / Bes=Teslesboesles~Tes3s / »
(P(S98sL)oL=198) / Te3=1309-3499¢9Fe9-369-13e97e / »
(SS(5eL)sL=598) / T706928e9154¢9616¢ / »

(P{6s&sL)sL=196) / =1le35e9—~10e31049~5e1le / »
(P(6sTsL)sL=197) 7/ =lesbe9=56390e3509~b691le / »
(P(6s8sL)sL=198) / =Te923e9=1Te9=15e915¢91Te9-236esTe / »
(SS(69L)sL=698) / 2524984¢92184¢ / »

(P(T7s7oL)oL=197) / loe9=6e915469-20e91569~860sle /
(P(T7983L)sL=198) / 1e9=5e99e9=5e9~5e9%909=5091le / »
(SS{TslL)s=Te8) / 924492644 / o

(P(8s8sL)sl=198) 7/ =1e97e9=21623549=35e92" 6a9=Tasle /
SS(8+8) / 3432, /

SUMSS = 0,40

DO 10 I = 148

SUMSS = SUMSS + 140

S$S{1s1) = SUMSS

DO 10 JU = 1,48

POUONF OOV EPSWNKE
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10

29
30

40
42

43

45

50

55

60

P(1sIsJ) = 160

CALCULATE THE VECTOR MEAN AZIMUTH USING DIRECTION COSINES AND
TRANSFORM RESULATNT VECTORS TO STANDARD AZIMUTHS WITH A MEAN OF

180 DEGREES. STANDARD AZIMUTHS ARE USED IN THE MATRIX MULTIPLICATION
TO COMBAT THE PROBLEM OF CROSSING THE 360 DEGREE BARRIER WITH
DIRECTIONAL DATA.

K=0

DO 30 I=1sNROW

DO 29 J=14NCOL

K=K+1

AZI(K)=AZBAR(1,5J)
DIP(K)=DIPBAR(I+J)

CONTINUE

CONTINVE

N1l=K

IF (NOPRT +EQe -1) WRITE (65915)
CALL DIRCOS

AVGA=zABAR

AVGD=DBAR

IF (NOPRT «EQe =1) WRITE (6+900) AVGAsAVGD
STAN = 1800 - AVGA

CALCULATE COEFFICIENTS ARRAY AND Z-SQUARED ARRAY USING MATRIX
ALGEBRA AND ORTHOGONAL POLYNOMIALS,

MD = 1

DO 40 I = 1,NROW

DO 40 J = 1sNCOL

D(1sJ) = AZBAR(IsJ) + STAN

IF (D{1sJ) «GTe 360.0) D(IsJ) = D(IsJ) - 36040
IF (D(IsJ) oLTe 060 ) DtIsJ) = DiIsJ) + 36040
CONTINUE

IF (MD <EQe 1) WRITE (6+910)

IF (MD «EQe 2) WRITE (6,911)

DO 43 I = 1,10

TRD (Is1s1) = 999.

DO 50 I = 1y)NROW

DO 50 K = 1,NCOL

SUMX = 0.0

DO 45 U = 1y,NCOL

SUMX = SUMX + DI(IsJ) * P(KsNCOLsJ)
CONTINUE

DNAZ (IsK) = SUMX

CONTINUE

SUMZ = 0.0

DO 60 KI = 1sNROW

DO 60 KJ = 14NCOL

SUMX = 0.0

DO 55 1 = 1sNROW

SUMX = SUMX 4 P(KIsNROWsI) * DNAZ(IsKJ)
D(KIsKJ) = D(KIsKJ) =~ STAN

G(KIsKJ) = SUMX

DIVIKI 9sKJ) = SS(KIsNROW) * SS(KJeNCOL)}
COEF(KIsKJ) = G(KIsKJ) / DIVIKIsKJI)
2SQIKTI sKJ) = G(KIsKJI*%2 / DIVIKIsKJ)
SUMZ = SUMZ + ZSQ(KIsKJ)

CONTINUE

COEF(14+1) = COEF(141) - STAN

13
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TOTSQ = SUMZ - 25Q(1s1)
ZSQ(1s1) = 0.0
WRITE (6+903)
DO 80 KI = 14NROW
80 WRITE (65905) (COEF(KIsKJ)sKJI=1sNCOL)
WRITE (6+904)
DO 90 KI = 14NROW
90 WRITE (65902) (2ZSQ (KIsKJ)sKJ=1sNCOL)
WRITE (6+914)
DO 100 I = 1,NROW
DO 95 J = 1eNCOL .
95 PCTSQ(IsJ) = 100s # (ZSQU(IsJ) / TOTSQ )
100 WRITE (65902) (PCTSQ(14J)9eJ=1sNCOL)
DO 120 I = 1sNROW
DO 120 J = 14NCOL

ARITHMETIC MEAN

TRD(1s1sJ) = COEF(1s1)
RES(1s1sJ) = D(IsJ) = TRD(1sIsJ)

LINEAR TREND AND RESIDUAL VALUES

IF(IFTRD +LTe 1) GO TO 120

TRD (291sJ) = COEF(1s1) + COEF(24+1)%P(2sNROWsT) +
1 COEF(1s2) * P{2,NCOLsJ)

RES(291sJ) = D(IsJ) = TRD(2+14J)

SUMSQ(2) = ZSQ(2s1) + ZSQ(1+2)

QUADRATIC TREND AND RESIDUAL VALUES

IF (NCOL +LTe 3 oJANDs NROW +LT. 3) GO TO 120
IF (IFTRD «LTe 2) GO TO 120
TRD (3919J) = COEF(14+1) + COEF(3,51)%P(3sNROWsT) +
1 COEF(193)%P(34NCOLsJ)+ COEF(252)%P(24NCOLsJ)*P(2,NROWs1)
RES(3s1sJ) = D(IsJ) = TRD(3,14J)
SUMSQ(3) = 2ZSQ(3s1) + 25Q{2+2) + 2SQ(1s3)

LINEAR AND QUADRATIC TREND AND RESIDUAL VALUES

TRD (491sJ) = TRD(2s19J) + TRD(3s1,sJ) = COEF(1s1)
RES(&4s1sJ) = D(IsJ) = TRDUGsIsJ)
SUMSQ(4) = SUMSQ(2) + SUMSQI(3)

CUBIC TREND AND RESIDUAL VALUES

IF (IFTRD «LTe 3) GO TO 120
IF (NCOL oLTe 4 oANDe NROW oLTe 4) GO TO 120
TRD (5919J) = COEF(1s1) + COEF(44+1)%P (4 sNROWSI) +
1 COEF(1+4)%#P(49NCOLsJ) + COEF(3+2)%P(3sNROWSsI)*¥P(23NCOLJ) +
2 COEF(2+3)%P(2yNROWsI) %P (3,NCOL»J)
RES(5s19J) = D(IsJ) =~ TRD(551sJ)
SUMSQ(S) = 2SQ(&4s1) + ZSQ(392) + ZSQ(2+3) + 2SQ(1s4)

LINEARs QUADRATIC AND CUBIC TREND AND RESIDUAL VALUES
TRD (6sIsJ) = TRD(4s1sJ) + TRD(SsIsJ) = COEF(1,s1)

RES(6s1sJ) = D(1sJ) = TRD(6s1sJ)
SUMSQ(6) = SUMSQ(4) + SUMSQ(S)

14
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NN

120

180

QUARTIC TREND AND RESIDUALS VALUES

IF (IFTRD «LTe 4) GO TO 120
IF (NCOL «LTe 5 +ANDe NROW +LTe 5) GO TO 120
TRD (T791sJ) = COEF(1s1) + COEF(5,1)%P(5,NROWsI) +
1 COEF(492)%P(4sNROWSTI)*P(2sNCOLsJ) + COEF(343)%P(3,NROWsI)*
2 P(3yNCOLsJ) + COEF(ZoQ)*P(ZoNROW;I)*P(#vNCOL Jy +
3 COEF(195)*P(54NCOLsJ)
RES(T7s19J) = D(1sJ) = TRD(7s1sJ)

SUMSQ(7) = ZS5Q(5s1) + 2ZSQ(4s2) + 2ZSQ(393) + ZSQ(2s4) + ZSQ(115)

LINEARs QUADRATICs, CUBIC AND QUARTIC TREND AND RESIDUALS

TRD (8sI9J) = TRD(6sIsJ) + TRD(Ts1sJ) — COEF(1s1)
RES(8sIsJ) = Dt1sJ) = TRD(Bs1sJ)
SUMSQ(8) = SUMSQI(6) + SUMSQ(7)

QUINTIC TREND AND RESIDUAL VALUES

IF (IFTRD «LTe 5) GO TO 120

IF (NCOL +LTe 6 o«ANDe NROW 4+LT¢ 6) GO TO0 120

TRD(9s1sJ) = COEF(1s1) + COEF(691)%P(6sNROWSI) +
1 COEF(5+2)*P(5sNROWs1)#P(24NCOLsJ) + COEF(493)%P (44 NROWsI)*
2 P(3yNCOLyJ) + COEF(394)%¥P(34sNROWs I)*P(49NCOLsJ) + COEF(245)%
3 P(2yNROWII%¥P(54NCOLsJ) + COEF(196)%*P(69NCOLsJ)

RES(9s1sJ) = D(IsJ) ~ TRD(9s1sJ)

SUMSQ(9) = ZSQ(691) + ZSQ(5+2) + 2SQ(493) + 2SQ(3y4) +

1 2SQ(2+5) + ZSQ(1ls6)

LINEAR THROUGH QUINTIC TREND AND RESIDUAL VALUES

TRD (10sI9sJ)= TRD(BsIsJ) + TRD(9s1sJ) - COEF(1s1)
RES(10sIsJ) = D(IsJ) =~ TRD(10s1sJ)
SUMSQ(10) = SUMSQ(8) + SUMSQ(9)

CONTINUE

CALL PRTMAP
IF (AVGD +LT. 0.01 ) GO TO 200
IF (MD +EQe 2} GO TO 200

CALCULATE DIP VALUES

MD = 2

STAN = 0.0

DO 180 I = 1,NROW
DO 180 J = 1sNCOL
D(IsJ) = DIPBARI(IyJ)
GO TO 42

900 FORMAT (1HO»10Xs47HAVERAGE AZIMUTH COMPUTED BY DIRECTION COSINES =
1 » F8e3 // 11X+43HAVERAGE DIP COMPUTED BY DIERCTION COSINES =
2 F8e3 )

901 FORMAT (1H1510Xs22HVECTOR MEAN DIRECTIONS /7))

902 FORMAT (1H s10Xs8F10.2)

903 FORMAT (1HOs10X»19HCOEFFICIENTS ARRAY /)

904 FORMAT (1HO»10Xs15HZ-SQUARE ARRAY /)

905 FORMAT (1H s10Xs8F1045)

910 FORMAT (1H1s10Xs14HAZIMUTH ARRAYS /)

911 FORMAT (1H1s10Xs10HDIP ARRAYS /)

15



914 FORMAT (1HO,10Xs44HPERCENTAGE OF TOTAL CORRECTED SUM OF SQUARES /)
915 FORMAT (1H1+10Xs40HVECTOR MEAN AZIMUTH OF RESULTANT VECTORS /)
200 RETURN
END
$IBFTC SPRTMAP DECK

SUBROUTINE PRTMAP
C
C SUBROUTINE PRTMAP IS USED TO PRINT MAPS FOR OUTPUT DISPLAY.
C

DIMENSION AZ(50)s AZBARI(10+10)sAZMAP(10510)s AZI(100)sDIP(50)
DIP1(50)sDIPBAR(10510)sNMAP(10510)sRES(10+8+8)sTRD(10+818)>
THETA(2) sFMT(2)sFLN(10)sTITLE(12)sP(89898)355(8+8)sDNAZ(Bs8)
G(B8s8)sCOEF(8+8)9Z5Q(858)sDIVIBIB)sSUMSQ(10)sD(8»8)sPCTSQ(818)
COMMON ABARs AZs AZBARs AZMAP, AZI, DBAR, DIPs DIP1» DIPBARsD,

1 T9JsKsMsNAZ 4NCOL sNROW N1 sNP sNOPRT s ANORTHIAVGASAVGD s IFTRD» TRD»

2 RESsSUMSQsTOTSQsGsCOEF$Z5QsDIVDNAZMDPCTSQ

W N e

C
DATA
1(NMAP(24sJ)9J=145)/6H s6H s 6H s6H s GHLINEAR/
2(NMAP(35J)9J=1,5)1/6H s6H s 6H PUy6HRE QUAs&HDRATIC/
3(NMAP(49J)9J=1+5)/6H s6H LINs6HEAR PLs6HUS QUAS6HDRATIC/
4(NMAP(S59J)sJ=195)/6H s6H s 6H s6H PUREsSH CUBIC/
S(NMAP(6sJ)sJ=195)/6H LINs6HEAR» Qs 6HUADRAT»6HIC ANDs6H CUBIC/
6(NMAP(T79J)sJ=195)/6H s 6H s 6H s6HPURE Q9 6HUARTIC/
T(NMAP(89J) 9J=195)/6HLINEARs6H QUADss6H CUBICs6H AND Qy 6HUARTIC/
8(NMAP(99J)sJ=1+5)/6H s6H » 6H sy 6HPURE Qe SHUINTIC/
S(NMAP(1CsJ)sJ=1+5)/6H »6H LINEs6HAR THRs6HOUGH Qs 6HUINTIC/
C
READ (55902) (TITLE(M1)sM1=1+12)
C
C PRINT MAPS OF THE MEAN VECTOR DIRECTION OR DIP IN EACH CELL OF THE GRIDe.
C
WRITE (6+901) (TITLE(M1)sM1=1,12)
IF (MD +EQe 1) WRITE (6+903)
IF (MD «EQe 2) WRITE (6+904)
DO SO0 I=14NROW
WRITE (69906) (D{(1sJ)sJ=1sNCOL)
DO 50 J=1,sNCOL
AZMAP (IsJ) = D(IsJ)
50 CONTINUE
IF (MD +EQs 2) GO TO 45
WRITE (6+901) (TITLE(M1)sM1=1,12)
WRITE(6+903)
CALL MAPVEC
45 WRITE (6+9901) (TITLE(M1)sMI=1+12)
IF (MD «EQe 1) WRITE (65920)
IF (MD EQe 2) WRITE (65930)
DO 40 1=1,NROW
40 WRITE (6+906) (RES(1s91sJ)sJ=1sNCOL)
WRITE (6+921) TOTSQ
C
C PRINT TREND MAPS FOR LINEAR THROUGH QUINTIC
C

DO 160 NP =2,10

IF (TRD(NPslsl) «GTe 998+ ) GO TO 200

WRITE (6+901) (TITLE(M1)sM1=1,12)

IF (MD +EQe 1) WRITE (65915) (NMAP(NPsL)sL=155)
IF (MD +EQe 2) WRITE (69917) (NMAP(NPsL)sL=1+5)
DO 60 I=14sNROW

WRITE (69906)( TRD(NPsIsJ)sJ=1sNCOL)
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60

aNala)

69

70

160

901
902

DO 60 J=1,4NCOL

AZMAP(1IsJ) = TRD(NPs1,J)
CONTINUVE

IF (MD +EQe 2) GO TO 69

WRITE (69901) (TITLE(M1)sM1=1s12)
WRITE(6+915) (NMAP(NPsL)sL=145)
CALL MAPVEC

PRINT RESIDUAL MAPS FOR LINEAR THROUGH QUINTIC

WRITE (65s9C1) (TITLE(M1)sM1l=1s12)

IF (MD +EQe 1) WRITE (6+916) (NMAP(NPsL)sL=195)
IF (MD «EQe 2) WRITE (65918) (NMAP(NPsbL)sL=1+5)
DO 70 I=1,NROW

WRITE(64+906) (RES (NPsIsJ)sJd=1aNCOL)

CONTINUVE

$S1 = TOTSQ-SUMSQ(NP)

WRITE (6+923) SS1

PCTSS = 100, * (SUMSQINP)/TOTSQ)

WRITE (6+924) PCTSS

CONTINUE

FORMAT (1H1,10Xs12A6)
FORMAT(12A6)

903 FORMAT(1HO»10Xs7O0HMAP OF VECTOR MEAN AZIMUTH DIRECTIONS IN EACH CE
1LL BY ROWS AND COLUMNS)

904 FORMAT(1HO»1CX»69HMAP OF VECTOR MEAN DIP ANGLES IN EACH CELL BY
1WS AND COLUMNS )

906
915
916
917
918
920

1

FORMAT(1HO////710Xs15F10,1)

FORMAT(1HO»10X+5A6540H TREND SURFACE MAP OF AZIMUTH DIRECTION )
FORMAT (1HO»10X95A6+35H RESIDUALS MAP OF AZIMUTH DIRECTION)
FORMAT (1HOs10X95A6933H TREND SURFACE MAP OF DIP ANGLES )

FORMAT (1HOs10X9s5A6928H RESIDUALS MAP OF DIP ANGLES)

FORMAT (1HO»10X»58HRESIDUALS — OBSERVED AZIMUTH DIRECTIONS MINUS
AN AZIMUTH)

921 FORMAT(1HO///10Xs22HTOTAL SUM OF SQUARES =y F12.,2)
923 FORMAT(1HO///11Xs24HSUM OF SQUARES FOR MAP =,F12,.,2)
924 FORMAT (1HO»10Xs4THPERCENTAGE REDUCTION IN TOTAL SUM OF SAQUARES

1

s F10.3 )

930 FORMAT(1HO///10Xs4THRESIDUAL - OBSERVED DIP ANGLE MINUS AVERAGE

1

P

200 RETURN

END

$IBFTC SMAPVEC DECK

[aNa¥aXaKal

W N -

N -

SUBROUTINE MAPVEC

SUBROUTINE MAPVEC IS USED TO PLOT VECTOR TREND MAPS WITH AZIMUTH

DIRECTION PLOTTED AS A VECTOR.

DIMENSION AZ(50)s AZBAR(10s10)sAZMAP(10s10)s AZI(100)sDIP(50)
DIP1(50)sDIPBAR(10910) sNMAP(10910)sRES(10+898)sTRD(1038+8)»
THETA(2)sFMT(2)sFLN{10)sTITLE(12) 9P (605120)955(8s8)sDNAZ(898) s
G(B898)sCOEF(838)9ZSQ{8s8)sDIVIBIB)ISUMSQ(10)9D(8s8)sPCTSQ(898)
COMMON ABARs AZs AZBARs AZMAPs AZls DBARs DIPy DIP1s DIPSBARSD,
T9JosKsMyNAZ s NCOL s NROW s N1 NP sNOPRT ANORTH sAVGA sAVGD s IFTRD 9 TRD »
RESsSUMSQsTCTSQsGeCOEF sZSQsDIVIDNAZ sMDsPCTSQ

DATA BLANKAASEXsDOTSVEESsFN/ 1H s 1HA s 1HX s 1He » 1HV s 1HN /

WRITE (65901)
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22

24

26

27

IFNOR = 0

NR = NROW

NC = NCOL

DO 3 LX = 1,60

DO 3 MX = 1,119
P{LXsMX) = BLANK
L =7

DO 60 IROW = 1,NR
M= 12

DO 50 K=1sNC

IF (1
BNORT
AZMAP
1IF (A
GO TO
M =M
L =1
X = A
IF (X
M1l
M2
M3
M4
M5
Mé
M7
M8
M9
GO
M1
M2
M3
M&
M5
M6
M7
M8
M9

nuununuunanuuuunnun

L1
IF
L2
L3
L4
LS
L6 =

STAR

IF (1
GO TO

" ~nu

rrCrrOroxr
4

IF (1

IF (X
IF (X

FNOR) 44446
H = 3604~ANORTH
( IROWsK) = AZMAP{IROWsK) - BNORTH

ZMAP(IROWsK) o4LTe Oe) AZMAP(IRCWsK) = AZMAP(IROWsK)+360.

7
NOR
0
ZMAP ( IROWsK)

«LEs 180.0) GO TO 22
M=-1

!
O NOVMPWN

ZZZlZIZZZ

|
0

X
+ + N
N -

M+3
M+4
M+5
M+6
M+7
M+8

LEe 27040 «ANDe X «GTe 9040) GO TO 26

[ )
M HWVWNH e

= AA
FNOR «EQe. 1) STAR = FN

L+3

L+4

L+5

= VEE

FNOR +EQe 1) STAR = FN

oLEe 90.0) X=1804,0-X

eGT 418060 «ANDe X oLEe 27040) X = 36040 - X

18



50

60

90

70

80

IF (X «GTe
P(LsM) = EX
IF(XeLEe10600eANDeXeGE«09040)
IF(XeLEeO095e¢0eANDeXeGE«090.0)
IF(XeLEeO095¢0sANDeXeGE «090.0)
IF(XeLEe180¢0sANDeXeGT 16640
IF(XelLEe166¢0sANDeXeGT 414340)
IF(XeLEel143¢0eANDeXeGTe124.0)
IF(XelLEel124¢0eANDeXeGTe10640)
IF(XelLEel116e0eANDeXeGT «09540)
IF(XeLEe106e0eANDeXeGT +09540)
IF({XeLEe180s0sANDeXeGTo17160)
IF(XeLEel71e¢0eANDeXeGTo1610)
IF(XeLEel161e0eANDeXeGT 14740
IF{XeLEe147e0eANDeXeGT«13840)
IF(XelLEe123840¢ANDeXsGTo12440)
IF(XeLEe124e¢0¢ANDeXeGTo1160)
IF(XeLEe11660e¢ANDeXaGTe10640)
IF(XeLEe180e0eANDeXeGTe177+0)
IF(XelEal77¢04ANDeXeGT 416640
IF(XeLEe166e0sANDeXeGTe15640)
IF(XelLEe156e¢0eANDeXeGTe15140)
IF(XeLEe151e04AND X eGT41462+0)
IF(XelLEel143eCeANDeXeGT213840)
IF(XelEel138e¢0¢ANDaXeGTe12440)
IF(XeLEe124e0sANDeXeGTe11660)
IF(XeLEe180¢0eANDeXeGT 1770
IF(XeLEelT77e¢0sANDeXeGT+171.0)
IF(XelEel71e0¢ANDsXeGT416140)
IF(XeLEe161eCoeANDeXeGTe15640)
IF(X.LE015600.ANDOXQGT0151ﬁ0’
IF(X.LE.15100!ANDOX06T.14700)
IF(X.LE.147.00ANDQXCGT013800’
IF{XeLEe138e0¢ANDeXeGT413240)
IF(XeLEe132¢0eANDeXeGT 12440
IF(XelEal80e0sANDeXeGToa17740C)
IF(XeLEal177e¢0¢ANDeXeGTe171.0)
IF(XelLEe171e0sANDeXeGTe16640)
IF(XelEel66e0sANDeXeGTo16140)
IF(XelLEel61e0eANDeXeGTe15640)
IF(XeLEe156e0sANDeXeGT415140)
IF(XeLEe152e0eANDeXeGTo147.0)
IF(XeLEel47e0eANDeXeGT 14340
IF(XeLEel43eCeANDeXeGTe13840)
IF(XeLEe138e0eANDeXeGT413240)
M = M+10
CONTINUE
L =L + 6
CONTINUE
IF (IFNOR
NC = 1

NR = 1
MNOR = M+13

270e0) X=X-180.0

«EQ. 1) GO TO 70

AZMAP{1s1) = ANORTH

[FNOR = 1

GO TO 5

IX = 7 + 6%*NROW

DO 80 1P = 1s1X

WRITE (69905) (P(IPsJ)sJ=19119)
CONTINUE

P(L1
P(L1
P(L)
P(L2
P(L2
P(L2
P(L2
P(L2
P(L2
P(L3
P(L3
P(L3
P(L3
P(L3
P(L3
pL3
P(L4
PiLs
P(L4
PlLY
P(Ls
PlLSL
PlLs
P(L4
PLLS
P(LS
P(L5
P(LS
P(LS
P(LS5
pP(LS
PLLS
PLLS
P{L6
P(Le6
P(L6
P(L6
P(L6
PlL6
P(L6
PlL6
P(L6
PtL6

19
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M3)=DOT
M6)=DOT
M9)=STAR
M )=DOT
M1)=DOT
M2)=DOT
M3)=DOT
M6 ) =DOT
M9 ) =STAR
M )=D0T
M1)=DOT
M2)=DOT
M3)=DOT
M4 ) =DOT
M6 ) =DCT
MO )=STAR
M )y=DOT
M1)=DOT
M2)=DOT
M3)=D0OT
M4 ) =DOT
M5 ) =DOT
M6)=DOT
M9 )=STAR
M 1=DOT
M1)=DOT
M2 1) =DOT
M2)=DOT
M4 )y =DOT
M5)=DOT
M6)=DOT
M7)=DOT
M3 )=STAR
M )=STAR
M1)=STAR
M2)=STAR
M3)=STAR
M4 ) =STAR
M58 )=STAR
M6 )=STAR
M7)=STAR
M8)=STAR
M2 )=STAR



C
901 FORMAT (1HO)
905 FORMAT (1H »119A1)
100 RETURN
END

Table 2.-Listing of input data cards used in example 1 (Steinmetz, 1962).

20 1 1 1 -1 0.0 O

(F54193X9F541)
32140 19.0 81.0 12.0
322.0 2440 36.0 05.0
324,0 10,0 4040 12.0
310.,0 8.0 33840 10.0
30240 0640 6040 13.0
307.0 08+.0 580 06.0
2670 160 37.0 07.0
43,0 0440 70.0 04.0

34,0 08.0 81.0 0540
34640 10.0 18.0 13.0

Table 3.-Output from example 1, cross-bedding measurements from the Wasatch Formation, Eocene, Wyoming.

OBSERVED DATA FOR ROW 1 AND COLUMN 1

NUMBER OF DBSERVATIONS = 20
NUMBER AZIMUTHS DIP 13 346.0 15.0
1 321.0 19.0 11 8l.0 12.0
2 322.0 2443 12 36.5 5.0
3 324.3 1-.0 13 40.0 12.0
4 3103.2 8.0 14 338.0 1¢.0C
5 302.0 6.0 15 60.30 13.0
6 307.0 8.0 16 58.0 6.0
7 267.0 16.0 17 37.0 7.0
8 43.0 4.0 18 0.0 4.0
9 34.0 8.0 19 Bl.D 5.0
20 18.0 13.0

DIRECTION COSINE A = 0.17134%
DIRECTION COSINE B = 0.94857

DIRECTION COSINE C 0.26619

LENGTH OF RESULTANT VECTUR {R) = 12.99

VECTOR MEAN A7IMUTH = 13.239 DEGREES

VECTOR MEAN DIP ANGLE 15.4 DEGREES

LEVEL OF SIGNIFICANCE 0.05D0

]

]

RADIUS UF THE CIRCLE OF CONFIDENCE AROUND THE RESULTANT VECTOR 24,80 DEGREES
LEVEL DOF SIGNIFICANCE = $.010

RADIUS OF THE CIRCLE OF CONFIDENCE AROUND THE RESULTANT VECTOR

31.58 DEGREES

20



Table 4.-Listing of input data cards used in example 2, drumlins from western New York State.

5

0

(5X95F6e1)

11
12
13
14
15
16
17
18
21
22
23
24
25
26
27
28

17840
172,0
16545
15745
15845
149,0
157.0
14645
120,40
17640
16940
159.5
156,5
15240
1375
14340

31
32
33
34
35
36
37

17645
178.0
174,0
16845
16445
15545
13845

Table 5.-Coefficients array, Z-squared array, and percentage of total

6 8 1

182.0
169,0
16745
155,.,5
15845
159,0
157.0
14645
166,45
16640
16545
16545
159,5
13845
137.5
143,.,0
17640
17440
172,5
16640
16740
148,45
138,45

17540
168.5
17645
16545
15845
149,0
14745
15045
169,0
17340
16845
16140
1525
14545
13745
14340

17440
17540
175.,5
16640
15440
155.,0
13645

0.0 3

16840
16640
173.0
16145
158.0
14040
145,5
138.5
175.,0
15840
16540
16640
160.0
148.5
14745
162+5
174.0
16645
173.0
169.0
17045
16445
139.0

173.,0
17040
171.0
162.0
15845
147,0
15245
140.0
167.0
175.0
17640
17865
16645
154.0
15145
162.5

17045
169.0
168,0
1675
16545
16245
13645

ORIENTATION OF DRUMLINS IN WESTERN NEW YORK

drumlins from western New York State.

AZIMUTH ARR

COEFFICIENT
161.23739
0431692
-0.28608
-0.31390
0.01068
-0.05958

7-SQUARE AR
O.
56425
55,00
141,88
0.03
7. 16

PERCENTAGE
o'
1.24
1‘21
3.12
0.00
0.16

38
41
42
43
44
45
46

148.5
17440
17265
16645
171.0
14740
16640
15640
13245
17040
1715
16940
16245
167.0
16245
13545
162,0
173.0
168.5
159.5
15745
15145
14440
169,0
15245
STATE

0.0035%5
-0.02841
0.01193
-C.01%49
-0.01720

C.C5
34,81
34.14
15.77

4ol4
45,95

0.00
0.77
0.75
0.35
0.09

AYS
S ARRAY
-1.76089 -0.31518 0.20594
0.09177 0.02546 -0.05985
0.02192 0.10155 -0.02690
-0.01593 0.01444 0.03477
-0.14443 0.03981 -0.08342
0.02332 -0.00116 0.0008¢
RAY
3125.5% 100.14 67.18
99.0¢% T.62 66419
6.78 145.54 16.04
7.68 6.30 57.44
98.12 T.46 5le44
23,03 0.06 0.0%
OF TOTAL CORRECTED SUM OF SQUARES
68,79 2.20 1.48
2.18 0.17 1.4¢6
0.15 3.20 0.,3°%
0.17 0.14 1.26
2.16 0.16 1.13
0.51 0.00 0.0C

21

1.01

14340
17260
172.0
17245
15640
17265
16045
15545
142.5
16745
16745
17040
16545
15240
155.5
153,5
137,.,0
17340
168.0
15745
161.5
150,45
15645
164,5
16845

-C.00289
-0.00217
-6.01794

0.00255
'{J.QLSSO
-0.00818

O.11
0472
59,02
2.56
14,68
36.82

0.00
0.02
1.30
0.06
0.32
0.81

14845
17045
16740
1715
16945
152,0
16465
160.0
142,
16340
169.5
17545
16945
17245
151.5
16145
15845

17240
17445
170.0
16440
159,.,5
15240
16645
152,

14345
16940
17165
178.0
16645
172.0
16245
17440
15745
17045
170.0
170.0
16345
157.0
155.0
16540
1704,0
17040
164.0
16060
15645
149,5
15847
145,.,0
161.0

0.10369
C.00911
~0.03947
-0.02412
-0.,01277
-0.01642

17.C3
1.Sj
34.54
27.65
1.21
17.93

C.37
0.03
0.76
0.61
0.03
0.39

143,.,5
167.0
173.0
180.0
169.0
166.0
153.5
139.0
14845
169.0
17245
17245
173.0
164.0
24540
155.0
147.0
174.0
16545
1640
15945
154,5
152.0
15745
110.0

sum of squares array for example 2,

-0.00095

0.01097
-0.00442
-0.000C2
-0.01142
-0.00169

0.02
28.93
5.62
0.00
12.53
2446

0.00
C.64
0.12
0.00
0.28
0.05



Figure 1.-Isoazimuth map, vector trend map, and deviations from mean azimuth based on orientation of
drumlins in western New York State. Area 32 miles east-west by 24 miles north-south.
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ORIENTATION OF DRUMLINS IN WESTERN NEW YORK STATE

RESIDUALS - OBSERVED AZIMUTH DIRECTIONS MINUS MEAN AZIMUTH

IC y 7.9 9.5 \—o.s

-8.1 -8.6 -0.7 -11.8

TOTAL SUM OF SQUARES = 4543.83

Figure 2, -Linear trend surface map, linear vector trend map and residuals from linear for drumlin
orientation,

ORIENTATION OF DRUMLINS IN WESTERN NEW YORK STATE
LINEAR TREND SURFACE MAP OF AZIMUTH DIRECTION

\ \
2A 172.0 168.5 166.9 161.4 157.9 154.4 150.8 147.3
172.6 169.1 165.6 162.0 158.5 155.0 151.5 148.0
173.2 169.7 166.2 162.7 159.2 155.6 152.1 148.6
3 :
173.9 170.4 166.8 163.3 159.8 156.3 152.7 149.2
174.5 171.0 167.5 163.9 160.4 156.9 153.4 149.9
175.1 171.6 168.1 164.6 161.1 157.5 154.0 150.5
\ . \
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2B

ORIENTATION OF DRUMLINS IN WESTERN NEW YORK STATE

LINEAR YREND SURFACE MAP OF AZIMUTH DIRECTION
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ORIENTATION OF DRUMLINS IN WESTERN NEW YORK STATE

LINEAR RESIDUALS MAP OF AZIMUTH DIRECTION

2C 3.2 0.6 5.8 <l.0

1.0 2.8 6.4 4.7
=3.4 0.8 6.9 3.1
o
-6.5 -0.8 3.9 4.3
-2.7 =35 <5.9 -4.8
SUM OF SQUARES FOR MAP = 1362.03
PERCENTAGE REDUCTION IN TOTAL SUM OF SQUARES = 70.025
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Figure 3.-Quadratic trend-surface map, vector trend map and residuals from quadratic trend for drumlin
orientation.
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ORIENTATION OF DRUMLINS IN WESTERN NEW YORK STATE

PURE QUADRATIC RESIDUALS MAP OF AZIMUTH DIRECTION

3c y T3

!
-2.5 -10.6

7.0 o\ -3.8 -13.9
10.0 0.4
11.0 9.6 -1.7
+ .
10.6 10.4 -0.9
18.0 10.9 2.8 Z1.1 ~8.7 == -9.5
SUM OF SQUARES FOR MAP = 4289.65
PERCENTAGE REDUCTION IN TOTAL SUM OF SQUARES = 5.594

Figure 4.-Linear plus quadratic trend surface map, vector trend map and residuals from linear plus
quadratic trend for drumlin orientation.
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ORIENTATION OF DRUMLINS IN WESTERN NEW YORK STATE

LINEAR PLUS QUADRATIC TREND SURFACE MAP OF AZIMUTH DIRECTION
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ORIENTATION OF DRUMLINS IN WESTERN NEW YORK STATE

LINEAR PLUS QUADRATIC RESIDUALS MAP OF AZIMUTH DIRECTION
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SUM OF SQUARES FOR MAP = 1107.85

PERCENTAGE REDUCTION IN TOTAL SUM OF SQUARES = 75.619
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Figure 5.-Cubic trend surface map, vector trend map and residuals from cubic trend for drumlin orientation.
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ORIENTATION OF DRUMLINS IN WESTERN NEW YORK STATE
PURE CUBIC RESIDUALS MAP OF AZIMUTH DIRECTION

\
-4.5

0.1

~5.4 -5.5 1.2 -13.3
g

SUM OF SQUARES FOR MAP = 4320.36

PERCENTAGE REDUCTION IN TUTAL SUM OF SQUARES = 4.918

Figure 6.-Linear, quadratic, and cubic trend surface map, vector trend map and residuals from linear,
quadratic, and cubic for drumlin orientation.
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ORIENTATION OF DRUMLINS IN WESTERN NEW YORK STATE

LINEAR, QUADRATIC AND CUBIC TRENC SURFACE MAP OF AZIMUTH OIRECTION
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ORIENTATION OF DRUMLINS IN WESTERN NEW YORK STATE

LINEAR, QUADRATIC AND CUBIC RESIDUALS MAP OF AZIMUTH DIRECTION
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SUM OF SQUAKES FOR MAP = 884.38

PERCENTAGE PCUUCTION IN TOTAL SUM OF SQUARES = 80.537
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Table 6.-Listing of input cards used in example 3, cross-bedded sandstone in Pocono Formation (Pelletier,

1958).

0 0O 6 3 1 270.0 2
(F8.1)

3 343.0 30140 303.0
29240 29040 60 25940

) 300.0 311.0 296.0
323.0 2770 201.0 22440
6 26740 303.0 3
289.0 5 4 2484,0
245.0 32040 32060 329.0
26640 30840 33040 215.,0
248.0 32940 2700 1
269.0 30540 32240 317.0
20240 18.0 6 2
5 5 323.0 1640
29440 20340 35740 20560
21840 25840 246.0 4
30840 25440 32340 26140
‘19140 232.0 21040 29340
25840 29440 24540 27340
5 4 3 35140
32440 330.0 32640 1
31640 24600 29840 34540
18640 24540 30440
25440 27040 6
158.0 6 35040
5 29760 29840

CROSS BEDDING - POCONO FMes PELLETIER (1952)s P 1047

Table 7.-Coefficients array, Z-squared array, and percentage of total sum of squares array for Pocono
Formation in example 3.

AZIMUTH ARRAYS

CCEFFICIENTS ARRAY
290433019 11.64035 T.13742
2.56305 3.03923 0.53284
0.6641C -2.31410 0.586C08
0.33561 3.27245 -0,.88107
-0.06009 -3.99322 0.13387
1.27850 -C.38499 -0.C4299

Z-SQUARE ARRAY

0. 1625.97 1833.94
1379.53 1293.17 119.25
111.14 899.65 169.59
60.82 3855.21 838.38
0.30 892.96 3.01
1235.73 T4.7C 2.7S
PERCENTAGE OF TOTAL CORRECTED SUM OF SQUARES
0. 11.29 12.74
9.58 8.98 0.83
0.77 6.25 l1.18
0.42 26.78 5.82
0.00 6.20 0.02
8.58 0.52 0.02
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KANSAS GEOLOGICAL SURVEY COMPUTER PROGRAM
THE UNIVERSITY OF KANSAS, LAWRENCE

PROGRAM ABSTRACT

Title (If subroutine state in title):

FORTRAN 1V program for vector trend analysis of directional data

Computer: IBM 7090/7094 Date: February 1, 1967

Programming language: FORTRAN |V

Author, organization: W. T. Fox, Department of Geology, Williams College

Williamstown, Massachusetts

Direct inquiries to:  Author, or

Name: D. F. Merriam Address: Kansas Geological Survey, University of

Kansas, Lawrence

Purpose/description: Analyze regional trends in directional data

Mathematical method: Linear, quadratic, cubic, quartic, and quintic orthogonal polynomial response

surfaces computed and plotted as isoazimuth and vector trend maps.

Restrictions, range: _ Limited to gridded data.

Storage requirements:

Equipment specifications: Memory 20K 40K 60K K

Automatic divide: Yes No Indirect addressing Yes No

Other special features required

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

approximate number of times run successfully, programming hours) Program readily adaptable to other

types of problems.

36



COMPUTER CONTRIBUTIONS

Kansas Geological Survey
University of Kansas
Lawrence, Kansas

Computer Contribution

1. Mathematical simulation of marine sedimentation with IBM 7090,/7094 computers, by J.W.
Horbough, 019665 = % 50 e : R i AT e S 5y [ 00

. A generalized two-dimensional regression procedure, by J.R. Dempsey, 1966 . . L 5050
. FORTRAN IV and MAP program for computation and plotting of trend surfaces for degrees 1
through 6, by Mont O'Leary, R.H. Lippert, and O.T. Spitz, 1966 . . . . . . . $0.75
FORTRAN 11 program for multivariate discriminant analysis using an IBM 1620 computer, by
440 Davistmd v, Sampsony 1968, b s et o Mal il oo 1 Jiud P s mora et e o 20 50
FORTRAN IV program using double Fourier series for surface fitting of irregularly spaced
data, by W.R. James, 1966 . . . « 30075

FORTRAN 1V program for estimation of cladistic relationships using the IBM 7040, by R.L.

g TLTT M L e e R A it ) TR Qe Tl N T o (TN TG S O W i R 3
Computer applications in the earth sciences: Colloquium on classification procedures,

edifedby b P, Wlerriom; W6 5 oo il 00 - el T LEne i SR s s St T 51,00
Prediction of the performance of a solution gas drive reservoir by Muskat's Equation, by

Apolenio Bacal JF67. | ol G BeUR ol S e R b e L R e $. 00
FORTRAN 1V program for mathematical simulation of marine sedimentation with IBM 7040

or 7094 computers, by J.W. Harbaugh and W.J. Wahlstedt, 1967 . . . . . . . $1.00
Three-dimensional response surface program in FORTRAN Il for the IBM 1620 computer, by

Ricd < Sampsan and JC, ‘Bavis " I07 5 a1 o e WL T TR T e T e $0.75
FORTRAN 1V program for vector trend analyses of directional data, by W.T. Fox, 1967 . . $1.00

—_— o O o] N (o) O £ wWN
. . . . . . L

Reprints (available upon request)

Finding the ideal cyclothem, by W.C. Pearn (reprinted from Symposium on cyclic sedimentation, D.F.
Merriam, editor, Kansas Geological Survey Bulletin 169, v. 2, 1964)

Fourier series characterization of cyclic sediments for stratigraphic correlation, by F.W. Preston and
J.H. Henderson (reprinted from Symposium on cyclic sedimentation, D.F. Merriam, editor, Kansas
Geological Survey Bulletin 169, v. 2, 1964)

Geology and the computer, by D.F. Merriam (reprinted from New Scientist, v. 26, no. 444, 1965)

Quantitative comparison of contour maps, by D.F. Merriam and P.H.A. Sneath (reprinted from Journal of
Geophysical Research, v. 71, no. 4, 1966)

Trend-surface analysis of stratigraphic thickness data from some Namurian rocks east of Sterling, Scotland,
by W.A. Read and D.F. Merriam (reprinted from Scottish Journal of Geology, v. 2, pt. 1, 1966)

Geologic model studies using trend-surface analysis, by D.F. Merriam and R.H. Lippert (reprinted from
Journal of Geology, v. 74, no. 5, 1966)

Geologic use of the computer, by D.F. Merriam (reprinted from Wyoming Geological Association, 20th
Field Conf., 1966

Computer aids exp;oraﬁon geologists, by D.F. Merriam (reprinted from the Qil and Gas Journal, v. 65,
no. 4, 1967

Comparison of cyclic rock sequences using cross-association, by D.F. Merriam and P.H.A. Sneath
(reprinted from Essays in Paleontology and Stratigraphy: R.C. Moore commemorative volume, edited
by C. Teichert and E. Yochelson, Dept. Geology, Univ. Kansas, 1967)
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