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Editor’s Remarks

Geological modeling has assumed considerable importance in the last two years and shows evidence
of becoming more important in the future. Because the original simulation program published in this series
(J.W. Harbaugh, 1966, COMPUTER CONTRIBUTION 1) is almost out-of-print and most institutions have
no facility for running BALGOL programs, it was decided to translate it to FORTRAN IV. This report con-
tains all information necessary to operate the program and interpret the results.

The model will "...imitate the behavior of sediments as they are transported and deposited within a
marine sedimentary basin." This is important to the geologist who is attempting to interpret the history of
an area. By adjusting the model and observing the responses, some insight into the formative processes can
be made. Although modeling is still in an infant stage of development, it offers a very promising area for
future research in geology.

The computer is a symbol of change -

of innovation - of the future. Those with
the greatest stake in the future and those
who are psychologically most open to it
are the people with the greatest interest
and enthusiasm about the machines.

Robert S. Lee, 1966
Datamation, v. 12,

no. 12, p. 34

The Kansas Geological Survey is the only geological organization known to be actively distributing
computer program decks as well as data decks. The programs are sold for a limited time at a nominal cost.
Versions of the programs have been executed on Burroughs B5500, CDC 3400, Elliott 803C, GE 625, and
IBM 1620, 7040, 7090 and 7094 computer systems. For a limited time, the Survey will make available the
card deck of the simulation program in FORTRAN [V for $20.00. An up-to-date list of available decks can
be obtained by writing, Editor, COMPUTER CONTRIBUTIONS, at the Survey offices in Lawrence.

Comments and suggestions concerning the COMPUTER CONTRIBUTION series are welcome and should
be addressed to the Editor. An up-to-date list of publications is available on request.



FORTRAN IV PROGRAM FOR MATHEMATICAL SIMULATION
OF MARINE SEDIMENTATION WITH IBM 7040 OR 7094 COMPUTERS

By
JOHN W. HARBAUGH and WARREN J. WAHLSTEDT

ABSTRACT

Utilizing an IBM 7040 or 7094 computer, a mathematical model of marine sedimentation imitates the
behavior of sediments as they are transported and deposited within a marine sedimentary basin. By mathe-
matical means, in symbolic three-dimensional space, the model imitates the processes of tectonic warping,
winnowing of sediments along beaches, formation of deltas, and growth and interaction of organism commu-
nities, 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. Several million years of geologic history can be
recreated in an hour or less of IBM 7040 computer time.

Output from the program representing the model is in the form of lithofacies maps, structure maps,
biofacies maps, water depth maps, and up to six geologic cross sections that show both structure and facies
relationships. An additional feature provides the output of mirror images of the cross sections if construction
of a three-dimensional display is desired. A series of maps and cross sections can be printed for each incre-
ment of geologic fime, making it possible to observe progressive geologic changes as they occur.

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

The principal objective in geological mathematical modeling is to produce symbolic geologic pro-
ducts (such as sedimentary 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, assymptions may be made and tested on a trial and error basis. |f 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), the assumptions can be progressively changed, and new runs
made until the model begins to perform realistically.

The mathematical model is embodied in a FORTRAN 1V computer program which has been success-
fully run on an IBM 7040 and IBM 7094 with satisfactory results. With minor modifications, the program
can probably be used with computers of other manufacturers, and with IBM System 360 computers.

INTRODUCTION may be viewed as a bell-shaped surface representing
the probability "density" of two variables (Fig. 2).
Computer modeling provides a means of ex- In four or more dimensions visualization is impossible,
ploring a series of different sets of assumptions. The but the idea is similar.
series of assumptions may be thought of as forming The purpose of carrying out simulation experi-
a kind of multidimensional continuum within which ments with the program described here is to "explore"
there are an infinity of possible combinations, some  a multidimensional continuum formed by the different
more plausible than others. According to this view,  variables incorporated in the program. In most prob-
each variable may be regarded as a dimension of the  lems of geology, as for example, those dealing with
continuum. Just as a line contains an infinite num-  interpretation of ancient environments, there is no
ber of points, a multidimensional continuum also single, "right" answer. Instead, there are multiple
contains an infinity of points or, in this case, pos- answers, some of which may seem reasonable whereas
sible states of the model, each state representing others may be less reasonable. The important fact to
an interpretation. Such a continuum may be visu- realize, however, is that these possible answers are
alized in two dimensions as an ordinary probability neither discrete nor sharply separated from each other.
density function, which is commonly known as the Instead, we can regard them as intergrading to form
bell-shaped frequency distribution curve or "normal™ a continuum, within which there are an infinity of

curve (Fig. 1). In three dimensions, the continuum  possible answers, each differing by an infinitesimal



amount,

For example, the mathematical model em-
bodied in the computer program described here may
be used to explore the responses of a particular
marine organism community to different assumed
values of water depth and to influx of mud. Assume
that the community is a mud-loving community,
but that too much mud is disadvantageous, just as
too little mud is detrimental. If the community is
both depth sensitive and mud-influx sensitive, then
its performance (other factors disregarded) may be
thought of as being described by a probability den-
sity surface which portrays the different probabili-
ties associated with different values of depth and
mud influx (Fig. 3). The purpose of mathematical
simulation, restated, is to provide a means of ex-
ploring this surface by enabling an investigator to
assume different values of depth and mud influx,
and to explore the results yielded by these values
in conjunction with the assumed behaviorial prop-
erties of the organism community with respect to
depth and mud influx. Thus, mathematical simula-
tion is a means of exploring the effects of different
sets of assumptions - no more and no less.

FREQUENCY

A VARIABLE A

Figure 1.- Normal frequency distribution curve
representing a probability distribution function.
Variable is assumed to range continuously from
atoa'. Height of curve at any point is propor-
tional to frequency of occurrence at value of
variable at that point.

The FORTRAN 1V program representing the
mathematical model which is described here was
originally written in a variety of ALGOL 58
(called SUBALGOL or BALGOL) by Harbaugh
(1966). Because of the relative lack of use of
the ALGOL 58 computer language at most com-
puter installations, it was decided to translate
the program to FORTRAN V.

The FORTRAN |V version was developed
using the IBM 7040 computer at The University
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Figure 2.- Surface representing probability distri-
bution function of two variables. Variables x
and y are assumed to range continuously from A
to A' and B to B', respectively. Height of surface
at any point defined by values assigned to X and
Y is proportional to probability of occurrence at
that point.

of Kansas. The program also has been tested on the
IBM 7094 computer. With minor modifications, it
can be used with other computers for which FORTRAN
IV language systems are available, although minor
modifications of the program will probably be re-
quired.

An explanation of the geological rationale
of the program is provided in the Appendix, which
is taken from Computer Contribution 1 and also
from another paper by Harbaugh (1967).
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with facilities provided by Stanford University Com-
putation Center, with financial support by National
Science Foundation Grant GP-4514, the Shell Fund
for Fundamental Research, and the American Chemi-
cal Society through Petroleum Research Fund Grant

PRF-1117-A2,

PRINCIPAL COMPONENTS OF PROGRAM

A listing of the FORTRAN statements of the
simulation program are shown in Table 1. The pro-
gram is divided into a main program, five subroutines



and one function. Each line, representing one
punched card, is numbered.

PORTION OF SURFACE
TO BE EXPLORED BY
SIMULATION

FREQUENCY

INCREASING
DEPTH

Figure 3.- Surface representing hypothetical prob-
ability density function relafing response in

terms of frequency of occurrence of an organism
community to variations in depth and to mud in-
flux. Shading emphasizes high parts of surface
where "exploration" is desirable.

Main Program

The main program may be conveniently

divided into two sections,

Section | which is listed immediately below,

contains cards numbered 1 to 158, Section | con-
sists principally of statements pertaining to input
of data that are used to control the program, and
for printing out of these data before the simulation
operations begin. Key statements in this section
are identified by number, as follows:

8-10
11-17

Type declarations.

Common statement (one blank common is
used for all subroutines except subroutine
'Short'. Entry to it is through an argument
list).

Dimensions of arrays used only in main
program,

Input for variable formats.

Input for plotting symbols.

Input for random number generator

Input for legend.

Input for control of the program.

Input for CPX array.

Input for CFC array.

Input for FAV and FF values.

Input for MAP array.

Input BTR, HT, LTH, and WID values.
Input PTH array.

Input for data stored in TCT array.

Input for data stored in DPT array.

Input for SED array.

96
117
120
122
142
150

Input for DPL array.

Input for UPBND and LOWBND values.
Input for SAND and MUD arrays.

Input for TER array.

Input for SUB array.

Input for SECTOP array.

Section Il pertains to the dynamic part of
the program in which the model is moved forward
through increments of time. Key components are
identified by card numbers as follows:

165-177

178-198

199-214

215-225

226-245

246-548

549-614

615-634
634-642
643-672
673-681
682-800

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.

If DELTAO equals 1, perform calcula-
tions whose effect is to mimic the effect
of a river creating deltaic deposits flow=
ing from left to right (on maps), bringing
mud and/or sand to depositional basin.
Output information pertaining to amount
of terrestrially derived sediment poten-
tially available.

Determine numerical separation between
organism communities in each cell in the
two preceding time increments.
Calculate feedback values, to be stored
in TEND array which regulate the "vi-
tality" or competitive ability of organism
communities and are influenced by varia-
tions in depth, mud influx, and sand
influx.

Subroutine calls used for selection of
organism communities to occupy cells
during next time increment.

Check of organism communities previous-
ly selected for depth ranges, adjust if
necessary, and calculate increment of
terrestrial sediment deposited, increment
of sediment of organic origin deposited,
and new depth values.

Calculate contour values for structure
map.

Calculate values for output of organic
increment map.

Calculate lithology data for subsequent
output in vertical sections.

Output of facies and organism community
maps .

Calculation of thickness data followed
by output of vertical sections.

Subroutine MAPLOT

This subroutine is used in conjunction with
the main program for printing of maps produced by
the program that use plotting symbols,



Subroutine SHORT organism community from the KPF array to occupy

each cell during the next generation, employing a
This subroutine is used in the incremental pseudorandom number generator,

filling of array KPF from which the organism commu-

nity for the next time increment will be drawn at
random,

Subroutine FB3SHO

Subroutine FAVDEP This subroutine is used in conjunction with

relative degree of favorability for an organism com-
munity with respect to depth and influx of mud and

subroutine SHORT for filling of KPF array.
This subroutine is used in calculation of the
Function IDKOD

of sand.

Subroutine VALSHO

in the PPP and PVP arrays for subsequent output as
This subroutine is used in the selection of an  vertical geologic sections.

Table 1.- Listing of FORTRAN |V statements in simulation program.

This function is used to decode values stored

C***********************************************************************MA IN

NNNNOON

MA IN

THREE-DIMENSIONAL SEDIMENT/ORGANISM COMMUNITY SIMULATION PROGRAMAIN
TRANSLATED FROM A BALGOL PROGRAM BY JeWeHARBAUGHs»STANFORD UNIV MAIN

BY WeJoeWAHLSTEDTsKANSAS GEOLOGICAL SURVEY MAIN

MAIN

MAIN

INTEGER DLTsFAVsCLNsDPLOTsSECTOPsPPPsPVPsSEPsCTsTPLsDATOPSWEST sDELMA IN
2TAOsTECTOP sSTRUCYHORSCIND s THKFXsWTRFX 951952953 5sSUMsSMB MAIN
REAL LOWBEAsLOWBNDsMUDFACsME sMUDsMUDINCsLFLsLTHsMF MAIN

0 COMMON TCT(20s40)9DPL(8910)9SED(10s10) sDPT(20s40) sSAND(20) s TERIMAIN
120940)sSANDIN(20940) s TERINC(20940)sORGINC(20U40)sSTRUCT(20s40) sTENMAIN
2D(20540) sCPX(555) s TF(5)9sCFC(20510)5SUB(6510) s TEMP(20+40) sMAP(20540MA IN
393)9KPF({1U00)sPTH(2092) sLFLsLTHsMFsSUMs FB1sFB2sFB3sFB&sIs sl X sLXIMAIN
49LX2sDTHsFAVSCLNSDPLOT(127)sSECTOP(20) sCOMCONSDLT +sSEP(2094092)s MAIN
5 CT(8)sLsMsNsSFsLIMITsTPLsDATOPsWESTsDELTAOSTECTOP sSTRUC sHORsSMB( 3MAIN
60) sCIND9S19529S39LOWBEA s LOWBND s MUDFAC sMUD(20) sMUDINC(20940) MAIN
INTEGER FMT1(5)sFMT2(5)sFMT3(5) sFMT4(5) sFMT5(5) sFMT6(5) sFMTT(5) s FMMAIN
1T8(5)sFMTI(5) sBLANK » ALFA1(13)sPPP(40+2093)9sPVP(20920+3) MAIN
DIMENSION KK1(3)sKD1(3)sMIROR(6) MAIN
MAIN

DATA BLANK/6H / MAIN
MAIN

4444 READ(595) FMT1oFMT29FMT3 oFMT4 sFMTSsFMTO6sFMT79sFMT8sFMT9 MAIN
11 READ(5+9) SMB MAIN
9 FORMAT (30A2) MAIN
2 FORMAT (11) MAIN
READ (5,10) TF MAIN
10 FORMAT(5F7.0) MAIN
READ(5+FMT1) ALFAL MAIN
WRITE{(6s3) ALFAL MAIN

3 FORMAT(1Hl19/1Xs13A6//) MAIN
READ(5sFMT2) NsMsLIMITsNCsTPLoLWL sDATOPsWESTsDELTAOSTECTOPsCLN MAIN
1STRUCsHORsFB1sFB2sFB3sFB4sSCALE sBASEsKK1sKD1sMIROR MAIN
DO 7 JU=1+8s1 MAIN

7 CT(J)=5%y MA IN
NP =5 MAIN
READ(59sFMT3) ((CPX(I9J)sJ=1sNPs1l)sI=1sNPsl) MAIN
WRITE(64+8) MAIN

8 FORMAT(/40Xs 15H THE CPX ARRAY /) MA'IN
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WRITE(6s 6)((CPX(I9J)sJ=19sNPs1)sI=1sNP>s1) MAIN 41

6 FORMAT (20X 95F1042) MAIN 42
12 FORMAT(/20X911F10.2) MAIN 43
13 READ(5sFMT3) (( CFC(IsJ)sJ=1sNC)sI=1sCLN) MAIN 44
15 WRITE(64516) MAIN 45
16 FORMAT( / 50Xs37HORGANISM COMMUNITY FACTORS FOR CYCLE /7 ) MAIN 46
DO 17 I=1sCLN>»1 MAIN 47

17 WRITE(6412)(CFC(IsJ)sJ=1sNCsl) MAIN 48
FILL SEPARATION ARRAY FOR INITIAL OPERATION MAIN 49

DO 386 I =1»sN MAIN 50

DO 386 J =1sM MAIN 51
SEP(IsJs1)=TPL MAIN 52
SEP(IsJs2)=LWL MAIN 53

386 CONTINUE MAIN 54
IF(WESTeEQel) READ(SsFMT4) FAVsFF MAIN 55
FILL INITIAL MAP ARRAY MAIN 56
IF(DATOPNEs1) GO TO 397 MAIN 57
READ(5¢FMTS5){(MAP(I9Jsl)sJ=19eMsel)slI=19Nsl) MAIN 58

DO 396 1 =1sN MAIN 59

DO 396 J =1.M MAIN 60

396 MAP(I19Js2) = MAP(I9Js1l) MAIN 61
GO 70 339 MAIN 62
SECTION FOR INPUT OF ARRAY CONTAINING DELTA AND ARRAY CONTAININMAIN 63

PATH OF DELTA AS GOES THROUGH CYCLE MAIN 64

397 WRITE(G6+398) MAIN 65
398 FORMAT(80H1YOU WILL HAVE TO WRITE YOUR OWN SECTION TO SIMULATE THIMAIN 66
39815. ROTS OF RUCK CHARLIE ) MAIN 67
339 IF(DELTAONE«1l) GO TO 413 MAIN 68
INPUT INFORMATION CONTROLLING GEOMETRY OF DELTA MAIN 69
READ(5sFMTE)IBTReHT oLTHsWID MAIN 70
LEFT COLUMN OF PTH ARRAY CONTAINS ROW INDEX COORDINATE INCREMENMAIN 71

RIGHT COLUMN CONTAINS COLUMN INDEX INCREMENTS MAIN 72
READ(S5sFMTT7)((PTH(I9J)sJ=19291)s1=19sCLNs1) MAIN 73
WRITE(6+405) MAIN 74
4050FORMAT ( 108HOCOORD. INDEX VALUES FOR PATH OF DELTA FOR EACH PHASMAIN 75
4051E IN CYCLEs ROW COORD IN LEFT COLs COLUMN COORD IN RIGHT / ) MAIN 76
WRITE(6s 412) ((PTH(IsJ)sJ=192)9sI1=1sCLNs1) MAIN 77

412 FORMAT(/20X9sF15429F15e2) MAIN 78
SECTION FOR INPUT OF TECTONIC WARPINGSINITIAL WATER DEPTHs SEDIMAIN 79
INCREMENT s AND DEPTH LIMIT ARRAYS MAIN 80

413 IF(TECTOP.EQ.O) GO TO 476 MAIN 81
DO 417 1 =1sN MAIN 82
READ(5¢FMT8) (DPLOT(J) sJ=1sM) MAIN 83

DO 417 J =1sM MAIN 84
TCT(1sJ)=DPLOT(J) MAIN 85

417 TCT(IeJd) = TCT(IsJ)*el MAIN 86
DO 421 1 =1sN MAIN 87
READ(5sFMT8) (DPLOT(J) sJ=1sM) MAIN 88

DO 421 J =1sM MAIN 89

421 DPT(14J)=DPLOT(J) MAIN 90
INPUT SEDIMENT INCREMENT VALUES FOR EACH COMMUNITY(IN COLUMNS) MAIN 91

FOR EACH PHASE IN CYCLE (IN) ROWS MAIN 92
READ(5sFMT3 ) ((SED(I9J)sJ=1sNCsl)sI=1sCLN>s1) MAIN 93
INPUT UPPER AND LOWER DEPTH LIMITS FOR EACH SEDIMENT / ORGANISMMAIN 94
COMMUNITY. MAIN 95
READ(5sFMT3 ){((DPL{IsJ)sJ=19sNCsl)sl=193s1) MAIN 96

DO 428 J =1sNC MAIN 97
DPL(GsJ)=DPL(3sJ)-DPL(1sJ) MAIN 98

428 DPL(5+J)=DPL(2sJ)-DPL(3sJ) MAIN 99
WRITE(6+430) MAIN10O



430 FORMAT(/90HOSEDIMENT INCREMENT VALUES FOR EACH COMMUNITY (IN COLS)MAIN1O1

4301 FOR EACH PHASE IN CYCLE (IN ROWS) /) MAIN102
DO 433 [=15CLNs1 MAIN103
433 WRITE(6s 12)(SED(IsJ)9J=19NCs1) MAIN10O4
WRITE(64+435) MAIN105

4350FORMAT (/91HOUPPER AND LOWER DEPTH LIMITSs AND MOST FAVORABLE DEPTHMAIN106
4351s IN UNITS WITH RESPECT TO SEA LEVEL s/ 63HO(IN ROWS) FOR EACH SEDMAIN107

4352IMENT/ ORGANISM COMMUNITY (IN COLUMNS) /) MAIN108
DO 441 I=1,3 MAIN109

441 WRITE(6s  12)(DPL(IsJ)sJ=1sNCs1) MAIN110
WRITE(6596) MAIN111

DO 445 I=1,N MAIN112

DO 446 J=1sM MAIN113

446 DPLOT(J)=TCT(I5J) %1040 MAIN114
445 WRITE(6+682)( DPLOT(J)sJ=1sM) MAIN115
INPUT DATA ON TERRESTRIALLY-DERIVED SEDIMENT MAIN116
READ(55FMT3 ) UPBNDsLOWBND MAIN117
DIFF=LOWBND-UPBND MAIN118

DO 451 I =1sCLN MAIN119

451 READ(5sFMT3 ) SAND(1)sMUD(I) MAIN120
IF (DELTAO.EQe1l) GO TO 458 MAIN121
READ(5sFMT3 ) (( TER(IsJ)sJ=1sMs1)sI=1sNs1) MAIN122

96 FORMAT (/55H1WARPING INCREMENTS IN UNITS PER CYCLE MULTIPLIED BY 10MAIN123
961///7) MA IN124
458 WRITE(6+459) MAIN125
4590FORMAT( 52H1INCREMENT VALUES FOR TERRESTRIALLY-DERIVED SEDIMENT sMAIN126
4591/ 21X»s 19H PHASE SAND MUD ) MAIN127
DO 461 I=1sCLN>1 MAIN128

461 WRITE(6s 460)I1sSAND(I)sMUD(I) MA IN129
460 FORMAT (/20XsI1432F742) MA IN130
L=0 MAIN131

IF (DELTAO.EQel) GO TO 473 MAIN132
WRITE(65462) LsUPBND»sLOWBND MAIN133

4620FORMAT( 63H1RELATIVE RANGES OF TERRESTRIALLY-DERIVED SEDIMENTs MAPMAIN134
4621 NUMBER sl4s/ 49H WITH TRANSITION DEPTH RANGE FROM UPPER LIMIT OF MAIN135

4622sF6els 20H AND LOWER LIMIT OF sF7els6H UNITSs /) MAIN136
DO 472 I=1sN MAIN137
DO 471 J=1sM MAIN138
471 DPLOT(J) =TER(IsJ)*10.0 MAIN139
470 FORMAT (/13+2Xs4013) MAIN140
472 WRITE(6s 470) I s (DPLOT(J)eJ=19Ms1) MAIN141
473 READ(5sFMT3 ) (( SUB(IsJ)sJ=1sNCs1l)sI=194s1) MAIN142
WRITE(6+465) MAIN143

4650FORMAT (//120H SEDIMENT TOLERANCE LIMITS OF ORGANISM COMMUNITIES FOMAINl&44
4651R MIN AND MAX SAND VALUES (UPPER TWO ROWS) AND MUD (LOWER TWO ROWSMAIN145

4652) ) MAIN146
DO 466J=14sNC MAIN147
SUB(59J)=SUB(2sJ)=SUB(1sJ) MAIN148

466 SUB(6+J)=SUB(49J)~-SUB(3,J) MAIN149
DO 467 I=1+4 MAIN150

467 WRITE(6+12)(SUB(IsJ)sJ=1sNC) MAIN151
READ(S5sFMT9) (SECTOP(1)9I=1sLIMIT) MAIN152

476 IF(SECTOP(1)eEQe2}) GO TO 480 MAIN153
WRITE(64+475) MAIN15¢4

475 FORMAT( 47HIINITIAL DISTRIBUTION OF ORGANISM COMMUNITIES ) MAIN155
WRITE (6+4) ALFAl MAIN156

4 FORMAT(1HO/20X13A6/7/) MAIN157
CALL MAPLOT (1) MAIN158

480 DO 809 L=1sLIMIT MAIN159
LX1=MOD(Ls2)+1 MAIN160
LX2=3-LX1 MAIN161



LX=LX1 MAIN162

CIND=MOD (L sCLN) MAIN163
IF(CIND4EQ.O) CIND=CLN MAIN164
SECTION FOR INFLUENCE OF WIND FROM NORTH MAIN165

IF (WESTeEQe1sANDeCFC(CINDsFAV).GE«FF) GO TO 488 MAIN166

GO TO 499 MAIN167

488 DO 497 I=1sN MAIN168
DO 497 J =5sM MAIN169

IF (MAP(IsJsLX1)eNELFAV) GO TO 497 MAIN170

IF (MAP (I1+1sJ-1sLX1)eNEeFAV) GO TO 489 MAIN171

MAP (1485 J-4sLX1) =FAV MAIN172

MAP (1+43J=3sLX1)=MAP(1+8+J-4sLX1) MAIN173

489 IF(MAP(I+1sJ+1sLX1)sNEsFAV) GO TO 497 MAIN174
MAP (1445 J+3sLX1)=FAV MAIN175

MAP (1+8sJ+4sLX1)=FAV MAIN176

497 CONTINUE MAIN177
499 IF(DELTAOCNE.1) GO TO 521 MAIN178
BTR=SAND (CIND)+MUD (CIND) MAIN179
TT=HT+BTR MA IN180
IF(BTR+EQe0e0) GO TO 502 MAIN181
SANDFA=SAND(CIND) /BTR MAIN182
MUDFAC=MUD (CIND)/BTR MAIN183

502 DO 503 I=1sNsl MA IN184
DO 503 J=1sM MAIN185

503 TER(IsJ)=BTR MA IN186
DO 513 J=1sM MAIN187

A =J MAIN188

IF (AJeGT «PTH(CIND32) e ANDeAJoLTo (PTH(CIND»2)+LTH)) GO TO 512 MAIN189

GO TO 513 MAIN190

512 DO 513 I=1sN MAIN191
P=1 MAIN192

Q=J MAIN193
IF(PeGT o (PTH(CINDs1)=WID) e ANDePoLTo (PTH(CINDs1)+WID))IGO TO 510 MAIN194

GO TO 513 MAIN195
5100TER(IsJ)=( (HT=( ((Q=PTH(CINDs2))/LTH)*HT))*(1+0-ABS(P-PTH(CIND»1)) MAIN196
5101/WID)) +BTR MAIN197
513 CONTINUE MAIN198
521 IF(SECTOP(CIND)«NE+1) GO TO 530 MAIN199
WRITE(6+516) LsUPBNDsLOWBNDsBTRsTTsLTHsWIDsPTH(CINDs2)sPTH(CINDs1)MAIN200
5160FORMAT (6 THIRELATIVE RANGES OF TERRESTRIALLY-DERIVED SEDIMENT, MAIN201

5161MAP NUMBER 13s36H (VALUES HAVE BEEN MULTIPLIED BY 10)///43H TRANSMAIN202
5162ITION DEPTH RANGE FROM UPPER LIMIT OFsF6e1919H AND LOWER LIMIT OFsMAIN203
5163F641926H UNITSe BASE-RATE VALUE ISsF6elsl7H MAXIMUM VALUE ISsF6e2 MAIN204
5164//23HO0E/W LENGTH OF DELTA ISsF7e2918H N/S HALF-WIDTH I1SsF742+35H UMAIN205
5165NITSe E/W COORD VALUE OF MOUTH ISsF7e2 919H N/S COORD VALUE ISF7.2MAIN206

5166) MAIN207
WRITE(6s 345)(CT(J)s J=138s1) MAIN208
345 FORMAT(//+5X8115) MAIN209
DO 530 I=1sN MAIN210
DO 528 J=1sM MAIN211
528 DPLOT(J)=TER(I+J)#10.0 MAIN212
WRITE(6s 470) I s (DPLOT(J)sJ=1sMs1l) MAIN213
530 CONTINUE MAIN214
DO 1500 I=1sN>s1 MAIN215
DO 1500 J=1sMs1l MAINZ216
MPX =MAP(IsJslLX1) MAIN217
MPV =MAP(IsJsLX2) MAIN218
SI=TABS(NC-MAP(IsJsLX1)+MAP(TIsJsL X2}) MAIN219
S2=TABS(MAP(IsJsLX1)~-MAP(IsJslLX2)) MAIN220
S3=TABS(NC+MAP(IsJsLX1)=-MAP(IsJsL X2) ) MAIN221



C

C

8998
9000
9001

1504

1505
1500

8169

8170

9998

SEP(IsJsLX1) =TABS(MINO(S1+52+S3))+1
IF(SEP(I9sJ9LX1)eGTe5) SEP(IsJslLX1l) = 5
ISEP=SEP(IsJsLX1)

JSEP=SEP(TIsJsLX2)

TEND(I9J)=(CFC(CINDIMPX) ) *%* (CPX(ISEPsJSEP))
COMCON=TEND(IsJ)
IF(DPT(15J)eGE«DPL(1sMPX) e« ANDeDPT(IsJ)eLE«DPL(3sMPX))
IF(DPT(IsJ)eGEeDPL{39MPX)eANDDPT (I 9J)eLE«DPL{2sMPX))
TEND(IsJ)=0,03

GO TO 1500

COMCON =COMCON#*( (=DPT(IsJ)+DPL(2sMPX) )/ (DPL(5sMPX)})
GO TO 9001

COMCON =COMCON#*((DPT(1+J)-DPL(1sMPX))/DPL(4sMPX))
IF(SFeGE«SUB(2sMPX)eOReMFeGE«SUB(4sMPX)) GO TO 1505
IF(SFeGTeSUB(1sMPX)eOReMFeGT«SUB(2sMPX)) GO TO 1504
GO TO 1500

TAMP =COMCON-(COMCON* ( (SF~SUB(1sMPX))/SUB(5sMPX) 1))
TIMP =COMCON-(COMCON*( (MF=SUB(3sMPX))/SUB(6sMPX)))
IF(TAMP4LTeUeU3) TAMP=0,03

IF(TIMP4LTeVe03) TIMP=0.03

TEND(IsJ) = AMINI(TAMP,sTIMP)
GO TO 1500
TEND(IsJ) =140
CONT INUE
PICK NEW MAP ELEMENTS
NN =N-2
MM =M -2

DO 9998 I=34NNsl

DO 9998 JU=34MM,y1
CONPRO

SUM=0

Iw=[-2

IWww=1+2

JW=J-1

JWW=J+1

DO B169IFD=IWsIWWe4
DO 8169 JUFD=JUWsJWWs2
CALL SHORTH{LXsFB&4 s IFDsJFDes TEND sMAP ¢y SUMsKPF)
CONTINUE

Iw=I-1

ITww=1+1

JW=J-2

JWW=J+2

DO 8170 IFD=IWslIWWsl
DO 8170 JUFD=JUWesJWWs &
CALL SHORTI(LXsFB4sIFDsJFDsTENDIMAP» SUMsKPF)
CALL FB3SHO

CONT INUE

CALL VALSHO

CONTINUE

NN=N-2

DO 9997 I=34NNo»l

J=2
LEINED

SUM=0

Tw=1-1

IWww=TI+1

JWI=J+2

DO 8369 IFD =IWsIWWsl
CALL SHORT(LXsFR&4 s IFDsJWJIs TEND sMAP s SUMsKPF)

8369 CONTINUE

GO TO 9000
GO TO 8998
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MAIN244
MAIN245
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8370

C

8410

8411

C

8510

8511

8512

8513

Iw=1-2

IWww=1+2

JwW=J=-2

JWwW=U+2

DO 8370 IFD=IWsIWWs4

DO 8370 JUFD=JUWsJWWs1l

CALL SHORT(LXsFB4 s IFDsJFDs TENDsMAP s SUMsKPF)
CALL FB3SHO

CONTINUE

CALL VALSHO

J=M-1
RIINED

SUM=0

Iw=1-1

IWww=I+1

JWJ =J-2

DO 8410 IFD=IWsIWWel

CALL SHORT(LXsFB4sIFDsJW. s TENDsMAP s SUMsKPF)
CONTINUE

IX=1-2

IXX=1+2

JzZ=J-1

J2Z=J+1

DO 8411IFD=IXesIXXs 4

DO 8411 JUFD=JZ2+J2Z»1

CALL SHORT(LXsFB4sIFDsJFDs TEND9sMAPs SUMsKPF)
CALL FB3SHO

CONTINUE

CALL VALSHO

J=M
RIOUED

SUM=0

IW=I-1

IWw=1+1

IWJ=J=-2

DO 8510 IFD=IWsIWWs1l

CALL SHORTI(LXsFB4sIFDsJWJs TEND9sMAP s SUMsKPF)
CONTINUE

IX=1-2

IXX=1+2

JX=J-1

JXX=J

DO 8511 IFD=IXsIXXe4&

DO 8511 JFD=JXsJXXs1

CALL SHORT(LXsFB4sIFDsJFDs TENDsMAP s SUMKPF)
CONT INUE

12=1-1

12Z2=1+1

JWX=J-1

DO 8512 IFD=1Z2+12242

CALL SHORT(LX9FB3sIFDsJWXsTENDsMAP s SUMsKPF)
CONT INUE

Iwx=1-1

IWXX=1+1

DO 8513 IFD=IWXsIWXXs2

CALL SHORT(LXsFB2sIFDsJsTENDsMAP s SUMsKPF)
CALL SHORT(LXsFB2sIsJWXs TENDsMAP s SUMsKPF)
CALL SHORT(LXsFBlslsJsTENDIsMAPsSUMsKPF)
CONT INUE

CALL VALSHO

J=1
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C

8269

8270

8271

8272

9997

C

7110

7111

7112

9996

C

7210

LEQUED

SUM=0

Iw=I[-2

IWw=I+2

JW=J

JWwW=J+1

DO 8269 IFD=IWsIWWs4

DO 8269 UFD=JUWsJWW

CALL SHORT(LXsFB&4sIFDsJFDs TENDsMAP s SUMsKPF)
Iw=1-1

IWw=1+1

IWJ=J+2

DO 8270 IFD=IWsIWWs1l

CALL SHORT(LXsFB&4sIFDsJWIsTEND sMAP s SUMsKPF)
CONTINUE

JWwd=J+1

DO 8271 IFD=IWsIWWel

CALL SHORT(LX9sFB3sIFDsJWJIsTENDsMAP s SUMsKPF)
CONTINUE

JWJI=J+1

DO 8272 IFD=IWsIWWs2

CALL SHORTI(LXsFB2sIFDsJs TENDsMAP s SUMsKPF)
CALL SHORTI(LXsFB2sI1sJWJsTENDsMAP s SUMyKPF)
CALL SHORTI(LX9sFBlsIsJsTENDIMAP +sSUMsKPF)
CONTINUE

CALL VALSHO

CONT INUE

DO 9996 1=14+291

DO 9996 J=1+2»1
JPLECO

SUM =0

DO 7110 IFD=1ls4s1

JFD=5~1FD

CALL SHORT(LXsFB&4sIFDsJFDs TENDsMAP s SUMsKPF)
CONT INUE

DO 7111 IFD=1s3,1

JFD=4-1FD

CALL SHORT(LXsFB3sIFDsJFDsTENDsMAP s SUMsKPF)
CONTINUE

DO 7112 1FD=1s2»1

JFD=3-1FD

CALL SHORT(LXsFB2sI1FDsJFDsTENDsMAP s SUMsKPF )
CALL SHORT(LXsFBlslIsJsTENDSMAP sSUMeKPF)
CONTINUE

CALL VALSHO

CONT INUE

LW=N=-1

LLwW=M=1

DO 9995 I=LWsN

DO 9995 J=142s1
LOLECO

SUM =0

Iw=I-3

DO 7210 IFD =IWslsl

JFD=IFD-1+4

CALL SHORTI(LXsFB4 s IFDesJFDsTENDIMAP S SUMsKPF)
CONTINUE

IWw=1-2

DO 7211 IFD=IWwWslsl

JFD =1FD-1+3

CALL SHORT(LXsFB3sIFDsJFDsTENDIMAP s SUMsKPF )
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7211

7212

9995

C

7410

7411

7412

9994

C

7310

7311

7312

9663

C

CONT INUE

IWL =I-1

DO 7212 IFD=IWLs1s1

JFD=IFD~1+2

CALL SHORTI(LXsFB2sIFDsJFDsTENDsMAP s SUMsKPF)
CONTINUE

IFD=1

CALL SHORT(LXsFBlsIsJsTENDIMAP sSUMsKPF)
CALL VALSHO

CONT INUE

DO 9994 I=LWsNsl

DO 9994 JU=LLWsMs1
LORICO

SUM =0

Iw=I-3

DO 7410 IFD=IWslsl

JFD=J+IFD-1

CALL SHORT(LXsFB&4sIFDsJFDs TENDsMAP s SUMsKPF)
CONT INUE

IWw=1-2

DO 7411 I1FD=IWsls1l

JFD=J~1+1FD

CALL SHORT(LXsFB3sIFDsJFDs TENDsMAPsSUMsKPF)
CONTINUE

Iw=I-1

DO 7412 IFD=IWsIsl

JFD=J-1+1FD

CALL SHORT(LXsFB2sIFDsJFDs TENDsMAP s SUMsKPF)
CONT INUE

CALL SHORT(LXsFBlsIsJsTENDIMAP s SUMsKPF)
CALL VALSHO

CONTINUE

DO 9993 I=1+2,1
DO 9993 J=LLWsMs1

UPRICO

SUM =0

DO 7310 IFD=1s4»s1l

JFD=(J=-4+1FD)

CALL SHORT(LXsFB&4sIFDsJFDs TENDIMAP s SUMsKPF)
CONT INUE

DO 7311 IFD=1s3s1

JFD=J=-3+1FD

CALL SHORT(LXsFB3sIFDsJFDs TENDsMAP s SUMsKPF)
CONTINUE

DO 7312 IFD =19+291

JFD=J-2+1FD

CALL SHORTH{LXsFB2sIFDsJFDsTENDsSMAP s SUMsKPF
CONTINUE

CALL SHORT(LXsFBlslIsJsTENDIMAP +sSUMsKPF)
CALL VALSHO

CONTINUE

MM =M~-2

DO 9992 JU=3sMMs1l

I1=2
UPINED

SUM=0

JW=J-1

JWW=U+1

IWI=1+2

DO 8610 JUFD =JWsJWW

CALL SHORT(LXsFB4sIWIsJFDs TENDsMAP s SUMsKPF)
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8610

8611

C

8710

8711

8712

8713

C

8810

8811

C

CONT INUE

Iw=I-1

IWww=1+1

JWX=J=-2

JWY=J+2

DO 8611 IFD =IWslIWw

DO 8611 JFD =JWXsJWYs 4

CALL SHORTI(LXsFB4sIFDsJFDsTEND sMAP s SUMsKPF)
CALL FB3SHO

CONTINUE

CALL VALSHO

I=1
UPQUED

SUM=0

IWI=1+42

IWII=1+1

Iw=TI+1

IW=J=-2

IWW=J+2

DO 8710 IFD=Is1W

DO 8710 JUFD =JWesJWWs 4

CALL SHORT(LXsFB4sIFDsJFDs TENDsMAP s SUMsKPF)
CONT INUE

JWl=J-1

JW2=U+1

IW2=1+2

DO 8711 JUFD=JW1lsJW?2

CALL SHORT(LX9sFB&4sIW29JFDs TENDsMAP s SUMsKPF )
CONTINUE

DO 8712 JUFD=JUW1lsJW2s2

CALL SHORT(LXsFB3sI111sJFDsTENDSMAPsSUMsKPF)
CONTINUE

DO 8713 JUFD=JW1lsJW2s2

CALL SHORTI(LXsFB2s19JFDs TEND sMAP s SUMsKPF )
CALL SHORT(LXsFB29sI119JsTENDsMAP sSUMsKPF)
CALL SHORTI(LXsFBlsIsJsTENDISMAP +SUMsKPF)
CONTINUE

CALL VALSHO

I=N-1
LOINED

SUM =0

Iw =1-1

Iww=1I+1

JW =J-2

JWW =442

IWI =1-2

DO 8810 IFD=IWsIWWs1l

DO 8810 JUFD=JWsJIWWs 4

CALL SHORT(LXsFB4sIFDsJFDs TEND sMAP s SUMsKPF )
CONTINUE

IWl=J-1

JW2=U+1

DO 8811 JUFD=JUW1lsJW?2

CALL SHORT(LXsFB4 s IWI s JFDs TENDsMAP s SUMsKPF )
CALL FB3SHO

CONT INUE

CALL VALSHO

I=N
LOOQUED

SUM =0

Iw =1-1
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8910

8911

8912

8913

9992

120

130

131

132

4001

4002
110

4000

JwW =J-2
JWW=J+2
DO 8910 IFD =1IWslI
DO 8910 JUFD=UWsJWWs 4
CALL SHORT(LXsFB4sIFD9sJFDsTEND9MAPs SUMsKPF)
CONTINUE
JX =J-1
JXX=J+1
Iwl=1-2
DO 8911 JUFD=JXsJXXs1l
CALL SHORT(LXsFB&4sIWI s JFDs TENDIMAP s SUMsKPF)
CONT INUE
DO 8912 JFD=UXesJXXs2
CALL SHORTH(LXsFB3sIWsJFDsTENDSMAP s SUMsKPF)
CONTINUE
DO 8913 JUFD=JXsJIXXs2
CALL SHORT(LXsFB2sIsJFDs TENDsMAP s SUMsKPF)
CALL SHORTI(LXsFB2sIWesJs TENDIsMAPISUMKPF)
CALL SHORT(LXsFBlsesIsJsTENDSsMAP sSUMsKPF)
CONTINUE
CALL VALSHO
CONT INUE
DO 130 I=1sN
DO 1390 JU=1sM
K=1
IW=MAP (T sJsLX2)

IF(DPT(19J)eGEDPL(19sIW)eANDeDPT(IsJ)eLE«DPL(2sIW)) GO TO 130

MAP (1sJsLX2)=MOD(MAP (I5JsLX2)sNC)+1

K=K+1

IF(KeFQe (NC+1)) GO TO 130

GO TO 120

CONTINUE

IF(TECTOP.NE+1) GO TO 689
IF(SECTOP(CIND)«EQ.2) GO TO 689
WRITE(65131) L

FORMAT (36HIDEPTH IN TENS OF UNITSs MAP NUMBER sI3 )
WRITE(69345)(CT(J)sJ=1s8)

FORMAT (//3X+8115)

DO 135 I=1sN

DO 4069 J = 1sMs1l

MPX =MAP(IsJsLX1)

MPV =MAP (IsJsLX2)

TEMP(19J)=DPT(IsJ)+TCT(IsJ)

DTH=TEMP (15 J)

K=1

IF(DTH.LT<UPBND) GO TO 4001
IF(DTHeGE « UPBND+ANDeDTH4LE+LOWBND) GO TO 4002
DTH=DTH=TER(1sJ)

GO TO 110

TERINC(15J)=040

GO TO 4000

DTH =DTH=(TER(IsJ)*((DTH-UPBND)/DIFF))
IF(DTHeLT«UPBND) DTH=UPBND
TERINC(IsJ)=TEMP(IsJ)=DTH

SF=SANDFA*TER(1sJ)

MF =MUDFAC*TER (1 sJ)

CALL FAVDEP

DEPTH=DTH-COMCON

MPV =MAP (1sJsLX2)

IF (DEPTHeGESDPL (1sMPV) ¢ ANDeDEPTH.LESDPL(25sMPV)) GO TO 674
IF (DEPTHeLToDPL (1sMPV) «AND+DTH.GEWDPL(1sMPV)) GO TO 677
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673
676
674
677

675
678

4069

682

135
689

691
692

693
695

694

702
703
704

7060FORMAT( 55H10RGANIC INCREMENT VALUES MULTIPLIED BY 10s MAP NUMBER

DO 673 IDUM=1+1000s1

MPV =MAP(IsJsLX2)

K=K+1

IF (DEPTHeGE«DPL(1sMPV) e ANDeDEPTHWLEDPL(2sMPV)) GO TO 674
IF(KeEQe (NC+1))GO TO 676
MAP(I9sJsLX2)=MOD(MAP(IsJatlX2)eNC)+1
MPV=MAP{IsJsLX2)

CALL FAVDEP

MPV =MAP(T1sJsLX2)

DEPTH=DTH-COMCON
IF(DEPTHeLTeDPL(1sMPV)eANDeDTHeGE «DPL(1sMPV)) GO TO 675
CONTINUE

GO TO 674

DPT(I1+J)=DTH

GO TO 678

DPT(1sJ) = DEPTH

GO TO 678

DPT(1eJ)=DPL(1sMPV)

GO TO 678

DPT(IsJ)=DPL(1sMPV)
DPLOT(U)=DPT(1sJ)

ORGINC(I 9J)=TEMP(IsJ)=DPT(IsJ)=TERINCI(IsJ)
CONTINUE

IF(SECTOP(CIND)W«EQe2) GO TO 689
FORMAT (/1X94313)

WRITE{(6s 470)1s(DPLOT(K)sK=1sMs1)
CONT INUE

IF(STRUC.NES&1) GO TO 704
IF(LeNEsHOR) GO TO 692

DO 691 I =1sN

DO 691 J=1sM

STRUCT(IsJ) =DPT(IsJ)
IF(LeLE«HOR)GO TO 695

DO 693 1 =1sN

DO 693 J =1sM
STRUCT(IsJ)=STRUCT(IsJ)}+TCT(IsJ)
IF(SECTOP(CIND) eNEs1l) GC TO 704
WRITE(64+694) L

FORMAT{ 15H1STRUCTURE MAP 13 //)
WRITE(6s 345)(CT(J)s J=198s1)

DO 7031=14N

DO 702 J=1sM

DPLOT{J)=STRUCT(I+J)
WRITE(6+4T70) I s({DPLOT(J)sJ=1sM)
LOWBEA=5,40

BEACHF=10.,0

IF(SECTOP(CIND)eEQe2) GO TO 713

7061914)

710
711
713

WRITE(647V6) L

WRITE(6s 345)(CT(J)s J=15851)
DO 711 I=1sN

DO 710 J=1sM
DPLOT(J)=0ORGINC(I1+J)*10.0
WRITE(6+470) 15 (DPLOT(J)sJ=1sM)
DO 743 I=1sN

DO 743 J=1sM

SANDCO=SAND(CIND)

IF(DPT(I9J)eGEeOeOeANDeDPT(I9J)eLE«LOWBEA) SANDCO=SANDCO+(LOWBEA-
1DPT(IsJ))%BEACHF

SUMTER=MUD(CIND)+SANDCO
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IF(SUMTER.NE«.O.0) GO TO 721 MAIN649

RATIO=TERINC(IsJ)/(MUD{CIND)+SANDCO) MAIN650
GO TO 722 MAIN651
721 RATIO =1.0 MAIN652
722 MUDINC(IsJ)=MUD(CIND)*RATIO MAIN653
SANDIN(IsJ)=SANDCO*RATIO MAIN654
HV = AMAX1(ORGINC(IsJ}sMUDINC(IsJ)sSANDIN(IsJ)) MAIN655
IF(HVeNE.ORGINC(IsJ)) GO TO 732 MAIN656
MAP(IsJs3)=MAP(I1sJsLX2) MAIN657
DO 736 111 =13 MAIN658
IF(JeEQeKKLI(I1I)) PVP(IsLsIlI) =MAP(IsJsLX2) MAIN659
736 IF(I1eEQeKDI(I1I)) PPP(JsLsI1I) =MAP (IsJslX2) MAIN660
GO TO 743 MAIN661
732 IF(HVeNEMUDINC(IsJ)) GO TO 739 MAIN662
MAP(IsJs3) =11 MAIN663
DO 737 121 =13 MAIN664
IF(JeEQeKK1I(I21)) PVP(IsLo12I) =11 MAIN665
737 IF(1eEQekKD1(I21)) PPP(JsLsI2I) =11 MAIN666
GO TO 743 MAIN667
739 MAP(I+sJs3)=7 MAIN668
DO 742 131 =1,3 MAIN669
IF(JeEQeKK1(I3I)) PVP(IsLsI3I) =7 MAIN670
742 IF(I«EQeKD1(I3I)) PPP(JsLsI3I) =7 MAIN6T1
743 CONTINUE MAIN672
IF(SECTOP(CIND) «EQe2) GO TO 751 MAIN673
745 FORMAT (11HIFACIES MAP ) MAIN674
746 FORMAT (23H10RGANISM COMMUNITY MAP ) MAIN6T75
WRITE(6+745) MAIN6T76
WRITE (6s4) ALFAl MAIN677
CALL MAPLOT (3) MAIN678
WRITE(64+746) MAIN679
WRITE (69+4) ALFAl MAIN680
CALL MAPLOT (LX2) MAIN681
751 IF(SECTOP(CIND)eLEWU) GO TO 809 MAIN682
DO 808 IREP=1s2 MAIN683
DO 750 IBUN=1s127 MAIN684
750 DPLOT(IBUN)=BLANK MAIN685
DO 783 141 =143 MAIN686
IF(KK1(I4I)eLEsO) GO TO 783 MAIN687
KK =KK1(I41) MAIN688

757 FORMAT(/2XI291X127A1) MAIN689
7530FORMAT( 22H1STRATIGRAPHIC SECTIONI4s14H ALONG COLUMN 12s27H SCALEDMAIN690

7531 SO THAT 1/10 INCH sF5429 39H THICKNESS UNITSs AND BASE IS SETMAIN691

7532 AT sF542s 6H UNITS ) MAIN692
IF(IREP.EQe2«ANDeMIROR(I4I)eLELO) GO TO 783 MAIN692A
WRITE(6s 753) LsKKsSCALEsBASE MAIN693
IF(IREPEQel) WRITE(6+999) MAIN694
IF (IREPeEQe2¢ANDeMIROR(I41)eGTe0) WRITE(69778) MAIN695

778 FORMAT(17HOIN MIRROR IMAGE ) MAIN696

999 FORMAT {1HO) MAIN697
WRITE (6+4) ALFAl MA IN698
DO 782 I=1sN MAIN699
IF{IREP.EQs2) GO TO 763 MAIN700
THKFL1=(TEMP (I sKK)=DPT(IsKK))*SCALE MAIN701
THKFX=THKFL1 MAIN702
THKFL2=THKFX MAIN703
IF(THKFL1-THKFL2eGTe0e5) THKFX=THKFX+1 MAIN704
PVP(IsLoelal) =PVP(IsLsI4I)+(THKFX%100) MAINT05

763 IF(DPT(IsKK)eLE«BASE) GO TO 769 MAIN706
WATER=(DPT(IsKK)~-BASE)*SCALE MAIN707
WTRFX=WATER MAIN708
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WTRFL=WTRFX
IF(WATER-WTRFLeGTe0e5)WTRFX=WTRFX+1
DO 768 J =1sWTRFX
768 DPLOT(J) =SMB(26)
KTR=WTRFX
GO 7O 770
769 KTR =0
770 ILwW =L
DO 777 JUXJ =1sILW
JJ = (ILW+1)-UXJ
IMXT=1DKOD(PVP(IsJJsIal)s1)
[PV=IDKOD( PVPI(IsJJsI4l)s2)
DO 777 LL=1sIMXT
KTR=KTR+1
DPLOT(KTR) =SMBI(IPV)
777 CONTINUE
[IF(KTReGT«127) KTR=127
[F(IREP.EQs1) GO TO 781
IF(MIROR(I4I)eLE«O) GO TO 782
DO 780 MZP=1+64
MZPP=128-MZP
ITMPRY =DPLOT(MZPP)
DPLOT(MZPP)=DPLOT(MZP)
780 DPLOT(MZP)=1TMPRY
WRITE(6+779) DPLOT!I
779 FORMAT{/2X127A1s1X12)
DO 2778 MZQ=1+127
2778 DPLOT(MZQ)=BLANK
GO 7O 782
781 WRITE(65s757)1s(DPLOT(J)9J=1sKTR)
782 CONTINUE
783 CONTINUE
784 DO 807 I161=143
IF(KD1(16I)eLEsO) GO TO 807
KD =kD1(161)

786 FORMAT( 23HISTRATIGRAPHIC SECTION sI4s12H ALONG ROW
7861D SO THAT 1/10 INCH = sF542s 37H THICKNESS UNITS

7862 ATsF54296H UNITS )
IF(IREP«EQe2¢ ANDeMIROR(I161+3)eLEsO) GO TO 807
818 WRITE(6s T786)LsKDsSCALEsRASE
IF(IREP4EQel) WRITE(6+999)
[IF{IREPeEQe2e ANDeMIROR(I6I+3)eGTe0) WRITE(65778)
WRITE (6s4) ALFAL
DO 806 JQl=1sM
J =M+1-JQl
IF(IREP+EQs2) GO TO 790
THKFL1=(TEMP(KDsJ)~-DPT(KDsJ) ) ¥SCALE
THKFX=THKFL1
THKFL2=THKFX
IF(THKFL1-THKFL2eGTe0e5) THKFX=THKFX+1
PPP(JsLsI61)=PPP(JsLsI6I)+(THKFX%100)
790 IF(DPT(KDsJ)eLE«BASE) GO TO 795
WATER=(DPT(KDsJ)-BASE)*SCALE
WTRFX=WATER
WTRFL=WTRFX
IF(WATER=- WTRFLeGTe0e5) WTRFX=WTRFX+1
DO 794 I=1sWTRFX
794 DPLOT(I) =5MB(26)
KTR=WTRFX
GO TO 796
795 KTR =0
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ILXw =L MAIN769
DO 802 JUG =1sILXW MAIN770
JJ =(ILXW+1)-JUG MAIN7T71
ISO1=IDKOD(PPP(JsJJs161)41) MAINT772
IGUESS=IDKOD(PPP(JesJdJs161)92) MAINT73
DO 802 LL =1s1501 MAIN774
KTR=KTR+1 MAIN775
DPLOT(KTR) = SMB(IGUESS) MAINT76
CONT INUE MAINT777
IF(KTR«GTe127) KTR=127 MAIN778
IF{IREP.EQ.1) GO TO 801 MAINT779
IF(MIROR(I6I+3)eLELO) GO TO 805 MAIN780
DO 804 MZP=1s+64 MAIN781
MZPP=128~-MZP MAIN782
ITMPRY =DPLOT(MZPP) MAIN783
DPLOT(MZPP)=DPLOT(MZP) MAIN784
DPLOT (MZP)=1TMPRY MAINT785
WRITE(6+779) DPLOTsJ MAIN786
DC 803 MZQ=1,127 MAIN787
DPLOT(MZQ)=BLANK MAIN788
GO TO 805 MAIN789
WRITE(69757)Js (DPLOT(I)sI=1sKTR) MAIN790
CONT INUE MAIN791
CONTINUE MAIN792
CONT INUE ’ MAIN793
CONT INUE MAIN794
CONT INUE : MAIN795
READ(5+2) ITEST MAINT796
FORMAT (5A6) MAIN797
IF{ITEST-1) 8104444511 MAIN798
CALL EXIT MAINT799
END MAIN8OO
SUBROUTINE MAPLOT(LL) MAPL 1
INTEGER DLTsFAVsCLNsDPLOT9sSECTOPsPPPsPVPsSEPsCTsTPLsDATOPSWEST sDELMAPL 2
2TAOsTECTOPsSTRUCSHORSCINDs THKFXsWTRFX9519525539SUMsSMB MAPL 3
REAL LOWBEA>LOWBNDsMUDFACSME sMUDsMUDINCoLFL oL THoMF MAPL 4
0 COMMCN TCT(20s40)sDPL(8910)9sSED(10s10)sDPT(20940)9sSAND(20)s TER(MAPL 5
120940) s SANDIN(20+s40) s TERINC(20940)9sCRGINC(20940)sSTRUCT(20940) sTENMAPL 6
2D(20940)sCPX(555)sTF(5)sCFC(20510)9sSUB(6910)sTEMP(20540) sMAP(20s40MAPL 7
393)sKPF(1U00C)sPTH(20s2) sLFLsLTHIMFsSUMs FB1lsFB2+sFB39FB4slsJsLXsLXIMAPL 8
49l X29DTHsFAVsCLNsDPLOT(127)9SECTOP{20) sCOMCONSDLT sSEP(2094092)s MAPL 9
S CT(8)sLsMsNsSFoLIMITsTPLIDATOPSWESTsDELTAOSTECTOPsSTRUCSHORSSMB(3MAPL 10
6C) 9sCIND»S1 5529533 LOWBEASLOWBND sMUDFACsMUD(20) sMUDINC(20940) MAPL 11
SUBROUTINE MAPLOT PLOTS ALPHAMETRIC SYMBOLS REPRESENTING SEDIMEMAPL 12

/ ORGANISM COMMUNITY ELEMENTS. MAPL 13
WRITE(6+2) L MAPL 14
FORMAT {7/ 50Xs+10HMAP NUMBER s14 ) MAPL 15
WRITE(6+4)(CT(JW) s JW=1s8) MAPL 16
FORMAT(// +3X+8115 ) MAPL 17
DO 5 IW =1sN MAPL 18
DO 6 UW =1sM MAPL 19
IGUESS =MAP(IWsJWsLL) MAPL 20
DPLOT(JW) = SMB(IGUESS) MAPL 21
WRITE(6+7) IWs (DPLOT(JUW) sJW=1sM) MAPL 22
FORMAT(/ 13s2Xs42A3 ) MAPL 23
RE TURN MAPL 24
END MAPL 25
SUBROUTINE SHORT(LXsFBXeleJs TENDsMAPsSUMsKPF) SHOR 1
INTEGER SUM SHOR 2
DIMENSION TEND(15+40) sMAP(1554093)s KPF(1000) SHOR 3
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INTEGER SUMsMAPsKPF SHOR

SUM=SUM+2 SHOR
KPF(SUM=-1)=FBX*TEND(1sJ) SHOR
KPF(SUM)=MAP(1sJsLX) SHOR
RETURN SHOR
END SHOR
SUBROUTINE FAVDEP FAVD
INTEGER DLTsFAVsCLNsDPLOT»SECTOPsPPPsPVPsSEPsCTsTPLsDATOPsWEST sDELFAVD
2TAOSTECTOP sSTRUCSHORSCIND s THKFXsWTRFX 9519529535 SUM s SMB FAVD
REAL LOWBEA»>LOWBND sMUDFAC sME sMUD sMUDINC sLFL sL THsMF FAVD

0 COMMON TCT(20540)sDPL(8910)sSED(10910)sDPT(20940)sSAND(20) s TERIFAVD
120940) 9SANDIN(20540) s TERINC(20+40)sORGINC(20540)sSTRUCT(20940) sTENFAVD
2D(20540) sCPX(595) s TF(5)sCFC(20910)3SUB(63510) s TEMP(20540) sMAP(20s40FAVD
393 )sKPF(1C00)sPTH(2052) sLFLoLTHIMFsSUMs FB1sFB2sFB3sFB&sIsJsLXsLX1FAVD
49LX29DTHsFAVsCLNsDPLOT(127)sSECTOP({20) sCOMCONsDLT sSEP(20+4092)s FAVD

5 CT(8)sLsMsNsSFsLIMITsTPLsDATOPsWESTsDELTAOSTECTOP sSTRUC sHOR»SMB( 3FAVD
6C) 9CIND»S19529539LOWBEA s LOWBND sMUDFACsMUD(20) sMUDINC(203540) FAVD
MW=MAP(IsJsLX2) FAVD
IF(DTHeGESDPL(1sMW)eANDeDTHCLESDPL(3sMW)) GO TO 99 FAVD
IF(DTHeGESDPL(39MW) e ANDeDTHeLEDPL(2sMW)) GO TO 102 FAVD

98 COMCON=040 FAVD
RETURN FAVD

99 COMCON =((DTH-DPL(1sMW))/DPL(4sMW))*SED(CIND >MW) FAVD
GO 70 103 FAVD

102 COMCON =((=DTH+DPL(2sMW))/DPLI(5sMW))*SED(CIND sMW) FAVD
103 IF(SFeGE«SUB(2sMW) ORMFGE+SUB(4sMW)) GO TO 98 FAVD
IF(SFeGTeSUB(1sMW)eOReMFGTSUB(2sMW)) GO TO 105 FAVD

104 RETURN FAVD
105 TAMP=COMCON~-(COMCON*(SF-=SUB{1sMW))/SUB(5sMW)) FAVD
TIMP=COMCON-({ COMCON* (MF-SUB(3sMW) }/SUB(6sMW) ) FAVD
IF(TAMP«LT«0es0) TAMP=0,0 FAVD
COMCON = AMIN1(TAMPSTIMP) FAVD
RETURN FAVD

END FAVD
SUBROUTINE VALSHO VALS
INTEGER TOTALsSUMsVLL sCHOICE VALS
INTEGER DLTsFAVsCLNsDPLOTsSECTOP»PPPsPVPsSEP sCTsTPLsDATOPsWEST sDELVALS
2TAOSTECTOP s STRUCYHORSCIND s THKFX sWTRFX951952 953 »SUM s SMB VALS
REAL LOWBEAsLOWBND sMUDFAC sME sMUDsMUDINC sLFL sL THoMF VALS

0 COMMON TCT(20940)sDPL(8510) sSED(10910)sDPT(20940)3sSAND(20)s TER(VALS
120+40) s SANDIN(20s40) s TERINC(20940)s0RGINC(20s40)9sSTRUCT(20540) sTENVALS
2D0(20540) sCPX(5+5)sTF(5)9sCFC(20510)sSUB(6910) sTEMP(20940) sMAP{20s40VALS
393)9KPF(1000) sPTH(2092 ) sLFLsLTHsMF»SUMs FBlsFB2sFB3sFB4sIsJsLXsLXIVALS
49LX29DTHsFAVSCLNsDPLOT(127)9sSECTOP(20) sCOMCONSDLT +SEP(20+4092)s VALS

5 CT(8)sLsMsNsSFsLIMIT>TPLIDATOPsWESTsDELTAOsTECTOP sSTRUCSHORsSMB(3VALS
60) sCIND 9519529535 OWBEA s LOWBND sMUDFACsMUD(20) sMUDINC(20940) VALS
LX1=3-LX2 VALS
ISUM=5SUM~-1 VALS
DO 10 K=1sISUM»s2 VALS
TOTAL=TOTAL+KPF (K) VALS
10 CONTINUE VALS
KPF(SUM+1)=TOTAL/10 VALS
KPF(SUM+2)=MOD{MAP(IsJsLX1)sNC)+1 VALS
TOTAL=TOTAL+KPF(SUM+1) VALS
ATOTAL =TOTAL+KPF(SUM+1) VALS
IF(TF(5)¢GTe0.0) GO TO 4 VALS
TF(5)=10.0 VALS
Y=AMOD((TF{1)*TF(3)+TF(2))*1.0E-8s1s) VALS
GO TO 6 VALS

4 Y=AMOD((TF(1)%*X+TF(2))*%1e0E-8s1.) VALS
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12
15

X=1.0E+8*Y VALS
VAL =Y*ATOTAL VALS
IF(VALeLTele0) VAL =140 VALS
VLL = VAL VALS
CHOICE = KPF(1) VALS
DO 12 K =34+1000,2 VALS
IF(CHOICE«GE«.VLL) GO TO 15 VALS
CHOICE =CHOICE +KPF(K) VALS
CONTINUE VALS
MAP(1sJsLX2) = KPF(K+1)} VALS
RETURN VALS
END VALS
SUBROUTINE FB3SHO FB3S
INTEGER DLT9FAVsCLNsDPLOTsSECTOPsPPPsPVPsSEPsCTsTPLsDATOPsWEST sDELFB3S
2TAOSs TECTOP s STRUCSHORSCIND s THKFXsWTRFX 951952953 5SUMsSMB FB3S
REAL LOWBEAsLOWBNDsMUDFACsME sMUDsMUDINCsLFL sLTHsMF FB3S

0 COMMON TCT(20+40)sDPL(8910)sSED(10910)sDPT(20940)9sSAND(20) s TER(FB3S
120940) s SANDIN(20940) s TERINC(20940)sORGINC(20940) sSTRUCT(20940) sTENFB3S
2D0(20940) sCPX(5+5) s TF(5)sCFC(20910)sSUB{(6510)sTEMP(20+40) sMAP({20+40FB3S
393)9sKPF(100C)sPTH(2092) sLFLsLTHsIMFsSUMs FB1sFB2sFB3sFB4slsJslLXsLX1FB3S
Gol X29sDTHsFAVICLNsDPLOT(127)9SECTOP(20) sCOMCONSDLT +SEP(20s4092)s FB3S
5 CT(8)sLsMsNsSFsLIMITsTPLsCATOPSWESTSDELTAOSTECTOPsSTRUCSHORsSMBI(3FB3S

6C) sCIND9S1952953s LOWBEA s LOWBND sMUDFAC sMUD(20) sMUDINC(20940) FB3S
Iw=I-1 FB3S
IWw=T+1 FB3S
JW=J-1 FB3S
JWW=J+1 FB3S
DO 5 IFD=IWsIWWs1 FB3S
DO 5 JUFD=JWsJWW>»1 FB3S
CALL SHORT(LXsFB3sIFDsJFDs TENDsMAP s SUMsKPF) FB3S
CONT INUE FB3S
DO 6 IFD=IWsIWWs1l FB3S
CALL SHORT( LXsFB2sIFDsJsTENDsMAP s SUMsKPF) FB3S
CONTINUE FB3S
DO 7 JFD=JWsJWWs1 FB3S
CALL SHORT(LXsFB2sI9JFDs TENDsMAP s SUMsKPF) FB3S
CALL SHORTI(LXsFB1lsIsJsTENDSMAP +»SUMsKPF) FB3S
CONT INUE FB3S
RETURN FB3S
END FB3S
FUNCTION IDKOD(NUMBsI) IDKO
IDKOD=NUMB/100 IDKO
IF(I+EQel) RETURN 1DKO
IDKOD=NUMB-(IDKOD*100) I1DKO
RETURN 1DKO
END I1DKO
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INPUT TO PROGRAM

Table 2 is a listing of a particular set of
data cards used as input to the program to produce
output which is partially shown in Figures 4 to 10.
For convenience the input data cards are either
lettered or numbered and may be divided into the
following categories for explanatory purposes.

Variable format data cards. - The first nine
cards must pertain to input format specifications.
The types, integer, decimal-point or alphameric
may be determined by examining the examples of
cards labeled A to |, as follows:

Card A:  Format FMT1 for alphameric heading
used for identification punched on
card 3.

Format FMT2 for reading in control

values in cards 4 and 5.

Format FMT3 for reading in CPX array,

CFC array, SED array, DPL array,

UPBND and LOWBND values, SAND

and MUD arrays, SUB array, and TER

array.

Format FMT4 for reading in FAV and

FF values.

Card E: Format FMTS5 for reading MAP array.

Card F: Format FMTé for reading BTR, HT,
LTH, and WID values.

Card B:
Card C:

Card D:

Card G:  Format FMT7 for reading in PTH array.

Card H:  Format FMT8 for reading in TCT and
DPT arrays.

Card I: Format FMT? for reading in SECTOP

array.

Plotting symbols (card 1).- Symbols for
storage in SMB array and subsequent printing out in
organism community maps, and in lithofacies maps
and cross sections are contained in card 1. The
seventh symbol is used as the symbol for sand, and
the eleventh symbol for mud. Up to 30 symbols may
be read in under format 30A2.

Data for random-number generator (card 2). -
This card contains three values, read in under format
3F7.0, for random number initial values. The first
number should be 101.0, the second number may be
any large positive decimal-point number (within
limits of format), and the third number should be
0.0.

Identification (card 3).-This card may have
any combination of letters, numbers, blanks or other
symbols used for identification purposes and printed
out at the top of map and sections. Read in under
format FMT1 as specified on card A.

Control data (cards 4 and 5).- Values to be
read in here, under format FMT2, are assigned in
sequence to the following identifiers, which have
the following significance:

Card 4
(1)  An integer (N) specifying the number
of rows in the map arrays (limited to

20

(2)

©)

“)

()

©)

7)

®)

©)

(10)

a maximum of 20 unless the array dimen-

sions 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 num-

ber of increments of time through which

the simulation model is to be run for-
ward. Value must not exceed that
assigned to CLN,

An integer (NC) specifying the number

of organism communities. The maximum

number is 30.

An integer (TPL), specifying the numeri-

cal separation between the set of org-

anisms read in initially and a hypotheti-
cal preceding 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 numeri-

cal separation between the first and

second hypothetical sets of organism
communities that occupied the map area
prior to the set read in as data. Avalue
of 2 seems appropriate.

An integer (DATOP) specifying whether

integers representing organism communi-

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

1 Read in data.

2 Generate the distribution of organism
communities by a function, which
would have to be written and inserted
at an appropriate place in the pro-
gram. Unless this is done, it is
essential to use 1.

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 (DELTAOQ) specifying whether

data controlling deltaic deposition is to

be read in as data:

0 Do not read data (i.e., delta building
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 value of 0, the program

could be used for experiments with

hypothetical organism communities,
ignoring such aspects as tectonic



amn

(12)

(13)

(14 to 17)

(18)

(19)

Card 5
(1 to 6)

warping, water depth, etc. Provision
for appropriate output would have to be
made in the modified program.

An integer (CLN) used to control the
maximum number of time increments
that are permissible. The number of
time increments in an actual run
(LIMIT) can be less than that assigned
here.

An integer (STRUC) specifying whether
the structure of a specified horizon is
to be calculated.

0 Do not calculate.

1 Do calculate.

An integer (HOR) specifying the num-
ber of the time increment at which the
structure calculations are to begin.
At the specified time increment, the
structural configuration will be set
equal to the "topographic" (marine
and/or subaerial) configuration pre-
vailing at that moment.

Four decimal-point numbers (a deci-
mal-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 surrounding
cells (see Figure 9 of Appendix for
explanation). Values of 50.0, 10.0,
3.0 and 1.0 (for weightings for cells
labelled I, 1I, I, and IV respec-
tively), have been used successfully,
but different values may be used to
adjust the competitive influence of
adjacent communities. Increasing
the latter values (FB4 and FB3) with
respect to the former values (FB1 and
FB2) would increase the distance over
which organism communities influence
their neighbors.

A decimal (SCALE) specifying the
scaling factor to be used in printing
of vertical geologic sections.

A decimal (BASE) specifying value of
base of vertical sections (a value of
0.0, representing sea level, would
ordinarily be used).

Integers (KK1 and KD1 arrays) which
control the selection of vertical sec-
tions, the number of the rows and
columns desired being listed. For
example, the following sequence, 15,
25, 35, 4, 10, 14 specifies that
vertical sections are to be printed
pertaining to columns 15, 25, 35
(KK1 array) and vertical sections to
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rows 4, 10, 14 (KD1 array). A maxi-
mum of three columnar and three row
vertical sections is permitted. |f fewer
than three of each are selected, zeroes
are placed in the appropriate positions
as specified by format FMT2,

A series of six integers (MIROR array)
which permit the "mirror image" of

the vertical section that have been
calculated previously to be printed as
follows:

0 Do not print mirror image.

1 Print mirror image.

For example, if the mirror image of
some of the above sections were de-
sired, the following sequence might

be used: 1, 0,0, 1, 1, 0, This
would produce mirror images of column
15, and rows 4 and 10. Mirror images
of columns 25 and 35 and row 15 would
not be output. The sequence of selec-
tion is the same as the sequence in
arrays KK1 and KD1,

The control values specified in the data set
shown in Table 2 are summarized in Table 3.

Values used as exponents in organism commu-
nity selection.~- Decimal values (CPX array), used
as exponents in a function that is a component of the
method of selecting organism communities, are to be
read in at this point. Under format FMT3 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 commu-
nities (i.e., zero separation) have occupied the same
location for three time increments (i.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 per-
tain to combinations of separation values ranging be-
tween zero and four, with higher values in the array
pertaining to situations in which the numerical sepa-
ration between the communities occupying a particu-
lar 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 preceded it. Twenty-five values are
required to fill the CPX array, and are read in in
descending order (cards 5 to 10 in example data set
shown in Table 2).

Values controlling cycle length and relative
vitality of organism communities in each cycle. -
Decimal-point values (CFC array) are read in under
format FMT3 to govern the overall general external
influence on relative vitality of each organism
community during each time increment. If it is de-
sired that there be no general external influence on
relative vitality, the values read in can all be

(7 to 12)




Table 2.~ Example data set used to produce output shown subsequently.

( 13A6 ) NEW FMT1
(131396F5.245/1212 ) NEW NEW FMT2
(5F5.0 ) NEW FMT3
(I12+F52 ) NEW FMT4
(4011 ) NEW FMTS
(4F5.2 ) NEW FMT6
(16F442 ) NEW FMT7
(2013 ) NEW FMTB8
(2012 ) NEW FMT9
3/ +M=e1A2-B3C4D5E6F7TG8H9I JKLM 1
101. 444444, 0.0 DATA FOR RANDOM NO GENERATOR 2
* =CRINOID» $ =SPONGEs / =ALGAEs + =0SAGIAs M =SWAMP, ~ =MUDs « =SANDs I=WTR 3
1540 8 5 1 2 1 0 1 1 8 1 1 5060 1040 340 140 0075 040 4
152535041014 1 1 111 1 5
560 448 46 44 4,2 6
4¢0 348 3.6 3.4 3,2 7
3¢0 248 246 264 242 8
2060 1e8 166 1le4 12 9
1.0 8 6 o4 2 10
1e¢0 10 440 140 1.0 11
1¢0 1e7 840 140 1,0 12
10 le4 1640 1.0 1.0 13
160 1425 3240 140 1.0 14
10 1lel 840 1.0 1.0 15
160 140 5.0 1.0 1,0 16
1¢0 10 244 140 140 17
10 045 041 140 1.0 18
T1I11111171111111111111111222222222211111 19
TI1111711711111111111111112222222722211111 20
T1I11111121111111111111112222222222211111 21
1111111111111111111111112222222222211111 22
11111111111111131111111122222222222111111 23
1111111111111111111111222222222222111111 24
1111111111111111111112222222222221111111 25
1111111111111111112122222222222221111111 26
1111111112111111112222222222222211111111 27
1111111111111111222222222222222211111111 28
1111111111111122222222222222222211111111 29
1111111111111222222222222222222221111221 30
1111111111112222222222222222222222222222 31
1111111111112222222222222222222222222222 32
1111111111122222222222222222222222222222 33
0.0 3040 33,0 10,0 34
110 -1 11. -1le 11, -le 11 -1 11e -1, 11 ~-1l. 110 -1 11e -1 35
10 10 10 11 12 13 14 14 15 16 16 17 18 19 20 20 20 20 20 20 36
20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 37
10 10 10 11 12 13 14 14 15 16 17 18 19 20 20 20 20 20 20 20 38
20 20 20 20 20 20 20 20 20 19 19 19 19 19 20 20 20 20 20 20 39
10 10 10 11 12 13 14 14 15 16 16 17 18 19 20 20 20 20 20 20 40
20 20 20 20 20 20 20 19 19 19 18 18 18 18 19 20 20 20 20 20 41
10 10 10 11 12 13 14 14 15 16 16 17 18 19 20 20 20 20 20 20 42
20 20 20 20 20 20 19 19 19 18 17 17 17 18 18 19 20 20 20 20 43
10 10 10 11 12 13 14 14 15 16 16 17 18 19 20 20 20 20 20 20 44
20 20 20 20 20 20 19 19 18 18 17 16 16 16 17 18 19 19 20 20 45
10 10 10 11 12 13 14 14 15 16 16 17 18 19 20 20 20 20 20 20 46
20 20 20 20 20 20 19 18 18 17 16 15 15 16 17 18 20 20 20 20 47
10 10 10 11 12 13 14 14 15 16 16 17 18 19 20 20 20 20 20 20 48
20 20 20 20 20 19 19 18 17 16 15 14 15 16 17 18 19 20 20 20 49
10 10 10 11 12 13 14 14 15 16 16 17 18 19 20 20 20 20 20 20 50
20 20 20 20 20 19 19 18 17 16 15 14 14 15 16 18 19 19 19 20 51
10 10 10 11 12 13 14 14 15 16 16 17 18 19 20 20 20 20 20 20 52
20 20 20 20 20 19 19 18 17 16 15 14 15 16 16 17 18 19 19 19 53
10 10 10 11 12 13 14 14 15 16 16 17 18 19 20 20 20 20 20 20 54
20 20 20 20 19 19 18 18 17 17 16 15 15 16 16 17 18 18 18 18 55
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6
o2
«02
«02
5
l.
15
Te
5
2e
o
1.

11111111

b
3
«01
«03
o4
5e
10.
8.
5
20
1.
1.5

145
3.
1.
2.

5e
25.
5
15.

109
110
111
112
113
114
115
116
117
118
119
120

THIS IS THE SIGNAL CARD FOR THE END OF THE PROGRAM IT IS BLANK IN COLUMN 1 121
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Table 3.- Summary of example used to control operation of program. Data are placed on cards 4 and 5.

Card 4 Variable Value Type Purpose

Identifier

N 15 Integer Number of rows in map.

M 40 Integer Number of columns in map.

LIMIT 8 Integer Number of time intervals for this run.

NC 5 Integer Number of organism communities.

TPL 1 Integer Numerical separation of organisms during
initial time increment,

LWL 2 Integer Numeric separation of organisms between
first and second time increments at start of
run.

DATOP 1 Integer Specifies that distribution of organisms is
to be read in.

WEST 0 Integer Specifies no current influence in this run.

DELTAO 1 Integer Specifies that data for delta control are to
be read in.

TECTOP 1 Integer Specifies that tectonic warping is to be
simulated.

CLN 8 Integer Maximum number of time increments allow-
able for this data set.

STRUC 1 Integer Specifies that structure map data are to be
calculated and printed,

HOR 1 Integer Time increment at which structure calcula-
tions are to begin.

FB1 50.0 Decimal-point

FB2 10.0 Decimal -point Relative weighting of organism communities

FB3 3.0 Decimal-point  occupying individual cells in the center and

FB4 1.0 Decimal-point  surrounding cells.

SCALE 0.75 Decimal-point Specifies vertical scale factor for sections,

BASE 0.0 Decimal-point Specifies value of base for vertical sections.

Card 5 Variable Value Type Purpose

ldentifier

KK1 15,25,35 Integer Map columns on which vertical sections are
desired.

KD1 4,10,14 Integer Map rows on which vertical sections are
desired.

MIROR 1,1,1,1,1,1 Integer Specifies which of the above rows and columns

the mirror image will output.

equal (set at 1.0 for example). The data must be
read in as follows (example in cards 11 to 18,
Table 2):

(@) For each time increment, there must be val-
ves for each organism community in proper
order (i.e., if there are organism commu-
nities whose sequence is 1 to 5, there must
be five values).

There must be as many time increments as
specified by CLN. Thus, if there are 8
time increments, and 5 organism communi-
ties, a total of 40 values must be read in.
Initial organism community population, -
If DATOP on card 4 equals |, integer values for
MAP array are to be read in under format FMTS
(card E). These values represent the geographic

®)
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distribution of organism communities at the start of
the simulation cycle. If DATOP does not equal 1,
then a method of generating the geographic distri-
bution of communities must be written and incorpo-
rated within the program. Up to thirty different
organism communities, each identified by integers
ranging from 1 to 30, may be used. The values
should be read in row by row, left to right by columns
within a row, and downward row by row. Unless
array dimensions are changed, the maximum dimen-
sions of the MAP array are 40 columns and 20 rows.
The number of cards involved will depend on the
dimensions of the MAP array, and the specifications
of format FMT5. Values used in the example shown
here are contained in cards 19 to 33 of Table 2.
Data to control delta geometry.- If DELTAO




equals 1 on the control card, two or more cards
containing the following information should be
pl)aced in the sequence (cards 34 and 35 of Table
2):

(1) A decimal (BTR) specifying the base value,
in arbitrary vertical 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
supply of terrestrially derived sediment can
be controlled externally and varied in each
time increment. Use format FMT6.

A decimal (HT) indicating the maximum rate
of supply of terrestrially derived material
at the mouth of the river (which creates the
delta). Use format FMT6.

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. Use format
FMT6.

A decimal (WID) indicating the north-south
half width of the delta in terms of numbers
of cells. Use format FMT6.

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. Use format
FMT7. The geographic 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. - |f 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
(example in cards 36 to 65 of Table 2). The
amount of warping is uniform for each cell from
time increment to time increment. The original
values should be integers which are ten times the
intended values, and should be read in the order
of their geographic position beginning with the
cell in the upper left corner of the map, and con-
tinuing, left to right within each row, and then
downward from row to row. They should be read

in under format FMT8. Each new row should be-
gin on a new card, but a row can occupy more than
one card., Positive values signify downwarping,
negative values upwarping. 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 elsewhere in the pro-
gram. The integer values are converted to deci-
mal-point values for computational purposes and are
subsequently stored in the TCT array.

)

@)

)
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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 cards 66 to 95 in Table 2). The
values should be integers, should be in the desired
units (feet, meters, etc.), and should be read in
the same geographic order as the tectonic warping
increment values, employing format FMT8. The
integer values are subsequently converted to deci-
mal-point numbers for computational purposes, and
are stored in the DPT array.

Organic sediment increment valuves,- If
TECTOP equals 1, decimal values should be read
in under format FMT3 at this point signifying, for
each time 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 ter-
restrially derived sediment. The values should be
read in successively for the organism communities,
beginning with community symbolized by 1, and
continuing to the specified number of communities.
In the example shown in cards 96 to 103 of Table 2,
values (totaling 40) for five organism communities
in eight time increments are given.

Organism community depth limits, - If
TECTOP equals 1, decimal values (DPL array) speci-
fying the upper depth limit, lower depth limit, and
most favorable depth for each organism community,
in the same units used to signify depth, should be
read in under format FMT3 as follows (for example,
cards 104 to 106 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 organism
community.

Terrestrially derived sediment increment
boundaries. - If TECTOP equals 1, a card contain-
ing two values to regulate accumulation of terres-
trially derived sediment should be read in under
format FMT3 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 in the program. An
example is given on card 107 of Table 2:

(1) A decimal (UPBND) specifying the upper
limit (elevation with respect to sea level),
above which terrestrially derived sediment
cannot accumulate.

A decimal (LOWBND) specifying the limit,
below which deposition of terrestrially de-
rived sediment is not inhibited, but above

which deposition is progressively inhibited,
declining linearly to zero at the value

(2)



assigned to UPBND.

Sand and mud increment values.- If TECTOP
equals 1, a series of cards should be read in under
format FMT3 at this point (number of cards equal to
number of time increments in cycle), each card con-
taining a pair of decimal values which signify the
increment of sand and of mud, respectively, to be
contributed during each time increment. The values
are stored in the SAND and MUD arrays, respective-
ly. The amounts supplied in a particular time incre-
ment are equal in all cells regardless of their geo-
graphic position. The units should be the same as
used in a depth or vertical context elsewhere in the
program. An example is shown in cards 108 to 115
of Table 2.

Terrestrially derived sediment.- If DELTAO
does not equal T (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 under format FMT3 at this point in the sequence.
This will supply an amount of terrestrially derived
sediment to each cell 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.

Sand and mud tolerance values. - If TECTOP
equals 1, decimal values (SUB array), should be
read in under format FMT3 as follows (example given
in cards 116 to 119 in Table 2):

(1) The threshold value of tolerance to sand (in
units available for deposition) of each org-
anism community, in ascending order of the
integers which symbolize the organism com-
munities. The units should be the same as
used elsewhere in specifying sediment incre-
ment (in feet, meters, etc.) per increment
of time. Organism communities are not
affected below the threshold level, but are
progressively inhibited above it.

Intolerable level of organism communities
with respect to sand supply (organism com-
munities 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.

Qutput options. - If TECTOP equals 1, a
series 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
integer specifies the choice of maps and vertical
sections to be printed out for the corresponding
time increment (example in card 120 of Table 2),
as follows:

0 Output, for each time increment, will in-
clude depth map, organic-increment map,
organism-community map and facies map,
but will not include map of rate of supply
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of terrestrially derived sediment, nor structure
map, nor vertical sections.

1 Output, for each time increment, will in-
clude all forms of output available from pro-
gram, with mirror images of vertical sections
as specified on card 5.

2 Output, for each time increment, will con-
sist only of vertical sections, with mirror
images of vertical sections as specified in
card 5.

3 Output, for each time increment, will con-

sist of depth map, organic-increment map,
facies map, organism-community map, and
vertical sections, but will not include map
of rate of supply of terrestrially derived
sediment nor the structure map.
Termination card.- An integer value (ITEST)
is to be punched in column 1 of the last card of each
data set specifying whether the program is to be
terminated, or whether a new data set is to be read,
as follows:
0 (or blank) Terminate program
1 Read in a new data set, including nine variable
format cards preceding the data set.
2 Read in a new data set, omitting the nine variable
format cards (the input format specified previously
will continue to be used).

OUTPUT FROM PROGRAM

Types of output from the program depend on
the options specified in the control cards, and on
the number of time increments. Examples of output,
based on data listed in Table 2, are given in Figures
4 to 9. The different arrays of numbers printed out
in Figures 4 and 5 reiterate data that have been read
in, and are part of the output for reference's sake,
providing a record of the input controls used to obtain
d particular set of results. The following information
is part of the output, subject to variations which de-
pend on options exercised in use of the program.

(1) Values used as exponents (CPX array) in se-

lecting organism communities (Fig. 4).

(2) The relative vitalities (labeled "organism
community factors for cycle") of organism
communities (in columns) for each time incre-
ment (in rows) are given (Fig. 4).

The geographic coordinates of river mouth
creating delta deposits (Fig. 4).

The maximum increments of sediment contri-
buted by each organism community (in columns)
for each time increment (in rows) are given
(Fig. 4).

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. 4).

An array showing the geographic location of
warping increment values (multiplied by ten)
per time increment (Fig. 4).

(3)
)

()
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Table 4.~ List of symbols which are substituted for integers in printing out facies maps and organism-commu-
nity maps using symbols that have been used as input with sample data on card 1 of Table 2.

Integer Equivalent Integer Equivalent Integer Equivalent
symbol symbol symbol
1 * 11 - 21 7
2 $ 12 B 22 G
3 / 13 3 23 8
4 + 14 C 24 H
5 M 15 4 25 9
6 = 16 D 26 |
7 17 5 27 J
8 1 18 E 28 K
9 19 6 29 L
10 2 20 F 30 M
(7) The increment values of sand and mud increment (Fig. 7A).

8)
©)

(10)

(1)

(12)

(13)

supplied per time increment (Fig. 5).
Sediment tolerance limits of organism
communities (Fig. 5).

An array showing the geographic location
of organism communities which initially
populated the area. Symbols (Table 4)
have been substituted for the integers which
are used for actual representation of the
organism communities (Fig. 5).

Arrays showing the rate of supply of terres-

trially derived sediment at each geographic
cell per time increment (Fig. 6A

Arrays forming depth maps showing elevation
of bottom with respect to sea level during
successive time increments. Negative values
denote elevations above sea level (Fig. 6B).
Arrays which form structure maps showing
elevations of a particular datum with respect
to sea level at a time increment (Fig. 6C).
Arrays showing amount of organically de-
rived sediment contributed during a time

REFERENCES

(14)

(15)

(16)

(17)

Arrays forming facies maps showing predomi-
nant single lithologic type deposited in
each geographic cell during successive
time increments (Fig. 7B). Dots represent
sand, dashes mud, and the organism com-
munity symbols used elsewhere represent
organically derived sediment according to
the example symbol table read in on card

1 of Table 2, and reproduced in Table 4.
Arrays forming organism community maps

or biofacies maps, during successive time
increments (Fig. 7C).

From one to three vertical geologic sections
along specified rows, and according to
options, their mirror images (Fig. 8).

From one to three vertical geologic sections
along specified columns, and according to
option, their mirror images (Fig. 9). The
vertical sections may be linked together

to produce a fence diagram (Fig. 10).

Harbaugh, J.W., 1966, Mathematical simulation of marine sedimentation with IBM 7090/7094 computers:
Kansas Geol. Survey Computer Contr. 1, 52 p.
Harbaugh, J.W., 1967, Computer simulation as an experimental tool in geology and paleontology, in
Essays in paleontology and stratigraphy: R.C. Moore commemorative volume, edited by Curf—
Teichert and Ellis Yochelson: Dept. Geology, Univ. Kansas, Lawrence, p. 368-389.
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# =CRINCICy $ =SPONGE, / =ALGAE, + =0SAGIA, M =SWAMNP, - =MUD, . =SAND, I=WTR
THE CPX ARRAY

5.CC 4.80 4.60 4.40 4.20
4.CC 3.80 3.60 3.40 3.20
3.CC 2.80 2.60 2.40 2.20
2.CC 1.80 1.60 1.40 1.20
1.CC 0.80 0.60 0.40 0.20

CRGANISM COMMUNITY FACTCRS FCR CYCLE

1.CC 1.co0 4.00 1.00 1.00 1.CC 1.10 8.00 1.00 1.00
1.CC 1.70 8.00 1.00 1.C0 l1.CC 1.C0 5.00 1.00 1.C0
1.CC 1.40 16.00 1.00 1.00 1.CC 1.C0 2.40 1.00 1.00
1.CC 1.25 32.00 1.00 1.C0O 1.CC C.50 0.10 1.00 1.00

COORD. INCEX VALUES FOR PATH OF DELTA FCR EACH PHASE IN CYCLE, ROW COCRC IN LEFT COL, COLLMN CCORD IN RIGHT
11.CC -1.00 11.0C -1.00 11.0C -1.00 11.CC -1.00

11.CC -1.00 11.0C -1.C0 11.0C -1.00 11.0C -1.00

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

3.CC 3.C0 6.00 14.00 4.00 €.CC 5.C0 25.00 2.00 4.C0
4.CC 4.C0 15.00 8.00 4.00 5.CC 4.C0 8.C0 6.00 4.00
5.CC 5.C0 30.00 6.00 4.00 4.CC 4.CO 4.00 12.00 4.00
€.CC 6.CO 45.00 4.00 4.00 3.CC 2.C0 2.00 24.00 2.00

UPPER AND LOWER DEPTE LIMITS, AND MCST FAVORABLE CEPTH, IN UNITS WITH RESPECT TC SEA LEVEL

(IN ROWS) FOR EACH SECIMENT/ ORCANISM CCMMUNITY (IN COLUMNS)

4C.CC 25.C0 3.00 2.00 -15.00
20C.CC 85.C0 68.00 10.00 5.00
8C.CC 55.C0 30.00 5.00 0.00

WA<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>