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Editor’s Remarks

The U.S. Geological Survey has announced a new series of open-file publications dealing with com=
puter contributions. These reports will include computer program descriptions and related material. The re-
ports will be of interest to computer-oriented workers in the earth sciences, mathematics, computer science,
engineering, administration, accounting, and other fields. To date four reports have been issued:

(1) Computer Contribution 1, Weighted triangulation adjustments, by W.L. Anderson, 1969

(2) Computer Contribution 2, Perspective center determination, by J.D. McLaurin, 1969

(3) Computer Contribution 3, Non=constant variance regression analysis, by M.S. Hellmann, 1970
(4) Computer Contribution 4, Hot pipe, by P.C. Doherty, 1970

Copies are available free on application to the Chief, Computer Center Division, U.S. Geological
Survey, Washington, D.C. 20242, The U.S.G.S. is to be commended for initiating the new series which
will be most welcome by all quantitative-oriented earth scientists.

The Water Resource Division (Kansas District) of the U.S. Geological Survey has been publishing com=
puter programs in the Special Distribution Publications of the Kansas Survey for several years. These programs
have been concerned, for the most part, with water problems. Other sections of the U.S.G.S., notably
geochemistry, also have been involved in developing computer programs.

This program "FORTRAN |V program for simulating geologic development of sedimentary basins", by
D.R. Ojakangas is another contribution in the area of simulation. Simulation is gaining a place in its own
right in applications by earth scientists. Geology, long an observational and historical science, now has the
opportunity of experimentation. The program will find use not only by teachers demonstrating geologic pro-
cesses but by operational geologists.

For a limited time the Geological Survey will make available the program on magnetic tape for $25.00
(US). If punched cards are required an extra $10.00 (US) is necessary to cover the cost of handling and post=-
age. A complete list of COMPUTER CONTRIBUTIONS can be obtained by writing Editor, COMPUTER CON-
TRIBUTIONS, Kansas Geological Survey, The University of Kansas, Lawrence, Kansas 66044,

* Active Member, ° Associate Member, *Junior Member, American Association of Petroleum Geologists



FORTRAN IV PROGRAM FOR SIMULATING GEOLOGIC DEVELOPMENT

OF SEDIMENTARY BASINS

by

Dennis R. Ojakangas

ABSTRACT

A FORTRAN 1V program is described for simulating geologic processes involved in the development of
oil traps. Deposition, diastrophism, compaction and erosion can be defined mathematically and the struc=
tural highs within the three=dimensional model located.

The geology of the model area is gridded manually into a regular pattern and described in algebraic
terms. Time is segmented by defining basement topography and then the geologic events as they are believed
to have occurred. Experimentation with different hypotheses may be required to approximate the observed

geology.

Visual displays can be specified at any time during the model development, permitting analysis of re=
sults before continuing with succeeding events. Displays include listings of geologic columns, structural
elevations, and isopachous intervals and CALCOMP-plotted stratigraphic cross sections.

INTRODUCTION

It is possible to define and visualize individ=
ual geologic events by traditional field methods.

The effects of combinations of events could produce
results, however, that would be difficult to visual=
ize if considering each event or geological process
as an entity. A mathematical method is described
for imitating or simulating some geologic processes
and events which are important in the development
of structural, erosional and sedimentary facies -
type oil traps. The geologic processes are imitated
by successive evaluations of equations.and decision=-
making operations which are incorporated into com=-
puter programs. The computer programs can help re=
construct the geologic history of an area by allowing
experimentation with different hypotheses. Several
assumptions can be allowed and the variables em-
bodied within the assumptions can be modified to
make the results obtained with the simulation program
agree with observed geology. The goal is not solely
to match the observed geology, but also to explore
the adjustments in the assumptions that are needed to
obtain a reasonable match. This technique of simu-
lation can give valuable insight into complex rela=
tionships of geologic processes. It might be possible
to extrapolate knowledge gained from simulating an
oil field into other areas of potential oil accumula-
tions within the same basin.

The geologic processes which can be simulated
by the computer program are: (1) deposition of lith=
ologic units, (2) erosion, (3) diastrophism represented
by the upward or downward movement of the basement
rocks and overlying sedimentary strata, and (4) com-
paction of shale. Testing for structural highs as pos-
sible sites of oil accumulation also is possible. Geo-
logic variables, such as permeability, are difficult to

define over a wide area. However, the variables

used in this simulation program are simple and obtained
from direct observations of the geology or by experi-
mentation. The parameters studied are: (1) structural
elevation at various points in geologic time, (2) a-
mount of erosion, (3) rock type, thickness and poros-
ity of the rock units, and (4) amount of diastrophic
movement of the basement rocks.

The simulation program described is a postdep=
ositional model concerned with geological develop-
ment of an area from the time a rock unit is deposited.
The sedimentary factors of source, transportation and
site of deposition are not involved in the modeling.
The simulated process of erosion does not keep account
of the eroded material. Assumptions are made in test-
ing for structural highs as possible sites of oil accumu-
lation. Porous sandstone and limestone are considered
as the only possible reservoir rocks. Permeability par-
ameters and pressures are not used in calculating the
trap locations.

Figure 1 is a graphical representation of the
procedure followed in modeling an area with the sim-
ulation program. The geological interpretation of the
area is described in terms of mathematical variables
and input as the basic data to the simulation computer
program. Graphic displays in the form of cross sec—
tions and listings are output at specified points to
check the geological development of the simulated
model. If the geology of the simulated model does
not agree satisfactorily with the observed geology,
the basic data are modified until the observed geology
has been simulated successfully.

Scale models have helped in the study of many
hypotheses on folding, faulting and salt dome forma-
tion. The problem with scale modeling is the diffi-
culty in finding substances to duplicate the behavior
of rock materials and geologic time. A mathematical
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Figure 1.~ Graphical representation of steps followed in modeling with computer program.



model is a representation of a physical model that
uses mathematical variables, parameters and con-
stants to define materials, forces and events. Mathe-
matical simulation techniques overcome some prob-
lems inherent in scale modeling. It is possible to
vary and define closely the parameters which simu-
late some natural processes and features.

Geologists only recently have begun to use
digital computers for modeling. Harbaugh (1966)
wrote a paper on the mathematical simulation of
marine sedimentation with computers. He success-
fully duplicated the development of delta formation
within a sedimentary basin by imitating the behavior
of sediment as it is transported and deposited. Har=
baugh and Merriam (1968) describe methods for sim-
ulating sedimentary processes with computer models.

Acknowledgments. = This report is condensed
from a doctoral dissertation submitted to Stanford
University (Ojakangas, 1967). | am indebted to
John W. Harbaugh, Stanford University, who super-
vised the research and offered several suggestions to
the original study. Valuable comments were received
from Thomas D. Mueller, Standard Oil Company of
California and Stanford University, Stanley N. Davis,
University of Missouri, and Arvid M. Johnson of
Stanford University. The writer was employed by
Standard Oil Company of California during this re-
search period and Standard Oil Company of Califor-
nia provided the computer and plotter time. Infor-
mation and Computing Centres Canada Limited as=
sisted in the preparation of this manuscript.

PROGRAM DESCRIPTION

The most convenient way to describe geology
in mathematical terms is to lay a grid over the model
area. This permits one value, such as the amount of
erosion, to represent the average condition for each
grid unit. Time is segmented by having the processes,
such as deposition and erosion, cover a specified time
interval.  Figure 2 shows the method of gridding an
area and the grid numbering scheme. The program as
written requires each grid to be a square.

The system of programs has a main program and
twelve subroutines. Table 1 contains the names and
functions of the subroutines. The user controls the
program by inserting data cards with certain geologic
instructions as specified in Appendix B. The main
program determines the action to be taken. The main
program reads a TITLE card to start a job and a PAR-
AMETER card which contains the job identification,
the number of grid units in both the X and Y direc-
tion, and distance between grid centers. A BASE -
MENT card then is read followed by the basement
elevations. The basement elevations are defined as
those believed to represent the basement topography
at the start of deposition. Then the thickness, rock
type, and porosity for the first period of deposition
are given as well as the parameters for periods of
erosion and diastrophism.

SUPERIMPOSED
GRID LINES

Figure 2. - Illustration of 4 by 3 grid model showing
method of gridding geologic data. Numbers
show grid numbering scheme.

Deposition

The subroutine is entered by a DEPOSITION
control card. The thickness, rock type and porosity
are read for each grid unit. The thickness of the
shale units should be increased by the amount to be
compacted. This is an experimental variable to es-
tablish the original thickness of mud at the time of
deposition. An option is available to restrict depo=
sition to below sea level.

If deposition below sea level only is desired,
the elevation at the top of the stratigraphic column
is calculated by

N
ELEV =BASELV(I) + Y. SAVE(K),
K=1
where BASELV( 1) is the basement elevation for
grid (1), and
SAVE(K) is the thickness of each of

the previous N rock units
for grid (1).

Then, if ELEV < 0, ELEV =ELEV + F(l),

where F(I) is the thickness of the rock
unit currently being depos-
ited,

or, if ELEV> 0, F(l)=0,

then, if ELEV >0, F(l)=F(l) - ELEV.

Five rock types are recognized by the subroutine.



Table 1.- List of subroutine and functions.

SUBROUTINE
DEPOTS
COMPAC
DIASTR
ERODED

basement rock.

STHIGH

accumulation.
DYSNAP
PLANVU
SXPLOT
ENDING

run.
ERRORS

INTRPT
of the computer run.

RSTART

FUNCTION
Reads depositional variables of thickness, rock type and porosity.
Calculates compaction of the shales as a function of the depth of burial.
Reads amount of movement of the basement of the model.

Reads amount of erosion and removes the specified amount of sediment or
Calculates the location of the structural highs as possible sites of oil

Prepares listings for studying the dynamics of the model being developed.
Draws plan view map showing grid description and lines of cross sections.
Draws stratigraphic cross sections at specified locations.

Prepares summary listing of geologic events described during the simulation
Ends the computer run.

Prepares comment describing detected error condition.

Stops simulation run and saves necessary information for a future continuation

Continues a computer run that was interrupted at a previous time.

They are sandstone, shale, limestone, dolomite and
evaporites. Except for shale, the input porosity of
all rock types can differ. The porosity of shale
should be input as 50 percent because the compaction
subroutine assumes a near surface porosity of 50 per-
cent when calculating compaction as a function of
the depth of burial.

Compaction

Compaction is an automatic process not re=
quiring input data other than a COMPACTION con-
trol card.

Compaction in clays and silts is considerable
and continues as long as the pressure on them in-
creases. |t is assumed that only shales have a sig-
nificant enough rate of compaction to be included
in this program. Sandstone, limestone, dolomite and
evaporites have different rates of compaction on a
much less significant scale.

Figure 3 is a depth=versus=pressure curve from
Maxwell (1960). Figure 4 is a modified form of the
pressure ~ versus=porosity curve from Weller (1959).
Values from the curves are used to calculate the
amount of compaction the shales undergo with in-

creased depths of burial. A direct relationship is
used between decreased porosity and amount of com=
paction. If a shale with a thickness of 1000 feet is
reduced to a porosity of 15 percent, it will have been
compacted by 35 percent to a thickness of 650 feet.

Table 2 is a tabulation of porosity values ob-
tained by different methods. The porosities are
shown for certain depths of burial. The values of
Weller (1959) agree closely with those calculated
by the compaction subroutine. Proshlyakov's (1963)
values were derived from actual field measurements.
He stated that the shales contained more than 50
percent clay. Therefore the presence of sand and
silt probably account for the lower beginning poros-
ity. Athy's (1930) figures are from field observations
and he stated that an unknown amount of overburden
was removed by erosion, explaining the lower por=
osity at 5000 feet.

The following steps are taken to calculate the
compaction of shale at each grid location. The av=
erage depth of burial is calculated by finding the
depth to the base and top of the shale unit considered.

N
BASE = 2. SAVE(L),
L=M
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(after Maxwell, 1960). (after Weller, 1959).

where  SAVE(L) is the thickness of each of the The pressure is obtained by using values from the
overlying rock units to the curve in Figure 3.
bottom of the shale unit,

If AVEDEP<< 5000, PSI = (AVEDEP /5000)(4950)

N is the number of the uppermost

rock unit; and If 5000< AVEDEP< 10000, Ps| =(AVEDEP— 3000,
M is the number of the shale unit

being considered. (5050) + 4950

TOP =BASE - SAVE(K), AVEDEP - IOOOO)

If AVEDEP > 10000, PSI = (

30000
where  SAVE(K) is the thickness of the shale
unit, and (34500) + 100000
AVEDEP = (BASE +TOP) / 2 The porosity for a shale unit is obtained by using

Table 2.- Table of percent porosity of shales versus depth of burial from different methods of calculations.

PERCENT POROSITY
DEPTH TO CENTER COMPUTED WELLER | PROSHLYAKOV | ATHY
OF UNIT (FEET) WITH PROGRAM | (1959) (1963) (1930)

0 50 80 27 50

500 33 33 25 37

1000 30 30 22 32

2500 23 22 16 17

5000 14 12 8 6

10000 4 3 5 =

20000 0 0 - =




values from the curve in Figure 4.

If PSI< 100, AVEPOR = 50 - PSI' &
If 100< PSI< 400, AVEPOR = 42 - (ESL= 100)(8)

If 400 < PSI< 1000, AVEPOR = 34 P!~ 6-0'300 4

If 1000<PSI<3000, AVEPOR = 30 - (%! _2(;8802(10)

If 3000< PSI<<8000, AVEPOR=20 - (PSl -gg@gw)

If 8000<<PSI< 20000, AVEPOR=5 - LPSI]; gggoxs)

If PSI= 20000, AVEPOR =0

If the average porosity is greater than the for-
mer porosity the former porosity is maintained and the
shale unit is not compacted. This situation could
arise if overlying sediment had been removed be-
tween cycles of compaction. Subsequent compac-
tion occurs only if the previous depth of burial is
exceeded.

The percentage of compaction is found by

PERCOM = 50 - FORPOR,

where FORPOR is the former porosity of the
shale unit before this cycle

of compaction began, and

50 is the starting porosity for

all shales.

The original thickness of the shale unit is calculated
by

SAVE(K)
1 - PERCOM) !
100

ORIGIN =

is the thickness of the
shale unit before this
compaction cycle.

where

SAVE(K)

The new compacted thickness is found by

SAVE(K ) = ORIGIN = ORIGIN (5__0'11A(\){)EPOR).

This compaction process represents one partic=
ular function. Any other compaction process could
be substituted for experimentation with different hy-
potheses.

Table 3 is a listing of a compacted element.
The figures for the porosities show that the shales of
earlier time units have a lower porosity than those of
later times. Time unit 6 has a 23 percent porosity
and time unit 9 has a 32 percent porosity.

Diastrophism

The diastrophism subroutine is used to change
the elevations of the basement rocks and overlying
strata of the model. Diastrophic movements are in=
put as negative values for sinking areas and as pos=
itive values for rising areas. The new basement ele-
vation is calculated by

BASELV(I) = BASELV(I) +F(1),
F(1)

where is a signed value for the a-
mount of movement at ele~

ment (1).

An automatic adjustment to sea=level feature
is available in this subroutine. If the option is used
the routine calculates the elevation of the top of the
uppermost time unit and adjusts the basement up or

Table 3.~ Computer-prepared listing of grid element showing decreasing shale porosities with depth and
locations of oil traps. Trap locations are shown by adding 100 percent to porosity of time units

which contain traps.

ELEMENT NUMBER 1 BASEMENT ELEVATION =27¢0
TIME NO. THICKNESS ROCK TYPE POROSITY

1 SCC. SANDSTONE 25.

2 2800, DOLOMITE 40

3 Q. 30.

4 1800, EVAPORITE Se

5 400, LIMESTONE 110.

é 132¢&, SHALE 23.

7 87 SHALE 27.

8 100, LIMESTONE 195,

S 1359, SHALE 32.




down so that the top unit has an elevation of 0.

N
TOP = BASELV(I) + 2_ SAVE(J),
J=1

where SAVE(J) are the thicknesses of all
rock units in element (1),
and
N is the total number of rock
units deposited.
BASELV(I) =BASELV(l) - TOP.
Erosion

The erosion subroutine is used to remove sedi-
ment from the stratigraphic columns. The amount of
erosion is given for each grid element and specified
as a negative value. The basement elevation is low=
ered by the appropriate amount if all overlying sedi~-
ment has been eroded away. Erosion is computed by

THICKN = SAVE(N) + F(1) ,

where SAVE(N)  is the thickness of the pre=
senf rock unit being eroded.
It is always the uppermost
rock unit at the start of the

erosion.
If THICKN< 0, SAVE(N)=0.

If all existing sediment has been eroded away and
the total amount of erosion has not been satisfied,
the basement elevation is lowered by the remaining
amount of erosion,

BASELV(1) = BASELV(I) + THICKN.

Peneplanation is an automatic available feature. If
desired, all sediment and basement rock above sea
level is removed. The elevation of the top of the
column is calculated by

N
ELEV = BASELV(1) + E] SAVE(J),
J=

where SAVE(J) are the thickness of all rock
units at grid (1), and
N is the total number of rock

units deposited.

The following steps are taken only if the elevation
is greater than 0. ELEV is the amount of erosion
which is to take place.

If ELEV> SAVE(N), ELEV=ELEV -SAVE(N),
SAVE(N) =0,

and

where SAVE( N) is the thickness of the present
rock unit eroded. It is al-
ways the uppermost rock unit

at the start of the erosion.

This removes all of the rock unit and ELEV is the a-
mount of sediment yet to be removed. The next
lower rock unit then is eroded.

If ELEV<SAVE(N), SAVE(N )=SAVE(N) -ELEV.

If all sediment has been eroded and ELEV is
greater than 0, the basement elevation is set to sea
level by

BASELV(1) =0.
Structure

The structural subroutine is an automatic process
which does not require input data cards. All needed
information has been saved on tape. Several assump-
tions are incorporated into this subroutine which iden-
tifies structural highs as possible sites of oil accumu-
lation: (1) there was enough oil in the reservoir rock
to accumulate in the structural highs; (2) porous
sandstone and limestone were potential reservoirs,
and (3) the oil had enough time to migrate to the
highs at any time the subroutine is called.

Each porous sandstone and limestone unit is
tested to determine the structural highs and whether
the overlying rock is impervious. A test also is made
to see that the highs are not at the surface due to
erosion or nondeposition of overlying rock units.

The elevations at the top of each potential
reservoir are calculated for each grid by

N
ELEV=BASELV + 2. THICK(M),
M=1

where BASELV is the basement elevation
for the grid unit, and
THICK(M) are the thicknesses of all

rock units (N) from the
basement to the top of the
rock unit tested.

Figure 5 is a plan view of a gridded potential
reservoir showing the structural highs as oil-trap
locations. The traps occur ingrids 1, 8, 15, 17 and
25. The trap in grid 17 is a sedimentary facies trap
and the others are structural traps.

The locations of oil traps are indicated on the
plotted cross sections as shown on Figure 6. They are
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Figure 5.- Plan view map of gridded potential res=
ervoir showing structural highs as trap
location. Large numbers are elevations
of reservoir top and small numbers are
grid locations; traps are marked by as=
terisks; hatched area is shale facies and
plain area is sandstone facies.

noted by an asterisk to the right of the porous sand-
stone and limestone. Element 1 has two limestone
traps and element 9 has one sandstone trap. The
listings for the stratigraphic columns or elements
also denote the trap locations by adding 100 percent
to the original porosity of the time unit. Table 3
shows traps located in rock units 5 and 8.

Dynamics

This subroutine prepares visual displays and
listings for examining the development of the geo-
logic model. The displays can be made at any time
during the running of the program to enable a con-
tinuous examination of the dynamics of the physical
processes simulated. The subroutine is entered by a
DYNAMIC SNAPSHOT control card followed by a
card with the words STRATIGRAPHIC SECTION,
STRUCTURAL CONTOUR or ISOPACH INTERVAL.
The routine makes tabulated listings of the strati-
graphic sections at desired element locations. It
prepares listings of structural tops at selected time
unit tops and listings of intervals between specified
time units.

The dynamic subroutine can instruct other sub=
routines to construct graphic stratigraphic cross sec=
tions and plan views of the sections. Table 3 is an
example of a listing of an element of a model.

60004 9

5000+ . 5000 4

4000+ 4000 4

(HHHHA] ( HHHHHR]

30004 3000 +

2000 + 2000 4

FITFTXIIN,

10004 10004

-1000+ -10004

-20004

-2000 4

Figure 6.~ Computer-plotter drawn stratigraphic
cross section showing locations of oil
traps and symbols used for five rock types.
Trap locations are marked with asterisks.
Left column shows rock type symbols.
Starting at base and going up are sand-
stone, dolomite, evaporites, limestone
and shale.

Plan

This subroutine shows the manner in which the
model was defined. The grid elements and their
numbering scheme are shown on a plotted map. A
plan view is drawn each time a stratigraphic cross
section is plotted. The line on the cross section is
drawn on the plan view to give a visual method of
locating the section within the model. Plan views
showing the lines of section are included on the
cross sections contained in Appendix D.

Section

Section is the subroutine that prepares the
graphic cross sections. The line of cross section is
defined by the element numbers of the columns along
the section. The horizontal and vertical scales are
specified. The distance between the columns is cal -
culated so the true horizontal scale is always given.
The sections can be lateral, longitudinal or any
other specified direction across the model.

Cross sections prepared by this subroutine and
plotted on an automatic plotter are included in Ap=
pendix D. The elevations are drawn at both ends of
the section. The element or stratigraphic columns are
numbered at the top of the section. Lines connect the
time units between adjacent stratigraphic columns.



Ending

Ending is the subroutine that prepares the sum=
mary listing of the geologic events input during the
development of the geologic model. It is entered
when the END contfrol card is read af the completion
of a run. The summary listing can be used as a ref-
erence to see how the geology was described. A
summary listing is shown in Appendix D.

Error

The error subroutine is called automatically by
the program if a data input error is detected. The
program checks many of the input parameters to test
for conditions that would make the running of the
model a waste of time because of some type of error.
If such a condition is encountered, the subroutine
writes a message describing the error condition and
the computer run is terminated.

Interrupt

The interrupt subroutine provides for breaking
a long computer simulation run into a series of short-
er runs. The STOP control card is used for this pur=
pose. If astop card is encountered, the subroutine
writes all necessary information onto a magnetic
tape. This tape can be used for a continuation of
the run at a later time. The subroutine calls the
ending subroutine to prepare the summary listing of
the geologic input events.

The interrupt subroutine is useful if a long
computer run is made or after some dynamic snap-
shots have been taken. This gives the user a chance
to examine the development of the model and make
any adjustments before the run is continued. If a
run is confinued it is not necessary to develop the
model to the point where it was interrupted.

Restart

The restart subroutine is used to continue a
simulation run previously interrupted. [t is entered
by a RESTART control card. This subroutine reads
the magnetic tape prepared by the interrupt sub=
routine during an earlier run of the model. The sub-
sequent geologic processes then are defined for the
continuation of the simulation.

FUTURE DEVELOPMENT

A mathematical model for simulating geological
processes should be constantly revised throughout its
use. The physical processes can be modified exper-

imentally to test different hypotheses and new pro-
cesses can be incorporated into the model. The sim=
ulation program described here is open=ended in that
increased capabilities or modified functions can be
added easily. This simulation program can be con-
sidered a basic foundation for future development of
more refined and sophisticated models. Some addi-
tions that could be incorporated into future models
are

(1) Fluid migration processes could be added to
utilize certain hydrodynamic principles. Fac-
tors such as tilted water—oil surfaces and pres-
sure gradients might be added to study the mi-
gration of fluids under assumed sets of condi-
tions.

(2) The principles of faulting due to horizontal

and vertical pressures could be included. If

the pressure differences between adjacent
grids exceed a given limit, a fault might be
inferred.

Automatic movement of the basement rocks
could be defined to allow the basement to
sink when receiving great quantities of sed-
iment or to rise if the surface is rapidly e-
roded. This could be done by assigning an
equilibrium factor to each grid element that
would cause the basement to move depending
upon the weight of the overburden.

3)

(4) Salt tectonics could be included for studying
salt-dome development. The physical pro=
cesses by which a layer of salt moves to form
a dome could be simulated in - mathematical
terms.,

(5) Simulation of the diagenetic processes can be
greatly expanded. Currently only shale com-
paction is included. The compaction of other
sediments could be added. Removal by so-
lution, cementation, recrystallization, dolo=
mitization and gypsum=—anhydrite transforma-
tion are other diagenic processes that could
be simulated.

(6) The ability to input a few random data points
and let the program compute the values to be
used for each grid location would be a big
asset. The basic input data for an area might
be from randomly drilled wells. A routine
could be added to compute the values for
each of the grid elements using a technique
such as interpolation between the random
points.
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APPENDIX A.- Computer listings.

SIBFTC MATN
CDYNAMO DYNAMIC OT1 TRAP DFVELOPMENT MODEL NeR4NJAKANGAS

OOOOOOO

OO OO

100

150

200

300

310
350

400

NPRIVER ROUTINE.,
NR=NO. OF ELEMENTS IN MNODFL
NE=NO. OF GEOLOGIC INPUT FEVENTS

NF=NO. OF GEOLOGTIC FEATURFS ON FTLF TAPF-=3/NDEPNSTTIONAL CYCLF,

NC=NO. OF CYCLFS OF DEPOSITION,
LTMIT OF S0 RY S0 ELFMENTS TN MODEL.
LIMIT OF 100 CYCLES OF DEPOSITINN,

DIMENSTON F (2500)4V(2500)4TD(10)4SAVF(300) 4RASFLV (2500)«TF (20)
COMMON FoVoNRoIXoIYoTDqNFoNF.NCoTTﬁpwIOUT9§AVF99A§FLV-TF

COMMON XSCeZSCoeDISTeXCNL

DATA RESTeBASFeaDEPOsCOMP¢NTASERNOS«STRIIeNYNASSTOP«FNDTITL /
X4HREST 2 4HRASE ¢« 4HDEPO 9 4HCOMP s 4HDTAS « 4HFROS s 4HSTRU S 4HDYNA s 4HSTOP

X3HFEND 9 4HTITL/

THE FOLLLOWING ARF CALCOMP PLOTTFR RNAUTINFS.
NDRWLNTs DRWCHR. AND YAXIS.

NC=0
NE=0

NF=0

ITAP=4

TouT=7

CALL CALCMP (44N9090509040)

CALL EOFIL (=1)

WRTITE (644)

READ CONTROL CARD.,

READ (5+1)TE

WRITF (6+5) TE

TEST TO SFF WHTCH TYPE.

IF(TE(1) LNELTITLIGO TO 200

TITLE CARD. RFAD IN PARAMFTER CARD.
READ(592) IDsIX9TYsDIST

NR=TX#TY

WRITE (6+3) 1D

IF(NR.LF.2500)G0 Tn 150

KEYER=3

GO TO 1200

NUMA=0

CALL PLANVU (NUMA)

GO Tn 300

IF(TE (1) sNE.RFSTIGO TO 400

RFSTART CARD. CONTINUE WITH A PRFVTOUS RUN.,
CALL RSTART

GO TO 100

READ(541)TF

WRITF (6+5)TE

IF(TE(1).FQ.BASF) GO To 310

KEYER=1

GO TO 1200

DEFINITION OF RASEMENT CONFIGURATION.
READ THE DATA IN--STORF IN BASFLV ARRAY.
READ(596) (BASFLV(I)sT=14NR)

NE=NF +1

WRITE(3) (TF(I)sT=1420)

GO TO 100

IF(TE (1) .NE.DFPMIGN TO S00

11
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450

500

600

700

800

900

1000

1050

1100

1150
1200

DU W

C

IF(NC.NE.100)GO TN 450

KEYER=4

GO T0 1200

CaLL DEPOTS

NC=NC+1

GO T0 350

IF(TF (1) sNE.COMP)IGO TO A0D
DIAGENETIC PROCESS OF COMPACTION,
CarLt. COMPAC

G0 TO 350

JF(TE(]1) 4NE.NDTAS)TN GO 700
DIASTROPHIC EVENT.

calLL DIASTR

GO TO 350

TF(TF (1) sNELERNS)GO TO 800
FEROSTON PROCESS.,

CALL ERODED

GO TO 350

IF(TE (1) dNELSTRUIGO TO 90N
STRUCTURAL. HIGH DETERMTNATION,
CALL STHIGH

GO TO 350

IF(TE(1) .NE.DYNA)GO TO 1000
TAKE A PALEOGFENLOGTC SNAPSHOT.
CALL DYSNAP

GO TO 100

IF(TE(1) JNEJLENPIGO TO 1100

END OF GEOLOGTYC PRNCESS.,

CAlLLL ENDING

RETURN

TF(TE(1) .NEL.STOP)GO TO 1150
INTERRUPT RUN AT THIS POINT IN TTMF,
CALL INTRPT

GO TO 1050

CARD NOT PROPFRLY TYPED. PUNT OUT.
KEYER=5

CALL ERRORS(KEYER)

RETURN

FORMAT (2044)

FORMAT (10X910A442T34F6.0)
FORMAT (20X +10A4)

FORMAT (1H1 920X+ 42HDYNAMO=-=DYNAMIC NIl TRAP DFEVFLOPMENT MONEL//1X)
FOPMAT (1X+20A4)

FORMAT (12F6.0)

END

$IBFTC AA
C DEPNSTTION. READS AND STORES DEPOSITINNAL FACTORS.

c

OO0O0n

DEPOSITION OF SEDIMENT.
SUBROUTINE DEPOTS
DIMENSTON F(2500) eV (2500) s TD(10) ¢SAVE(300) «RASFI V(2500)«TF(20)
COMMON FoeVeNRoeTIXeTYoIDGNESNFoNCoITAP«INOUT9sSAVFE«RASFLVTF
COMMON XSC9sZSCeDISTeXCNL
DATA SL/4KHS.L./
READ IN THE THICKNESS AND SEDIMENT TYPF AND WRTTF ON FTLF TAPF.
ROCK TYPE 1= SANDSTONE

2= SHALF

3= LTMESTONE
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50

60

90
100
105
110

120

200

430

450

500

C

= DOLOMTTE

5= FVAPORITE
LT17=1
READ(S41) (F(T) eV (I)9I=14NR)
IF(NC.EQ.D)GO TO 450
DO 100 T=1,NR
READ(ITAP) (SAVF (J) e J=14NF)
IF(TE(4) JNF.SL)GO TO 9n
NO DEPOSITION ABOVF SEA LEVFL .
ELFV=BASFELV (1)
DO S50 K=1oNF 43
ELEV=ELEV+SAVF (K)
CONTTNUF
IF(FLEV.LF+0.0)T0 GO 60
F(I)=0.0
G0 TO 90
ELFV=ELFEV+F (1)
IF(ELEV.LE.0.N)GO TO 9n
F(I)=F(T)=FLEV
WRITF(TIOUT) (SAVF (J) e J=1eNF) oF (T) 4V I(T)
CONTINUE
NF=NF +2
END FILE TOUT
REWIND IouT
RFWIND ITAP
JSAV=I0UT
I0UT=ITAP
ITAP=JSAV
GO TO (1204430),L1I7
READ IN POROSTTY DATA AND WRITF ON FTILF TAPF,
READ(S42) (F(I)eT=14NR)
DO 200 T=1.NR
READ (TTAP) (SAVF (J) ¢+ J=1NF)
WRITE(IOUT) (SAVE (J) 9J=14NF) 4F (T)
CONTINUE
NF=NF+1
L17=2
GO TO 110
NE=NF +1
RETURN
DO 500 T=14NR
WRITF(IOUT)IF(T)WV(T)
CONTINUE
GO TO 105
FORMAT (12 (FS4DeF1.0))
FORMAT (12F6,.0)
END

$IBFTC BR
CDIASTROPHISM. CALCULATFS NFW BASFMFENT FLEVATTION.

SUBROUTINE DIASTR

DIMENSION F(2500)4V(2500)4TD(10)sSAVF(300)+BASFILV(2500) s TF (20
COMMON FoVeNRoTXeIY9IDINEaNFoNCoTTAP 4 INUT«SAVF4BASFLYTF
COMMON XSCsZSCoeDISTeXCOL

DATA SL/4HS L/

IF(TE(S) sEQ.SLYIGNO TO 200

READ AMOUNT OF MOVEMENT

READ(5+1)(F(I)eI=14NR)
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C CAI.CULATE NEW RASEMENT FLFVATION,
DO 100 I=16NR
RASELV(T)Y=RASFIV(T)+F (T)

100 CONTINUF

150 NE=NF+1
RETURN

C AUTOMATIC ADJUSTMENT TN SFA | FVFL .

200 TIF(NC.FQ.0)TO GO 400
NN 300 T=1eNR
TOP=RASFLV(T)
READ(ITAP) (SAVF (J) e J=1aNF)
DO 250 J=1eNF 3
TOP=TOP+SAVE (J)

250 CONTINUE
BASELV(T)=RASFILV(T)=TOP

300 CONTINUE
REWIND ITAP
GO TO 150

400 DO 450 TI=14NR
BASFILV(TI)=0.,0

450 CONTINUE

Gno T0 150
1 FORMAT (12F6.0)
END
C
$IBFTC CC

CEROSTON. REMOVES GTVEN AMOINT OF SFDTMFNT OR BASFMFNT.
SURROUTINFE ERODED
DIMENSION F(2500) sV (2500)+ID(10) «SAVE (300) «RBASFIV (2500) 4 TF (20
COMMON FoVaNRsTXoTYsIDaNFoNFeNCsTTAP s TOUT s SAVF sRASFLV o TF
COMMON XSCeZSCeNTSTsXCOL
DATA SL/4SeLo/
IF(TE(3)«FQ.SLIGO TO 400
READ AMOUNT OF FROSION-=F-ARRAY,
READ(551) (F(T)sT=14NR)
c SIIRTRACT APPROPRTIATE THICKNESS. FROM GENLOGIC COLUMN,
IF(NC.FN.0)GO TO 290
150 DN 200 T=1.NR
N=NF +1]
READ (ITAP) (SAVE (J) «J=14NF)
160 N=N-3
IF(NLLF.0)GO TN 190
THICKN=SAVE (N) +F (T)
IF(THICKN.LE.0,0)GO TO 180
SAVE (N) =THICKN
170 WRITE(TOUT) (SAVE (J) ¢+ J=14NF)
GO TO 200
180 SAVE(N)=0,0
F(T)=THICKN
GO TO 160
190 BASFLV (T)=RASFI V(T) +THTCKN
GO TO 170
200 CONTINUE
205 ENN FILE TOUT
REWIND TOUT
REWIND ITAP
JSAV=T0UT
IOUT=ITAP

O
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410

420

450

480
490
500

C

ITAP=JSAV

NFE=NF +1

RETURN

DO 300 T=14NR
BASFILV(T)=RASFILV(T)Y+F (T)
CONT INUFE

GO TO 210

AUTOMATIC EROSTON TO SFA LFVF) .
DO 500 T=14NR
READ(ITAP) (SAVF (J) e J=14NF)
ELFV=BASELV(I)

DO 410 J=1eNF+3
ELLEV=ELEV+SAVE (J)

CONTINUE

IF(ELEV.LE.N.N)YGO TO 490
SEDIMENT ABQVF SEA LEVFL=-=FRODF TT.
REMOVE ELEV FEFT FROM THE TOP.
N=NF +1 '
N=N=3

IF(N.LFEL.0)GO TO 480
IF(ELEVeGT«SAVF(N))IGO TO 450
SAVE (N)=SAVE (N)=ELFV

GO TO 490

ELEV=ELEV=SAVE (N)

SAVE (N)=0,0

GO TO 420

BASELV(I)=0.0

WRITF (IOUT) (SAVF (J) o J=14NF)
CONTINUE

GN TO 208

FORMAT (12F6,.0)

END

$IBFTC DD
CDYNAMIC SNAPSHOT. MAKES VARTOUS PALFOGFOLOGTC MAPS AND SFCTIONS.

50
55

60

SURROUTINE DYSNAP

DIMENSTION F(2500) sV (2500)«ID(10) «SAVE(30N) «RASFLV(2500) s TF (20)
COMMON FoVeNReTXeIYoIDINESNFoNCoTTAP«INIIToeSAVF«BASELVeTF
COMMON XSCeZSCeDISTeXCOL

DIMENSION TYPE(6)+1IV(2500)

DATA SCeSTeS0s0PT/
X4HSTRA94HSTRUIL4HTISOP s 1HX/

DIMETISION SA(3)4D0(2) eFV(2)eTP(3)

DATA SA(1)+SA(2)9SA(3) «SHICIeNO(1)«NO(P)YsEVI(L1)FV(?) 4Bl /
X4HSAND 9 4HSTON ¢ 1HE 9 4HSHAL ¢ 4HL TME 0 4HNOL O« 4HMTTF o 4AHEVAP o 4HORTT o 1 H
EQUIVALENCE (VeTV)

READ(Se1) TYPEsNUMASNUMR e XSCe7ZSCeCNTOPT

WRITF(6+2)TYPFWID

IF(TYPE(1) «NE.SC)GO TO 200

STRAT COL. DISPLAY,

READ(S«3) (IV(T)eT=14NUMA)

N=0

IFLAG=0

DO 100 T=14NUMA

N=N+1

READ(ITAP) (SAVF (J) « J=14NF)

IF(N=IV(I))S0+470460

NBS=N=TV(I)+1
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DO 65 L=1+NBS
BACKSPACE ITAP
65 CONTINUE
N=N=NBS+1
. GO TO 55
LIST THIS ELEMENT.
T0 WRITE (694)NeBASELV (N)
M=1
DO 90 K=14NFe3
SE=SAVE (K+1)
IF(SF.NE.140)G0 T0O 75
TP(1)=SA(1)
TP(2)=SA(2)
TP(3)=SA(3)
Go TO 80
75 IF(SFeNE42.0)G0 TO 76
TP(1)=SH
TP (2)=SA(3)
TP (3)=RL
GO TO 80
76 IF(SEF.NFE.3.0)G0 TO 77
TP(1)=CI
TP (2)=SA(2)
TP(3)=SA(3)
GO TO 80
77 TF(SF«NF.4.0)GO TO 78
TP(1)=DO(1)
TP(2)Y=P0O(2)
TP (3)=BL
GO TO 80
78 IF(SENES.0)GO TO 79
TP(1)=EV (1)
TP(2)=EV(2)
TP(3)=SA(3)
GO TO 80
79 TP(1)=BL
TP(2)=BL
TP (3)=BL
80 WRITE(645)MeSAVE (K)o TP+SAVF (K+2)
M=M+1
90 CONTINUE
IF(XSCaNEL0.0)CALL SXPLOT(IFLAGsMsNUMA)
100 CONTINUE
IF(XSCeNE.0.0)CALL PLANVU(NUMA)
WRITE(6412)
110 REWIND ITAP
RETURN
200 IF(TYPE(1).NE.ST)GO TO 300
STRUCTURE TOP DISPLAY. NUMA= TIME NO. OF TOP.
WRITE (6410)NUMA
DO 250 I=14NR
IF(NUMA.EQ.0)YGO TO 230
READ(ITAP) (SAVE (J) o J=14NF)
NUM=NUMA#3
TOP=BASFLV(I)
DO 220 K=1sNUM43
TOP=TOP+SAVE (K)
220 CONTINUE
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GO TO 240

230 TNP=RASFELV(I)

240 WRITF(6+11)1IsTOP
IF(CNTOPT.NELOPT)GO TO 250
WRTTE POINT FOR CONTOURING PRNGRAM,
Jy=1
Jx=1

245 IF(UXJLELIX)GN TO 246
JY=Jy+1
JX=JX=TX
GO TO 245

246 X=JX
Y=JY
X=X#DIST
Y=Y#DIST
WRTTE(2+14)XeYsTOP

250 CONTINUE
IF(CNTOPTEQ.OPTIYWRITE (2413)
WRITE(6412)

GO TO 110

300 IF(TYPE(1).NE.SO)GO TO 400
ISOPACH INTERVAL R/N NIIMA(TOP) AND NUMB(ROTTOM),
WRITE (6+420)NUMANUMB
DO 350 I=14NR
READ (ITAP) (SAVF (J) o J=1eNF)
NA=NUMA#3=2
NR=NUMB#3+1
THICK=0,0
DO 320 K=NBysNA,3
THICK=THICK+SAVF (K)

320 CONTINUFE
WRITE(Ae11) I+ THICK
IF(CNTOPT.NE.OPT)GO TO 350
WRITE POINT FNR CONTOURTNG PROGRAM,
Jy=1
Jx=1

330 IF(JUXLELIX)IGO TO 340
JY=JY+1
JX=JX=1IX
GO TO 330

340 X=JX
Y=UY
X=X#DIST
Y=Y#DIST
WRITE(2914)XsYsTHICK

350 CONTINUE
IF(CNTOPT.EQ.OPTIWRITE (2,413)
WRITFE (6412)

GO TO 110

CONTROL. CARD NOT PROPERLY TYPFD.
400 KEYER=?

CALL ERRORS (KFYFR)

RETURN

1 FORMAT (6A492T492F6,092X9A1)

2 FORMAT(1H191Xe16A44//1%)

3 FORMAT (1814)

4 FORMAT (1X//16H FLEMENT NUMBER +T14421H RASEMENT Ft EVATIONSF8,0,
X//76X+s44HTIME NO, THICKNESS ROCK TYPE PORNSTTY/1X)
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C

FORMAT(9XyIZ;QX9F5.0§5Y92A49A105¥9F4.0)

FORMAT (1X//13H TIME NUMRER +124//6X422HELEMENT NO., ELFVATION/1X)
FORMAT (OX s T4eTXeF7,0)

FORMAT (1H1)

FORMAT (3HT777+77X)

FORMAT (3Xe3F10.0) )
FORMAT (1X//27H BETWEEN THF TOPS OF TIMES 4T2+5H ANN «T2e1H.//6Xe
X2?HELEMENT NO. THICKNFSS/1X)

END

$IBFTC EE
CENDING. DOES FINAL TOTALSs TAPE REWINDSSETC...

100

1
2

SUBROUTINE ENDTING

DIMENSTION F(2500) 4V (2500)4TD(10)4SAVE(300) 4BASFI V(2500)sTF (20)
COMMON FoVoeNReTXeIYoIDGNEoNFoNCoITAPoINUTeSAVFE«RASFLVWTE
REWIND 3

WRITE (64+3)

DO 100 I=1.NE

READ(3) (TE(J) s J=1420)

WRITF (6.1)TE

CONTINUE

WRITF (642)NReIXeaIYNE

CALL EOFTIL (1)

END FILE ?

RETURN

FORMAT (1X420A4)

FORMAT(1X//412H END OF JOB.sT441RH ELEMENTS IN MODFL,T442H XsI4s1H
Xe/12XeT4428H GFOLOGIC FVENTS WERE TNPUT.)

3 FORMAT (1H1+10X¢26HSUMMARY OF GEOLOGIC FVENTS//1X)
END
C
$SIBFTC FF

CRESTART SETS UP MONEL FOR A CONTINUATTON RUN.

c

100

200

SUBROUTINE RSTART

DIMENSION F (2500) 4V (2500)+ID(10)+SAVE(300) +BASFLV(2500)TF(20)
COMMON FoVeNRoTX e IYoIDNESNFoNCoITAPoINUTsSAVE«BASFLVTE
COMMON XSCsZSCeDISTeXCOL
READ(9)INRsIXsTYINEsNFoNCoDISTWID
DO 100 TI=14NE

READ(9) (TE(J) o J=1420)
WRITF(3)(TE(J) e J=1.20)

CONTINUF

READ(9) (BASELV(J) s+ J=1eNRY

DO 200 TI=1¢NR
READ(9) (SAVE (J) ¢ J=1oNF)
WRITE(ITAP) (SAVE (J) 9 J=1oNF)
CONTINUE

REWIND ITAP

REWIND 9

WRITE (A1) ID

NUMA=0

CALL PLANVU (NUMA)

RETURN

FORMAT (16H RESTART RUN OF +20A4)
END

$IBFTC GG
CCOMPACTION. CALCULATES COMPACTION OF SFDIMENTS AFTER NEPOSITION.
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OO0

OOOO0O (@)

150

155

160

170

180

190
200
210
220
230

240
250

SUBROUTINE COMPAC

DIMENSTION F(2500) 4V (25100)4TID(1.0)«SAVE(300) «RASFLV(250N)TF(20)

COMMON F oV eNRoTXeTY s IDGNFE eNFsNCoITAP S TOUTeSAVF «BASFLVWTF

COMMON XSCeZ2SCeDISTeXCOL

IF(NC.EQ.0)GO T0O 600

CALCULATE THE PORNSITY FOR EACH SHALFE UNTT.

DN 500 I=14NR

READ(ITAP) (SAVF (J) e Jd=14NF)

DO 400 K=14NF+3

IF(SAVE(K+1) aNF.2.0)G0 TO 400

CALCULATE DEPTH BY ADDING ALL OVFRRURDEN TO BOTH RASF AND TOP
AND AVERAGE,

BASE=0.0

DO 185 L=KeNFe3

BASE=BASE+SAVE (L)

CONTINUE

TOP=BASE=SAVE (K)

AVFDFP=(BASE+TOP) /2.0

THE PRESSURE=DFPTH RELATIONSHIP 1S FROM MAXWFLlL.s FTG 1 P, 107,

FOUUR POINTS DFFINE THE CURVE. O FT==0 PSTs 5000 FT=--49%0 PSI,

10000 FT=-=10000 PSTe AND 40000 FT=-=44500 PST.

IF (AVEDEP.LE.S000.0)GO TO 160

IF(AVEDEP.LEL10000.0YGO TO 170

AVEDEP TS GREATFR THAN 10000 FFET.

PSI=((AVEDEP=10000.0)/30000.0)3#34500,0+10000,.0

GO TO 180

AVFEDFP 1S LESS THAN 5000 FEET.

PSI=(AVEDEP/S5000.0)#4950,0

GO TO 180

AVFDEP TS BETWFEEN 5000 AND 10000 FEET.

PSI=( (AVEDEP=5000.,0)/5000.0)#5050,0+4950,0

COMPUTE AVERAGE POROSITY., THE PRESSURF=-POROSTITY RFLATTONSHIP

IS FROM WELLERs FIG 39 P. 2879 WITH ONF EXCFPTTON=--THF INTTTAL

POROSITY USED FOR MUD=SHALE IS S0 PERCENT INSTFAND oF 80, SFEVEN

POINTS DEFINE THE CURVF, 0 PST1==50 PERCENTe 100 PSI-=42s 400 PST--

344 1000 PSI==30s 3000 PST==20, RONND PSTI=-=S5¢ AND 20000 -PST-=0,

IF(PST.LEL100.0)GN TO 190

IF(PSTI.LE.400.0)GO TO 200

IF(PST.LE.1000,0)G0 TO 210

IF(PST.LF.3000,0)G0O TO 220

IF(PSTI.LE.B8000,0)GO TO 230

IF(PSI.LE.20000.0)G0 TN 240

PST GREATEFR THAN 20000 PST.

AVEPNR=0,.,0

GN TO 250

AVEPOR=50.0=-(PSI#8,0/100.0)

GO TO 250

AVFPOR=42,0=((PSI=100,0)%#8,0/300,0)

Gn TO 250 _

AVEPOR=34,0=((PST=400.0)%#4,0/600.0)

GO TO 250

AVEPOR=30.0=~((PSTI~1000.0)%#10.0/2000,0)

GO TO 250

AVEPOR=20.,0~((PSTI-3000.0)#15,0/5000n,0)

GO TO 250

AVEPOR=S5.0~=((PSI-8000.0)#5,0,12000,0)

IF(SAVE (K+2) L. TLAVEPORYGO TO 400

FORPOR=SAVE (K+?2)

19



400

500

600

c

SAVE (K+?2)=AVEPOR

CAL CULATF COMPACTFD THICKNESS OF SHALE UNTT.
PERCOM=50,0=FORPOR
ORIGIN=SAVE(K)/(1.0-(PFRCOM/100,0))
SAVE(K)=0RIGIN=-ORIGIN# ((50.0=-AVEPOR)/100.0)
CONTINUE

WRITFE (TOUT) (SAVE (J) 9 J=1eNF)

CONTINUE

END FILF TOUT

REWIND I0UT

REWIND ITAP

JSAV=I0UT

IOUT=TTAP

ITAP=JSAV

NE=NF+1

RFTURN

END

$IBFTC HH
CSTRUCTURAL HIGH. CALCULATES POSITIONS NF STRUCTURAL HTRKS,

25

30
40
50

90

100

SHURROUTINF STHIGH

DIMENSTON F(2500)4V(2500)sTD(10)+SAVE(300) «RASFLV(250N) s TF(20)
COMMON FoaVeNReTIXaTIYoIDINEGNF eNCoTTAP«INUT«SAVESRASFLVTF
COMMON XSCsZ2SCeDISTeXCNI.

DIMENSTON COL(30049) ¢KN(9) sE(9) ¢KR(4) 4 TTN(2500) s ITNS(9)
IF(NC.LE.1)GO TO 1000

IF(IXJLELI)IGO TO 1000

IF(IYJLEL1)GO TO 1000

DO 25 T=1+NR

ITN(T)=0

CONTINUE

DO 950 NROW=2e1Ys2

DO 900 J=24IXe2

I=(NROW=1)#TIX+)
IF(TEQ.NROWH#TX 4 AND<NROW,EQ.IY)GO TO S0
IF(T.EQ.NROW*IX)GO TO 4n
IF(NROW.EQ.IY)YGO TO 30

NUJ=9

GO TO 90

Ni1=5

GO TO 90

NU=6

GO T0O 90

Nti=4

COMPUTE COLUMNS TN RE RFAD IN,
TF(NUNFELG)YGO TO 100

KN(1)=T=IX=1

KN(2)=T1=1IX

KN(3)=T=1IX+1

KN(4)=1=1

KN(S) =1

KN(6)=T1+]

KN(7)=T+1IX=1

KN(8)=T+IX

KN(9)=T+IX+1

LIZ=3

GO TO 200

IF(NUJNEL6)GO TO 110
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KN(1)=T=-IX~-1
KN(2)=T-1IX
KN(3)=T=-1
KN(4)=T
KN(5)=T+IX=-1
KNI{A)=T+TIX
LI7=2
GO T0O 200
110 TF(NUNELSIGO TO 120
KN(1)=T=IX=~-1
KN(2)=T=TX
KN{(3)=T=TX+1
KN(4)=T=1
KN(5) =T
KN(6)=T+1
L1Z=2
NU=6
GO TO 200
120 KN(1)=T=TX~-1
KN(2)=T=1X
KN(3)=T=1
KN(4)=T
L1Z=1
READ IN APPROPRTATE COI UUMNS,
200 N=0
DO 300 TI=1eNU
210 N=N+1
READ(TITAP) (COL (MaTIT) oM=14NF)
IF(NNEKN(TIT))IGO TO 210
300 CONTINUF
REWIND TITAP
DO 310 T=1sNU
JR=KN(T)
ITNS(T)=TITN(JR)
310 CONTINUF
NFL=NF=3
DO 700 JUK=1eNF[L 43
START TEST FOR HIGHEST ELEVATION,
DO 320 MM=1,NU
L=KN (MM)
E (MM)=BASELV (L)
320 CONTINUE
ASSIGN =-99999,0 TO E(M) IF IT IS SHALE. DOLOMITEs FVAPORITF .
0 POROSITY OR 0 THICKNESS.
DO 360 M=14NU
IF(COL(JKeM) .FA.N.,)G0 TO 355
IF(COL(JK+14M) ,EQ.2.0)G0O TO 355
IF(COL(JK+14M) FQe4.0)G0 TO 355
IF(COL(JK+1+sM) ,EQ.5.0)G0 TO 355
IF(COL(JK+29M) ,EQ.0.0)G0 TO 355
DO 350 N=19JKe3
E(M)=E (M) +COL (NoM)
350 CONTINUE
GO TO 360
355 E(M)==9999G,0
360 CONTINUE
GN TO (380+¢3904390)41.17
NU=4,

2]



380

390

400

401

40?2

403

404

405

406

407

408

440

442

K1=1
K2=2?
K3=3
K4=4
NA=1
GO TO 400
NU=6 OR 9,
K1=1
K2=2
K3=4
K4=5
NA=2

SNRT SUBSCRIPTS OF E~ARRAY INTO ASCENDTING

IF(E(K]1) eGTLFE(K2))GO TO 401
KR(1)=K2

KR (2) =K1

GO TO 402

KB (1) =K1

KR (2)=K?

1=KB (1) ,

IF(E(K3) «GT.E(T))GO TO 403
I1=KB(2)

IF(E(K3)4CTLF(TY)GO TO 404
KR (3)=K3

GO TO 405

KB(3)=KBR(2)

KR (2)=KB (1)

KR(1)=K3

GO TO 40S

KR (3)=KB(2)

KR (2)=K3

I=KB (1)

IF(E(K4) sGTLE(I))GO TO 406
I=KB (2) _

IF(E(K4) «GTLE(TI))IGO TO 407
I=KB(3)

IF(E(K4) «GTLE(T))GO TO 408
KB (4)=K4

GO TO 440

KB(4)=KR(3)

KR (3)=KB(?2)

KR(2)=KB (1)

KB(1)=K4

GO TO 440

KB (4)=KB(3)

KB (3)=KB (2)

KB (2)=K4

GO TO 440

KR (4)=KB(3)

KB(3)=K4

KAR=1

DO 455 M=1,.4

I=KB (M) ]

GO TO (4424+444) ¢KAR

IF(E(I) eEQe=99999,0)G0 TO 444
IF(COL(JUK+341) ,EQa0.0)GO TO 445
IF(COL(JK+441) FQe2.0)G0 TO 450
IF(COL(JUK+44T1) EQa4s0)G0O TO 450
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IF(COL(JK+44T) oFN.5.0)GO TO 450
TF(COL (JK+541) tFQ.0.0)G0 TO 450
444 TF(COL(JK+241)oGTo100e0)COL (JK+24T)=COl (JK+24T)=10040
GO TO 454
445 NT=JK+6
446 IF(NT.GT.NF)GO TO 444
IF(COL(NTsT) oFN.0.0)GO TO 448
IF(COL(NT+1+1).FQ.2.0)GO TO 450
IF(COL (NT+1+1)oFQe440)GO TO 450
IF(COL(NI+151).FQ.5.0)G0 TO 450
IF(COL(NT+2+1) .F0.0.0)GO TO 450
GO TO 444
448 NT=NT+3
GO TO 446
450 KC=KN(T)
IF(TTN(KC) «EQe0) COL (JK+25T)=COL (JK+2+1)+100.0
454 KAR=2
455 CONTINUF
460 DN 465 M=1,4
I=KB (M)
KC=KN(T)
TTN(KC) =1
465 CONTINUE
IF(NALEQ.1)GO TO 600
IF(NAL.FN.2)GO TO 470
IF(NALFQ.3)GO TO 480
K1=5
K2=6
K3=8
K4=9
NA=]
GO TO 400
470 K1=2
K2=3
K3=5
Ka=6
NA=1
IF (NU.FQ.9INA=]
GO TO 400
480 Kl=4
K?2=5
K3=7
K4=8
NA=4
GO TN 400
600 DO 650 T=1,NU
JR=KN (1)
ITN(JB)=TTNS(T)
650 CONTTNUE
700 CONTTNUE
DO 710 T=1.NU
JB=KN (1)
ITN(JBR) =1
710 CONTINUE
WRITE THE COLUMNS BACK NUT.
N=1
DO 800 TI=1,4NR
READ (ITAP) (SAVF (M) 4M=1 4NF)
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790

800

900
950
1000

C

IF(ITLFA.KN(N))GO TO 790
WRITF(TOUT) (SAVF (M) ¢M=1aNF)
GN TO 800
WRITE(TOUT) (COL (MeN) gM=14¢NF)
N=N+1

IF(NGT «NU)N=NU

CONTINUF

END FILE IOUT

REWIND TOUT

REWIND T1TAP

ISAV=I0UT

INUT=ITAP

ITAP=ISAV

CONTINUF

CONTINUE

NE=NF +1

RETURN

END

$IBFTC 11
CINTERRUPT. STOPS RUN-=SAVES NECESSARY TNFO FNR FUTURE RESTART.

100

200

1
2

C

SURROUTINE INTRPT

DIMENSTON F(2500) 4V (25n0)4ID(10) «SAVF (300) «RASFLV(2500)4TF(20)
COMMON FoVeNRsTXeTIYoIDGNEGNFoNCoTTAP s TOUTeSAVE«BASFLVWTE
COMMON XSCeZSCsDISTeXCOL

REWIND 3

WRITEF(9)NReIXeTYINFoNFoNCoeDISTSID

DO 100 I=1sNE

READ(3)(TE(J) 9J=1420)

WRITE(9)(TE(J) s J=1420)

CONTINUE

WRITE(9) (BASELV(J) eJ=1aNR)

DN 200 I=1eNR

READ(ITAR) (SAVF (J) e J=1eNF)

WRITE (9) (SAVE(J) s J=1eNF)

CONTINUE

END FILE 9

REWIND 9

REWIND 3

PRINT 1

WRITE (642)

RETURN

FORMAT (39H OPFRATOR=--PILEASE SAVE AS TAPF--THANKS.)
FORMAT (1Xs///52H RUN IS INTERRUPTEN, USF AS TAPF FNR FUTURE RFSTAR
XTeo//7/71X)

END

SIBFTC JJ
CERRORS. WRITE ERROR MESSAGFS.

10
15
20

SUBROUTINFE ERRORS (KEYER)

NDIMENSTON F (2500)4V(2500)4ID(10) sSAVE(300) ¢BASFLV(2500)+TF (20)
COMMON FoVoNReTXeIYsINGNESNFoNCo ITAPyINUTsSAVE4BASFLVSTE
COMMON XSCsZSCeDISTsXCOL

GO TO (10420430+40450) +KEYER

WRITF(641)

RETURN

WRITE (642)

GO T0 15
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c

30
40

50

Ul & Wiy —~

WRITF (643)

G0 70 15

WRTTF (644)

GO T0 15

WRTTE (645)

Gn T0 15

FORMAT (37H BASFMENT ELFVATIONS NOT GIVFN==FXIT,)
FORMAT (48H SNAPSHOT CONTROL CARD NOT PROPFRLY TYPFN==FXIT,)
FORMAT (41H MONFL HAS MORE THAN 2500 ELFMENTS==FXTT,)
FORMAT (42H MORF THAN 100 CYCLES OF DEPNSTITION==FXTT,.)
FORMAT (39H CONTROL CARD NNT PROPFRLY TYPED==FXTT.)
END

STRFTC KK
CPLANVU DRAWS PLAN VIFW OF MODEL AND THF | INE OF X=SECTTON.

e XeXel

50
60

100

SUBRROUTINF PLANVU (NUMA)

DIMENSTON F(2500) 4V (2500)4ID(10)+sSAVE(300) +RASFLV(2500)sTF(20)
COMMON FoVeNRaTIXeIYsIDsNEoSNFoeNCsTITAPSINUT+sSAVE+BASFLVWTE
COMMON XSCsZSCeDISTeXCNL

DIMENSION XA(S5)eYA(5) 9FLEM(2) 41V (2500)

EQUIVALENCE (V,1IV)

CALL BINCON CONVERTS BTINARY NUMBFRS TO A3CD.
THE WRTITE FOLLOWING CALL BINCON IS A DUMMY WRITF FNR BINCON.

XI=1X

Yi=1Y

IF(IX.GT.IY)GO TO SO

I1SI17=1Y=-1

GO TO 60

ISIZ=1X=-1

SB=(1S1Z2/10)+1

S17=1.0/SR

CA[L PLTINa(1'09090.9009300930.93.92090.90091091.OXM9YM)

DRAW BOX ARQUND PLAN VIEW,

XA(1)=0,0

XA(2)=XI*#S12

XA(3)=XA(?)

XA (4)=XA(1)

XA(S)=XA (1)

YA(1)=0,0

YA(2)=YA(])

YA(3)=YI#SIZ

YA(4)=YA(3)

YA(S5)=YA(]1)

CALLL DRWLN1(2¢XAsYAsSeNOERR+sDs040)

DRAW GRTID LINFS IN Y=-DIRECTION.

YA(2)=YA(3)

I1J=1IX=1

DO 100 T=1.1J

XA(1)=FLOAT(I)#S12Z

XA(2)=XA(1)

CALL DRWLN1 (29XAsYA929sNOFRR90s040)

HOLD=YA (1)

YA(1)=YA(2)

YA(2)=HOLD

CONTINUE

DRAW GRID LINES IN X=DTRECTION.

TJ=1Y=1
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XA(1)=0,0
XA(2)=XI#S1Z
DO 200 T=1,1J
YA(1)=FLOAT(T)#%#S127
YA(2)=YA(]1)
CALL DRWLNL1(2eXAeYA92sNOEFRRs D909 0)
HOLD=XA(1)
XA(1)=XA(2)
XA (2)=HOLD

200 CONTINUE

o ANNOTATE THE ELFEMENT NUMBFRS AL ONG THE MARGINS,

CHA=SIZ#0.5
SHA=CHA#10.,0
XL==4,0#CHA=0,1
YL=CHA#0,.,5
NUM=1
DO 300 T=1l,1Y
CALL BINCON(ELFM)
WRTITF (3+1)NUM
CALL DRWCHR (2eFLEMs4eNNFRReSHAGDa XL o YL)
YL=YL+S17
NUM=NUM+ T X

300 CONTINUFE
X1.=XT#ST17
YL=YT#ST1Z=0,75%#S17
NUM=NR
DO 400 T=1,1Y
CALL BINCON(ELEM)
WRITE (341)NUM
CAtL.L. DRWCHR (2+FLEMa4 oNNFRReSHA4 D4 X1 oYL)
YL=YL=S17
NUM=NUM=TX

400 CONTINUE
IF (NUMANF.,0)GO TO 500

C SKTP PAPFER FOR NEXT PLNT.
450 CALL CALCMP(7420e09=2eNe09NCERRWNN)
RETURN
C DRAW THE LLINE OF X=SECTION.
S00 DO 600 T=1,NUMA
N=TV(T)
NROW=1

510 IF(N.LE.NROWH#IX)GO TO 520
NROW=NROW+1
GO TO S10

520 NCOL=N=(NRQOW=1)#T1X
XA(2)=FLOAT (NCOL)#S1Z=-0.5%#S17
YA(2)=FLOAT(NROW)#SIZ=n,5%#S17
IF(I.EQ.1)GO TO S80
CALL DRWLNI(124XAoYA9s2sNOFRRs040s0N)

580 XA(1)=XA(2)
YA(1)=YA(2)

600 CONTINUE

GO TO 450
1 FORMAT (14)
END
C
$IBFTC LL

CSXPLOT PLOTS STRATIGRAPHIC CROSS-SECTIONS.
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OO0

10

SURROUTINFE SXPLOT(TFLAGsNsNUMA)

NIMENSTON F (2500) 4V (2500)5ID(10) «SAVE(300) sRASFELV (P500)4TF (20)
COMMON FoVeNRaTXeTYoTDaNF «NFoaNCsTITAP«INUT+SAVF«RASFLVTF
COMMON XSCeZSCeDISTeXCNL

DIMENSTON SAVL (100) sSAVP(100) e XA(5) s YA(S) 4NM(?)

DIMENSTON SCA(2)+FF(3)«HR(3) aVR(3)4XSCC(3)eZSCC(3)

DIMENSTON IV(2500).DI(1n)

EQUTIVALENCE (Ve TV)

DATA SCA(1)4SCA(2)«FE(1)«FE(2)sHR (1) ¢HR(2) s VR (1) 4VR(2)/
X6HSCALESe2H  +6HFEFT/T43HNCHs6HHORTZO ¢ AHNTAL == ¢ 6HVFRTICy 6HAL ===~/
DATA ASTR/1H#/

CALL BTINCON CONVERTS BTNARY NUMRFRS TO RCD.
THE WRTTE FOLLOWING CALL RINCON IS A DUMMY WRITF FNR RTINCON.
ATWF=0.25#XSC
ATSF=0,375#XSC
AFTN=0.5#XSC
ATEN=0,1%#7SC
ATWN=0,21%#XSC
ANNH=0,09%#XSC
ASXF=0.065%#XSC
ATWH=0.,02%#XSC
AFVH=0,05%#7SC
ATWL=0.12%#XSC
AFTN=0,18#XSC
ATHT=0.,3#XSC
ATFZ=0.025%#2SC
AOTN=0.1#XSC
ATFV=0,35#XSC
ATTF=0.,225#XSC
ATSS=0.275#XSC
AFTH=0,15#XSC
AFRT=0.,4%XSC
IF(IFLAG.NE.O)GRO TO 15
SET UP FOR THIS SECTION. FIND LOWFST POINT IN SFCTION.
M=TIV (1)
BASMIN=BASELV (M)
DO 10 TI=2.NUMA
M=TV(T)
BASMIN=AMTIN]1 (RASMINsBASFLV (M))
CONTINUE
XCOL=0,.,0
CALL PLTIN3(19060090e9040100e9300902¢020a004aRASMTNGXSCs7SCeXMqYM)
PRTINT TTTLE AND SCALES,
CALL BINCON(DI)
WRITF(3.,1002)1ID ‘
CALL DRWCHR (2¢DTe40sNOFPRe2e59000.NesRASMIN=N,5%#75C)
CALL DRWCHR(2+4SCA+8B8eNOFRRe1,54040,0¢RASMIN=-0,825#7GC)
CALLL. DRWCHR(294HRe12eNOFRR 9154001 42#XSCeRASMIN=N,72#7SC)
CALL DRWCHR(2sVRs12sNOFRR 9154091 2#XSCeRASMTIN=0,93#75SC)
CALL DRWCHR(24FF 99 ¢NOERRs1.59093.9%#XSCaBASMIN=N,RPG#75(C)
CALL BINCON(XSCC)
WRITF(3+41001)XSC
CALL BINCON(ZSCC)
WRITF(341001)7SC
CALL DRWCHR(2¢XSCCe6INNFRRe1.,5¢043,0#XSCsBASMIN=0,72#7SC)
CALL DRWCHR(247SCCe69NNFRRs1,54043,0#XSCeBASMIN=0,93%#7SC)
CALCULATE POSITION OF COLUMN (NROWNCOL)
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O O OO0

15
20

30

40

60

65

70
80

83

84

85

NROW=1

IF (NJLF .NROW#TX)GO TO 30

NROW=NROW + 1

GO TO 20

NCOL=N= (NROW=1) # X

SAVP (1)=BASELV (N)

IF(IFLAG.EQ.0)GO TO 40

RND=NRL=NROW

CN=NCL=-NCOL

XCOL=XCOL +SQRT (RD#RD+CN#CN) #DTST

DRAW STRATIGRAPHTC COLUMN.

YROT=BASFELV (N)

YTOP=YBOT

J=1

DO 190 K=14NFs3

NENDS!

IF (SAVE (K) 4EQ.0.0)GO TO 180

YTOP=YROT +SAVF (K)

DRAW BOX ARQOUND THIS LTTHOLOGIC UNTT,

IF (SAVE (K+1) «NE.1.0)G0O TO 60

SANDSTONE .

XD=XCOL+0 ¢ 4#XSC

GO TO 80

TF (SAVE (K+1) eF0.2.0.,0R.SAVE (K+1) .EN.5.0)G0 TO 65

GO TO 70

SHALE OR FVAPORITE.

XD=XCOL+0.3#XSC

GO TO 80

LIMESTONE OR DOLOMITE.

XD=XCOL+0,5%XSC

XA (1) =XCOL

XA (2)=XD

XA (3)=XD

XA (4)=XCOL

XA (5) =XCOL

YA(1)=YBOT

YA(2)=YBOT

YA(3)=YTOP

YA (4)=YTOP

YA (5)=YBOT

CALL DRWLN1(2¢XAsYAsS+NOERRs040s0)

IF (SAVE (K+2) .LT4100.0)60 TO 83

ANNOTATE LITHOLOGIC UNTT WITH AN #, POSSIBLF POSTTION OF OIL
ACCUMULATION,

CALL DRWCHR(2+ASTRs1sNOFRRs1.0509XNsYTOP=AFVH)

FILL BOX WITH THE PROPFR LITHOLOGIC SYMROL.

IF (SAVE(K+1) «NF4.1.0)GO TO 100

SANDSTONE UNTT,

YA(1)=YROT=-ATFZ

YA(1)=YA (1) +AFVH

IF(YA(1) .GE.YTOP)YGO TO 180

XA (1)=XCOL +ATWH

DO 85 L=2+5

XA (L) =XA(L=1) +ANNH

YA(L)=YA (1)

CALL DRWLN1(154XAsYAs5eNOERR0+0s0)

YA(1)=YA (1) +AFVH

IF(YA(1) .GE.YTOP)GO TO 180
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S0

100

105

120

1725

140

145

XA(1)=XCOL +ASXF

DO 90 L=7+4

XA(L)=XA(L=-1) +ANNH

YA(L)=YA(])

CALL DRWELN1I1(15eXAsYA944NOFRReNa040)
GO TO R4

IF (SAVF (K+1) eNF,2.0)GO TO 120
SHALE UNTT.

YA(1)=YBROT

YA(1)=YA(1)+AFVH

YA(2)=YA(1)

IF(YA(]1) GE.YTOP)YGO TO 180
XA(1)=XCOL

XA (2)=XCOL+ATW!

CALL DRWLN1(2+4XAsYAs2sNOERRsDs040N)
XA (1)=XCOL+AETN

XA(2)=XCOL+ATHT

CALL DRWIN1(2¢XAsYA9s29sNOFERRs0s040)
YA(1)=YA(1)+AFVH

IF(YA(1) .GE.YTOP)GO TO 180
YA(2)=YA(])

XA (1)=XCOL +ANNH

XA (2)Y=XCOL+ATWN

CALL DRWLN1(2eXAsYA9s2eNOFRRo0Da090)
GO TO 105

IF(SAVE(K+1) .NF.3.0)GO TO 140
LIMESTONE UNIT,

YA(1)=YBOT

YA(2)=YA(1) +AFVH

IF(YA(2) GT.YTOP)GO TO 180
XA(1)=XCOL+ATWL

XA(2)=XA(1)

CALL DRWIN1I(2eXAsYAs29NOFRRe0s090)
XA(1)=XCOL+ATSF

XA(2)=XA(1)

CALL DRWLN1(2eXAeYA929NOERR904090)
YA(1)=YA(2)

XA(1)=XCOL

XA (2)=XCOL+AFTN

CALL DRWLN1(2¢XAeYAs2sNOFRRs040+0)
YA(2)=YA (1) +AFVH

IF(YA(?2) GTLYTOP)GO TO 180
XA(1)=XCOL+ATWF

XA (2)=XA(1)

CALL DRWELNI(2eXAeYA92sNNFRReNa040)
YA(1)=YA(2)

XA (1)=XCoL

XA (2)=XCOL+AFTN

CALL DRWILNI(2eXAsYAs29NOFRRs0D9NoD)
GO TO 125

JF(SAVE(K+1) NF.4,0)GO TO 160
DOLOMITE UNIT.,

YA(1)=YROT

YA(2)=YA (1) +AFVH

IF(YA(2) «GT.YTOP)GO TO 180
XA(1)=XCOL+AOTN

XA (2)=XCOL+AFTH

CALL DRWLNI(29XAeYA42eNOERRsNs0s0)
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XA(1)=XCOL+ATFYV
XA (2)=XCOL+AFRT
CALL DRWLNI(2¢XAsYAs29sNOFERRN4Ns0)
YA(1)=YA(2)
XA(1)=XCOL
XA (2)=XCOL+AFTN
CALL DRWEN]1(2¢XAsYA92sNOFRRs0sNs0)
YA(2)=YA(]1)+AFVH
IF(YA(?2).GT.YTOP)GO TO 180
XA(1)=XCOLL +ATTF
XA (2)=XCOL+ATSS
CALL DRWLN1(2eXAsYAs2eNOERRs0s090)
YA(1)=YA(2)
XA (1)=XCOL
XA (2)=XCOL+AFTN
CALL DRWLN1(2eXAsYA424NOFRR4s0s040)
GO TO 148
EVAPORITE UNIT,
160 YA(1)=YROT
165 YA(2)=YA(1)+AFVH
IF(YA(2) «GT.YTOP)GO TO 180
YA(3)=YA(1)
XA(1)=XCOL+ATWH
XA(2)=XCOL+ASXF
XA(3)=XA(1)+ANNH
CALL DRWLN1(2+¢XAeYAs3sNOFRRe0s0gN)
XA(1)=XA(3)+ANNH
XA (2)=XA(2) +ANNH+ANNH
XA(3)=XA(1)+ANNH
CALL DRWLNI(2eXAsYAs3sNOFRRs0s040)
YA(1)=YA(2)
YA(2)=YA (1) +AFVH
IF(YA(2)«GT.YTOPIGN TO 180
YA(3)=YA(])
XA(1)=XCOL+ATWH+ANNH
XA (2)=XCOL +ASXF+ANNH
XA(3)=XA(1)+ANNH
CALL DRWLN1(24XAsYA9s3+NOERRsNs0s0)
YA(1)=YA(2)
GO TO 165
180 SAVP(J)=YTOP
YROT=YTOP
190 CONTINUE
ANNOTATE COLUMN AT TOP WITH FLEMFNT NUMRFR (N).
CALL BINCON (NM)
WRITF(34,1000)N
CALL DRWCHR(24NMo4 4sNOERR 9209404 XCOL=ATHTSYTOP+0.5#75C)
M=NC+1
IF(IFLAG.EQ.N)RO TO SO0
CONNECT TTIME UNITS WITH THOSE OF LAST COLUMN,
XA (1)=XCLL
XA (2)=XCOL
DO 300 T=1.M
YA(1)=SAVL (1)
YA(2)=SAVP (1)
CALL DRWLN1(2¢XAsYA9s2eNOFERRsDoNs0)
300 CONTINUE
SAVE LLAST STRAT. COLUMN VALUFS,
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500 DN S10 T=1M
SAVL(T)=SAVP(T)
510 CONTINUE
IF(IFLAG.NE.N)GO TN 550
DRAW Y=AXTIS AT LFFT OF PLOT.
IRAS=BASMIN/1000.0
BAS=IBAS#1000
IRAS=BAS
CALL YAXIS(BASMINCYTOP=1.0%#XSCs100N.04RAS,1NN0.0,TRAS,10N0)
550 NRL=NROW
NCIL =NCOL
XCLL=XCOL+ATHT
IFLAG=TFLAG+1
IF(IFLAGNE NUMA)YGO TO 600
DRAW Y=AXIS TO RIGHT OF PLOT.
CALL YAXIS(BASMIN,YTOP41.5#XSC+XCLL+1000,04BAS410N0N.04TBAS41000)
SKIP PAPER FOR NEXT PLNT.
CALL CALCMP(7+XCOL+S40#XSCe=2,0#ZSC+BASMINs0sNOFRR4040)
600 RETURN
1000 FORMAT (I4)
1001 FORMAT (F6,0)
10072 FORMAT (10A4)
END
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APPENDIX B
Input Data Formats

This appendix contains instructions for filling
in the input forms that contain the basic input data
for the simulation of a geologic area. These data
are supplied by the geologist. The column numbers
refer to the column of the card into which the infor=
mation is punched. Examples of these cards are in-
cluded in Appendices C and D.

CARD COLS. CONTENTS/PURPOSE
TITLE 1-5 "TITLE" identifies the
control card. |t is used
to start a new computer
run. This card must be
followed by a parameter
card.
PARAMETER 1-9 "PARAMETER" identifies
the control card.
11-50 Job identification.
51-53 Number of grids of model
in X~direction.
54-56 Number of grids of model
in Y ~direction.
57-62 Distance between grid

centers (feet).

This card must be followed by a basement card.

BASEMENT -8 "BASEMENT" identifies
the control card.
9-80  Any descriptive infor-

mation.
This card is followed by the elevation cards.
Elevation Each card has space for 12 values.
Use as many cards as needed to
provide an elevation for each grid
element. Each card except the

last must have 12 values (see Fig.
2 for grid numbering scheme).

1-6 Ist, 13th, etc.. grid
elevations.
7-12 2nd, 14th, etc.. grid
. elevations.
67-72 12th, 24th, etc.. grid

elevations.

DEPOSITION 1-10  "DEPOSITION" identifies
the control card.
11-80  Any descriptive information.
13-16  This is an option. If S.L.

appears in these columns,
deposition will not be al=
lowed above sea level.

This card is followed by the rock cards and the por-
osity cards.
Rock Each card has space for 12 sets of
values. Use as many cards as
needed to provide a thickness and
rock type for each grid element.
Each card except the last must have
12 sets of values.

1-5 Ist, 13th, etc.. rock
thickness.
6 Ist, 13th, etc.. rock type.
7-11 2nd, 14th, etc.. rock
) thickness.
72 12th, 24th, etc.. rock type

The codes for the rock types are: 1-sandstone, 2=
shale, 3= limestone, 4-dolomite and 5-evaporites.
Porosity Each card has space for 12 values.
The format is the same as that of
the ELEVATION card, except the
porosity percent is substituted in
the place of elevation.

1-10

COMPACTION "COMPACTION" iden-

tifies the control card.

11-80  Any descriptive informa=

tion.

This card alone causes all of the shales in the model
to be compacted.

STRUCTURAL 1-15 "STRUCTURAL HIGH"
HIGH identifies the control card.
16-80  Any descriptive informa=

fion.

This card alone causes the program to search out and
note the structural highs as possible sites of oil ac-
cumulation,

1-12

DIASTROPHISM "DIASTROPHISM" iden-

tifies the control card.
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13-80

Any descriptive informa=
tion.

17-20  This is an option. If
S.L. appears in these
columns, the basement
elevation will be ad-
justed so the top of each
column will be at sea
level.

This card must be followed by elevation cards unless
the option to adjust the tops to sea level is used.

The formats for specifying the amounts of movement
are the same as that of the ELEVATION card.

EROSION 1-7 "EROSION™" identifies
the control card.
8-80  Any descriptive informa-
tion.
9-12  This is an option. If

S.L. appears in these
columns, all rock above
sea level will be eroded
away.

This card must be followed by erosion amount cards
unless the option for automatic erosion to sea level
is used.

The formats for specifying the amounts of erosion are

the same as that of the ELEVATION card, except the

amount of erosion is substituted for the elevation
value.

DYNAMIC
SNAPSHOT

1-16
identifies the control
card.

This card must preceed each of the following types
of snapshot cards.
STRATIGRAPHIC 1-13  “STRATIGRAPHIC" i-
dentifies the control
card, as a type 1 snap=
shot to prepare a strati=
graphic cross section.
25-28 Number of grid elements
along the cross section.

33-38  Horizontal scale (ft /in).

39-44  Vertical scale (ft /in).

The scales are given only if the cross sections are to

"DYNAMIC SNAPSHOT"

be plotted on an automatic plotter.

This card must be followed by an element numbers
card.
Element This card gives the numbers of the
grid elements along the line of
the cross section. There is space
for 18 numbers. Each card except
the last must have 18 values.

1-4

Ist, 19th, etc.. element

number.

2nd, 20th, etc.. element
number.

5-8

69-72 18th, 36th, etc. element

number.

STRUCTURAL 1-10  "STRUCTURAL" identi-
fies the control card as a
type 2 snapshot to pre=
pare a structural tops
listing.

25-28  The number of the time
unit on which the struc-
tural top is to be calcu=
lated.

47 In an "X" appears in this
column, the values are
written on a tape for fur=-
ther processing.
ISOPACH 1-7 "ISOPACH" identifies
the control card as a
type 3 snapshot to pre=
pare an isopach interval
listing.

25-28  The number of the top of
the time unit from which
the interval is to be cal-
culated.

29-32  The number of the bottom
of the time unit to which
the interval is to be cal-
culated.

47 In an "X" appears in this
column, the values are
written on a tape for fur-
ther processing.

END

1-3 "END" identifies the con-

trol card which terminates
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STOP

1-4

a simulation run on the RESTART
computer.

"STOP" identifies the
control card which in-
terrupts a simulation run
for a future restart.

34

1-7

"RESTART" identifies the
control card which con=
tinues a simulation run
that was previously in-
terrupted.



APPENDIX C

The Wind River Basin of central Wyoming is
used as the sample case. The geology of the basin
is well defined in a paper by Keefer (1965). Part
of the geological input for the basin simulation is
based on Keefer's discussion, The geological his-
tory is defined for each geologic period, starting
with the description of the Precambrian surface be =
fore Cambrian deposition began. The geology as
defined by Keefer (1965) is at a scale of about 90
miles per inch (58 km 1cm). The geology was ana=
lyzed and reduced into a form suitable for modeling
by the program. The thicknesses of the shales were
increased to account for the compaction to present
thicknesses. Diastrophic movements were defined
periodically to make sure that the tops of the strat-=
igraphic columns were at sea level at the end of an
interval of marine deposition. Amounts of erosion
and uplift were tested experimentally to provide a
reasonable definition of the development of the sur-
rounding mountains. Stratigraphic cross sections
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were prepared at the end of each geologic era to
show the geology at these points in time.

The area is a large sedimentary and structural
basin that formed during Laramide deformation. It
is surrounded by broad belts of folded and faulted
Paleozoic and Mesozoic rocks. The center of the
basin is covered by nearly flat=lying lower Eocene
rocks. Figure 7 is a simplified block diagram show-
ing the geology as it is today.

Figure 8 shows the grid that was superposea on
the area. The grids represent an area of 400 square
miles (1024 sq km) or 20 miles (32 km) on a side.
The entire basin and most of the surrounding moun-
tains are covered with eleven grid elements in the
east=west direction and seven in the north=south
direction. This is an area of 220 by 140 miles
(352 by 224 km). The locations of the lines of the
stratigraphic cross sections are also shown on Figure
8. Figure 9 shows the manner in which the geologic
history was described for the sample case. A partial
listing of the input data cards used in the sample
case follows.



P— PALEOZOIC
M- MESOZOIC
C- CENOZOIC

10 20 MILES
5530 KILOMETERS
—_

Figure 7.~ Simplified block diagram of the Wind River Basin showing the general nature of the geology. In
part after Keefer (1965) and Blackstone (1948).
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Figure 8.~ Outline of the Wind River Basin showing the manner in which the region was gridded. The lines
of the stratigraphic cross sections are shown also.
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TIME

AGE UNIT FORMATION
MIDDLE AND ag GENERAL
UPPER TERTIARY AGGRADATION
37 WIND RIVER
EOCENE
36 INDIAN MEADOWS
35 WALTMAN
PALEOCENE FORT UNION
34 LOWER
33 LANCE
32 MEETEETSE & LEWIS
31 MESAVERDE
30 copY
CRETACEOUS 29 UPPER
28 MIDDLE FRONTIER
27 LOWER
26 UPPER & MOWRY
THERMOPOLIS
DY
24 LOWER
23 UPPER  GLoVERLY
22 LOWER
21 MORRISON
TRASEIE P 20 SUNDANCE
19 GYPSUM_SPRINGS
18 NUGGET
17 UPPER
6 ALCOVA  CHUGWATER
TRIASSIC 1z e on
14 DINWOODY & GOOSE_EGG
PERMIAN 13 PARK CITY & GOOSE EGG
12 CASPER
" TENSLEEP
PENNSYLVANIAN ﬁ 10 LIMESTONE
= 9 SHALE AMSDEN
: 1 8 DARWIN
MISSISSIPPIAN 7 MADISON
= 6 MARINE_SHALE
DEVONIAN s 5 DARBY
ORDOVICIAN zz 4 BIGHORN
T 3 GALLATIN
CAMBRIAN 2 GROS VENTRE
| FLATHEAD
PRECAMBRIAN

Figure 9.~ Generalized stratigraphic column of the Wind River Basin. The units are not to scale. The
deposition was described by 38 time units.
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TITLE
PARAMFTER WIND RIVER RASTN STMULATTON
BASEMFNT START OF PALENZOIC FRA.
=2200 -2100 -1995 =1800 =1785 -1590 =1300 -1140
-2060 =1925 -1700 -1625 =1465 =1340 =1130 =400
-186N0 -1680 ~1655 =1545 -1380 -1210 -76A5 =300
-185% -1790 -1670 -1405 -1000 =855 =535 -500
-1680 =1595 =1330 -1240 =700 =650 =590 =1790
-159n =1515 =1470 =1000 =800 =705 =1730 -1745
=153N0 =1425 =-1300 -1000 =900
DEPOSYTION=--TTME 1-CAMBRIAN FI ATHEAD SS.
2001 1901 1801 1651 1451 1251 1001 701
2201 2101 2001 1751 1501 1251 9n1 501
2301 2201 2051 1801 1501 1051 701 201
2251 2051 1951 1551 1201 851 4n1 01
205 1751 1501 1001 751 501 151 2501
1501 1201 901 651 S0l 251 23n1 2?2201
1001 801 551 401 301
n

DIDIDD DD
OO DODODO O
QOO OO0
DODOO0O0O
DODO DD D
DOODODDD
DO DO DD
DO OO O

DEPOSTTION=-=-TIME 2-CAMBRIAN GROS VFNTRFE FM,
19007 18002 16402 15002 13202 11802 10002 B8AN?
17002 16002 14002 12502 11302 9802 8602 3401
15207 13802 12102 10902 9702 8202 6302 2001
13002 11702 10402 9302 80n2 6107 1801 801
11002 9902 8802 7802 2901 145) 451 14802

9402 8302 76002 2201 1001 01 14202 13202

88072 6202 4002 801 nl
50 50 50 50 50 S0 S0 50
50 50 50 50 50 S0 50 5
sn 50 50 50 S0 50 S0 S
sSn 50 50 50 50 50 5 S
S0 50 50 50 5 5 5 50
50 50 50 5 S 5 50 50
50 50 50 5 =)

DEPOSTTION=-=TIME 3-CAMBRTAN GALLATIN LS.

4603 4303 4003 3903 3753 3603 3453 13303
4503 4153 4003 3903 3703 3503 3303 3103
4603 4353 4053 3903 3603 3403 3203 2953
4503 4253 4003 3803 3653 3353 31n3 2953
4303 4053 3953 3703 3503 3253 3003 5103
3953 3803 3603 3353 3203 3003 5053 4953
3753 3453 3153 3003 2903

18 15 15 20 15 15 15 15
15 10 15 15 1S 20 10 5
15 15 20 15 15 10 10 5
15 20 15 10 10 5 10 S
15 20 15 15 15 10 15 10
18 15 20 15 10 5 0 S
15 10 5 S 0
COMPACTION

11

-750
-100
-295
-1950
-1750
-1500

251
01
01

2601
2301
2001

DO DDOO

7002
2101
1001
15602
14002
17202

50
5
5

S0

50

50

3053
2953
2903
5153
5003
4603

1

SAJgNnAas

DIASTROPHISM-U.CAMB, NOWNWARPING WFSTWARN, UPWARPING FASTWARD,

-ll10n =800 =~-700 =500 =350 =200 0 20

38

70

7105600
-75 -50
=75 =2135
~2080 -2050
-1925 =1775
-1540 =1470
-1460 =1540
01 01
01 2551
2701 2601
2501 2301
2151 2001
1751 1501
n 0
n 0
0 0
0 0
0 0
n 0
2201 1001
1001 17202
16402 16002
14507 13602
12802 11802
11202 9302
5 5
S 50
S0 50
50 50
50 50
50 50
2903 ?2R03
2803 5003
5103 5003
5053 4803
4753 4453
4403 4053
5 0
N 20
10 15
10 15
10 15
5 10
100 120

-2150
-2040
-1910
-1730
-1520
=-154n

2301
2401
2401
2201
1751
125)

DO D DD 2D

18002
16602
14102
12202
10402

R8Nn2

50
50
50
50
50
50

48073
4903
4753
46073
4203
3903

15
15
15
20
10
15

-8275



-600 =400 =300 =200 =100 20 50 95 130 170
=300 =200 =100 10 40 90 115 160 200 =750
n 15 50 70 100 130 200 210 =800 =500
s 40 70 100 135 200 205 =800 =600 =350
10 60 85 115 150 190 =1000 =800 =600 =350
15 50 80 110 150
EROSIONN S.L. PENEPLANATION OF FASTFRN PART, (I,CAMBRTAN.
DEPOSTTION TIMF 4. ORDNVICIAN RIGHNRN NOLOMITF.
2104 1954 1704 1454 1154 804 204 YA N4 04
2004 1854 1R04 1454 BS4 504 na 04 04 104
2004 3004 1704 704 S04 04 na 54 354 3004
3104 1804 B04 504 304 204 S04 604 3504 3304
2504 1604 1004 704 704 1004 1004 3704 3704 3504
2504 2004 1504 1004 1304 1504 4004 4054 4004 4004
3504 3104 2004 1904 1804
E 5 5 5 5 5 5 5 5 5
5 5 5 5 5 5 5 5 5 5
5 5 5 5 5 5 5 5 5 5
5 5 5 5 5 5 5 5 5 5
S 5 5 5 5 5 5 5 5 5
5 5 5 5 5 5 5 5 5 5
5 5 5 5 5
EROSTON--TRREGUL AR FROSTON DURING STLURTAN TTMF
-60 =70 =95 =60 =70 =85 =90 =110 =150 =110
-9 =80 =100 =100 =110 =100 =120 =95 =90 =80
=190 =210 =220 =190 =175 =160 =95 ~A0 =40 =110
=250 =200 =150 =170 =100 =140 =80 =50 =120 =195
-180 =100 =90 =50 =150 =95 -f0 =130 =1R0 =200
-7% =50 =90 =160 =90 -0 =150 =190 =195 -15p
-20 =85 =120 =80 =20
DIASTROPHISM Sele
DEPOSTTINN TIME S. DEVONIAN NDARRY FM, ,
3104 2504 1804 804 YA 04 04 04 04 04
2704 2004 304 (YA 04 04 N4 04 04 YA
2004 404 04 04 04 04 04 04 04 3054
604 04 04 04 04 04 04 04 3004 2104
04 04 04 04 04 YA 04 3004 2004 1154
04 04 04 04 04 04 3054 2404 1604 1304
04 04 04 04 04
5 5 5 5 5 5 5 5 5 5
& 5 5 5 5 5 5 5 5 5
5 5 5 5 5 5 5 5 5 5
& 5 5 5 5 5 5 5 5 5
5 5 5 5 5 5 5 5 5 5
5 5 5 5 5 5 5 5 5 5
5 5 5 5 5
EROSTON LATE DFVONTAN.,
=40 =45 =40 =50 =50 =55 =60 =75 =85 =100
=55 =50 =50 =55 =55 =60 =R5 =100 =165 <170
=60 =60 =55 =60 =K5 =80 =110 =155 =145 =50
=70 -60 =60 =70 =70 =100 =115 -140 -55 =55
-70 -85 -8) =95 =100 =130 =120 =60 -60 =75
-105 =-110 =150 =160 =170 =180 =65 =85 =100 =105
=115 =140 =150 =150 =160
DIASTROPHISM Sels
DEPOSTTTON=-=TIME 6-LATE DEVONTAN MARINF SHALF
1102 1002 1002 902 852 752 602 502 402 207
852 802 702 602 552 S02 302 102 0? 07

39

-750
-490
-250
=200
-250

04
2704
2754
3004
3304
4104

A AN

-100
-150
-150
-260
-180

-90

NG
3104
2604
1454

804
1154

[$) O IR0 RV, NS V) |

=110
-50
=55
-5
-85
=110

02
AD2

-500
-200

-150
=100

2404
2304
2804
3204
3004
35n4

-130
=205
=200
=100

-40

3154
2704
2004
704
704
604

-50
-55
-60
-80
-9n

-115

802
602



562 502 402 452 257

307 252 202 102 02

02 02 02 02 n?

0?2 02 02 02 02

0? 02 0?2 0? 0?7

50 50 50 50 50

50 50 50 50 50

50 50 50 50 50

50 50 50 50 50

50 50 50 50 50

50 50 50 50 50

50 50 50 50 50
DFPOSTTTION==TIMF 7=MADTSON LS.

5302 4303 3R03 3503 3203

5003 4103 4003 4003 3003

5003 4903 6003 4153 3703

6003 6003 4303 3803 3203

5353 4703 4053 3503 3003

3703 4003 2953 2503 2003

300% 2903 2503 2003 1553

15 15 15 15 15

15 15 15 15 15

18 15 15 15 15

1= 15 15 15 15

15 15 15 15 15

15 15 15 15 15

15 15 15 15 15
EROSTNN--LOWER PENNSYLVANIAN,

-45 =45 =40 =40 =30

=70 =45 <45  -A0 =50

=50 =50 =40 =55 =50

=45 <10 =30 =55 =50

-30 0 0 =50 =50

n 0 0 =10 =50

-40 =40 =50 =60 =65

DIASTROPHISM SeLo

DEPOSTTION--TIMF 8-AMSDEN FM,
27017 2801 2951 3401 4001
2751 2901 3351 4051 43n)
2801 3301 13951 3801 3201
2951 2851 3001 2501 2001
2001 1701 1551 1901 2051
2001 2051 2301 2101 2001
2301 2601 2301 2101 1701

20 20 20 20 20

20 20 20 20 20

20 20 20 20 20

20 20 20 20 20

20 20 20 20 20

20 20 20 20 20

20 20 20 20 20
DEPOSTTION==TIMF 9=AMSDEN FM,

3002 2752 2502 2302 2057

2807 2602 2402 2102 1902

2802 2602 2302 2102 2152

27572 2502 2352 2152 2057

2352 2152 2002 1802 1502

1907 1702 1502 1252 1007

102 n2 n2 0r 40”2
0?2 n2 02 202 207
0?2 ng 02 n? 0>
02 n2 n2 0?2 n?
50 S0 50 50 50
S0 50 50 50 50
) S0 50 50 50
50 50 50 50 50
50 50 50 50 50
50 50 50 50 50

MISSISSIPPIAN,
2903 2953 4003 2903 1803
3002 4103 4003 2003 1603
3953 4003 3053 1903 #8203
2903 3003 2103 7103 6953
2203 1953 7303 7153 6603
1603 7503 7103 6503 5503
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 15 15 15 15

-40 -45 -45 -55 -40

-65 =70 -60 =40 =30

-95 «120 -75 -75 -3n

-110 =105 -50 -75 ~100
-70 -850 -60 -75 =105
-65 -50 -60 -55 =50

DARWIN SS MFMRFR. PFNNSYLVANTAN

4201 3901 3301 2R51 2301

3751 3nS1 2451 1901 135)

2701 2001 1501 1051 2001

1751 1901 1401 1901 2101

2051 1551 1501 1601 1801

1751 1001 1351 1651 1951

20 20 20 20 20
20 20 20 20 20
20 20 20 20 20
20 20 20 20 20
20 20 20 20 20
20 20 20 20 20

SHALF. PFNNSYLVANTAN,

1852 1652 1452 13072 1102

1752 1802 1602 1502 11072

21072 20572 1802 1302 13257

1802 1502 1052 13152 72907

1207 9n2 3052 2Rp? 2552
852 2902 2852 2507 23072

352
157
ne
nz

50
50
50
50
S0
50

1603
A403
6nS3
7053
5003
4453

15
15
15
15
15
15

-20
-R0
-120
-130
-60
-40

1801
2301
2351
2101
1751
2051

20
20
20
20
20
20

902
3202
3ns2
2702
2302
2002

307
52
0?2
n?

50
50
50
50
50
50

A0073
5803
6103
6003
4003
3603

15
15
15

16
15

=55
-Q5
-1n0
-100
-50
=50

2601
2501
2701
2001
1601
2101

20
720
20
20
20
20

3082
31072
PR&?
2502
2102
18n2



1002 Qn? 807

50 50 50
50 50 50
50 50 50
50 50 50
50 50 50
50 50 50
50 50 50

DEPOSTTTON=-=TTIME 10=-AMSNFN FM,

3253 2953 23n3
2803 2353 1883
2303 1903 953
1753 1003 8n3
1153 753 403
803 453 n3
403 53 n3
25 25 25
25 25 28
25 25 ?5
25 25 25

25 25 5
25 25 25
25 25 25
S.L.

3501 2551 1451
2501 1401 851
1351 801 251
901 501 301
851 601 401
901 80 651
1001 901 801

20 20 20
20 20 20
20 20 20
20 20 20
20 20 20
20 20 20
20 20 20
Sele

DEPOSTTION==TTMFE 12. CASPER FM,

01 151 851

01 1101 20Mm
1051 1801 240
1001 2001 300
1301 2301 3601
2001 3401 4301
3201 3601 4001

10 10 10
10 10 10
10 10 10
10 10 10
10 10 10
10 10 10
10 10 10

NEPOSTTION=-=TIMF 13, PARK CITY

15072 1252
50 50
50 50
50 50
5n 50
5N 50
50 50
50 50

3703 3503

3303 3103

3003 2653

2752 2203

2303 1803

1902 1303

110 753
2% 25
25 25
25 25
2% 25
25 25
2% 25
2% 25

DTASTROPHTSM
DEPOSTTTON==TIMF 11.

4401 4151

4051 3401

3301 2501

2401 1401

1401  95)

1651 1201

1R01 1401
20 20
20 20
20 20
2n 20
20 20
20 20
20 20

DIASTPOPHISM
0 01
01 01
N1 01
n1 401
01 151
01 801

201 1501
1n 10
10 10
1n 10
10 10
10 10
1n 10
1n 10

3051 3351

3301 3503

3603 3303 3203
3053 2903 41n3

TENSLEEP SS.

50 50 50
50 50 50
50 S0 50
50 S0 50
50 50 S0
50 50 S50
LS. PFENNSYLVANTAN,
1603 1603 1403
1303 an3 803
703 5073 383
453 203 03
03 N3 37253
03 3083 2783
25 25 25
25 25 5
25 25 25
25 25 25
25 25 25
25 25 25

SM
51
01

101

301

601

20
20
20
20
20
20

201
nl
n1
n1

251

4151

20
20
20
20
20
20

U.PENNSYLVANTAN,

0t
n1
N1
nl
4051
4001

20
20
20
20
20
20

UsPENNSYI_VANTAN=| ,PERMT AN

1701 2451 3201
2851 3701 4251
3201 4051 5101
4001 5001 6101
4751 5601 N1
4801 n1 nl
10 10 10
10 10 10
10 10 10
10 10 10
10 10 10
10 10 10
FM.-WEST. GOOSF EGG
3003 2805 2905
3505 3705 3805

41

50 50 50
50 50 50
50 50 50
50 50 50
50 50 50
50 50 50

1153 903 703

603 403 3303
253 3203 3103

3453 3203 3053

3103 003 2703

2403 2003 1203
25 25 25
25 25 ?5
25 25 25
25 25 25
5 25 25
75 25 25
01 01 01
01 01 4101
01 4051 3701

4001 3501 3001

3601 3151 2601

3651 3301 3001
20 20 20
20 20 20
20 20 20
20 20 20
20 20 20
20 20 20

3801 4551 5451

5051 6001 1

6201 01 01
n 01 01
01 01 01
01 01 01
10 10 10
10 10 10
10 10 10
10 10 10
10 10 10
10 10 10

FM.EAST. PFRMTAN,

2855 2955 3205

3655 3505 2601

50
50
50
50
50
50

35073
3153
3003
28013
2203
1453

25
25
5
>
75
75

47201
39n1
3201
2001
2051
2401

20
20
20
20
20
20

01l
01
01
01
nl
0l

10
10
10
10
10
10

2901
3103



3203 2803 3003 3
3003 2003 2703 3
1803 1903 2205 ?
2603 2905 3105 2?2

3105 3405 3105 3

n 0 10

n 10 10

1n 10 10

10 10 10

10 10 0

10 0 0

n 0 0
COMPACTION
NDTIASTROPHISM SelLe

DYNAMYC SNAPSHOT
STRATTGRAPHIC SFCTION
12 13 14 15 16

DYNAMTC SNAPSHOT
STRATTGRAPHIC SECTION
34 35 36 37 318

DYNAMTC SNAPSHOT
STRATTYGRAPHIC SECTION
S6 57 S8 59 60
DYNAMTC SNAPSHOT
STRATTGRAPHIC SFCTION
2 13 24 35 46
DYNAMYC SNAPSHOT
STRATTGRAPHIC SFCTIOM
6 17 28 39 50
DYNAMTC SNAPSHOT
STRATTGRAPHIC SECTION
10 21 32 43 654
STOP
RESTART

NEPOSTTION==TTME 14=NDINWOODY FM=U.GOOSF FGG FM TO

100 1001 1001 1
100 11001 1001
1007 1001 1001
10nY 1001 1001 1
1007 1001 1001 1

1001 1001 1005 1
1005 1005 1005 1

n 0 0

n 0 0

n 0 0

n 0 0

n 0 0

n 0 0

n 0 0
DEPOSTTION=--TIMF 15,

COMPACTION

953
155
655
A0S
0SS

10

10

-
DO O DD

17

39

61

57

61

65

001
001
001
001
nol
005
005

DODDODDDDO 2

11
40

11
62

68

1001
1005
1005
100S
1005
1005
1005

DODDODDDD

3205 3705
2805 3155
2905 2755
2805 1751
10 0
0 0
0 0
0 0
0 0
0 20
50000 500
19 20 21 22
50000 500
41 42 43 44
50000 500
63 64 65 66
50000 500
50000 500
S0000 500

1005
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Figure 10. - Stratigraphic cross section B =B ' showing the simulated geology of the Wind River Basin at the end of the Paleozoic Era.

The section is 200 miles long. Vertical scale is in feet.
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The

-E ' showing the simulated geology of the Wind River Basin at the end of the Cenozoic Era.

Stratigraphic cross section E

Figure 15.-

| scale is in feet.

section is 120 miles long. Vertica



Table 4.- Listing of the geologic computer language control cards used to describe the geologic history of
the Wind River Basin.

SUMMARY OF GEOLGGIC EVENTS

BASEMENT START OF PALEOZOIC ERA.

DEPOSITION--TIME 1-CAMBRIAN FLATHEAD SS.

DEPOSITION==TIME 2-CAMBRIAN GRUS VENTRE FM.

DEPOS ITION==TIME 3-CAMBRIAN GALLATIN LS.

CGMPACTION

DIASTROPHISM=UsCAMBe DOWNWARPING WESTWARDe UPWARPING EASTWARD.
ERUSION SeLe PENEPLANATION OF EASTERN PART. Ue.CAMBRIAN.
DEPOSITION TIME 4. ORDOVICIAN BIGHORN DOLOMITE.
EROSION-=IRREGULAR EROSION DURING SILURIAN TIME

DIASTROPHISM Sele

DEPUSITIUN TIME 5. DEVONIAN DARBY FM,

EROSION LATE DEVONIAN.

DIASTROPHISM Sele -

DEPOSITION--TIME 6-LATE DEVONIAN MARINE SHAL

DEPOSITION--TIME 7-MADISON LS. MISSISSIPPIAN.

ERDSION--LOWER PENNSYLVANIAN.

DIASTROPHISM Sele

DEPOSITION--TIME 8-AMSDEN FMe DARWIN 35 MEMBERe PENNSYLVANIAN
DEPOSITION-=-TIME 9-AMSDEN FMe SHALE. PENNSYLVANIAN
DEPOSITION--TIME 10-AMSDEN FMe LSe PENNSYLVANIAN.

DIASTROPHISM Sele

DEPOSITION=--TIME 1l. TENSLEEP SSe UsPENNSYLVANIAN.
DIASTROPHISM Sele ’

DEPOSITION=-TIME 12. CASPER FMe UePENNSYLVANIAN-LoPERMIAN
DEPOSITION-=TIME 13 PARK CITY FM.—WEST.GOOSE EGG FMeEASTe PERMIAN
COMPACTION

DIASTROPHISM SeLe

DEPUSITIGN=-TIME 14-DINWOODY FM-U.GOOSE EGG FM TU EAST. LoTRIASSIC.
DEPOSITION--TIME 15. LOWER CHUGWATER FMe LoTRIASSIC.
DIASTROPHISM Sele

OEPOSITION--TIME 16e ALCOVA LS MEMBER-CHUGWATER FMe M.TRIASSIC.
DEPOSITION=-TIME 17« UPPER CHUGWATER FMe U.TRIASSIC.
DEPOSITION--TIME 180 NUGGET SANDSTONE. LeJURASSIC
DIASTRGPHISM Sele

DEPOSITION--TIME 19. GYPSUM SPRINGS FMs MeJURASSIC.

EROSION TRUNCATION OF NUGGET AND GYPSUM SPRINGS FMS.
DEPOSITION--TIME 20. SUNDANCE FMe UsJURASSIC

DEPOSITION--TIME 21 MORRISON FMe UeJURASSIC

DEPOSITION=-TIME 22. LeCLOVERLY FMs LoCRETACEOUS.

DIASTROPHSIM Sele

DEPOSITION--TIME 23+ UsCLOVERLY FMe LoCRETACEOUS.
DEPOSITION=-TIME 24e LoTHERMOPOLIS FM. LoCRETACEOUS
DEPOSITION--TIME 25. MUDDY (DAKOTA) SS MEMBER-THERMOPOLIS FM.
DEPOSITION==TIME 26¢ UeTHERMUPOLIS FM--MOWRY SHALE. LeoCRETACEOUSe
DEPOSITION=-TIME 27+ LoFRONTIER FMs UesCRETACEOUSe
DEPOSITION--TIME 28+ MeFRONTIER FM. UsCRETACEOUSe

DIASTROPHISM Sele

DEPOSITION--TIME 29« UeFRONTIER FMe UeCRETACEDUS.
DEPOSITION--TIME 30. CODY SHALE. UeCRETACEOUS.
DEPOSITION--TIME 31l. MESAVERDE FM. U.CRETACEOUS
DEPUSITION--TIME 32. MEETEETSE FM-WEST. LEWIS SHALE-EASTe UsCRETACEOUS
COMPACTION

DIASTROPHISM Sele

DIASTROPHISM—START OF LARAMIDE TECTONICS.
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EROSIUGN-=CUTTING OF UPWARPED REGIUNS.

DEPOSITION=-TIME 33, LANCE FMe UsCRETACEQUS,

COMPACTION

DIASTROPHISM AT END UF MESOZO0IC.

EROSIOUN--PALEOCENE EROSIUGN OF RISING MOUNTAIN RANGESe
DEPOSITION==TIME 34e¢ LeFORT UNIUN FMe UsPALEOCENES
DEPGSITION--TIME 35. WALTMAN SHALE MEMBER-=FURT UNION FM,
DIASTROPHISM=-CUONTINUED FOLDING AND SINKINGe LeEUCENE.
DEPOSITION--TIME 36. INDIAN MEADUWS FMe Lo+EOCENE.
DIASTROPHISM=-STRONG FOLDING AND UPLIFT OF MOUNTAINSe LoEOCENE
EROSION==CUTTING TO CORES OF ALL BORDERING MUUNTAINS RANGES.
DEPOSITIUON=--TIME 37 WIND RIVER FMe LeEUOCENE.
DEPOSITION==TIME 38e MeAND UsTERTIARY AGGRADATION.
CUMPACTIOGN ,

DIASTROPHISM--~BRUOAD YPLIFT OF WHOLE REGION.
EROSION--DEGRADATION TO PRESENT TIME.

END

END OF JOBe 77 ELEMENTS IN MODEL 11 X 7.
71 GEOLOGIC EVENTS WERE INPUT.
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KANSAS GEOLOGICAL SURVEY COMPUTER PROGRAM
THE UNIVERSITY OF KANSAS, LAWRENCE

PROGRAM ABSTRACT
Title (If subroutine state in title):

FORTRAN IV PROGRAM FOR SIMULATING GEOLOGIC DEVELOPMENT
OF SEDIMENTARY BASINS

Date: January 1970

Author, organization: D.R. Ojakangas, Information and Computing Centres Canada, Limited

600-6th Ave., Calgary 1, Alberta, Canada

Direct inquiries fo: Author or
Name: D.F. Merriam Address: Kansas Geological Survey, University
of Kansas, Lawrence, Kansas 66044
Purpose /description:  Simulation of some geologic processes involved in the development of some
oil traps.

Mathematical method: The geological processes are imitated by successive evaluations of equations

and decision=making operations.

Restrictions, range: Maxima are: 50 by 50 grids in x= and y= direction or 2500 total grid units;

100 cycles of deposition.

Computer manufacturer:  IBM Model: 360/ 65

Programming language: FORTRAN |V

Memory fequired: 131 K Approximate running time: 20 minutes for sample case

Special peripheral equipment required: CALCOMP Plotter—offline

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

CALCOMP plot package required for plotter output.
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