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Editor’s Remarks

It is appropriate that the first paper to appear in the Kansas Geological Survey's new series of
Computer Contributions is one by John W. Harbaugh. Dr. Harbaugh was author of the first computer article,
Special Distribution Publication 3, issued by the Survey in 1963. In the preface of that SDP it was stated:

This special publication describes a computer program
that will be useful to geologists in Kansas and elsewhere;
it is the first of a series of publications of the Kansas
Geological Survey in which the objective is to present
details of computer programs that should be of general
usefulness to geologists and petroleum engineers. ...

At the time it was unknown as to the extent this type of information would be used and by whom, and with

this in mind, only a limited number of copies were printed. It was anticipated, however, and further stated
that:

. . .the computer revolution is fast sweeping through
the petroleum industry...lt is the intention of the
Kansas Geological Survey to provide some assistance
in computer applications in solving geological and
petroleum engineering problems.

Little did we realize how fast the computer revolution was sweeping! Demand for information in this new
area of interest exceeded all expectations. Supply of many of the articles was soon exhausted, but they

have now been reprinted, and the demand for both printed programs and examples of applications remains
high (more than 14,500 copies have been distributed).

In response to the international acceptance and apparent wide use of this information, the Survey is
proud to initiate a new series devoted exclusively to computer programs and examples of computer problem-
solving applications in the earth sciences. The objectives of the new series, of course, remain the same as
those of the Special Distribution Publications, but it is hoped they can be more adequately and fully
developed.

In order to assure that material presented in the new series is of the highest quality, the board of
editors has been enlarged to include people from industry as well as those from academic organizations.
The willingness of these people to serve brings a breadth of scope and background of experience to the
editorial board that is unequaled anywhere.

This contribution deals with the new and rapidly growing development of simulation in the earth
sciences. It is exciting and challenging to say the least, and according to the author:

Mathematical simulation makes an experimental approach
possible in dealing with geologic problems in which
experimental methods have been difficult or impossible to
apply heretofore.

Although still in an infant stage of development, simulation, perhaps, offers the most promising area for
future research in geology. New vistas are opened; new techniques will be developed; and new ideas will
be formed, the results of which can only be guessed. As observed by J.N, Weber, "the enormous impact
of ... (the computer)... on the nature of geological investigation is still to come,"

The Survey will make available for a limited time the card decks pertaining to the simulation
program for a cost of $20.00. The compiler system of BALGOL can be obtained from the Computation
Center, Stanford University, Stanford, California, as per instructions given in the paper. Any comments
or suggestions should be addressed to the editor.



MATHEMATICAL SIMULATION OF MARINE SEDIMENTATION

WITH IBM 7090 / 7094 COMPUTERS

By

JOHN W. HARBAUGH

ABSTRACT

A mathematical model of marine sedimentation, using IBM 7090/7094 computers, imitates the behavior of
sediments as they are transported and deposited within a marine sedimentary basin. By mathematical means,
in symbolic three-dimensional space, the model imitates the processes of tectonic warping, winnowing of
sediments along beaches, formation of deltas, and the growth and interaction of organism communities,
including algal banks and coral reefs, that populate the sea floor. The model is operated by assuming a set
of external controlling conditions and feeding these into the computer as numerical data. The model is then
run forward, by increments, through geologic time. The effect of several million years geologic history can
be studied in 15 minutes computing time.

Output from the computer program representing the model is in the form of lithofacies maps, structure maps,
biofacies maps, sea-water depth maps, and geologic cross sections that show both structure and facies
relationships. A series of maps and cross sections can be printed for each increment of geologic time making
it possible to observe progressive geologic changes as they occur.

The model is used as an experimental tool by observing the response to a set of assumptions. When a change
in the numbers used to control the program is made, the model responds dynamically in a few seconds
computer time. Deltaic deposits, ancient beaches, algal reefs, and other sedimentary features develop
progressively and undergo structural deformation with startling realism.

The objective in geological mathematical modeling is to produce symbolic geologic products (such as sedi-
mentary strata) by imitating the principal geologic processes that produce the products. There is, however,
uncertainty as to the mode of operation and relative importance of many processes. Consequently, assump-
tions must be made. These assumptions can be tested on a trial and error basis. If the results of a computer
run with the model do not agree well with reality (i.e., the symbolic deposits do not accord well with real
sedimentary deposits that are being imitated, etc.), the assumptions can be progressively changed, and new
runs made until the model begins to perform realistically.

The mathematical model is embodied in a BALGOL computer language (version of ALGOL-58) program
which may be used with any IBM 7090 or 7094 computer, provided the BALGOL system tapes are
available. The principles of the program are outlined in the report, which also contains detailed operating
instructions for the program's use.



INTRODUCTION

This report describes a program for IBM 7090 or
7094 computers for mathematically simulating marine
sedimentation. It is believed to be one of the first
programs of its type, in that it does not seek to ana-
lyze geological data, but instead, to create data.The
program represents a dynamic mathematical model
which imitates actual geologic processes and which
produces symbolic geologic features that resemble
real features.

The purposes of developing and describing this
simulation program are twofold: (1) to provide a means
of experimentation in dealing with problems of both
modern and ancient marine sedimentation, a field
where effective experimental approaches have been
difficult heretofore, and (2) to demonstrate the power
of mathematical simulation in geology in general.

Simulation has reached an advanced state in busi-

ness (Forrester, 1961) and military applications, and
has advanced notably in physiology and medicine,

in some of the social sciences, and in city planning
(Goldner and Graybeal, 1965). On the other hand,
simulation has lagged in geology, perhaps because
of the relative slowness of geologists to use computers
as problem=solving tools,

The program described here is part of a long-
range undertaking at Stanford University, in con-
junction with the Kansas Geological Survey, to
develop means of simulating the process of oil origin,
migration and entrapment in sedimentary basins. The
project is being undertaken in stages, the first stage
dealing largely with processes of deposition. Sub-
sequent stages will deal with tectonic processes in
greater detail, and with oil origin, migration, and
entrapment. The ultimate objective is to develop
effective means of simulating geologic processes in
sedimentary basins, beginning with initial deposi-
tion of sediment and extending forward through geo-
logic time. It should be possible to imitate, in de-
tail, the behavior of a sedimentary basin from the
Cambrian to the present in several hours computing
time, observing the development of geologic fea-
tures and monitoring the underground behavior of
water, gas, and oil.

The program is a mathematical model of ased-
imentary basin in somewhat the sense that a model
airplane is a replica of a real airplane. Animpor-
tant difference, however, is that the model airplane
is a small-scale physical or material replica, where-
as the mathematical model is entirely symbolic.

In considering the use of a simulation model,
such as the one described inthis paper, it is imper-
ative to realize that a simulation model is intended
to provide a means of testing assumptions. The valid-
ity of a simulation model is only as good as the
assumptions that go into it. If some of the assump-
tions are poor, the performance of the model may be
poor. The power of simulation, however,lies inthe
ability of simulation models to help discern between

good and poor assumptions. Users of simulation
models should keep in mind that, although initial
assumptions incorporated in a mode! are likely to be
poor, they can be improved experimentally.

In simulation it is generally possible to arrive
at symbolic results that accord consistently well with
real geologic features, even though a variety of
different initial input data and process control para-
meters have been used to control the program. More~-
over, the various combinations of assumptions for
geologic processes and factors employed may be re-
garded as reasonable. This ambiguity is perhaps
the biggest drawback to the usefulnes of simulation
models. However, even if there is no guarantee of
successfully achieving the "correct" set of assump-
tions used as input to the model, it is possible to
test the general validity of the model by using it to
make predictions and then checking to see how
closely the predicted geologic features accord with
those that actually exist. Finally, even if a simul-
ation study fails to yield a valid model, it may pro-
vide the researcher with valuable new insight into
the problem being investigated.

The program in its present form is not to be re-
garded as finished; instead, it should be regarded as
an experimental tool that can be progressively mod-
ified. Indeed, prospective users should acquaint
themselves with the essential elements of the pro-
gramming language (which is a version of ALGOL-
58, known as SUBALGOL or BALGOL) so that they
can make changes in the program to adapt it to
particular applications. Persons acquainted with
FORTRAN 1V should find most details of the lan-
guage very familiar. A useful reference to the
BALGOL language is entitled "Burroughs Algebraic
Compiler, Revised Edition" (1963) which may be
obtained from the Burroughs Corporation, Detroit
32, Michigan. A second manual entitled "SUB-
ALGOL Reference Manual" by R. L. Smith (1965)
may be obtained from the Stanford University Book-
store, Stanford, California, for $2.00. The Kansas
Geological Survey will make card decks of the pro-
gram available for a limited time for $20.00. The
BALGOL compiler system can be obtained in mag-
netic tape form from Stanford University. Inquiries
concerning the compiler should be directed to
Computation Center, Stanford University, Stanford
California.
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of Sun Oil Company, Ferruh Demirmen of Stanford
University, J. M, Forgotson, Jr. and Harvey Meyer
of Pan American Petroleum Corporation, and M. G.
Pitcher of Continental Oil Company, for review of
the manuscript. The Stanford University Compu=
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provided by the Kansas Geological Survey, by the
National Science Foundation through Grant GP-
4514, by Shell Fund for Fundamental Research at
Stanford University, and by the American Chemical
Society through Petroleum Research Fund Grant PRF-
1117-A2,

REPRESENTATION OF GEOLOGIC PROCESSES,
FACTORS, AND FEATURES IN PROGRAM

Three-Dimensional Space

Geologic features in three-dimensional space
may be readily represented in a digital computer by
dividing the space into cells, which may be rectan-
gular or cubic in shape. The qualities of the geo-
logic features that occupy the cells may be repre-
sented by different numbers, which, in turn, may be
stored as arrays in the computer and subjected to
logic and arithmetic manipulations.
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bed
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Figure 1.~ Block diagram showing geologic features,

An example of numerical representation of geo—
logic features is shown in Figures 1, 2, and 3. In
Figure 1, several common geologic features are
shown with conventional graphic symbols. InFigure
2, the same features are represented, but the block
has been divided into cubes. There is a loss of de-
tail in portraying the features in Figure 2, however,
because of the relative coarseness of the cubes. If
the cubes were smaller, the loss of detail would be
less. In Figure 3, integers 1to 4, which form a
three-dimensional array, have been substituted for
the graphic symbols. Information contained in the
array is essentially equivalent to that represented in
Figure 1. Knowing the key relating numbers and
graphic symbols (Fig. 3), a person given only the
numerical data in the array (Fig. 3) could reproduce
Figure 1, provided that he did a bit of smoothing.
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Figure 2.-Block diagram in which geologic features
are represented by discrete cells (small cubes),
each of which is marked by graphic symbol
representing type of feature represented by
that cell.

Units

All units in the simulation model are arbitrary,
and may be assigned values that are convenient to
the user. Four main classes of units are used: (1)
units of geographic distance, (2) units that pertain
to the vertical dimension (such as tectonic warping
increments and sediment increments), (3) time incre-
ments, and (4) units that express relative intensity
of various processes, such as "relative vitality" in
organism communities, intensity of beach winnowing
processes, etc. In the examples shown in Figures
13 to 22, the geographic units are in miles (each
cell occupies one square mile geographically), the
vertical dimensions are in feet, and the time incre-
ments are unspecified, but might be considered to
be on the order of 5 to 10 thousand years each.
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Figure 3.-Block diagram in which numbers (integers)
are used instead of graphic symbols. Numbers
form a three-dimensional array which may be
stored and manipulated by computer.



Tectonic Warping, Deposition of Sediment, and

Depth of Water

Tectonic warping is simulated by movingsquare

“columns" upward or downward during each time

increment (Fig. 4). The values of the warping in-

crements are specified in an array (Table 2, Fig.

13). Vertical motion may take place at each time

increment. Depending on the contrast between
values in adjacent cells and their algebraic signs,
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| increments /77
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Figure 4.- Relationship between algebraically

B

additive increments of tectonic warping
and of sedimentation (A) with water depth
as arithmetic complement (B).

conditions ranging from uniform downwarping or
upwarping to complex folding and faulting can be
simulated.

Sediment deposition also takes place by incre-
ments. The factors and processes that control sedi-
mentation rates are described subsequently, but
sedimentation itself is simulated by adding the value
of the sediment increment to the pre-existing sea
floor (or land) elevation. Water depth is calculated
as the difference between the sea floor and sea
level. Elevations above sea level (i.e., on land)
are denoted with negative signs.

Deltaic Sedimentation

The processes of deltaic sedimentation are sim-
ulated by varying the rate of supply of terrestrially
derived sediment to mimic the effect of a river
bringing sediment to the sea and spreading it out
(Fig. 15). The rate of deposition of terrestrially
derived sediment is not necessarily the same as the
rate of supply, however. Where the depth of water
is less than some specified value, the proportion of
sediment deposited is proportionally less than the
rate of supply. The proportion deposited declines
to zero as a specified elevation (may be above or
below sea level) is attained.

These controls over the rate of sedimentation are
remarkably effective in simulating deltaic sequences
composed of topset, foreset, and bottomset beds.

Winnowing of Fine Particles at Beaches

The effect of winnowing of fine particles at
beaches is a function of both water depth and pro-
portions of sand and mud. The relative intensity of
the winnowing processes reaches a maximum at sea
level and declines linearly to zero at some specified
depth (Fig. 5). A nonlinear function might be more
appropriate; however, a linear function was used
for simplicity.

Representation of Organism Communities

The program provides for continuously popu-
lating, through time, the sea floor and adjacent

Sea Level

Zero

Relative intensity
of winnowing process

Figure 5.- Relative intensity of winnowing of fines
to form beach deposits as function of depth.
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Figure 6.~ Means of representing geographic distribution of organism communities:

D////2/
/ /)

(A) sea floor is popu=

lated by different communities which are continuous and which are portrayed graphically;

(B) sea floor has been discretized by division into square cells; (C) graphic symbols are assigned
numerical equivalents; (D) two-dimensional array of integers contain essentially same informa-
tion as graphic symbols in A, except for some loss of detail due to relative coarseness of discrete

cells,

land areas (if present) with organism communities.
Organism communities are defined as consisting of
populations of organisms, although a community may
be defined as consisting of a population formed by a
single type of organism, depending on the assump-
tions of the user.

The means of representation of organism com-
munities are shown in Figure 6. The sea floor (or
land area) is divided into square cells. A single
organism community occupies each cell, and is, in
turn, represented by an integer.

Competition and Succession of Organism
Communities

Organism communities represented in the pro-
gram are endowed with properties that affect their
ability to compete with other organism communities.
The degree to which a series of different organism
communities tends to form a specific ecologic suc-
cession can be specified.

The meansby which these processes are imitated
centers around selection of the communities that are

to occupy the cells at each new increment of time.
Selection involves the geographic distribution of
organism communities for three preceding time incre-
ments, and the "relative vitality" of the organism
communities involved. The relative vitality of an
organism community is defined here as the degree of
fitness of that community for its environment at «
specific time and place, relative to other organism
communities at the same time and place Relative
vitality, thus, is mecmmgful only ina comparative
sense. Relative vitality is a means of expressing
the competitive ability of different organism com-
munities, and also by expressing their ability to
contribute sediment (if they are capable of con-
tributing sediment).

The means by which past events influence (but
do not rigidly govern) succeeding events (i. e.,
selection of an organism commumty to occupy a
particular ce||) at subsequent time increments are
illustrated in Figure 7. Moving forward through in-
crements of short time duration, the most probable
organism community to occupy a cell is the same com-
munity that occupied that cell immediately before.
This assumes that other factors in the environment



are relatively unchanged, and that adjacent cells do
not harbor communities that would have a strong
overpowering influence if present.

The occupation of the cell by a community,
one that is next in an ideal ecologic succession, is
the next most probable event. Of progressively
lower probabilites are occupation of the cell by
communities that are progressively further removed
in an ideal ecologic succession.

The degree of "closeness" or "farness” in an
ecologic succession can be expressed numerically
(Fig. 8). For example, if there are 12 communities
which are symbolized by numbers such that communi-
ty 1is a pioneer community and community 12 is
tne climax community (for a given set of environ-
mental conditions), given sufficient time increments,
the pioneer community (1) should gradually be re-
placed by communities symbolized by higher and
higher numbers until the climax community (12) is
reached. Thus, while there is a tendency for the
succession to be unidirectional (i. e., toward the
climax) momentary reversals can occur as a result
of random fluctuations and major reversals can be
produced by major changes in environmental factors
(including catastrophic events). These reversals can
be regarded as matters of probability.

In the program, the selection of the community
to occupy each cell for the next time increment is
treated as a probabilistic event in which the likeli-
hood of selecting a particular community is propor-
tional to a probability value assigned to each of the
communities represented. The selection of the com-
munity is made with a pseudorandom number gener-
ated by a binary external procedure (RANDOM,
line 813 of Table 1) which is used to select a single
number from an array of integers (Fig. 8). In this
array, the proportion of different integers reflects
the probability that aspecific integer will be chosen.
Inasmuch as the integer array is a component in a
loop which is cycled in each time increment, the
proportions of integers may be regarded as a feed-
back influence (Fig. 8).

In filling an array from which a selection will
be made for the next time increment, the program
considers the existing distribution of communities as
well as the two preceding time increments. This
provides positive feedback which affects the geo-
graphic stability of population through successive
time increments. For example, if a given type of
organism community has occupied a given cell for
three successive time increments, the probability
of the same community occupying the same cell in
the forthcoming time increment is greater than it
would be if different communities had occupied the
cell during the three preceding time increments.
The effect of this may be likened to inertia in that
long-established communities may tend to resist sub-
sequent change much more than communities whose
occupation has been brief. Numbers fed in as data
are used to control this inertia or feedback effect,

\ Low probability

Moderate probability

Greatest probabllity

LhLE

Figure 7.- Relative probabilities of succession of
organism communities occupying same cell
through time increments of sKorf duration.
Numbers adjacent to cells pertain to rel-
ative position in ideal ecologic sequence.
Probability values pertain to probability of
a particular community succeeding another
in single time increment.

so that the degree of stability of communities can be
finely regulated.

The selection of any particular community in
any cell is influenced by communities in geographi-
cally proximate cells. This method is crudely ana-
logous to the seeding effect of land plants, in that
the influence of communities progressively declines
with increasing distance. Figure 9 shows how this
effect is approximated. The four cells (I1) which lie
immediately adjacent to the central cell (1) are
given somewhat less weight than the central cell.
The four cells (I11) which touch the corners of the
central cell are given somewhat less weight, since
they lie at slightly greater distance. Finally, the
twelve cells labeled 1V are given still less weight.

Strong feedback Moderate Weak feedback
effect feedback effect
effect

TTTTTTTTTTTTT7TT7 8888888 999 101l 12 122 3 456

Equal likelihood of choosing
any single nurnber

Figure 8.- Use of integer array within feedback
loop. Strong positive feedback effect is
provided by relatively high proportion of
integers of particular value (such as 7's)
and vice versa for those of low proportion.
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Figure 9.~ Method by which communities occupy-
ing cells surrounding central cell (labeled
I) influence selection of community to oc-
cupy cell in next time increment.

The weighting factors are fed in with data used to
control operation of the program; consequently the
seeding effect may be closely regulated. Cel{s
lying at greater distances are considered to have
negligible influence and are neglected. At the
edges and corners of the map, special provision is
malc||e for the lack of symmetry about the central
cell.

The seeding effect resulting from the operations
described above provides a means by which commu-
nities can migrate geographically, competing for
space and interacting with other communities. This
causes a community which is better adapted for a
given set of environmental conditions (i.e., has high
"relative vitality") to gradually replace another
community that has lower relative vitality (Fig.10).

Tolerance of Organism Communities for Depth and
for Terrestrially Derived Sediment

The manner in which the relative vitality of
organism communities is affected by variations in
depth of water is shown in Figure 11. The influence
of depth is assumed to vary linearly between three
points (Fig. 11): (1) an upper depth limit, above
which a particular organism community cannot sur-
vive, (2) a lower depth limit below which the com-
munity cannot survive, and (3) a most favorable
depth, where the community is best able to compete
(other conditions remaining equal) and produce the
greatest amount of sediment. A nonlinear (Gaussian,
for example) function could be used to link the three
points. .

The rate of supply of terrestrially derived sedi-

High relative

y/ vitality
\/ =57
avavi
[ [/ /

Figure 10.- Replacement of organism community
of low relative vitality by one of high
vitality through progressive time incre-
ments 1, 2, and 3.

Low relative
vitality

ment affects the vitality of an organism community
in a slightly different manner. The rate of supply
(in vertical units per time increment) is assumed to
have no influence on the community until a speci-
fied threshold level is reached (Fig. 12). Above
this level, increases in rate of supply cause the
relative vitality of the community to decrease lin-
early until an intolerable sediment level is reached,
where relative vitality reaches zero (or very nearly

Upper
Limit

Most
Favorable
Depth

Lower
Limit
Zero Maximum
—T—T—T

Relative Vitality

Figure 11.- Effect of variation in depth on rel-
ative vitality of organism community.



so0). Production of sediment by the organism com-
munity is zero above the intolerable level, and the
ability of the community to compete is reduced to a
very low level. If, however, there is little or no
competition from other organism communities, the
community may survive even though the rate of sup-
ply of terrestrially derived sediment is above the
intolerable level.

Max. T
1
o
Q
o [
©
°E 3
= A
g’_ 5 Intolerable
S o c 4 level
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o E
a B
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Relative vitality

Figure 12.- Effect of variations in rate of supply
of terrestrially derived sediment on rel-
ative vitality of organism community.

Cyclicity

An assumption of a sedimentary cycle of a pre-
scribed number of time increments is incorporated in
the program. The influence of parameters that con-
trol external environmental factors (such as supply
of terrigenous sediment, etc. ) are repeated from
cycle to cycle. The cycle maybe of any specified
number of time increments, although it is currently
limited to a maximum of 20 in the program (this limit
could readily be increased by changing array dimen-
sions).

The representation of rhythmic repetition of
sedimentary cycles is suggested by cyclically bed-
ded sediments of late Paleozoic age in many parts
of the world. Presumably, these cyclic sediments
reflect variations in ancient depositional environ-
mental conditionsthat varied in more or less rhythmic
fashions. Therefore, in the simulation program,
provision is made for cyclic variation of external
environmental factors. This does not imply, how-
ever, that the response of the model will be per-
fectly rhythmic from cycle to cycle. The model's
response is affected by many factors, including its
previous history with respect to organism communi-
ties. Because of the "inertia" effect of previous
historical events, the model's response may be quite
different from cycle to cycle.

VALIDITY OF SIMULATION MODEL

There are few, if any, rigorous means to de -
termine the validity of assumptions incorporated in
this simulation model. Instead, its validity must be
established on a trial-and-error basis. The best that
can be done is to incorporate assumptions concerning
processes and factors in the model that seem reason-
able from general scientific considerations, and to
cause these processes to interact in an appropriate
manner. |If results (symbolic products)are obtained
that accord consistently well with real geologic
features, then the model may be judgedtobe reason-
ably valid.

PRINCIPAL COMPONENTS OF PROGRAM

Table 1 lists the statements of the simulation
program. Each line (card) is numbered. The line
numbers of principal components of the program are
listed below:

(1) Type declaration for main program: 3-8, 11,

(2) Array declarations: 8-9, 12-19,

(3) Input and read statements of data used to
control operation of program: 22-23, 26~
28, 35-39.

(4) Input and output of values used as exponents
in organism community feedback calcu-
lations: 35-47.

(5) Input and output of data used for external
influence of organism community feedback
values: 48-57,

(6) Procedure MAPLOT, for plotting of symbols
in maps: 58-84,

(7) Procedure SHORT, for incremental filling
of array KPF () from which next genera-
tion organism community will be drawn at
random: 85-93.

(8) Procedure FAVDEP, for calculation of
relative degree of favorability of organism
community at a specified depth: 94-117,

(9) Procedure FB3SHORT, used within other -
procedures for incremental filling of
array KPF (): 118-131,

Procedures utilized in incremental fill-
ing of array KPF (), from whichorgan-
ism community to occupy cell during

next generation will be chosen at random.,
Procedures are listed as follows: CON-
PROB:132-142; LEFTINNEREDGE: 143-
155; LEFTOUTEREDGE: 156-172;
RITEINNEREDGE: 173-186; RITEOUT-
EREDGE: 187-205; UPPERINNEREDGE:
206-219; UPPEROUTEREDGE: 220-238;
LOWERINNEREDGE: 239-252; LOWER-
OUTEREDGE: 253-271; UPPERLEFT -
CORNER: 272-284; LOWERLEFTCORNER :
285-309; UPPERRITEC ORNER: 310-333;
LOWERRITECORNER: 357-380.

(10)



(1)

(12)

(13)

(14)
(15)

(16)

(17)

(18)

(19)

(20)

21)

(22)

Procedure VALSHORT, for selection of
organism community from KPF () array
to occupy cell during next generation by
use of pseduorandom number generator:
334-356.

Filling of array containing "separateness"
values which reflect degree of closeness
between communities in three succeeding
generations. Values initially supplied
are replaced as the model moves forward
through time: 381-386.

If WEST equals 1, input data used to
mimic influence of wind-driven currents:
387.

Fill initial map array with numbers sym-
bolizing organism communities: 388-394.,
If DELTAOP equals 1, information con-
cerning geographic coordinate values of
river mouth is input and output: 397-410.
If TECTOP equals 1, information used to
control tectonic warping, organism com-
munity tolerances, and parameters that
control sediment deposition are both in -
put and output: 413-477,

Begin that part of program in which model
is advanced through regular increments
of time. This section extends from 480
to 811,

If WEST equals 1, extend the geographic
distribution of a favored organism com-
munity so as to mimic the effect of wind-
driven currents in displacing organism
communities: 486-498,

If DELTAOP equals 1, perform calcula-
tions whose effect is to mimic the effect
of a river in creating deltaic deposits
flowing from left to right (on maps )
bringing mud and/or sand to depositional
basin: 499-531.

Determine numerical separations between
organism communities in each cell in the
two preceding time increments: 532-541.
Calculate feedback values to be stored in
TEND () array which regulate the
"vitality" or competitive ability of organ-
ism communities: 542~-563,

Select new organism communities to fill

(23)

(24)

(25)

(26)
(27)

(28)

(29)

(30)

each cell in succeeding time increment
through use of procedure calls which
accomodate interior, edges, and corners
of map: 564-621,

Test to make sure that each organism
community assigned as input data is
within its allowable depth range. If a
community is out of its depth range, test
successive communities until one isfound
that is suitable: 622-627,

Calculate depth of water, while simul-
taneously considering previous depth,
tectonic warping increment, sediment
increment, and, if necessary, adjusting
organism communities to insure that they
are compatible with newly calculated
depth: 640-679.

If STRUCTOP equals 1, calculate and
print out elevations of stratum (as a
measure of its structural configuration),
beginning with elevations at time of de-
position and continuing as it undergoes
subsequent tectonic deformation: 689-703.
Print out organic increment values if
called for by output option: 705-713.
Calculate and print out facies maps, after
first simulation effect of beach winnowing
process, selecting appropriate symbol for
type of sediment of greatest volumetric
contribution per cell during time incre -
ment: 714-750. The values which con-
trol the winnowing process are set on line
704, The value assigned to LOWBEACH
denotes the depth value at which the
winnowing process reaches zero, and the
value assigned to BEACHFACTOR per-
tains to the relative intensity of the
winnowing process.

Store and print out vertical geologic
section whose horizontal trace lies along
a specified map column: 751-783.

Store and print out vertical geologic
sections wﬁose horizontal trace lies along
a specified map row: 784-810,

Binary external procedures for generating
pseudorandom numbers: 813-814,

Table 1.- Listing of BALGOL statements in simulation program. Each line represents one punched card of
program, Numbers in left column are for reference purposes in this report, and in practice may be
placed within columns 73-80 on punched cards, Each program card should have 2 punched in column
1 (or column 1 left blank),

CBVPHPWN -

COMMENT THREE-DIMENSIONAL SEDIMENT/ORGANISM COMMUNITY SIMULATION

PROGRAM FCR 7090 OR 7094 COMPUTER. J.We HARBAUGH,

INTEGER OTHERWISE $

REAL
WATER,
REAL

SLOPE, CX, DY, HPF(), VPF{)
WIRFL ,HT,

TCT(), DPL{,),SED(), DPT{()

1FF
BTR ,SANDCON, LOWBEACH,
sy BASE,

STANFORD UNIVERSITY ¢

DTH, DEPTH, SCALE, THKFL1,THKFL2,
BEACHFACTOR,COMCON ,TT $
PTH,LTH,

WID,P,Q



REAL UPBND, LOWBND, DIFF, FACTOR, RATIO, HV, SUMTER,TAMP,SANDFACTOR,
MUDFACTCRy SFy MF ,TIMP $
REAL ARRAY MUD(20), SAND(20), TER(15,40), MUDINC(15,40),SANDINC(15,40),
TERINC{(15,40), DRGINC(15,40) ,STRUCT(15,4C) $
REAL Yy VoLFL,TEND(,), CPX{y ) FBl,FB2,FB%,FB4,SUMTFAC,TF()$
REAL ARRAY CFC(20,10), SUB(6,10) y TEMP(15,40) $
ARRAY DLT( 1, 1), PTH(2042), TCT(15,40), DPT(15,40) '
SED(10,10), DPL{5,10), DPLOT(40), TCTFX(40), SEDFX(40), DPTFX(40) $
ARRAY HPF( 1, 1)y VPF( 1, 1) » SECTOP(20) $
ARRAY TF(5), PPP{40,20), THK(40,20), ROW(200) ,PVP(15,20) $
ARRAY MAP{15,40,3),CV( 40), TEND{(15+40)+SEP(15440,2),
CPX( 54 5 )2 ALFA{12),CT(21)4KPF( 1000), TVK{(15,20),
SMB(30)=( a0, 068, 1/0, 040 AME =0 0 1 010 0AV 501 40, 080 030, 9C1,
V48 A0 LIS TET 1E TE ST G I8 THE 3G [ e i 0] 0 ANt g
FORMAT FMTA{(L12A6,W3,W)S$
START. .
INPUT ALPH(FOR I=(1,1,12)% ALFA(I))S$
READ ($% ALPH)S
OUTPUT ALPHA(FOR I =(1,1,12)% ALFA(I)) $
WRITE ($% ALPHA , FMTA) $
INPUT CCNTROL{NyM,LIMIT, NC, TPL, LWL, DATOP, INVAL,FB1,FB2,FB83,FB4,
WEST , DELTAQP, TECTOP, SCALEy KK, KDyBASE,STRUCTOP,HCR ) $
READ ($$ CONTROL) $
FOR J=(1,1,8 )% CT(J) = 5.J%
REAL EXTERNAL PROCEDURE RANDOM() $
EXTERNAL PROCEDURE SETRANDOM() $
SETRANDOM(INVAL) $
CONMMENT GENERATE AND PRINTOUT PROBABILITY EXPONENTS $
NP = 5%
INPUT CFACI
FOR I[=(1,1,NP)S$
FOR J={1,1,NP)$
CPX(Iyd 1))
READ (%8 CFAC) S
QUTPUT CPXARRAY(
FCR I=(1,14NP)$
FCR J=(1,1,NP)%
CPX{1,Jd ))$
FORMAT FMTH(#THE CPX ARRAY#®*,W2)%
WRITE (%% FMT6)S$
FORMAT FMTCPX{ SX 642)WyW)S
WRITE ($$% CPXARRAY,FMTCPX)$

INPUT CYFACTS(CLN,FOR I=(1,1,CLN)$ FOR J=(1,1,NC)$ CFC(I,J))%
READ($$ CYFACTS) S
FORMAT CF1(#0DRGANISM COMMUNITY FACTORS FOR CYCLE®sWsW),
CF2(20X6e29WeW)$
WRITE($S CF1)$
FOR I=(1,1,CLN)$
BEGIN
QUTPUT CYDATA(FOR J=(1l,1, NC)$ CFC(I,J))$
WRITE($$ CYDATA, CF2)s$
ENCS
PROCEDURE MAPLOT(LsMyNy MMP(,4), CV(), SMB()y LL,CT(), LIMIT)S
BEGIN
COMMENT PROCEDURE MAPLOT PLOTS ALPHAMERIC SYMBOLS REPRESENTING
SEDIMENT/ORGANISM COMMUNITY ELEMENTS $
INTEGER OTHERWISE ¢
FORMAT FT3(40124P)s
FORMAT FT4( #MAP NUMBER#*, I4,W )% P =1 $
OUTPUT MAPNO(P)$ WRITE($S MAPNO,FT4)s
OUTPUT COLHEAD(FCR J=(1,1, 8)8% CT(J))$

10



120
121
122
123
124
125
126

FORMAT FT1(83, 8I15,W4)$
WRITE (%% COLHEAD,FT1)S$
FORMAT FT2(I3,82,42A3,W,W)%
FOR I ={1,1,N) §
BEGIN
FOR J ={1,14M) & CV(J) = SMB(MMP(I,J,LL)) $
CUTPUT LINE(I, FOR J =(1414M) % CV(J)) & WRITE(SS LINE, FT2)
END $
IF LL GTR LIMIT AND LL LEG 2%
BEGIN
FCR I =(1y14N)}$
BEGIN
CUTPUT LINELIFOR Jd=(1ls1,M)8 MMP{I,J,LL))} $
WRITE ($$% LINELl,FT3)$
ENCS
END$
RETURN
END MAPLOTH()S$
PROCEDURE SHORT(LX3FBXs Iy JsTEND(y)yMAP(,,)5SUM,KPF( )1)%
BEGIN
INTEGER OTHERWISE $
REAL TEND(),FBXS$
SUM = SUM + 2 ¢

KPF(SUM=1) = FBX.TEND(I,J)$
KPF(SUM) = MAP(I,J,LX)$
RETURN
END SHORTI()S
PROCEDURE FAVDEP(I,JyDTH, DPLUy ) o SEDC ) sMAP (42 ) 4CIND,LX2,SUB(,),
SF+MF$COMCON) $
BEGIN
INTEGER I,JsLX2, CIND ,MAPS%
IF DTH GEQ DPL(1,MAP(I,J,LX2)) AND DTH LEQ
DPL(3,4MAP(I,JyLX2)) 8 BEGIN
COMCON={(DTH = DPLULyMAP(IyJsLX2)))/ DPLI4,MAP({T4JsLX2))).
SED(CINDyMAP(1,J,LX2)) $ GO LABL $ ENDS$
IF DTH GEQ DPL(3,MAP(I,4,LX2)) AND ODTH LEQ
DPLI2,yMAP(I,J4LX2)) % BEGIN
COMCON=((-DTH + DPLU2yMAP{I,d.LX2)))/ DPL{S+MAP(I4J,LX2))),
SED(CINC,MAP(I4J,LX2)) $ GO LABL $ ENDS
COMCCN= 0.0% GO LABLLS
LABLeow

IF SF GEQ SUB(2,MAP(I,J,LX2)) OR
MF GEGQ SUB(4,MAP(I,J,LX2))${COMCON=C.0% GO LABLL)S
IF SF GTR SUB(1,MAP{I,J,LX2)) OR
MF GTR SUB(2yMAP{I,J,LX2))% BEGIN
TAMP=COMCON-({COMCON. ((SF-SUB{(1,MAP(I,J,LX2)))/SUB(5,MAP(],JsLX2)

)
TIMP=COMCCN=(COMCON.((MF=SUB{3,MAP(I,J, LXZ)))/SUB(&.MAP(IyJoLXZ)l))$

IF TAMP LSS 0.0% TAMP= 0.,0%
IF TIMP LSS 0.0% TIMP= 0,0%
COMCCN = MIN(TAMP,TIMP)S ENDS
LAELLe&
RETURN END FAVDEP() S
PROCEDURE FB3SHORTI{LXyFBLlyFB2,FB3, 14 JsTEND(y )sMAP(,,)8SUM,KPF())S$
BEGIN
INTEGER OTHERWISE %
REAL TEND(), FBl,FB2,FB3,FE4 $
FCR IFL=I-1,1+1%
FOR JFD=J-1,J+1%
SHORT(LXyFB3,IFDyJFD,TEND(y ) s MAP (4, )$SUM,KPFI())$
FCR IFC=1-1,1+1%
SHORT(LX,FB2,IFD,J +yTEND(, ), MAP{,, )$SUM,KPF({))$
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127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187

FOR JFD=J=-1,J+1$
SHORTH{LX,FB2,I 2y JFDZTEND{(y )y MAP {4, )SSUM,KPF())$
SHORT{LX,FBl, I 2J S TEND(, ) 4MAP(,4, )SSUMKPF())$
RETURN
END FB3SHORT()S$
PROCEDURE CONPROB(LXyFB1,FB2,FB3,FB4y1yJsTEND(,)sMAP(,,)8SUMKPF())$
BEGIN

INTEGER OTHERWISE $

REAL TEND(), FBl, FB2, FB3, FB4 $

SUM = 0%

FCR IFC = 1-2,142 % FOR JFD = J=1l,JsJ¢1 ¢

SHORT(LX,FB4y IFD,JFDyTEND(,y ) yMAP (4, )$SUMKPF())$
FOR IFD = I-=1,1,1+1 % FOR JFD = J=2,J+2 $

SHORT(LXyFB4, IFDyJFD,TEND(, )y MAP{,,)$SUM,KPF())$
FB3SHORT(LXyFBL,FB2yFB3,1,JsTEND ) MAP (4, )8SUM,KPF())$

RETURN ENLC CONPROB() %
PROCEDURE LEFTINNEREDGE(MAP (45 )y TEND(,)sFBLlyFB2yFB3,FB&,I,J,LX §
SUMKPFL)) $
BEGIN
INTEGER OTHERWISE %
REAL TEND(), FBl,FB2,FB3,FB4 §
SUM = 0 %
FCR IFD=I-1,1,1+1¢$

SHORT(LX,FB4, IFDyJ4+2,TEND(y ) yMAP (4, )$SUMKPF())$
FOR IFD=1-2,1+42%

FCR JFD=J=-1,JyJ¢1$

SHORT(LX,FB&4y IFDyJFD,TENDI{y ) yMAP(,4 )$SSUM,KPF())$
FB3SHORTUILXyFBL,FB2yFB3y [y JyTEND(,)sMAP(,4,)$SUMKPF())$

RETURM END LEFTINNEREDGE() $
PROCECURE LEFTOUTEREDGE(MAP (4, )y TEND(4)yFBLyFB2,FB3,FB4,14JsLX §
SUMLKPF()) $
BEGIN
INTcGER OTHERWISE $ REAL TEND(), FBl,FBZ,FB3,FB4 $
SUM = 0 %
FCR IFC=1=-2,1+2%
FCGR JFD=J,J+1%

SHORT(LXyFB4, IFDyJFO,TEND(,y ) MAP{ 44 )SSUM,KPF())$
FCGR IFC=I=-1,1,1+1%

SHORTILX,FB4y IFDyJ+2,TEND(y )y MAP(,45 )S$SUMKPF())$
FCR IFC=1-1,1+1%

SHORT(LXyFB2, IFDsJ+1,TEND(,y )y MAP (44 )SSUM,KPF{())$
FCR IFC=1-1,1+1%

SHORT(LXsFB2yIFDyJd 2TENDL, ) ¢y MAP( 445 )$SUMKPF{))$

SHORT(LX,FB2,1 yJ+LaTEND(y )y MAP( 4 )SSUMKPF())S

SHCORT(LX,FBLl, I 1 J s TEND(y )y MAP (44 )SSUM,KPF())$

RETURN END LEFTOUTEREDGE() $
PROCEDURE RITEINNEREDGE(MAP (44 )yTEND(9) s FBLyFB2yFB3,FB4yIy9Jdel XS
SUM,KPF(})$
BEGIN
INTEGER CTHERWISES
REAL TEND(),FBl1,FB2,FB3,FB4S$
SUM=0%
FOR IFD=1-1,1,1+1%
SHORT(LXyFB4y IFDyJ=2,TEND(y )sMAP(,,4 )$SUM,KPF())$
FCR IFD=[-2,1+2%

FOR JFD=(J=-1y1,J+1)%

SHORT(ULXy FB4y IFDyJFDsTEND(y ) s MAP (4,4 )SSUM,KPF())$
FB3SHOKT(ULX,FBL1,FB2,FB3, [4J,TEND(,)sMAP(,,)$SUMKPF({))$
RETURN

END RITEINNEREDGE{() $
PROCEDURE RITEOUTEREDGE(MAP(,44),TEND(,+),FB1,FB2yFB3,FB&,1,J,LXS$
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188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248

SUMWKPF({))$
BEGIN
INTEGER OTHERWISES
REAL TEND(),FBl,FB2,FB3,FB4%
SUM=0$
FOR IFC=(I-141,1+1)%

SHCRT(LX'FB4'[FD’J‘Z’TEND‘!)1MAP(7))$SUM'KPF())$

FGR IFC=1-2,142%
FCR JUFD=J-1,J%

SHORT(LXyFB4y [IFDyJFDyTEND(, )9 MAP(,, )$SUMKPF())$
FOR IFD=I=-1,1+1%

SHCRT(LXsFB3y IFDyJ=14sTEND(, ) yMAP (4,4 )$SUM,KPF())$
FCR IFD=1-1,1+1s$

SHORT(LXsFB2sIFDyJ yTEND(, ) yMAP(,, )8SUM,KPF())$

SHCRT(LX,FB2,1 yJ=LsTENDU(, )y MAP(,, )SSUM,KPFI())$

SHORTI{LXyFB1, I ?J t TEND (5 )y MAP (44 )$SUMKPF())$
RETURN

END RITECUTEREDGE() S
PROCEDURE UPpERINNEREDGE(MAP(ov)OTEND(9)vF811F829F339FB4QI'JvLX$
SUMLKPF())$
BEGIN
INTEGEK OTHERWISES
REAL TEND(),FB1,FB2,F83,FB4%
SUM=0%$
FOR JFD={Jd=1,J,4+1)%

SHORTILXsFB4,y [+2,JFDyTEND(y ) yMAP (44 )$SUM,KPF{))$

FOR IFC=I~1,I,I+1$
FCR JFD=J-2,J+2%

SHORT(LX s FB4y IFD,JFDsTEND(, )y MAP (445 )SSUM,KPFI())$
FB3SHORT(LX,FBl.FBZvF339InyTEND(|),MAP(.;)$SUM,KPF()’S
RETURN

END UPPERINNEREDGE()$
PROCEDURE UPPEROUTEREDGE(MAP(O')9TEND(,)'FBI'F821FB3'FB4v[uJ'LX$
SUMKPF{))$
BEGIN
INTEGER CUTHERWISES
REAL TEND(),FB1,FB2,FB3,FB4$
SUNM=0%
FOR [FD=I,1+1%
FOR JFD=J=-2,J+2%
SHORT(LX,)FB4, IFDyJFD,TEND(, ) yMAP (44 )$SUM,KPF())$
FOR JFD=J=1,J,J+1%

SHORT(LXsFB4, 1+2,JFD,TEND(y } yMAP{,, )$SUM,KPF())$
FCR JFC=Jd=-1,J+1%

5HURT(LX,FBB,I+19JFDyTEND("pMAP(,,)$SUM'KPF())$
FCR JFC=J=1,J+1%

SHORT(LX,FB2,1 »JFEDSTEND(, )y MAP(,, ) $SUM,KPF())$

SHCRT(LX,FB2,1+1,J +TEND(y )y MAP(,, )$SUM,KPF())$

SHORT{LX,FB1l,1 v J yTEND(, ) 4 MAP (4,4 ) $SUMKPF())$
RETURN

END UPPERCUTEREDGE()$
PROCEDURE LOWERINNEREDGE(MAP (45 )3 TEND(,)sFBL4yFB24yFB3,FB&,1,J,LX$
SUN,KPF()) $
BEGIN
INTEGER OTHERWISES
REAL TENC(),FBl,FB2,FB3,FB4%
SUM=0$
FGR [FD=I‘1,I.I+1$
FOR JFD=J=-2,J+2%

SHORT(LXyFB4, IFDyJFD,TEND(y ) yMAP(,,5 ) $SUM,KPF())}$

FCR JFD=J=14JyJ+18
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249
250
251
252
253
254
255
256
257
258
259
2560
261
262
263
264
265
266
267
268
269
270
271
272
273
274
2715
276
277
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279
280
281
282
283
284
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288
289
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292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308

SHORT(LXyFB4y I=2yJFD,yTEND(y )y MAP{ 44 )SSUM,KPF())$
FB3SHORTILX,FBL+FB2,FB3,1,JyTEND(y)yMAP(,4,)8SUM,KPF())$
RETURN

END LCWERINNZREDGE() S
PRCOCEDUKE LCOWEROUTEREDGE(MAP(,,),TEND(,),FB1,FB2,FB3,FB4,
SUMLKPF())$
BEGIN
INTEGER CTHERWISES
REAL TeND(),FBl,FB2,FB3,FB4$
SUM=0$
FOR [FC=1-1,1%
FOR JFD=J=-2,J+2%

SHORT(LXyFB4, IFDyJFDHyTEND(,y ) yMAP(,, )$SUM,KPF())S$
FOR JFO=J=14JyJ+1%

SHORT(LXyFB4,y [=2yJFD,TEND{, )y MAP(,4 )$SUM,KPF())$
FCR JFL=J=-1,J+1%

SHORTU(LXyFB3,I=1,JFDyTEND(, )y MAP(,, )SSUMKPF())$
FOR JFC=J-1,J+1%

SHORT(LXyFB241 sJFD,TENDI{,y )yMAP(,,)3SUM,KPF())$

SHORTI(LXyFB2,1-1,J yTEND(y )y MAP (44, )SSUMKPF())$

SHORT(LX,FBYL, I sJ +TEND(,),MAP(,4,)$SUMKPFI())S$
RETURN

END LOWERCUTEREDGE()S$

[+dsLXS$

PROCEDURE UPPERLEFTCORNER(MAP(,4),TEND(, ) FBLyFB2,FB3,FB4,s1,JsLX $

SUM, KPF()) §
BEGIN
INTEGER OTHERWISE & REAL TEND(),FBL,FB2,FB3,FB4 %
SUM = 0 $
FCR IFD =(1y144) 3{(JFD = 5 - IFU %
SHORT(LXyFBay IFD,JFD,TEND(4) 4 MAP{(,,)$% SUMKPF()))$
FCR IFC =(141,3) ${ JFD = 4- IFD
SHORT(LX,yFB3yIFDyJFD,TEND(4)9sMAP{,,)8 SUM,KPF()))$
FOR IFC =1,2 $( JFD = 3-IFCs
SHORT{LX,FB2yIFD,JFDyTEND(,)yMAP(,44)8% SUM.KPFI()))$
SHGRT(LX'FBI’I QJ 'TEND(')1MAP(,')$S‘JM.KPF())$
RETURN END UPPERLZFTCORNER() §

PROCEDURE LCWERLEFTCORNER(MAP(y4 ) TEND(,),FBL,FB2,FB3,FB4yI,JoLX$

SUMKPF())$
BEGIN
INTEGER CTHCRWISES
REAL TEND(),FB1,FB2,FB3,FB4S$
SUM=0%
FCR IFL=({I-3,1,1)%
BEGIN
JFD=1FD-1+4%
SHORT(LXFB&,IFD,JFO,TEND(,) sMAP{,,)5SUM,KPF{))$
ENCS
FCR IFC=(1-241,1)%
BEGIN
JFD=IFD-1+3%
SHORTILX,FB3,IFD,JFO,TEND )} yMAP(,4)3SUM,KPF())$
ENDY
FOR IFC=1-1,1I%
BEGIN
JED=1FD-[+2%
SHORT(LX FB2, IFDyJFDyTEND( 3 ) yMAP(, 4 )$SUMKPF())$
ENDS$
FCOR IFC=1s
SHORT({LX,FB1,I vJ  sTEND(, ) s MAP (44 )8SUMKPFI())S$
RETURN

309 END LOWERLEFTCORNER()S
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310 PROCEDURE UPPERRITECORNER{MAP(,4,), TEND(y ) 4FBLyFB2yFB3,FB&yl4JyLXS$
311 SUNMLKPF())$

312 BEGIN

313 INTEGER OTHERWISES

314 REAL TEND(),FBl,FB2 1FB3,FB4s$

315 SUM=0$

316 FCR IFC=(1,1,4)%

317 BEGIN

318 JFD={J-4+IFD)s$

319 SHORT(LX,sFB4, IFD,JFD,TEND(s ) 4MAP(, 4+ )$SSUM,KPF())$
320 END$

321 FOR IFC=(141,3)%

322 BEGIN

323 JFD=J=-3+1FD$

324 SHORT(LXsFB3,IFD,JFDyTEND(s ) sMAP(,,)$SUMKPF()})$
325 ENDS

32% FCR IFC=1,2%

327 BEGIN

328 JFD=J-2+IFD$

329 SHORT{LXyFB2yIFDyJFDyTEND(y ) yMAP (44 )$SUM,KPF())$
330 ENDS

331 SHORT(LXyFBlyI sJ +TENDU(s )+MAP(,, )SSUMKPF())S$
332 RETURN

333 END UPPERRITECORNER()S$
334 PROCEDURE VALSHORT{IsJyNCySUM,LX2,TF()KPF()SEMAP(,4,]})%
335 BEGIN

336 INTEGER CTHERWISES

337 REAL V,Y,VALS$

338 REAL TF()$

339 LX1 = 3 - LX2 ¢

340 TCOTAL = 0%

341 FOR K =(142,SUM=1) $ TOTAL = TOTAL + KPFI(K)$
342 KPF(SUNM+1) = TOTAL/10%

343 KPF(SUN+2) = MOD(MAP(I,JsLX1)4NC) + 13
344 TOTAL = TOTAL + KPFISUM+1)S$

345 V=RANDCM(Y)$

346 VAL = V.TOTAL %

347 IF VAL LEQ 1.0 ¢ VAL = 1.0% VLL = VAL $
348 CHCICE = KPF(1l) % K =1 $

349 UNTIL CHOICE GEQ VLL $

350 BEGIN

351 K = K+2%

352 CHCICE = CHGICE + KPF(K)$

353 ENDS$

354 MAP(I,JyLX2) = KPF(K+1)}$

355 RETURN

356 ENU VALSHCRT ()3
357 PROCEDURE LOWERRITECORNER(MAP(44),TEND(,y)4FB1,FB2,FB3,FB4,1,J,LX$
358 SUM,KPF())$

359 BEGIN

360 INTEGER OTHERWISES

361 REAL TENC{),FBl,FB2,FB3,FB4%
362 SUM=0%

363 FCR IFC=(1-3,1,1)%

364 BEGIN

365 JFD=J+IFD~-1%

366 SHOKRT(LX FBG4y IFDy JFD,TEND(y ) yMAP (44 )$SUM,KPF())$
367 END$

368 FCR IFD={1-241,1)%

369 BEGIN

370 JFD=J-1+I1FD$
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371 SHORT(LX,FB24IFD,JFDyTEND(y ) yMAP(,4,)$SUM,KPF())S$
372 ENDS$

373 FOR IFD=I-1,1%

374 BEGIN

375 JFO=J-I+IFDS$

376 SHORT(LX,FB2, IFD,JFD, TEND{4 ) sMAP (44 )$SUM,KPF())$
377 ENDS$

378 SHORT(LXsFBLlsI 4J HTEND(, ) sMAP(,,)$SUM,KPF())$
379 RETURN

380 END LCWERRITECORNER()S
381 COMMENT FILL SEPARATION ARRAY FOR INITIAL OPERATION $
382 FOR I =(1,14N) & FOR J =(1,1,M) $

383 BEGIN
384 SEP(Lsdyl)= TPL 3
385 SEP({IyJ92)= LWL $
386 END 3

387 [F WEST EQL 1 $ (INPUT WESTDATA(FAV, FF)SREAD($$ WESTDATA))S
388 COMMENT FILL INITIAL MAP ARRAY $

389 IF DATCP EQL 1 $

390 BEGIN

391 INPUT MAPDATA(FOR I=(1,1,N)$ FOR J=(1l,1,M)$ MAP(I,J,1))8
392 READ ($$ MAPDATA) $

393 FOR I=(1,1,N)$ FOR J={1ls14M)$ MAP(1,U,2)=MAP(I,J,1)8

394 END 3

395 COMMENT SECTICN FOR INPUT OF ARRAY CONTAINING DELTA AND ARRAY CONTAIN-
396 ING PATH CF DELTA AS GOES THROUGH CYCLE $

397 IF OELTACP EQL 1 §

398 BEGIN

399 COMMENT INPUT INFORMATION CONTROLLING GEOMETRY OF DELTAS

400 INPUT DELCOM(BTR, HT, LTH, WID)SREAD(SSDELCOM)$

401 COMMENT LEFT COLUMN OF PTH ARRAY CONTAINS ROW INDEX COORDINATE

402 INCREMENT, RIGHT COLUMN CONTAINS COLUMN INDEX INCREMENT $

403 INPUT PATH( FOR I=(141,CLN) § FOR J = 1,2 $ PTH(I,J)) §

404 READ ($% PATH) $

405 FCRMAT PATHMAT (#COORCINATE INDEX VALUES FOR PATH OF DELTA FOR EACH

406 PHASE IN CYCLE, ROW COOKD IN LEFT COL, COLUMN COORD IN RIGHT#,W, W) $
407 WRITE(S$S PATHMAT ) &

408 OUTPUT OQUTPATH(FOR I=(1,1,CLN)$ FOR J=1,2 $ PTH(I,J))$

409 FORMAT FMTPATH(2X6+25WsHW)$ WRITE($SOUTPATH,FMTPATH) S

410 END $

411 COMMENT SECTION FOR INPUT OF TECTONIC WARPING, INITIAL WATER DEPTH,
412 SECIMENT INCREMENT, ANC CEPTH LIMIT ARRAYS §

413 IF TECTCP EGL 1 s

414 BEGIN

415 FOGR T =(1,1sN) $ BEGIN INPUT TECTROWI(FOR J =(141,M) & TCTFX(J)) $
416 READ($% TECTROW) $ FOR J =(1y1,M) $(TCT(I,J)=TCTFX{J) $

417 TCT(I,J) = TCT(I,J)e0s1 )$ ENDS

418 FOR I =(1,1,N) $ BEGIN INPUT DPTHROW(FOR J =(1ly1,M) $ DPTEX(J)) $
419 REAC($$ DPTHROW) $ FOR J ={1,14M) & DPT(I,J) = DPTFX(J) $ ENDS$
420 COMMENT INPUT SEDIMENT INCREMENT VALUES FOR EACH COMMUNITY(IN

421 CAOLUMN S ) FOR EACH PHASE IN CYCLE(IN )OWS $

422 INPUT SEDINC(FOR I =(1,14CLN) $ FOR J =(1,1,NC) $ SED(I,J)) $

423 READ ($$% SEDINC) ¢

424 COMMENT INPUT UPPER AND LOWER DEPTH LIMITS FOR EACH SEDIMENT/

425 CRGANISM COMMUNITY s

426 INPUT DEPTHLIMITS(FOR I = 1,243$F0R J =(1,1,NC) $ DPLII,J)) $

427 READ ($% DEPTHLIMITS) $

428 FOR J=(1414NC)$ BEGIN DPL(44J)= DPL(3,J)-DPL(1,J)$

429 DPLI5,J)= DPL(2,J)~ DPL(3,J)% ENDS

430 FORMAT SEDFMT (#SEDIMENT INCREMENT VALUES FOR EACH COMMUNITY(IN COLS)
431 FOR EACH PHASE IN CYCLE (IN ROWS )#*,W,W)$ WRITE($SSEDFMT)$
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477
%80

481
482
483

Hy

BY

*y

FORMAT FMTSEDTAB(25X6e29WsW)$

FCR I=(141,CLN)$% BEGIN QUTPUT SEDTAB(FUR J={141,NC)8% SED(I,J))S$
WRITE($S SEDTAB, FMTSEDTAB)S$ ENDS

FCRMAT LIMFMT(#UPPER AND LOWER DEPTH LIMITS, AND MOST FAVORABLE DEPT
IN UNITS WITH RESPECT TO SEALEVEL ®#,W,
=(IN RCWS) FOR EACH SEDIMENT/ORGANISM COMMUNITY( IN COLUMNS)=,W,W)$
WRITE($S LIMFMT)$

FORMAT LIMTABFMT( 17XTealyW,W)$

FOR I = 1,243$BEGIN CUTPUT DEPABLE(FOR J={141,NC)$ DPLI{I,J) )%
WRITE($S DEPABLE, LIMTABFMT)S$S ENDS

FORMAT DPTINCFMT(#WARPING INCREMENTS IN UNITS PER CYCLE MULTIPLIED
10#,W,W)$

WRITE($% DPTINCFMT)S$

FCR I= (1,1,N)% BEGIN

FOR J=(1,1,M)% TCTFX(J)=TCT{I,J)e10.08CUTPUT DTHINC(FOR J={1,1,M)$
TCTFEX{J)) $ WRITE($S DTHINC, FMTDPTE )% ENDS

COMMENT INPUT DATA ON TERRESTRIALLY-DERIVED SEDIMENTS

INPUT BOUNCS(UPBND, LOWBND)$ READ{$$ BOUNDS)S$

DIFF = LOWBND - UPBNDS

FOR I=(1,1,CLN)$ (INPUT SDMD(SAND(I)s MUD(I))$ READI($S$ SDMD))$

IF DELTACP NEQ 1% BEGIN

INPUT RATEMAP(FOR I=(1y1,N)$ FOR J=(1,1,M)$ TER(I,J))$

READ($% RATEMAP) S ENDS$

FORMAT SMTABFMT(I14,2XTe29W, W)S$

FORMAT SEDPHASE(#INCREMENT VALUES FOR TERRESTRIALLY-DERIVED SEDIMENT
W3 W, *#PHASE SAND MUD#,W,W)$ WRITE($Y SEDPHASE)S

FOR I={141,CLN )% (OUTPUT SMTAB(I,SAND(I), MUD(I))S$

WRITE($% SMTAB, SMTABFMT))$

FORMAT DDHD(«RELATIVE RATES OF TERRESTRIALLY-DERIVED SEDIMENT, MAP=x,
* NUMBER® 3[4y W34y

#WITH TRANSITON DEPTH RANGE FROM UPPER LIMIT OF%, X6e.ly®# AND LOWER®
v# LIMIT OF#,X7sly* UNITS=,W,W)$

FORMAT RMAPFMT(4413,W W) S

IF DELTACP NEQ 1% BEGIN

L=0¢%

QUTPUT BNDS(L,UPBND,LOWBND)S$

WRITE($$ BNDS,DDHD)$

FCGR I=(1,14N )% BEGIN

FOR J=(1,14yM)3% DPLOT(J)= TER{I+J).10.0%
CUTPUT RTMP(I, FOR J=(1,14M)$ DPLOT(J))S

WRITE($$ RTMP, RMAPFMT)$ ENDS$ ENDS

INPUT SUBVALS(FOR I=(1:1,4)8F0R J={1,14NC)$ SUBI(I,J))$

READ($$% SUBVALS)S

FORMAT SUBFMT(*SEDIMENT TOLERANCE LIMITS OF ORGANISM COMMUNITIES=H,
# FCR MIN AND MAX SAND VALUES (UPPER TWO ROWS) AND MUD (LOWER TWO =
FOR J=(141,NC)${ SUB(5,J)=5UB(2,J)-SUB(1,J)8%

SUB(6,J4)= SUB(4,J)- SUBLI(3,J))$

FOR I=(1,1,6)%(0UTPUT SBBVALS(FOR J=(1,1,NC )$ SUB(I,J))$

WRITE($$ SBBVALS, FMTSEDTAB))S
INPUT SECTION(FOR I={(1,1,LIMIT)S$S SECTOP(I))$ READ(SSSECTION)S

END $

FORMAT INITIAL( #«INITIAL DISTRIBUTION OF ORGANISM COMMUNITIES#,W3)$
IF SECTOP(1) NEQ 2% BEGIN

WRITE(SSINITIAL)S

MAPLOT(OyMyNy MAP(,44)y CV()y SMB(),y, 1y CT(),LIMIT)S

ENDS

FOR L = (1,1,LIMIT)S

BEGIN
LX1 = MOD{L,2) + 1 8 X2 =3 - LX1 $
LX=LX1%

17



484

CIND = MOD(L,CLN)S$ IF CIND EQL O $ CIND = CLNS

485 COMMENT SECTION FOR INFLUENCE OF WIND FROM NORTH $

486 IF { WEST EQL 1 ) ANC ( CFC(CIND,FAV) GEQ FF )$

487 BEGIN

488 FOR I =(1414N)$ FOR J =(5,1,M)$

489 BEGIN

490 IF MAP(I,J,LX1) EQL FAV §

491 BEGIN

492 IF MAP(I+1,J-1,LX1) EQL FAVS

493 MAP(I+4,J-3,LX1) = MAP(I+8,J-4,LX1)= FAVS$

494 IF MAP(I+1,J%1,LX1) ECQL FAVH( MAP(I+4,J+3,LX1) = FAVS
495 MAP(I+8,J+4,LX1) = FAV)S

496 ENDS$

497 ENDS

498 ENDS

499 IF DELTAOP EQL 1%

500 BEGIN

501 BTR= SAND(CIND) + MUD(CIND)S TT= HT+BTRS

501 IF BTR NEQ 0.0% (SANDFACTOR= SAND{CIND)/BTRS

501 MUDFACTOR= MUD(CIND)/BTR)S

502 FOR I ={1,1,N) $ FOR J ={1,1,M) $ TER(1,J) = BTRS

503 FOR J={1,1,M)$

504 BEGIN

505 IF 4 GTR PTH(CIND,2) AND J LSS (PTHICIND,2)+ LTH)S$
506 BEGIN

507 FOR I=(1,1,N}$%

508 BEGIN

509 P=1% Q=J$

510 IF P GTR (PTH(CIND,1) - WID) AND P LSS (PTH(CIND,1)+WID)S$
511 TER(IZJ) =((HT =(((Q = PTH(CINDy2))/ LTH)HT) ).
512 (1.0 =(ABS(P = PTH(CING,1))/ WID))) + BTR $
513 ENDS

514 ENDS

515 ENDS

516 FORMAT DELGEOM(#VALUES HAVE BEEN MULTIPLIED BY 10, MAP NUMBER=*
517 2I5,%  WHOSE BASE-RATE VALUE IS *yX3.2,% oWHOSE®,

518 *  MAXIMUM VALUE IS #4X5.2yW sW,*EAST/WEST LENGTH OF DELTA IS#,
519 X6.24% UNITS, NORTH=SOUTH HALF-WIDTH IS#,X6+2,% UNITS, E/W COORD#®,
520 # VALUE IS#,X6.2,% , N/S COORD VALUE OF MOUTH IS#,X6.2+:WsW)$
521 IF SECTCP(CIND) EQL 1% BEGIN

522 OUTPUT BDDD(L,UPBND,LOWBND)$

523 WRITE($$BDCD, DDHD)S$

524 OUTPUT DLTGM(L,BTR,TT,LTH,WID,PTH{CIND, 2)y, PTHICIND,1))$

525 WRITE($$ DLTGM, DELGEOM)S

526 WRITE ($% COLHEAD,FT1)$

527 FOR I=(1y14N )$ BEGIN

528 FCR J=(1,1,M)$ DPLOT(J)= TER{I,J).1C.08%

529 CUTPUT TTMP(I, FOR J={1l,1,M)$ DPLOT(J))$

530 WRITE($$ TTMP, RMAPFMT)S$ ENDS$

531 ENDS$ ENDS

532 FOR I = (1,1,N) §

533 BEGIN

534 FOR J =(1,1,M) %

535 BEGIN

536 S1 = ABS( NC = MAP{I,J,LX1) + MAP{I,J,LX2)) $

537 S2 = ABSI MAP{T,J,LX1) = MAF(I,J,LX2)) §

538 S3 = ABS( NC + MAP(I,J,LX1) - MAP(I,J,LX2)) $

539 SEP(I,JsLX1)=ABS({MIN(S1:52,S3)) + 1 %

540 IF SEP(I,J,LX1) GTR 5%

541 SEP(I,JyLX1)=5%

542 TEND(I,J)=(CFC(CIND, MAP(I,JyLX1))#(CPX{SEP(I,J,LX1)y SEP(I,J,LX2))))$

18



543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
712
573
574
575
576
577
578
579
580
581
582
583
584
585
585
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
502
603

COMCOCN=TEND(I,J)%
IF DPT(I,J) GEQ OPL(Ll,MAP(I,J,LX1)) AND OPT(I,J) LEQ
DPLI(Z, MAP(I,JyLX1))$ BEGIN
COMCON=COMCONL((DPT{Iy4J) = DPL{LyMAP{I4J4LXL)))/DPL{4,MAP(]l,J4LX1))) %
GC LAB9 $ ENDS%
IF DPT(I,J) GEQ DPL(3,MAP(I,JyLX1)) AND DPT(I,J) LEQ
DPL{2y MAP{I,J,LX1))% BEGIN
CUOMCCN=CONMCON{(=DPT{1yJ)+ DPLIZ2yMAP(T1,4J4LX1)))/DPL(S5,MAP(I4J,LX1))) $
GC LAB9 3% ENDS
TEND(I 4y J)=0.038G0 LABL1S% LARB9..
IF SF GEQ SUB(2,MAP(I,J,LX1)) OR
MF GEQ SUB({44MAP(T,JsLX1L))SITEND(I,J)=1.0%G0 LAB15)S%
[F SF GTR SuB{l,MAP(IL,J,LX1)) OR
MF GTR SUB(2,MAP{I,J,LX1))$ BEGIN
TAMP=COMCUN=(COMCON ((SF-SUB(1,MAP(I1,JysLX1)))/SUB(5,MAP{I,J,LX1))))3
TIMP=COMCUON=(COMCONS ({MF=SUB(3,MAP({T,J,LXL)))/SUBLS6,MAP(T,JeLX1))))8
IF TAMP LSS 0.,038TAMP= (0.,03%
IF TIMP LSS 0.03$TIMP= 0,03%
TEND(Iyd)= MIN(TAMP,TIMP)$ END$ LAB1S5..
END$
END 3
CCMMENT PICK NEW MAP ELEMENTS %
FCR I =(2,1,N-2) &
BEGIN
FCR J =(3,1,M=-2) %
BEGIN
CONPROB(LX,FBL FB2,sFB3,FB4y I3 Jy TEND(y ) yMAP (4, «$SUM,KPFI())$
VALSHORT (1, JyNCySUMML X2, TF () KPF()SMAP(,4,))8

ENDS
END S
FCR I =(3,1,N=2) 8%
BEGIN
J=2%
LEFTINNEREDGE(MAP 34 ) 3 TEND( 3 )y FBLyFB2,FB2,FB4,1429LX1SSUMKPF())S$
VALSHORT (I 9 JyNCySUMZLX2yTF( ) yKPF{)SMAP(,4,))8%
J=M-1% A
KITEINNERECGE(MAP(4,),TEND{,),FB1,FB2,FB3,FB4,[,J,LX$
SUM,KPF())$
VALSHORT (I yJyNCySUMZLX2, TR ) 4KPF()SMAP{,4,))8
J=Me
HITECGUTERECGE(MAP{ 44 )y TEND(,)4FB1,FB2,FB3,FB4,I,J,LXS
SUMMKPF())$
VALSHORTU{ I g JyNCoSUMMLX2yTF ) +KPFI)SMAP(,,)) %
J =1 %
LEFTOUTERECGE(MAP( 34 ) TEND(4)+FB1,FB2,FB83,FB4,1,J,LXS$
SUM,KPF())$
VALSHORT (1 3 JsNCySUMZLX2yTF () KPF()SMAP(,,))8%
END §

FOR 1=1,2% FOR J=1,2% BEGIN
UPPERLEFTCCRNER(MAP( 443 )y TEND y )y FBLyFB2yFB2,FB4yI,JyLXSSUMKPFI()) $
VALSHORT (I sJ s NCySUMLX2, TR ) yKPF{)SMAP(,,4))8%
END S
FOrR I=N-1,N$ FOR J=1,28% BEGIN
LCWERLEFTCCRNERIMAP( 44 )yTEND(, ) yFBLyFB2,FB3,FB4,1,J,LX$SUM,KPF())$
VALSHORT (1 9J oy NC,SUMLX2, TF{)KPF{)SMAP{,,))3%
END %
FOR I=N-1,N$ FOUOR J=M-1,M$% BEGIN
LCWERRITECORNERIMAP (49 )y TEND( 3 )y FBLyFHBZyFB2,FB4,1,J,LXSSUM,KPF()) $
VALSHORT ([ s JsNCoSUM,LX2, TF( ) KPF()$SMAP(44))%
EMDS
FOR [=1,2% FOR J=M-1,M$% BEGIN
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UPPERRITECCRNER(MAP (44 )4 TEND( 4 ) 4FBLoFB2yFB3,FB4 1 4JyLXSSUMKPF{))$
VALSHORT{I9JsNCySUMyLX2,TF( ), KPF()SMAP(,,))8

FOR  J=(3,1,M-2)$
BEGIN
[=2%
UPPERINNEREDGE (MAP (44 ) 9 TEND( 4 ) 3 FBLyFB24FB3,FB4,y [y JyLXSSUMKPF{))$
VALSHORT{TyJsNCySUMLX2, TF(),KPF()SMAP(,4))%
I=1¢
UPPEROUTEREDGEIMAP 44 )9 TEND(4 ) ,FBL,FB2,FB3,FB4,[+JsLXSSUM,KPF())$
VALSHORT (I yJyNCySUMLX2, TF{ ), KPFI)SMAPL,4,))%
I=N-1%
LCWERINNEREDGE(MAP (449 )9 TEND( 9 ) 9 FBLyFB2,FB3,FB4,[4JsLXSSUMMKPF())$
VALSHORT (14 J s NCySUMLX2, TF () KPF()ISMAP(,,) )%
I=N3
LOWERGUTEREDGEIMAP (99 ) 9 TEND( 4 )9 FBLyFB2yFB3,FB4,1,JsLXSSUM,KPF())$
VALSHORT (I JaNC,SUMMLX2,TF( ), KPF{)SMAP(,,))%
END$
FOR I=(1,1,N)$FOR J=(1,1,M) 8 BEGIN
K=13 LABlZ..
[F DPT{I,J) GEQ DPL(1,MAP(I,4,LX2)) AND DPTU(I1,J) LEQ OPL(2,MAP(I,J,LX2
)J)$s GO LAEL3S
MAP(L,JyLX2)= MOD(MAP(I,J,LX2)4yNC) +1% K=K+1$% [F K EQL (NC+1)$G0O LAB13S$
GO LABLl2% LABl3.. ENDS$
[F TECTOP EQL 1 $
BEGIN
COMMENT CALCULATE DEPTH BY ALGEBRAIC ADDITION OF WARPING,
SEDIMENT INCREMENT, AND PREVIOUS DEPTH, SELECTINGs IF NECESSARY
BY REPEATED ITERATIONS, A COMMUNITY SUITED FOR DEPTH RANGE $
FORMAT DPTITLE(#DEPTH IN TENS OF UNITS, MAP NUMBER #,I3,W3,W)$
I+ SECTCP{CIND) NEQ 2% BEGIN
CUTPUT DEPTHMAPNUMBER(L)® WRITE($$SDEPTHMAPNUMBERDPTITLE ) $
OUTPUT CCLHEADIFOR J=(1,1, 8)8% CT(J))$
FCRMAT FT1(8B3, BI154W4)8
WRITE (%% COLHEAD,FT1)$

ENDS
FCR I =(141,N) s
BEGIN
FOR J =(1414M) $
BEGIN
CTH=TEMP(I,J)= DPT(I,J) + TCT(I,J)%
K=1%3

[F DTH LSS UPBNDS(TERINC(I,J)=CueC$ GO LAB4)S$
IF DTH GEQ UPBND AND DTH LEQ LOWSNDS (DTH=DTH =(TER(I,Jd).
{{DTH- UPBND)/ DIFF))$ GO LABLI)S
CTH= DTH - TER(I,J)% LABll..
IF DTH LSS UPENDS$ CTH= UPBNDS$
TERINC(IyJ)= TEMP(I,J) - OTHS LAB4..
SF= SANCFACTORCTER(IyJ)$ MF= MUDFACTORWTEHR{I,J)%

FAVODEP(I,J,DTH tCPLUs )y SEDC, )9 MAP (44 )3 CINDILX2,SUB(,),
SF,MF $CONMCCN) $

CEPTH = DTH - COMCCONS

EITHER IF

CEPTH GEQ DPL(1,MAP(I,J,LX2)) ANU DEPTH LEQ DPL{2,MAP(I,J,LX2)
)$ GO LABLS
CR IF DEPTH LSS DPL(L1,MAP(I,J,LX2)) AND DTH GEQ DPL(Ll,MAP(I,J
1LX2))8% ( OPT(I,J) = DPLI1,MAP(I,J,LX2))8 GO PAST)S$
CTHERWISES
UNTIL DEPTH GEQ DPL(L1,MAP(I,JyLX2)) AND DEPTH
LEQ DPLI2,MAP(I,J,LX2)) %
BEGIN
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K = K+1 3%
[F K EQL (NC+1)8(CPT{I,J)=0DTH $ GO PAST) $
MAP{IL,d,LX2) = MODIMAP(I,J,LX2),NC) + 1 $
FAVOEP(I,J,0TH tDPLUy ) o SEDC ) yMAP (4, ),CINDyLX2,SUB(,),
SF+MF $CONMCCN)®
DEPTH = DTH -~ COMCONS®
IF DEPTH LSS DPL(1,MAP(I,J,LX2)) AND DTH GEQ DPL(1,MAP(I1,J
1LX2))% C DPT(I,J) = DPLIL1,MAP(I,J,LX2))% GO PAST)S
END §
LABLl..
CPT(I,J)
PAST.C
CPLOT(J) = DPTI(IL,J) $
CRGINC(I,J)=TeEMP(I,J)=CPT(I, J) = TERINC(I,J) $
END %
IF SECTCP(CIND) NEQ 2% BEGIN
CUTPUT DEPLINE(I,FOR K ={1s1yM) & DPLOT(K)) $
FORMAT FMTDPTH(44I3,W,W) %
WRITE ($% DEPLINE, FMTDPTH) $
FCRMAT CPTHPUNCH(20I4,P )%
IF L GTR LIMITS (QUTPUT DPCH(FOR K={1,1,M)$DPLOT(K))S
WRITE($SSOPCH,CPTHPUNCH) ) $

DEPTH $

=ND B
ENC $
STRUCTOP ¢
BEGIN
IF L EQGL HORS(FOR I=(1ly1,N)SFOR J=(1y1y,M)S$STRUCTI(I,J)=DPT(1,J))$
IF L GTR HCRS$(FOR I=(1914N)SFOR J=(1y1,M)ISSTRUCTI(I,J)=
STRUCT(TIJ)+ TCTH I, J))$
FCRMAT STRHED(#STRUCTURE MAP %, I3,nw3,W)$
IF SECTGP (CIND) EQL 1% BECGIN
WRITE ($$DEPTHMAPMUMBER, STRHED)S$
WRITE ($$COLHEAD,FT1)$
FCR I=(141,N)3$
3EGIN
FOR J:{1,1,)% DPLOT{J)= STRUCT(I,J)$
CUTPUT STRUILFOR J=(141,M)8 DPLCT(J))S WRITE(S$SSTR,FMTDPTH) S
ENDS
ENDS$ ENCS
LOWBEACH= 5.,0% BEACHFACTOR= 10.0%
[F SECTOPICIND) NENR 2% BEGIN
FORMAT TEMORG(#ORGANIC INCREMENT VALUES MULTIPLIED BY 10, MAP NUMBER#,
T4y W34W)$ WRITE(SSDEPTHMAPNUMBER, TEMORG) $
WRITE($SCCLHEADLFT1) $
FOR I=(1,1,N)% BEGIN
FCR J=(1414M)$ DPLOT(J)= ORGINC(I,4J)elCa0%
QUTPUT ORGOUTI(ILFOR J=(1,y1,M)8% DPLOT{J))IS WRITE(SSORGOUT,FMTDPTH) $
ENDS
ENDS
FCR I={1,14N)$% FOR J=(1ly1yM)$
BEGIN
SANDCCN= SAND{(CIND) s
[F DPT(I,J) GEQ 0.0 AND DPT(I,J) LEQ LOWBEACHS
SANDCCN = SANCCON + ((LCWBEACKH - DPT{1,J)).BEACHFACTOR) §
SUMTER= MUD(CIND) + SANCCONS
IF SUMTER EQL 0.0% (RATIO = 1.0% GO LAB1O)S
RATIO=TERINC(I,J)/(MUD(CIND) + SANDCON)S$ LAB10C.,.
MUDINC(I,J)=MUD(CIND).RATIOS
SANDINC{I,J)=SANDCON +RATIOS
HY = MAX{(ORGINC{I+J)syMUCINC(I,J)}sSANDINCI(IZJ))S
IF HVY EQL ORGINC(I,J)$

T

QL 1%

i
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7256 BEGIN

727 FAP(I14Je3) = MAP(I,J,LX2)%

7238 IF J EQL KK$ PVP{I,L)= MAP(1,J4LX2)$

729 IF I EQL KG$ 2PP{JyL)= MAP(I,d,LX2)%

730 GO LABG6 $

731 ENDS%

732 IF BV EQL MUDINC(I,J)$

733 BEGIN

734 MAP(1,J,3) = 11%

735 I[F J EQL KK$ PVP({I,L)= 1l1%

736 IF I EQL KD$ PPPlJsL)= 11

137 GO LAB6 $

738 ENC¢

739 MAP(L,J,3) = 7%

T40 IF J EQL KK $ PVP(ILsL) =7 %

T41 IF I EQL KD $ PPP(JsL) = T7 %

742 LABD..

743 END §

T44 1F SECTGP(CIND) NEQ 2% BEGIN

745 FORMAT FACIESMAP(#FACIES MAP#,W3), URGMAP(#0ORGANISM COMMUNITY MAP=*,
746 w3)% WRITE(5% FACIESMAP) S

747 MAPLOT (L MyN,y, MAP(,4)y CVI{)y SME(),y, 3, CT(),LIMIT)S
748 WRITE(%% ORGMAP) S

749 MAPLOT(LsMyNy, MAP(4,)y CV()y SME(),L X2, CT(),LIMIT)S
750 ENDS

751 IF KK GTR 0OS$

752 BEGIN

753 FORMAT VPHED( #STRATIGRAPHIC SECTION#,[4,% ALONG COLUMN #,I2,
754 * SCALED SO THAT 1/10 INCH = #,X5.2,% THICKNESS UNITS»,
755 ¥ AND BASE IS SET AT#,X5,24% UNITS#,W3,W)$

756 OUTPUT HEDATA(L+KK,SCALE,BASE) %

757 FORMAT VPROFMAT(13,B1ly128AlyWsW)8

758 IF SECTOP(CIND) GTR 0% WRITE($$SHEDATA,VPHED)S

758 FCR I=(1,14N)$

759 BEGIN

760 THKFLL =(TEMP(I.KK)=CPT(I,KK))eSCALE $

761 THKFX = THKFLL $ THKFL2 = THKFXS$

762 [F (THKFLL = THKFL2) LSS O0.58{TVK(I,L)=THKFX $ GO LAB2) S
763 TVK(I,L)=THKFX + 1 $ LAB2..

764 IF DPT{I,KK) LEQ BASES(KTR=0% GO LAB3)S$

765 WATER =(DPT([,KK)~ BASE).SCALES$

766 WTRFX = WATERS WTRFL = WTRFX$

767 IF (WATER - WITRFL) LSS 0.5% WTRFX = WTRFX + 1%

768 FOR J =(1ly1lyWTRFX)3 KOW(J) = v[*%

769 KTR = WTRFX $ LAB3..

770 FOR JJ ={Ly=141)%

771 BEGIN

772 FCR LL=(1y1,TVKI(I,JJ))%

773 BEGIN

174 KTR = KTR + 1%

775 ROWIKTR) = SMB(PVP{I,JJd)) %

776 END3%

777 ENDS$

778 IF KTR GTR 128% KTR = 128 $

779 IF SECTOP(CIND) GTR 0% BEGIN

780 CUTPUT VPROFDATAUI,FOR J=(1,1,KTR)$ ROK{J))$

781 WRITE($S VPROFDATA, VPROFMAT)S ENDS

782 END¢$

783 END$

784 IF KD GTR 0%

785 BEGIN
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786 FCRVMAT HPHEC(#STRATIGRAPHIC SECTION=,[4,% ALONG ROW

*,12,

787 * SCALED SO THAT 1/10 INCH = #,X5,2,% THICKNESS UNITS»,
781 # AND BASE IS SET AT#,XZ3,29% UNITS#,W3,W)$

732z QUTPUT HHDATA(L,KD,SCALC,BASE)S

783 IF SECTOP({CIND) GTR 0% WRITE($3$% HHDATA, HPHED)S
784 FOR J=(My-1,1)%

785 BEGIN

786 THKFLL =(TEMP(KDyJ)~-CPT(KDyJ))eSCALE $

787 THKFX = THKFL1 $ THKFL2 = THKFXS$

788 IF (THKFL1 = THKFLZ2) LSS C.58(THK(J,L)=THKFX $ GO LAB7)S$
789 THK{JsL)=THKFX + 1 § LAB7 .o

7aC IF DPT{KD,J} LEQ BASES(KTR=0% GO LABS8)S

791 WATER =(DPT(KDyJ)- BASE).SCALES

792 WTRFX = WATER$ WTRFL = WTRFX$

7932 [F (WATER = WTRFL) LSS 0.5% WTRFX = WIRFX + 1%
794 FOR I =(Lly1,WTRFX)$ ROW(I) Iy

79% KTR = WTRFX $ LABS8..

796 FOR JJ =(L,-1,11}%

797 BEGIN

798 FOR LL=(1,1,THK(JyJJ))S

769 BEGIN

8900 KTR = KTR + 1%

871 ROW(KTR) = SMBIPPP(JyJJ)) %

802 END$

503 ENDS

804 IF KTR GTR 128% KTR = 128 §

805 IF SECTOP(CIND) GTR 0% BEGIN

206 CUTPUT HPROFDATA(JLFCR I={1,1,KTR)S$ ROWI(I))S
807 WRITE($% HPROFDATA, VPROFMAT)S ENDS$
808 END$

806G ENC$

810 END %

&l END $

812 G0 START & FINISH $

R113 RANDCOM

814 ScTRANDCHM

815 FINISHS$

INPUT TO PROGRAM

Data used to control operation of the program,
and to establish the initial environmental conditions
(such as depth) when a simulation run is begun, are
read in on punched cards. The rules for data cards
with BALGOL are very simple, and adherence to
rigid input format specifications is not necessary,
inasmuch as a free field is used. The following
rules must be observed, however: (1) The first
column of each data card is ignored. It may be
convenient to punch 5 in column 1 of each data
card for consistency's sake, since this was a require-
ment in earlier versions of BALGOL. (2) Numbers
must be consistent as to type integer, or type real
(decimal-point numbers). (3) At least one blank
column must separate numbers. (4) The presence of
an asterisk on a card causes all columns to the right
of the asterisk on the card to be ignored. (5) Each
new READ statement requires that reading begins
with a new card.

The following data, in the prescribed sequence,
are required by the program, with some omissions
permissible, depending on options indicated on the
control card (or cards). A new card in the sequence
of data cards should be used for data items that are
described in each of the sections that follow. Of
course,-more than one card may be used for the data
in each section if needed. They are marked with
the underlined headings. A listing of the data cards
used to produce the output which is partially shown
in Figures 13 to 20 is presented in Table 2. Any
number of data sets may be used in succession.

Alphameric heading card. - The first card of
each data set (example in line 1 of Table 2) consists
of letters, numbers and other symbols for identifica-
tion purposes (lines 22-23, Table 1). The card must
be punched as follows:

(1)  $ incolumns 2 and 75.

(2)  Any desired combination of symbols and

blanks in columns 3 through 74. These
will be reproduced as punched on the



card at various places in the program’s
output.

Control card (or cards). - The second data card

must contain information used to control many of the
operations of the program, as follows (lines 26-28,

Table 1):

(M

2)

©)

(4)

(5)

(6)

)

®)

9)

An integer (N) specifying the number of
rows in the map arrays (limited to a max-
imum of 25 unless the array dimensions
are changed).

An integer (M) specifying the number of
columns in the map arrays (limited to a
maximum of 40 unless the array dimen~-
sions are changed).

An integer (LIMIT) specifying the number
of increments of time through which the
simulation model is to be run forward.
An integer (NC) specifying the number of
organism communities. The maximum
number is 30 unless more symbols are
added to the SMB () array on lines 18
and 19 of Table 1.

An integer (TPL) specifying the numerical
separation between the set of organisms
read in initially and a hypothetical pre-
ceding set that occupied the area prior
to the first time increment is needed to
get the simulation model started. A value
of 1 is ordinarily appropriate.

An integer (LWL) specifying the numerical
separation between the first and second
hypothetical sets of organism communities
that occupied the map area prior to the
set read in as data. A value of 2 seems
appropriate.

An integer (DATOP) specifying whether
integers representing organism commun-

ities are to be read in as data, as follows:

1 Read in data
2 Generate the distribution of organ-
ism communities by a function,
which would have to be writtenand
inserted at an appropriate place,
such as immediately following line
410,
An integer (INVAL) used for starting the
pseudorandom number generating system.
Any positive integer may be used.
Four decimal-point numbers (a decimal-
point number will be called simply a
"decimal" hereafter); FB1, FB2, FB3,
FB4 which specify the relative weighting
of the organism communities occupying
individual cells in the center and surround-
ing cells (Fig. 9). Values of 50.0, 10.0,
3.0, and 1.0 (for weightings for cells
labelled 1, 11, 11, and 1V respectively),
have been used successfully, but different
values may be used to adjust the compet-
itive influence of adjacent communities.
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(10)

)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

Increasing the latter values (FB4 and
FB3) with respect to the former values
(FB1 and FB2) would increase the dis-
tance over which organism communities
influence their neighbors.
An integer (WEST) specifying whether
the effect of currents (possibly wind-
driven) is to be simulated, as follows:

0 do not simulate currents

1 simulate currents.
An integer (DELTAOP)specifying whether
data controlling deltaic deposition is to
be read in as data:

0 do not read data (i.e., delta build-

ing will not be simulated)

1 read in as data.
An integer (TECTOP) specifying whether
tectonic warping and accumulation of
sediment are to be simulated:

0 do not simulate

1 simulate.
In general, (TECTOP) will be assigned a
value of 1 when the program is used. If
assigned a valuve of 0, the program could
be used for experiments with hypothetical
organism communities, ignoring such as-
pects as tectonic warping, water depth,
etc.
A decimal (SCALE) specifying the scaling
factor to be used in printing of vertical
geologic sections.
An integer (KK) specifying the number of
the map column along which column
section will be calculated and printed.
If no section is desired, punch zero,
An integer (KD) specifying the number of
the map row along which row section will
be calculated and printed. If no section
is desired, punch a zero.
A decimal (BASE) specifying value of
base of vertical sections (a value of 0.0,
representing sea level, would ordinarily
be used).
An integer (STRUCTOP) specifying wheth-
er the structure of a specified horizon is
to be calculated

0 do not calculate

1 calculate.
An integer (HOR) specifying the number
of the time increment at which the struc-
ture calculations are to begin. At the
specified time increment, the structural
configuration will be set equal to the
"topographic” (marine and/or subaerial)
configuration prevailing at that moment.

Values used as exponents inorganism community

selection. - Decimal values (CPX () array) used as
exponents in a function (line 542) that is a com-
ponent of the method of selecting organism commun-
ities, are to be read in at this point. The values



control the weighting influence that regulates the
feedback effect, and in turn, affects the stability of
succession of organism communities. The highest
value in the array is assigned when identical com-
munities (i.e.,zero separation) have occupied the
same location for three time increments 8 e.,
greatest stability), and the lowest value where the
organism communities occupying the same location
for three successive time increments are separated
from each other in an ideal ecologic sequence by
four or more communities. Intermediate values of
the array pertain to combinations of separation.
values ranging between zero and four, with higher
values in the array pertaining to situations in which
the numerical separation between the communities
occupying a particular location in the immediate
past, and the preceding time increment, is less than
the separation between the preceding time increment
and the time increment, in turn, that proceded it.
In the present example, 25 values are required to
fill the CPX array, and are read in in-descending
order (lines 4 to 8 in Table 2).

Values controlling cycle length and relative
vitality of organism communities in each cycle. -

Values are read in to control the number of time
increments in a cycle, and the overall general ex-
ternal influence on relative vitality of each organism
community during each time increment (lines 48-49,
Table 1). If it is desired that there be no general
external influence on relative vitality, the values
read in can all be equal (set at 1.0 for example).
The data must be read in as follows (example in lines

9 to 16, Table 2):

(1)  An integer (CLN) specifying the number
of time increments in a complete cycle.
(2) Decimal values of CFC (, ) array which

are read in as follows:
(@)  For each time increment, there
must be values for each organism
community in proper order (i.e.,
if there are organism communities
whose sequence is 1 to 5, there
must be five values),
There must be as many time incre-
ments as specified by CLN. Thus,
if there are 8 time increments, and
5 organism communities, a total of
40 values must be read in.

Data pertaining to currents. - If WEST equals 1
on control card, the following data should be read
in on a card placed at this point:

(b)

(1) An integer (FAV) to specify the organism
community to be favored by lateral trans-
port (as for example, transport in the larval
stage by wind-driven currents).

(2) A decimal (FF) specifying the minimum

value of the relative vitality (CFCarray)
before transport will be affected. The
effect of transport is to cause the favored
community to expand outward and down-
ward with respect to the map.
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Initial organism community population. - If
DATOP equals 1 on the control card (or cards),
cards should be placed at this point containing in-
tegers (MAP array) that specify the initial geographic
distribution of organism communities. The values
should be read in left to right within a row, and
downward, row by row. An example is shown in
lines 17 to 31 of Table 2.

Data to control delta geometry. - |If DELTAOP
equals 1 on the control card, two or more cards con=
taining the following information should be placed
in the sequence (lines 32 and 33 of Table 2):

(1) A decimal (BTR) specifying the base value,
in arbitrary units, of terrestrially derived
sediment to be deposited in each cell per
time increment. A value of 0.0 may be
convenient to use, because the supp{y of
terrestrially derived sediment can be con-
trolled externally and varied in eachtime
increment.

A decimal (HT) indicating the maximum
rate of supply of terrestrially derived
material at the mouth of the river (which
creates the delta).

A decimal (LTH) indicating the maximum
east-west length of the delta (assuming
map is oriented in customary manner) in
terms of numbers of cells.

A decimal (WID) indicating the north-
south half width of the delta in terms of
numbers of cells.

Beginning on a new card and using one or
more cards, place a sequence of pairs of
decimal values (PTH array) which list,
respectively, the vertical and horizontal
geographic coordinate values of the river
mouth producing the delta. The geo -
graphic coordinate origin is assumed to be
in the upper left corner of the map. As
many pairs of values should be read in as
time increments in the cycle (CLN),

Tectonic warping increments. - If TECTOP
equals 1, cards should be placed at this point in the
sequence, to contain information controlling the
amount of tectonic warping per time increment (ex-
ample in lines 34 to 63 of Table 2). The amount of
warping is uniform for each cell from time increment
to time increment. The values should be integers
(TCTFX array) which are ten times the intended
values, and should be read in the order of their geo-
graphic position beginning with the cell in the upper
left corner of the map, and continuing, left to right
within each row, and then downward from row to
row. Each new row should begin on a new card, but
a row can occupy more than one card. Positive
values signify downwarping, negative values upwarp-
ing. The values are in arbitrary units, and should
correspond (except for the tenfold magnification) to
the units used in dealing with sediment increments
and water depths (in feet, meters, etc.) used else-
where in the program.

(2)

3)

4)

()




Initial depth values. - If TECTOP equals 1,
cards should be read in at this point in the data cards
sequence to establish the initial water depth values
(example in lines 64 to 93 in Table 2). The values
should be integers (DPTFX array), should be in the
desired units (feet, meters, etc.), and shouldbe read
in the same geographic order as the tectonic warping
increment values.

Organic sediment_increment values.~If TECTOP
equals 1, decimal values should be read in at this
point signifying, for eachtime increment in the
cycle, the maximum increment of sediment to be
contributed by each organism community (SED array).
The values should be in the same units used for water
depth and terrestrially derived sediment. The values
should be read in in succession for the organism com-
munities, beginning with community symbolized by
1, and continuing to the specified number of com-
munities. In the example shown in lines 94 to 101
of Table 2, values (totalling 40) for five organism
communities in eight time increments are given.

Organism community depth limits.-If TECTOP
equals T, decimal values (DPL array) specifying the
upper depth limit, lower depth limit, and most favor-
able depth for each organism community, in the same
units used to signify depth, should be read in as
follows (example in lines 102-104 of Table 2):

(1)  The upper depth limit for each organism
community in numerical order of integers
symbolizing the organism communities.
Positive values denote values below sea
level; negative above sea level.

(2)  The lower depth limit for each organism
community.

(3) The most favorable depth for each organ-

ism community.

Terrestrially derived sediment increment bound-
aries. - If TECTOP equals 1, a card containing two
values to regulate accumulation of terrestrially de-
rived sediment should be inserted at this point in the
sequence. Positive values denote values below sea
level; negative values above. The units should be
in the same depth units used elsewhere with the pro-
gram. An example is given on line 105 of Table 2:

(1) A decimal (UPBND) specifying the upper
limit (elevation with respect tosealevel),
above which terrestrially derived sedi-
ment cannot accumulate.

A decimal (LOWBND) specifying the limit,
below which deposition of terrestrially
derived sediment is not inhibited, but above
which deposition is progressively inhib-
ited, declining linearly to zero at the
value assigned to UPBND,

Sand and mud _increment values. - If TECTOP
equals 1, a series of cards should be inserted at this
point (number of cards equal to number of time in-
crements in cycle), each card containing a pair of
decimal values which signify the increment of sand
and of mud, respectively, to be contributed during

(2)
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each time increment. The amounts supplied in a
particular time increment are equal to all cells re-
gardless of their geographic position. The units
should be the same as used in a depth or vertical
context elsewhere in the program. An example is
shown in lines 106 to 113 of Table 2.

Terrestrially derived sediment. - If DELTAOP
does not equal | (in other words, deltaic deposition
is not to be simulated) but TECTOP does equal 1, a
series of decimal values (TER array) should be read
in at this point in the sequence. This will supply an
amount of terrestrially derived sediment to eachcell
that is constant for each time increment but may vary
from cell to cell. The values read in should be their
appropriate geographic positions, beginning in the
upper left corner of the map. The values should be
in the same units (i.e., no tenfold exaggeration)as
used for depth and other sediment values used with
the program.

- If TECTOP
equals 1, decimal values (SUB array), should be
read in as follows (example given in lines 114 to
117, Table 2):

(1) The threshold value of tolerance to sand
(in units available for deposition) of each
organism community, in ascending order
of the integers which symbolize the organ-
ism communities. The units should be the
same as used elsewhere in specifying sed-
iment increment (in feet, meters, etc.)
per increment of time., Organism com~
munities are not affected below the
threshold level, but are progressively in-
hibited above it.
Intolerable level of organism communities
with respect to sand supply (organism
communities are of low vitality above
this level and do not contribute organic
sediment).

(3)  Threshold value with respect to mud.

(4) Intolerable value with respect to mud.

Output options. - If TECTOP equals 1, aseries
of integers (SECTOP array) should be read in on a
separate card which contains a number of values
equal to the number of time increments. Each in-
teger specifies the choice of maps and vertical sec-
tions to be printed out for the corresponding time
increment (example in line 118 of Table 2), as
follows:

2)

Output for each time increment, will
include depth map, organic-increment
map, organism-community map and facies
map, but will not include map of rate of
supply of terrestrially derived sediment,
nor structure map, nor either of two ver-
tical sections.

1 Output, for each time increment, will
include all forms of output available
from program.

2 Output, for each time increment, will



consist only of the two vertical sections
(provided that KK and KD are not equal
to zero).

Output, for each time increment, will
consist of depth map, organic-increment
map, facies map, organism-community
map, and the two vertical sections, but
will not include map of rate of supply of

terrestrially derived sediment nor the

structure map.
If TECTOP does not equal 1, the program could be
modified for experimental purposes with organism
communities alone, ignoring tectonic warping, water
depth and other aspects. Provision for appropriate
output would have to be made in the modified pro-
gram.,

Table 2.~ Listing of data cards used as input to program to produce output shown in Figures 13 to 20,

5% = SPNG/CRIN, DOL = SPNGs / = PHYLLOID ALGy + = OSAGJAsM=SWP,

OSCIL DLTS 1

5 15 40 8 ] 1 2 1 10 5060 1060 340 1,40 011 075 28 9 0.0 2
11 #CONTROL B 3

5 5060 4eB 446 4Lo4 Le?2 4
5 4¢0 348 346 3.4 3,2 5
5 340 268 246 28 242 6
5 240 148 146 144 142 7
5 1.0 «8 [Y:) ol o2 8
S 8 1le0 140 440 1.0 1. *#1 CFC 9
5 1le le7 840 1 lae *2 CFC 10
5 1e0 144 1660 1 le *3 CFC 11
5 160 1425 3240 1. le *4 CFC 12
5 1l lel 840 1. le 13
5 1l 1e0 540 le le 14
5 1l 160 264 le le 15
5 1.0 Oe5 Nel 1.0 le 16
1171111111111111111111111122222222°2 211111 17
111111111111 1111111111111222222222211 111 18
1111111111111111111111112222222222211 111 19
111111111111111111111111222222222221111 1 20
1111111111111111111111122222222222111111 21
1111111111111111111111222222222222111111 22
111111111111111111111222222222222111111 1 23
1111111111111111111122222222222221111 111 24
1111111111111 111112222222222222211111111 25
1111111111111 1112222%?22222222222211111111 26
1111111111111 122222222222222?222211111111 27
111111111111 1222222222222222222221111221 28
1111111111 112222222222222222222222222222 29
11111111111 1222222222222222222222222222:?2 30
1111111111 122222222222222222222222222222 31
0e0 3( 0 33.0 100 *DELTA GEOM 32

11 -1 11 -1le 11, -1 11 “1. 11 =1 11e =1 1le =16 1le =1 33
10 10 10 11 12 13 14 14 15 16 16 17 18 19 20 20 20 20 20 20 20 20 20 20 *TCT 1 34
20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 * TCT 1 35
10 10 10 11 12 13 14 14 15 16 16 17 18 19 20 20 20 20 20 20 20 20 20 20 *TCT 2 36
20 20 20 20 20 19 19 19 19 19 20 20 20 20 20 20 * TCT 2 37
10 10 10 11 12 13 14 14 15 16 16 17 18 19 20 20 20 20 20 20 20 20 20 20 *TCT 3 38
20 20 20 19 19 19 18 18 18 18 19 20 20 20 20 20 * TCT 3 39
10 10 10 11 12 13 14 14 15 16 16 17 18 19 20 20 20 20 20 20 20 20 20 20 *TCT & 40
20 20 19 19 19 18 17 17 17 18 18 19 20 20 20 20 * TCT 4 41
10 10 10 11 12 13 14 14 15 16 16 17 18 19 20 20 20 20 20 20 20 20 20 20 *TCT 5 42
20 20 19 19 18 18 17 16 16 16 17 18 19 19 20 20 * TCT 5 43
10 10 10 11 12 13 14 14 15 16 16 17 18 19 20 20 20 20 20 20 20 20 20 20 *TCT 6 44
20 20 19 18 18 17 16 15 15 16 17 18 20 20 20 20 * TCT 6 45
10 10 10 11 12 '3 14 14 15 16 16 17 18 19 20 20 20 20 20 20 20 20 20 20 *TCT 7 46
20 19 19 18 17 16 15 14 15 16 17 18 19 20 20 20 * TCT 7 47
10 10 10 11 12 13 14 14 15 16 16 17 18 19 20 20 20 20 20 20 20 20 20 20 *7CT 8 48
20 19 19 18 17 16 15 14 14 15 16 18 19 19 19 20 * TCT 8 49
10 10 10 11 12 i3 14 14 15 156 16 17 18 19 20 20 20 20 20 20 20 20 20 20 *TCT 9 50
20 19 19 18 17 16 15 14 15 16 16 17 18 19 19 19 * TCT 9 51
10 10 10 11 12 13 14 14 15 16 16 17 18 19 20 20 20 20 20 20 20 20 20 20 *TCT10 52
2019 19 18 17 i7 16 15 15 16 16 17 18 18 18 18 * TCT 10 53
10 10 10 11 12 3 14 14 15 16 16 17 18 19 20 20 20 20 20 20 20 20 20 20 *TCT11 54
20 20 19 18 1& 17 17 16 16 16 16 16 15 16 17 17 * TCT 11 55
10 10 10 11 12 13 14 14 15 16 16 17 18 19 20 20 20 20 20 20 20 20 20 20 *TCT12 56
20 20 19 19 18 18 18 18 18 17 17 16 14 13 15 16 * TCT 12 57
10 10 10 11 12 1% 14 14 15 16 16 17 18 19 20 20 20 20 20 20 20 20 20 20 #TCT13 58
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20 20 20 19 19 18 18 18 18 18 17 16 15 12 13 15 * 7CT 13 59

10 10 10 11 12 13 14 14 15 16 16 17 18 19 20 20 20 20 20 20 20 20 20 20 *TCT1l4 60
20 20 20 20 19 19 19 19 18 18 18 17 16 13 12 14 * TCT 14 61
10 10 10 11 12 13 14 14 15 16 16 17 18 19 20 20 20 20 20 20 20 20 20 20 *TCT15 62
20 20 20 19 19 19 19 19 19 18 18 17 16 16 15 15 * TCT 15 63
14 19 28 35 42 50 56 61 64 68 72 74 77 79 81 82 84 84 83 82 81 80 77 75 *DPT 1 64
73 70 68 65 64 62 61 61 63 65 67 69 70 T1 72 74 * OPT 1 65
15 20 28 36 43 52 57 61 65 69 72 75 77 80 81 82 83 83 82 81 80 78 75 72 *DPT 2 66
70 67 64 62 60 59 58 59 60 62 65 67 70 71 72 73 * DPT 2 67
15 20 28 37 45 52 57 62 66 70 73 75 78 80 81 82 82 82 81 80 78 75 73 70 *DPT 3 68
67 64 61 59 57 57 57 58 59 61 64 68 70 71 72 712 * DPT 3 69
16 20 28 37 44 52 57 62 66 70 73 75 78 80 81 81 81 81 80 78 76 73 71 68 *DPT 4 70
65 62 59 57 56 56 57 58 59 61 66 69 71 72 72 712 * DPT 4 71
16 20 28 36 44 51 57 62 66 70 72 75 77 79 80 81 80 79 78 76 74 71 69 66 *DPT 5 72
63 60 58 56 54 54 55 58 59 62 67 71 72 72 71 71 * DPT 5 73
16 20 27 35 43 51 56 61 65 70 72 74 76 78 79 79 78 77 76 74 72 70 67 64 *DPT 6 74
61 59 55 52 51 52 55 59 60 66 70 71 71 70 70 69 * DPT 6 75
15 20 26 33 42 50 55 60 65 69 72 74 75 76 75 75 T4 72 71 71 70 68 66 63 *DPT 7 76
61 57 52 49 49 52 56 60 66 70 71 70 70 68 66 65 * DPT 7 77
15 19 25 32 40 48 53 59 63 68 71 73 74 73 72 71 70 69 68 67 66 66 65 63 *DPT 8 78
60 54 49 48 49 52 59 65 70 71 70 68 65 63 62 61 * DPT 8 79
14 18 23 30 39 46 52 57 61 66 69 71 72 71 70 69 66 64 62 62 63 63 63 61 *DPT 9 80
59 52 49 48 50 57 62 70 70 70 66 62 60 58 57 56 * DPT 9 81
13 17 22 28 36 42 50 55 60 63 67 70 71 70 67 63 61 59 59 59 60 60 61 60 *DPT 10 82
57 51 48 49 52 60 63 69 69 64 60 57 S4 51 50 50 * DPT 10 83
11 16 20 27 32 40 47 52 57 60 63 66 67 63 61 58 55 53 52 53 54 56 57 57 #DPT 11 84
53 50 47 49 54 61 64 66 62 59 55 51 48 45 43 44 * DPT 11 85
10 14 19 24 30 37 42 50 53 58 60 61 61 58 55 52 48 47 47 48 50 52 53 53 *DPT 12 86
51 49 47 49 53 60 62 61 59 54 50 46 42 39 39 40 * DPT 12 87
9 12 17 21 27 32 40 46 51 53 56 57 56 53 50 43 40 39 40 42 45 &7 50 49 *DPT 13 88
47 44 43 47 51 56 58 57 53 50 46 41 36 31 31 32 * DPT 13 89
7 11 15 20 25 30 35 40 46 50 51 51 50 48 42 38 36 36 37 38 41 43 44 43 *DPT 14 90
40 39 40 43 48 51 52 51 49 46 41 36 30 27 27 28 * DPT 16 91
6 9 13 19 22 27 31 36 40 43 45 45 44 41 39 36 34 33 34 36 38 39 40 39 *DPT 15 92
37 36 37 39 42 44 45 44 43 40 37 30 28 22 23 24 * DPT 15 93
3¢ 3. 64 lbe 4 94
4e 4e 154 Be s *2 95
56 5. 30 6. 4e *3 96
6e 6o 45. 4 4o *4 97
6e 5 25 2e be *5 98
5¢ 4e  Be 6e L *6 99
o 4o 4o 12, bLe 100
36 26 2. 264 2e *8 101
4040 2540 3.0 240  =15.0  *UP DEP LIM 102
20040 8540 6840 1040 540 *LOW DPT LIM 103
BOeO 85,0 3040 540 0,0 *FAV DPT 104
5 =540 5040 * LIMITS OF TERRESTRIALLY-DERIVED SED FADEOUT 105
Y-y 106
o2 «3 107
$02 01 %3 108
«02 403 *4 109
o500 o4 %5 110
1.0 50 *6 ) 111
15:0 10.0 %7 112
70 8.0 *8 113
0e5 045 0.8 145 5.0 *SAND MIN TOLERANCE 114
240 240 340 340 2540 *SAND MAX TOL 115
Oet 1.0 Ot 1.0 540 *MUD MIN TOL 116
1640 1e5 240 240 1540 * MUD MAX TOL 117
11111111 % SECTOP 118
OUTPUT FROM PROGRAM reference's sake, providing a record of the input
controls used to obtain a particular set of results.
Types of output from the program depend on the The following information is part of the output, sub-
options specified in the control cards, and on the ject to variations which depend on options exercised
number of time increments. Examples of output, in use of the program.
based on data listed in Table 2, are given in Fig- (1) Values used as exponents (CPX array) in
ures 13 to 20. The different arrays of numbers selecting organism communities (Fig. 13).
printed out in Figures 13 and 14 reiterate data that (2) The relative vitalities (labeled "organism
have been read in, and are part of the output for community factors for cycle") of organism
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3)

S))

(6)

7)
(8)
©)

(10)

communities (in columns) for each time
increment (in rows), are given (Fig. 13).
The geographic coordinates of river mouth
creating delta deposits (Fig. 13).

The maximum increments of sediment con-
tributed by each organism community (in
columns) for each time increment (in rows),
are given (Fig. 13).

Depth limits for each organism community
(in columns) upper depth limit (First row),
lower depth limit (second row), and most
favorable depth (third row), are given
(Fig. 13).

An array showing the geographic location
of warping increment values (multiplied

b feng) per time increment (Fig. 13).

TKe increment values of sand and mud
supplied per time increment (Fig. 14).
Sediment tolerance limits of organism
communities (Fig. 14).

An array showing the geographic location
of organism communities which initiall
populated the area. Symbols (Table 3)
have been substituted for the integers
which are used for actual representation
of the organism communities (Fig. 14).
Arrays showing the rate of supply of ter-
restrially derived sediment at each geo-
graphic cell per time increment (Fig. 15).

(11)

(12)

(13)

(14)

(15)

(16)

(17)

Arrays which form structure maps showing
elevations of a particular datum with re-
spect to sea level at a time increment
(Fig. 15).

Arrays showing amount of organically
derived sediment contributed during a
time increment (Fig. 15).

Arrays forming depth maps showing ele-
vation of bottom with respect to sea level
during successive time increments. Neg-
ative values denote elevations above sea
level (Fig. 16).

Arrays forming organism community maps
or biofacies maps, during successive time
increments (Fig. 17).

Arrays forming facies maps showing pre-
dominant single lithologic type deposited
in each geographic cell during successive
time increments (Fig. 18). Dotsrepresent
sand, dashes mud, and the organism com-
munity symbols used elsewhere represent
organically derived sediment.

Vertical sections along one of the rows of
the map showing structure and lithology
at successive time increments (Fig. 19).
Vertical sections along one of the columns
of the map showing structure and lithology
at successive time increments (Fig. 20).

Table 3. - List of symbols which are substituted for integers in printing out facies maps and organism-
community maps. Substitutions can be made by changing cards 18 and 19 of program (Table 1).

Integer Equivalent Integer
symbol
1 * 11
2 $ 12
3 / 13
4 + 14
5 M 15
6 = 16
7 . 17
8 1 18
9 A 19
10 2 20

Equivalent
symbol

MomMmOIghNWwW |

Integer Equivalent
symbol
21 7
22 G
23 8
L 24 H
" 25 9
26 |
g\g J
K
29 L
30 M

29



= = SPNG/CRIN, DOL = SPNG, / = PHYLLOID ALG, + = OSAGIA,M=SWP, OSCIL DLT

THE CPX ARRAY CRGANISM COMMUNITY FACTORS FOR CYCLE

5.00 4.80 4460 4,40 4.20 1.00 1.00 4.00 1.00 1.00
4,00 3.8C 3.60 3.40 3.20 1.00 1.70 8.00 1.00 1.00
3,00 2.80 2.60 2.40 2.20 1.00 1.40 16.00 1.00 1.00
200 1.80 1.60 1.40 1.20 1.00 1.25 32.00 1,00 1.00
1.00 +80 60 40 20 1.00 1.10 8.00 1.00 1.00

1.00 1.00 5.00 1.00 1.00
1.00 1.00 2.40 1.00 1.00
1.00 «50 «1C 1.00 1.00

COORDINATE INDEX VALUES FOR PATH CF DELTA FOR EACH PHASE IN CYCLE, ROW COORD IN LEFT COL, COLUMN COORD IN RIGHT

11.00 -1.00 11.00 -1.00
11.00 -1.00 11.00 ~-1.00
11.00 -1.00 11.00 -1.00
11.00 -1.00 11.00 ~1.00

SEDIMENT INCREMENT VALUES FOR EACH COMMUNITY(IN COLS) FOR EACH PHASE IN CYCLE (IN ROWS )

3.00 3,00 6.00 14.00 4,00
4.00 4,00 15.00 8,00 4,00
500 5.00 30.00 6,00 4.00
600 6.00 45.00 4,00 4.00
6.00 5.00 25.00 2.00 4.00
500 4.00 B8.00 6.00 4.00
4400 4.00 4.00 12.00 4.00
3.00 2.00 2.00 24.00 2.00
UPPER AND LOWER DEPTH LIMITS, AND MOST FAVORABLE DEPTH, IN UNITS WITH RESPECT TO SEALEVEL

(IN ROWS) FOR EACH SEDIMENT/ORGANISM COMMUNITY( IN COLUMNS)

40.0 25.0 3.0 2.0 -15.0

2

WAR
9

9

00.0
80.0
P ING

9

9
9
9
9

o

9

9

85.

0

55.0

68.0

30.0

INCREMENTS

9 10 11

9 10 11

9
9
9
9

9

9

10
10
10
10
10
10
10
10
10
10
10
10
16

11
11
11
11
11
11
11
i1
11
11
11
11
11

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

IN
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13

10.0

5.0

5

-0

-0

UNITS PER CYCLE MULTIPLIEC

13 14 15 15 18

13
13
13
13
13
13
13
13
13
13
13
13
13

13

14
14
14
14
14
14
14
14
14
14
14
14
14

14

15 15 16

15
15
15
15
15
15
15
15
15
15
15
15
15

15
15
15
15
15
15
15
15
15
15
15
15
15

16
16
16
16
16
16
16
16
16
16
16
16

16

17
17
17
17
17
17
17
17
17
17
17
17
17
17
17

18 19 19

18
18
i8
18
18
18
18
18
18
18
18
18
18

18

19
19
19
19
19
19
19
19
19
19
19
19
19

19

19
19
19
19
19
19
19
19
19
19
19
19
19

19

8Y 10

19 19 19

19 19 19

19
19
19
19
19
19
19
19
19
19
19
19

19

19
19
19
19
19
19
19
19
19
19
19
19

19

19
19
19
19
19
19
19
19
19
19
19
19

19

19 19
19 19
19 19
19 19
19 19
19 19
19 19
19 19
19 19
19 19
19 19
19 19
19 19
19 19

19 19

19 19
19 19
19 19
19 19
19 19
19 19
19 19
19 19
19 19
19 19
19 19
19 19
19 19
19 19

19 19

19
19
19
19
19
19
19
19
19
19
13
19
19
19

19

19
19
19
19
19
19
19
19
19
19
19
19
19
19

19

18
18
18
18
19
15
19
15

1

19
19
19
18
18
18
18
18
18
18
18
18
19
19

19

19
19
18
18
18
17
17
17
17
17
17
18
18
19

18

19
19
18
18
17
17
16
16
16
16
17
17
18
18
18

19
18
18
17
17
16
15
15
15
16
16
17
17
18

18

19
18
17
16
16
15
14
14
14
15
16
17
17
18

18

19
18
17
16
15
14
13
13
13
14
15
17
17
18

18

19
18
17
16
15
14
14
13
14
14
15
17
17
17

18

19
18
17
17
15
15
15
14
15
15
15
16
17
17
17

19
19
18
17
16
16
16
15
15
15
15
16
16
17
17

19
19
19
18
17
17
17
17
16
16
15
15
15
16

16

19
19
19
19
18
19
18
18
17
17
14
13
14
15

15

19
19
19
19
18
19
19
18
18
17
15
12
11
12

15

19
19
19
19
19
19
19
18
18
17
16
14
12
11

14

Figure 13.~ Output from program consisting of data in arrays that have been read as input data,
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INCREMENT VALUES FOR TERRESTRIALLY-CERIVED SEDIMENT

PHASE

1

S 0w

~ o w

8

SAND
«60
«20
.02
«02
«50

1.00

15.00

7.00

MUD

«4C

»30

.01

.03

«40

SEDIMENT TOLERANCE

«50

.5

0

«80

2.00 2.00 3.00

40

1.00

INITIAL DISTRIBUTION OF ORGANISM COMMUNITIES

1.0

1.5

MAP NUMBER

10
11
12
13
14

15

-

-

-

(]

(]

*

*

2

0

»

»

«40

«00

»

LIMITS OF CRGANISM COMMUNITIES FOR MIN AND MAX SAND

1.50

5.00

3.00 25.00

1.00

5.00

2.00 15.00

-

*

-

-

.

»

*

$

$

s

$

$

$

$

$

$

$

$

$

$

$

$

VALUES (UPPER TWO ROWS)

$

$

3

$

>

L]

$

$

$

$

$

$

$

$

$

s

-

»w e

$

$

AND MUD (LOWER TWO ROWS)

$

$

$

$

$

$

s

$

$

$

Figure 14,- Output from program consisting of data in arrays that have been read as input data,
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RELATIVE RATES OF TERRESTRIALLY-DERIVED SEDIMENT, MAP NUMBER 4
WITH TRANSITON DEPTH RANGE FRCM UPPER LIMIT OF =-5.0 AND LOWER LIMIT OF 5C.0 UNITS
VALUES HAVE BEEN MULTIPLIED BY 10, MAP NUMBER 4 WHOSE BASE-RATE VALUE IS +05 4WHOSE MAXIMUM VALUE IS 30.05

EAST/WEST LENGTH OF DELTA IS 20.00 UNITS, NORTH-SOUTH HALF-WIDTK IS 10.C0 UNITS, E/W COORD VALUE IS =1.00 , N/S COORD VALUE OF
MOUTH IS 11.0C

-
lo
-
kn
N
o

ol
b
>
L
b

|~
o

1047

36 33 30 27 24 21 18 1512 9 ¢

STRUCTURE MAP 4

43 4% 4, 47

42 41 41 42 43

415 “Q 42

ORGANIC INCREMENT VALUES MULTIPLIED BY 10, MAP NUMBER 4

C ‘

10 15 20 25
9 9 9 1 Vj:mo'l T 40 41 44 48
132 52 73 2089 36 ]"0"7

2238 16 15 15

0 MILES 10

Figure 15.= Output from program consisting of example map showing relative rates of terrestrially derived
sediment (top), geologic structure (middle), and organic increment values (lower). Small letters

and numbers have been printed by computer's line printer; lines and large letters and numbers
have been added by hand,
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DEPTH IN UNITS, MAP NUMBER 1
I 5 10 15 20 25 30 35 40
1 B 9 > 9f 6 606 ] 9 80 8 8 8 8y 9 3 09 ¢ 6 ) 60 9 ING 6 66 6 68 69 0
213 14 2} 34 %1 4q 55 59063 67 TP 73 76 79 8f 81 82 82 81 40 78 76 73 71 49 66 63 4 58 58 56 57 58 X0 64 66 68 69 Jo 71
3131253367525862666727577758078761672965625755555557585 63 66 68 69/70 70
4[13 14, 23 §1 37\ 45 X0 55 Q0 64 67 N 73 75 77 77 77 78 77 75 73 7169 66 63 6) 57 55 54 54 55 56 57 59 65 67 6970 7-_ Lo
5[12 1591 2N 35 %1 48\53 58\62 64 68 WQ 73 74 76 75 T4 T4 12 368 66 64 ¢ 585654525252565765690969
6|y 14 1\ 25 §2 3§ 45 3Q 55 6} &3 65 68 70 72127}106766636 58 57 52 57 55/64 68 69 69 68 68 67
7] 9N2 17\2 2 36 X1 47\s2 5T W 63 65 67 66 67 66 65 64 65 64 63 62,49 58 54 53 55764 68 69 68 68 66 65 64
8l 81 54 58 Q62 62 62 61 61 61 Q=vsT%0 58 56 57/63 69 70 68 66 64 62 61 50
9l 6 9 3 54 57 58 58 58 58 56 54 53 54 55 57 56

0] 4 7 45 IQ 54 56 56 54 50 9434501

1|2 s G0 44 48 BU 4T 46 44 42 41 44=

12| 3 s 4\ 43 45 46 44 4 3636379

13 3 5 37 W 43 40 38 33 31_31 33 25

14 3 5 36 38 38 38 37 33 29 30 32

150 3 s 32 34 35 35 33 32 3 29 28 2}\32

D.PTH IN UNITS, MAP NUMBER 2
2 10 15 20 25 30 35 40
[ 64 68 7% po 3 75 18 17 16 15 LT S5 65 6T 88 1P 1%
23 66 69 9% 80 8L )0 78 76 53 55 56 59 64 65 67 68 5/59'
3 2 63 67 75 77 78 79 79 78 78 76 73 51 54 56 58\63 66 67 68 68 68

T4 75 75 15 13 54 65 67 69 68 68 68
70 64 68 68 68 68 68
66 66 66 56 63 67 68 68 67 67 66

65 63

DEPTH IN UNITS, MAP NUMBER 3

10 15 40
63 S1N8 7¢ 66 w
77 8 67 68 67

76 717 17 66 67 6¢

68 6T 67

65 68 68 68 66 66
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DEPTH IN

UNITS, MAP NUMBER 4

111-3 -3

12(-3 -3

67 64 69{}
67 65 67 65
67 64 64 67
65 65 65 65
64 67 64 64
64 64 63 62

63 ()Lvsf

1,23 23 23 24

13 15 217 17 18 3 3 3
14 16 17 17 18 17 19 3 3 3
16 17 18 18 17 17 18 3 3 3
17 18 19 18 18 18 3 3 2

3 3 3

DEPTH IN

<

NITS, MAP NUMBER 5

27 J2 12 /9 3 3 3 3 3 3 3 3 3 2
2y1113y3 3 2 3 3 3 3 3 2 3 3 3

DEPTH IN

UNITS, MAP NUMBER 6

o]
71 73(68 67(70/62 62

72 711 70 72 7 65 64 69

'.- 9 59062 66]

0”09 59 61 60 61
65 67 68 69 69 69 67 65 [52 A} 59 59 5) 62
5 %2 60 62 _42/59

9 59 59 T>59 59

57 59 59 58 57

59 58 ig)ésfﬁn

55 br s

<1()' :i()a 45 46
26 30 31 33 35 3
1820 22 24 26 28 2832

13 14 16 17

11 11 12 12 24 22f18 10 1 4 4 3 3 3 3 3 3 3

& MILES 10
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DEPTH IN UNITS, MAP NUMBER 7

-

1]-2

15 20 25 39
o@ 48 45 44 47 \39 39 37 38 40

323 40
37 37 36 36 39(63

47 46 47(52 J4T 42 41 40 4BN\38 36 37 7 36 36 38 37 38

40+

41-1 3n 2R 2R

4

36 34 39

10]-4

11]-4

13)-4

14]-4

15]-4

DEPTH IN UNITS, MAP NUMBER 8

8 " i "
13 =3 =3 2 (:)35 37 26 26 28 31
212 -2 -1 32 33 38 26 21 27 27
3]-1 o 26 26 25 28
41-2 -2 -1 27 28 28 26
50-3 -3 -2 26 26 26 26
6]-3 -3 26 26 25 24

5 MILES 10

Figure 16,- Series of maps showing progressive changes in depth through eight increments of geologic time,
Depth values are in feet, Positive values pertain to feet below sea level; negative values to
feet above sea level, Letters and small numbers have been printed as output from program on
computer's line printer; continuous lines have been drawn by hand.
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ORGANISM COMMUNITY MAP
MAP NUMBER 1

GRGANISM COMMUNITY MAP

MAP 'éNBEK 2
490

117 7 /

*
*
.

-

-

217 1 /7

>
-
.
-
*

317 1 7

* * * =2 § % » » §

ORGANISM COMMUNITY MAP

MAP %HBER 3
Z 10 125 20 25 30 35 40
/

1

2

3
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ORGANISM COMMUNITY MAP
MAP NUMBEK 4

ORGANISM COMMUNITY MAP
MAP NUMBER 5

20

13

14

15

ol

SPONGE-
: « CR

»

D ALGAL

/7 7
7/
/
/7
/7 7
/7 7
/

/

/

-

INOID

/

/

$

/7 7
/7 7
77
/7
/7
/77
77
/7

ORGANISM COMMUNITY MAP
MAP NUMBER 6

10

11

12

13

14

15
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CRGANISM COMMULNITY MAP
MAP NUMBER 7

'0 25

SPONGE- :
CRINOID

PHYLLOID

s(ys

" ALGAL’

ORGANISM COMMUNITY MAP
MAP NUMBER 8

MILES 10

Figure 17.- Series of maps showing progressive changes in geographic distribution of organism communities
through eight increments of geologic time., Symbols have been printed by computer's line printer;
lines have been added by hand, Numbers at left and top edge of maps are row and column in-
dexes, Asterisks pertain to community consisting predominantly of crinoids; dollar signs pertain
to sponge community; slash symbols to phylloid algal community; plus signs to Osagia calcarenite;

and M's to swamp community.
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FACIES MAP
MAP NUMBER

3 ).
4 1le o
5 e o
6 . .

8 le o
. -
10 |« o
11 |. =

12 . =«

D T T
e e s e s e
D T Y
e o e o s e
D T
P T
I I )

. =
. .
o« .

FACIES MAP

MAP léFBER

SPONGE- °
. . CRINOID

FACIES MAP
MAP NUMBER
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FACIES MAP
MAP NUMBER 4

FACIES MAP
MAP NUMBER 5

o e e

/ /177

PHYLLOID

e e s e s . /
I VA o)

D /01

e e e s /7 1/

FACIES MAP
MAP NUMBER [

10

11

12

13

14

15
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FACIES MAP
MAP NUMBER 7

5 10 15 20 25 30 35 40
1 |. e e e o s e o e s e e .« e e . . . o« . . . . e e .
2 o . e s e .« . .« . . e e s e e e e e o e o o s s s e e s s e o
3 . . . o . . . e e e e e e e e e e s+ & e s e o o
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
5 e o o . . . . s e e e o e . o e e . e s s e e e s o & »
6 . . e . . . e e e e s o e e o e e s e s s e e e o o
7 e o PR e e e s s e e e e s e o e e s . o . s« e e s e e e e e e e o
8 Je o o . . . « . . T P . ¢ o o e e e s s & g e e o e e e o o
9 . - - . . . . e . . . . - e . . . o e . . . e .
10 |. . e s s e e e o . . . . s s e s 4 e s e s s e e o e & .
11 . o e D . . . o e e e . e o o e s s s e s e o
12 Jo o o o e e o o e . e e s e e o s & e e e e e e e e e s e s e o =
13 o o o o . e e e e . . o e . . . C— e e e s o e s e s e o o
14 |. . . Y . . . o« e e e o o o & o e & s e e s s s e e o
15 . .« . o e e s e « e e . e o e e o o e & s e e e e e e
FACIES MAP

MAP NUMBER 8

é 2 10 15 290 25 30 35 40
1M M -

5 MLES 10

Figure 18.~ Series of maps showing progressive changes in facies during eight increments of geologic time.
Symbols have been printed by computer's line printer; lines and large letters have been added by hand.
Numbers at left and top edges of maps are row and column indexes.,
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EXPERIMENTS WITH PROGRAM

Two related experimental runs with the model
are shown in Figures 16 to 22, In both experiments,
the objective has been to see what assumptions are
needed, expressed as input to the model, toproduce
results that generally resemble marine deposits of
Pennsylvanian age in southeastern Kansas (Harbaugh,
1959, 1962; Harbaugh and others, 1965). A forth-
coming paper will describe the results in more detail.
It is to be emphasized, however, that the results
shown here are hypothetical. The following assump-
tions (expressed as data which were input to the
model) were made in both experiments:

(1)  That a large river brought substantial
quantities of sand and mud into a marine
depositional basin. The river flowed in
a northerly direction (assuming that the
maps are geographically oriented such
that south is to the left

(2)  That the river debouched to supply sand
and mud at rates which tapered off pro -
gressively moving away from the river
mouth in all directions.

(3) That five organism communities were
available for colonization within the area:

(@)  crinoid community

(b)  sponge community

(c) phylloid algal community

(d) Osagia-calcarenite community
(e) swomp community

(4)  That depth varied from place to place
initially (Fig. 16-1).

(5) That each of the organism communities
was depth dependent, and each was
assigned an assumed minimum depth, max-
imum depth, and most favorable depth
(Fig. 13).

(6)  That each of the organism communities
was sensitive to terrestrially derived
sediment (sand and mud), and each was
assigned a threshold and intolerable value
for sand, and for mud, (Fig. 14).

(7)  That terrestrially derived sediment was
supplied to the basin at rates which
varied from one increment of time to the
next (Fig. 14). The rate during a given
time increment was the same to all cells
that lie outside the site of deltaic de-
position.

(8)  That rate of tectonic warping varied from
cell to cell but was constant within a
given cell during each time increment.

First Example of Simulation Run

The output from the program, illustrating the
first of two simulation runs shown here, appears in
Figures 16 to 20. Both have been moved forward
through eight time increments.

Depth changes.- Changes in depth during the
eight increments are shown in Figures 16, 19, and
20. The initial depth values, fed in as input data,
are very close to those shown in Figure 16-1, Pro-
gressive variations in depth occur, and are due
mostly to gradual filling in of the basin, although
some tectonic downwarping occurs during the run
(compare Fig. 19-1 with 19-8). During the simu-
lation run, variations in depth had strong influence
on localization of organism communities (Fig. 17)
as well as strongly influencing the development of
beaches (Fig. 18).

One of the notable influences of depth is local-
ization of carbonate banks (produced mostly by
phylloid algae) in the eastern part of the area.
These banks, stimulated by initial shallow places
(Fig. 16-1), rapidly built up into shallow water
(Fig. 19,20). In the southern part of the area,
where shallow water conditions also prevailed in-
itially, prominent carbonate banks did not form be-
cause of the inhibiting influence of sand and mud,
which was poured into the basin by the river flowing
in a south to north direction.

At the end of the run, much of the basin area
being simulated had been filled in, so that depths
in most places lay close to sea level (Fig. 16-8).
In the southern part of the area, swamps, which lay
slightly above sea level (indicated by negative
values here), had formed by progressive spreading
over areas that previously lay slightly below sea
level (Fig. 16-4 to 16-8).

Organism communities. - Changes in organism
communities during the run are shown in Figure 17,
The area was initially populated (by reading in as
input data, Table 2) by crinoids (symbolized by
asterisks, Fig. 14) and sponges (symbolized by dollar
signs). The distribution of organism communities
after the first increment of time is shown in Figure
17-1, where the geographic location of each com-
munity is compatible with depth limits, established
as input data. The changes in distribution of organ-
ism communities that may be observed in the remain-
ing runs (Fig. 17-2 to 17-8) reflect adaptation to (a)
changing depths (Fig. 16), as much of the area was
gradually filled with sediment, (b) externally im-
posed changes in vitality of each of the organism
communities, (c) the natural succession of organism
communities, and (d) variations in proportions of
terrestrially derived sediment available for deposi-
tion ot each time increment. The externally imposed
changes in vitality form a crude (but forceful) way
of mimicking environmental changes where the overall
effect is to stimulate the relative geographic spread
of certain communities, and inhibit the spread of
others. The tendency of one community to replace
another, as time progresses, is relatively weak in
the example shown here, but does have some in-
fluence.

The following general changes in distribution




of organism communities can be observed:

(1) Due to continued strong vitality, the
phylloid algal community (symbolized by
a /) tended to spread into areas where
depths range from about 5 to 60 feet,

At depths greater than 60 feet, the cri-
noids (*) and sponges ($) continued to
dominate.

At depths ranging from sea level to about
5 feet, the Osagia community (+) dom-
inated, whereas above sea level (negative
values for depth), the swamp community
(M) dominated.

Facies. = The symbols in Figures 18 to 20 por-
tray the lithology of the most quantitatively impor-
tant sediment type. If one of the sediment types
contributed by an organism community predominates
in a particular cell, then the same symbol is printed
as on the organism community map for that cell.
Where sand predominates, a dot isprinted, and where
mud predominates, a dash is printed.

The variations in the facies maps (Fig. 18) and
the sections (Fig. 19, 20) reflect the following
principal influences:

(2)

©)

(1)  Variations in the relative proportions of
mud and sand supplied from terrestrial
sources.

(2) The presence of the river mouth near the

western edge of the area, resulting in
development of a delta complex, the
inability of the phylloid algal community
to contribute much sediment in those
parts of the area where mud and sand are
supplied in abundance, and the beach
processes by which mud is winnowed from
the sand.

Note the bands of dots in Figure 19 and in Fig-
ure 18-2, 18-4, 18-6, and 18-8 that represent
beach deposits. Note also the development of top-
set, foreset, and bottomset beds (Fig. 19) that form
a realistic delta complex that interfingers, at its
eastern edge, with a phylloid algal bank.

Second Example of Simulation Run

The results from another simulation run, in
which changes in external influences listed below
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were made, are shown in a series of sections in Fig-
ures 21 and 22 (the corresponding maps of water
depth, organism community distribution and facies
distribution are not reproduced here). The principal
differences in external conditions are (a) that the
influence of the river in supplying terrestrially de-
rived sediment does not extend as far to the east as
in the first simulation example (Fig. 19, 20) and (b)
that the terrestrially derived deposits consist pre=
dominantly of mud, except in time increments 1 and
8, where sand predominates.

The response of the model indicates that it is
quite sensitive to these changes. The most obvious
difference is the lack of alternating beds of mud and
sand in the deltaic deposits in the southern (to left)
part of the area. On the other hand, the importance
of beach processes in producing sandy deposits in
shallow water is evident. Note how the beach de-
posits in the southern part of the area progressively
migrated toward the east (Fig. 21-3to 21-6) as basin
filling continued. Another important difference is
marked by the greater area covered by phylloid
algal banks in the second example. Due to the
shorter south-to-north influence of the delta de-
posits in the second example, the phylloid algal
community was capable of extending farther north
than in the first example (compare Figure 19-3 to
19-6 with Figure 21-3 to 21-6). The differences in
geographic expanse of the algal banks reflect the
inability of the algal community to contribute sedi-
ment in quantity due to the inhibiting influence of
mud or sand. Thus, the algal banks formed princip-
ally at or beyond the delta margin in places where
depth conditions were appropriate.

The two examples of simulation runs shown here
are relatively crude in that they incorporate only a
few of the processes that could ultimately be incor-
porated in a dynamic model to simulate shallow water
marine environments, Furthermore, the models are
divided into cells on a relatively coarse scale, there
being only 600 (15 by 40) cells to represent the geo-
graphic expanse of the area. In spite of these sim-
plifications, the model performs with suprising
realism, adapting to differences in conditions im=
posed on it, and demonstrating the power of simu-
lation as a means of experimentation.
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indexes. Use of symbols is identical with use described in caption of Figure 19.
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