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INTRODUCTION

The last few years have seen the introduction of the electronic
computer into all phases of the geclogical sciences. Three important
developments have emphasized the need for thoss functions provided by
the computer and its ancillary equipment, such as card sorters, tabu-
lators and automatic plotting devices. These are the geological
information explosion, the acceptance of statistics as a tool in
geological ressarch, and the concept of the mathematical model in
geology.

The main impetus was due to the increasing amount of data that was
daily becoming available for analysis. At the same time the pstrolaum
1ﬁdustry entered a period when more detailed and careful work was needed
for emch berrel of oil found. Over a million wells have been drilled in
the U.S.A., and studies have shown (Wilson, 1962) that many geologists
are hampered in the interpretation 6? these data both by the labor
necessary in searching for and recording the information and the in-
ability to digest ell the information that is available on any subject.

A second important development has been the increased application
of statisticel analysis to many geological problems. Not only has
statistics become a commonly used tool (Miller and Kahn, 1962) but the
type of analysis done has reached the point of sophistication that
necessitates the use of high speed computars. The geological literature
now contains numerous raferences to techniques such as factor analysis,
random walk processss, and discriminant functions.

Within the last decade strides have been made in the theorstical-
mathematical approach to certain geological problems. The main

interest is currently centered in the mathematical model as a method of



analysis in sedimentation, tectonics and geomorphology. Geomethematics
will undoubtedly becoms another in the long list of accepted geological
epecialities.

Since a great part of stratigraphy involves the synthesis of data
from few sample points in e large and often truncated population,
stratigraphic analysis can be regarded as a problem in both data process-
ing and statistics. The pionsers in the application of computers to
geology are found in several universities (Krumbein and Sloss, 1958) and
in the petroleum research laboratories (Bonham, 1963). However, the
emphasis in stratigraphy was in solving specific problems rather than
in an integrated approach.

The purpose of this study was to develop and test a computer
oriented system for the recording, storing, analysing and retrieving of
stratigraphic data. The system would reduce to a minimum the manual
labor involved in proceeding from data collecting to the final intere
pretations. Although designed specificelly for subsurface data, the
methods cen easily be adapted to surface studies. This type of system
could and should be useful to the average geologist who has at his
disposal equipment normally available in a computer center. Therefore
specialized and expensive tools such as automatic plotting and contour-
ing machines were not inteqrated into the pién.

In testing the system the following questions were examined:

1) Could it be simple and yet powerful enough to facilitate
its use in normal day to day problams?
2) Would it be sconomically feasible? That is, would it not

only solve problems and do work faster but also cheaper



on a cost per item basis?

3) How would it improve the final interpreted result?
The procedure used in answering the above questions was to apply the
system to a subsurface geological problem whose scope would encompass
enough different aspects to be a valid test. The test would thus be
more than just a pilot project. Since this is one of the first such
systems developed and tested u.der actual yorking conditions, it is not
intended to be the final word on the subject.

The problem chosen was a lithostratigraphic study of the Michigan
formation of Middla Mississippian age. This formation constitutes the
last major evaporite cycle in the Michigan Basin and the study therefore
complemented research work on the foundations of eveporite deposition
being carried out at the Subsurface Laboratory of the University of
Michigan. There was an sconomic interest as well for not only is the
Michigan formation the source of gypsum which has been mined since 1841,
but is also the reservoir rock (Michigan Stray unit) from which
616,710 MCF of gas wers produced in 1969. From 1934-1955 the Michigan
Stray was the major producer of gas in Michigan. Because it is a gas
reservoir, this formation has very extensive electric log and drill
cuttings coverage. 1In addition to evaporite sedimentation, other
geological problems investigated wers the strafigraphic relationships
between the Michigan and the formations underlying and overlying it,

especially the old but unsolved problem of the correlative position of

Michigan Stray.



THE COMPUTER ORIENTED STRATIGRAPHIC ANALYSIS SYSTEM

The author is responsible for the design of the system and the
computer programs used therein. The programs were wszitten in MAD
(Michigan Algorithm Decoder), a computer language developed by B. Arden,
B. Galler and R. Graham of the University of Michigen Computing Center.
The computer used was an IBM 7090 and the costs which are given for

using the system are relative to the execution time on this computer.

DATA INPUT

The form of input data is of primary concern in a machins oriented
gystem. There is a natural division in a subsurface lithostratigraphic
study into identification information, lithologic descriptions and
stratigrephic data. Consequently a separate punched card (IBM card) was
designed to record the data for each of the asbove three groups. The
information from a well would then be contalned in a deck of punched
cards (referraed to as a decklet) consisting of one identification card

and as many lithologic and stratigraphic description cards as are

necessary.

Identification Card

The‘information recorded on the identification card and an example
of such a card is given in Figure 1. Columns 1-47 include all the basic
identification and location data. A discussion of the individual items
on the card follows.

Company and farm names are not suitable for use in machine identi-
fication inasmuch as thsy usually change a number of times during the

4



Columns
1-15 Company, Farm and Well Number
16-19 State
20-24 County
25-26 Section
27-28 Township Number
29 North or South
30-31 Range Number
32 East or West
33-34 1/4=-1/4-1/l, Section
35-36 1/4-1/L Section
37-38 1/l Section
39-43 Permit Number
Lly=lt7 Elevation
L8-51 X=Coord
52-55 Y-Coord
Th=~75 01 (Code For I.D. Card)
76-80 Permit Number
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life of a well. Fifteen spaces ars allotted for the names, which in
most cases still allows for readability.

Wells should be located by coordinates rather than by political
subdivision to enable the machine to plot maps and cross sections as
well as for the application of trend surface analysis and other multipie
regression techniques. Although there is progress in the development
of a unified geological coordinats system for the whole of the U.S.A.,
this is not yet available. Accordingly, en arbitrary coordinate grid
was established to accommodate all of the Michigan Basin. By using ths
computer our coprdinates can be transformed with little difficulty to
those of another grid system.

Coordinates of every well can be read directly from a base map,
but this would be bath inefficient and inaccurate because of paper dis-
tortion, the time it would teke, and the scals of map necessary for
accurate reading of closely spaced points. The simple layout of the
townships in Michigan allows for sasy and accurate machine computation
of the coordinates of a well from its section, township, range, 1/4 1/4
1/4 section and the coordinates of the township to which it belongs.

The land surveys of the U.S. General Land Office make their
corrections on the western and northern boundariss of the tounship.
Therefore all the sections except those along thess two tiers are con-
sidered to be the standard ones square mile, and their coordinates
relative to the southeast cornsr of tha-township can be computed. From
the corners of tuwo adjﬁcent townships it is possible to know the exact
emount of the adjustment made and the apprepriate correction can be
made to the wells situated in these off-size sections. The coordinates

of the southeast corner of each township wsre read off the base map .



The two main sources of error in reading locations off a map ars paper
distortion eaused by humidity chaenges and aoperator bias. In order to
reduce these errors to a minimum the coordinates were recorded over a
short period of time by one operator. A computer program was written
which accepts as input the identification card of the well. Using the
information available on this card and the coordinates of the particular
township, the X-Y coordinates of the wsll are computed and punched out
on a new identification card. The program is given in Appendix A.

The computations involved assume that the township lines are
parallel to the coordinste grid lines. This is only true for the cen-
tral part of the State because of the relationship betwsen the grid
system and the polyconic projection used on the base map. Where the
township and coordinate lines are not parallel, it is possible to maks
a correction by rotating the well location through the angié between
the actual and thsoret;cal township lines. The coordinates have been
checked against actual locations and have been found to be completely
adequate in their accuracy for projects on a regional scale and only
slightly distorted in very detailed fisld studies.

Columns 55-73 on the I.D. cerd are left blank to allow for flexi-
bility if more details are desired.

The different types of information are given a numeric code and thes
code number for sach card type is put in columns 74-75 of the card.
This is done for both input information such as the I1.D. card and output
data such as thicknesses or lithologic percentages. This coding allows
quick and easy access to specific kinds of information.

Since the total information from a well will consist of many cards

of different types some method of identifying the well on each card is



necessary. Numeric coding is more convenient for the machine to handle
and takes less space than alphabetic identifiers. Michigan is fortunate
in that thers is such & coding already available in the permit number of
.the well. These permits have been issued since 1927 by the Stats
Conservation Department for all oil and gas wells. Wells drilled before
1927 or specialized wells such as for brine disposal, gas storage or
vater which don't have éermite are assigned numbers. The permit number

is found in Columns 76-80 of every cerd type used in the system.

Litholoqgic Description Card

Figure 2 is an example of the form upon which the lithologic
characteristics of the sample are recorded. The b&sic unit of descrip-
tioﬁ is the interval which is defined as any lithologic sequence the
geologist wants to describe as one unit, or must describe as one unit
due to the inability to subdivide it. Therefore, ths size of an
interval is variable, and depends on the nature of the particuler study
as well as on the kinds of datq available for the study. Each lithologic
card contains the description of one interval. An interval can contzin
three distinct lithologic rock types and each typa can consist of three
eﬁd members. The data are key punchedfon the cards in numeric code
according to the code given for each characteristic on ths description
form. However due to the nature of this form the geologist recording
the data does not have to concern himsslf gith the numeric coding. An
1llustration of a punched litholegic card is givsn in Figurs 3. The
interval described on this card consists of calcarsous, glauconitic
sand interbedded with a foraminiferal black fissile shale.

R minimax concept was the guiding principle behind the decisions on



LITHOLOGIC DESCRIPTION CARD

TOP OF INTERvVAL]

BOTTOM OF INTERVAL

NO OF LiTHOLOGIES]|
N SEQUENCE1,2 or!

PERCENTAGE OF
EACH LITHOLDGY

MaIN [SEC. [THIRD
123 ]ajs t 6e!7]|8 3|0 Lo B IR
i
COLUMNS  15-33 — MAaIN LITHOLOGY
COLUMNS 34-32 —— SECOND LITHOLOGY (IF PRESENT)
COLUMNS 83-71 - THIRD LITHOLOGY (IF PRESENT)
OOMINANT |, [18 [3als3 SUBORDINATE W 17 ME CEMENT wiel3s(s7 HUE OR %12 laclso
composinod & [i6 faslse ICOMPOSINON S 18 (3756 el & o[3s [sa cooR |8
CLAY i CLAY 1 CLAY 1 LIGHT i
SILT 2 SILT 2 SILT F3 DARK 2
SAND 3 SAND 3 SAND 3 WHITE 3
CONG—SED | 4 CONG-SED |4 CONG-SED |4 BLACK 4
CONG=1G_ | % CONG-1G |8 JCONG-1G_ |5
DOLOMITE {6 DOLOMITE [6 [RQLOMITE 1 §
LIMESTONE | 7 LIMESTONE |7 LIMESTONE |7
CHERT B CHERT 8 HER 8 w
ANHYDRITE | 9 ANMYDRITE [ 9 ANHYORITE |9 COLOR S [22]a1 |60y
GYPSUM 10 GYPSUM 10 GYPSUM 1) ]
SALT 1] SALY N SALT n GREY ¢
COAL T2 COAL" 12 [coaL 12 .%‘LEN 2
WEMATITE 113 HEMATITE 13 HEMATITE |13 angwu 3
LIMONITE _[14 LIMONITE |14 JumoniTte  [ia 9
FELDSPAR |15 FELDSPAR |13 FELDSPAR i3 ;Eb:“ 3
VOLCANICS [18 VOLCANICS [i6 voicanics |ie VARIE GATED f;
E1I7 BENTONITE |17 BENTONITE Ji7 s Ere T £
MICA 1 WICA 18 s:ﬁ’cxl.so 8
GLAUCONITE| /9 CONITE |19 MOTTLED 19
PYRITE 20 PYRITE 20
SIDERITE |21 SIDERITE 1
DARX_MIN. [22 DARK MIN. 22
CHALK 23 CHALK 23
PHOSPHATE |24 PHOSPHATE [24
CHLORITE_ |28
SILl
TEXTURES
DOMINANT w i w GRAIN w w
[=}
fooveasToN §za 42|61 8 240362 g 254483 TYPE g 26 s fes POROSITY § 2rjas|es
ferastic |1 EUHED C GRAINED | 1 OOLITIC ! GOOD 17 2%l 1
jpoctasnd2 ANHED M.GRAINED] 2 PSEUDC-00LIY 2 POOR < 7 %/d 2
L IMESTONgOROANIC |3 SUBHED ) F GRAINED] 3 PISOLITE |3 —
OR XLYNE 4 PSEUDO-PIS. (4 FOSSIL -
OOLOMITE [{5THOGR PELLETS |5 CONTENT § 9|4nle7
YIED e SUCROSIC |6
5.s. OR|[ROUND POOR SORT] 1 >i/2MM |1
SILT |[ANG 2 'WELL SORT] 2 1/2—1/74 |2 ALGAE 3
3 <\/4a_ |3 CORALS 3
FISSILE |1 HYOROCARS. | FORAMS |4
SOFT 2 T | & l2nla7ice OSTRACODS| 8
CLAY  Taam 3 CONTENT |8 CAINOIDS |6
MASSIVE [ 1 BRYOZOA |7
GYPsuM [IBROUS [2 3 PELECYPOD| 8
SELENITE| 3 |smmwousl GASTROPOD] 9
CARD
T NO.
A L IS PUT IN COLUMN 72 OF LITHOGIC CARD ] CODE PERMIT NO,
WHEN NEXT CARD IN SEQUENCE WiLL 8E & 74178 7176|7778 [T9]80
STRATIGRAPHIC CARD [} 02 { 1T T
STRATIGRAPHIC DESCRIPTION CARD
——
INTERVAL SRt STRATIGRAPKIC UNIT SonD PERMIT NO.
1j2(3lafs 7 ]l8]s|w wlepmjiajistslizfia]ioj2ojal [e2 74|78 76 |77|78]| 79 |80
ol3
University of Michigan
Department of Geology
Subsurtace Loboratory

LITHOLOGIC AND STRATIGRAPHIC DESCRITION FORM
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which properties to include on the card. Simply stated, this was &sn
attempt to maximize the information that can be retrieved from the card
but at the same time to minimize the amount of éuperfluous data that is
recorded. Geological descriptions contain a great deal of ambiguity,

and therefore it is often difficult to interpret the details of another's
work. If one of the products of 5 gsological information retrieval
system is to bs the ability to store and distribute information gathered
by many people with varied backgrounds, it is necessary to inculcate the
concept of standardization into the descr{ptions. This can be done
mainly by eliminating those subjective terms which tend to fluctuate
greatly in their meaning among users. Thus, terms such as "some,"
"glightly," "; little" or "occasionally" have no place on the card and
arae in most cases replaced by mors quantitative categories..'Color is
another property which has caused a gresat deal of conFusion. Compound
descriptions such as greyish blue or slightly buff grey are not only
biased by the opsrator's color percsption, but by such factors as
lighting end whether the sample is examined wst or dry. On the form in
Figure 2 there is only a choice of the main color, with the added
ability to tell whether it is light or dark.

The subdivisions within the clastic textural descriptions .are
particularly prone to inconsistenciss. UWhat appsars aslsubrounded to
ons investigator is often subangular to anotber. .It is felt that the
extremes such as "well rounded" or "very angular" or "poorly sorted"
versus "well sorted" are not only the most consistent but are also the
most important in their interpretive valus. If a texture is not recorded
as an end member, it is understood to be in the intermediate range.

Similerly the binoculer determination of porosity is often recorded in
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great detail but rarely useful due to the wide varience of the true
porosity about the aestimated one. Here, too, only the extreme snd
members of "very porous" or “tight" are acceptable.

The process of recording the data on the form is simple and faster
than by uritten dJescription. In the top line go upper and lower limits
of the desigmated interval, the number of lithologic types praessnt and
the percentage of gach to the closest 10 percent. In the section for
the actual descriptions the first column in each box is for the predom-
‘inant lithology, and the second and third columns are for the other
lithologies, if present. Column 72 is connected with the stratigraphic
card which is described later.

A number of alternate methods were examined in order to elim%nate
the duplicetion in first recording and then punching of the data. In
the first method a small portabls punch was ugad to punch the card
directly as the sample was being examined. Since these small punches
do not print as well as punch the information, it is difficult to verify
the punching for errors. The method is alsoc much slower becauss of the
mahual rather than automatic feed of the punch card. R somewhat diffgr-
ent form of portable punch is the port-a-punch. A pre-printed and
perforated card is inserted into a frame. The dasired number can be
pushed out in the correct column by using a special stylus. This method
was alsb too slow for office use but might have advantages for work under
field conditions. The third altermative would ba some form of automatic
scanning device. Here the data are recorded in the normal faghion on a
form, the form is optically scanned and the required card is automat-
ically punched ocut. Optical scanners are still too expensive for

occasional use, but should be considered in any lergs scale adaptation
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of mpchine systems.

The lithologic card adequatsly covered all problems mét in the
study of the Michigan E;rmaéion. Spot checks on other parts of the
section showed no obvious deficienciss. There will of course be special-
ized projects where the need will arise for more detail or different
types of information, but this was anticipated by allowing for expansion

of the card without disturbing the arrangsment of the data.

Stratigraphic Description Card

The farm of the stratigraphic card is given at the bottom of Figure
2. A stratigrephic card is inserted mhénever the lithologic interval
represents the top or all of a stratigraphic unit. The unit may be any
subdivision of either the time or rock stratigraphic scale. Although
the actual name of the unit is given for use in subsequent printed out-
put, the code of the unit is the method by which efficisnt retrisval
of the stratigrephic data is mada.

The coding plan which was developed is in part hierarchal. Start-
ing with the Quaternary and going down the stratigraphic column each
system is consscutively assigned a block of numbers. The proposed

coding scheme for the Michigan Basin is given below.

Quaternary 0- 249
Permian 250~ 499
Pennsylvanian 500~ 999
Mississippian 1000-2499
Dsvonian 2500-3999
Silurian 4000-6999

Ordovician 7000-8999
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Cambrian 9000-9499

Precambrian 9500-9999
Any subunit is then assigned a block of numbers within the unit. Ffor
example the Michigan Formation of Mississippian age covers the interval
from 1150-1299 while individual units within the Michigan aréd allotted
the numbers 1200-1210, 1210-1220, etc. Since a number represents a
hypothetical plane ssparating two units the unit itself is designated by
two code numbérs qiving the top and bottom planes. The number therefore
quickly gives both the level of stratigraphic nomenclature as well as

the location of the unit within the stratigraphic column.

‘e
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RETRIEVAL AND ANALYSIS OF THE DATA

General Comments

The process of recording the data onto cards marks the complstion
of one important ptase of the project. 'Each well then consists of a
decklet of cards. It must be remembered that the lithostratigraphic
data represents only a part of the total information available from the
well. Orilling rates, production figures, chemical analyses and economic
factors, among others, would already be stored. This would involve more
punched cards than are manageable, and therefore the ultimate storage
of the data would be on magnetic tapes or magnetic discs. Each of the
above storage methods contains the equivalent of hundreds of thousands
of cgrds per tape cor disc. The same information would be stored on
different tapes according to different classifications. Thus, ons taps
might be an individual well file conteining everything known about the
well while enother tape might contain reference to all ths occurrences
of some specific stratigraphic system.

One must differentiate between the retrieval and the analysis of
the data. In the former case the system is concerned mainly with thse
recall and display of the coded data. We might rearrange the order of
the data but we get nothing back that we didn't originally put in. How-

ever in data analysis or processing we add new datea by virtue of the

computations that are done.

Retrisval

That part of the system which is concerned with information

retrieval is called AUTOLOG. A copy of the program is given in Appendix
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B and the different kinds of output are given in Figures 4 and 5. Figure
4 is the familiar subsurface columnar section. The scale of the log is
at the discretion of ths user and is limited only by the ﬁumber of lines
per inch that the particular printer can print.

The abbreviations and the symbols for the different lithologies
were kept as close as possible to standard usage. Since there are 10
symbols per lina, each one represents 10 percent of the total, and the
whole column is therefore in the form of a quantitative percentage log.
The log is, of gourse, a synthesis of the information available on the
thres different card types. Any number of cross-sections can be
accurately and quickly prepared by the use of an option which is avail-
able in this program. For this purpose the lithologic descriptions are
deleted from the percentage log while the titlae is moved to the left
over the columnar section. The distances betwssen the wells are computed
from the coordinates according to the horizontal scale desired. Then,
using these distances and the printed log, the ssction can be completed
by hand in a matter of minutes.

The output in Figure S5 is & more compact description of the well

data and is for use in ths permanent log fils.

Data Analysis

The value of the machins syéiem as 2ppliad to stratigraephic studiss
lias in the speed and ease with which any desired analysis can be
carried out and then displayed. It is dependent completely on the
thoroughness with which the data were originall; recorded. For example,
it is not possible to compute how many fest of oolitic limsstone thers

is in a particular part of the section if textural éﬁaractarisfics were
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not included in the original format. Since the handling of the raw
material is often very time consuming, thesre is therefore great value
in making a complete description to begin with so that it will be pos-
sible to make computations in the future that were not considered for
the original project.

There are two main programs, each with a number of subsections Sr
subroutines, which are included in this portion of the system. One of
these, called VTSTAT, (Appendix C) does thes actual data analysis ac-
cording to the instructions of the user, while the other named MAP
(Appendix D) will, as its name implies, prepare a map ready for contour-
ing.

VISTAT. The operational unit. in this program is the stratigraphic
interval, such as system, group, formation or member. It can alsc in-
clude any other unit that the study encompasses, as for example the
interval betwesn two slectric log markers or two bentonite beds. The
convenience with which an interval can be defined is based on the con-
cept of the hierarchal numeric coding of the units.

One well decklet at a time is read in and any number of different
or overlapping intervals can then be studied in‘every well. The only
information that the program needs from the user is the number of inter-
vals and the code numbers for the planes defining sach interval. If
for any reason an interval is not present in the well a comment to that
effect is printed out and the next interval is examined. When ths study
of all the requestsd intervals has bsen completed for a well, the next
well is read in and the procedure is repsated.

If the interval being studied is found in a well, control in the

program is passed to a subroutine (DETAIL) with the location of this
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interval within ths total well data. The subroutins then computes the
required information and automatically punches out & card which contains
the results, the permit number and X-Y coordinates of the well, the in-
terval being studied and a code for the type of information on the card.
R sample output card used in the Michigan F ormation study is shown in
Figure 6. The output from VTSTAT is used as the input for programs like
MAP, whose purpose is data display.

Inasmuch as it is impossible to anticipate all the different types
of computations that might be requested, the subroutine contains a
stand;rd package which includes the thickness, sub-sea slevation and all
the common lithologic ratios. If some other computation is desired,
such as the ratio of black to red shale or clastic to non-clastic car=-
bonates, it is necessary for a programmer to write a few simple
instructions and iﬁsért them into DETAIL. ; more elegent procedure
would be for DETAIL to have a program writing section that would write

the necessary instructions when given the requested information in

simple English as input to the program. The tools for writing this kind \

of progrem are available at the University of Michigan Computing Center.

Uhen DETAIL has finished its task, it passes control back to ths
main prog;am either to search for the next interval or to read in the
.nutmdl.

R very positive aspect of the schems 1s that it is extremely in-
expensive. In the Michigan Formation study the cost was around 20 cents
per well when B intervals mére sxamined in one pess or 2 1/2 cents per
interval per well. The un{t~cost is inverssely proportional to the number

of intervels examined in one pamss, since the cost of faading in the date

remains constant.

A
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MAR. The contoured map is a valuable aid in the interprstation
and display of data. It is the most concise method of showing the rela-
tionships among the various properties of a stratigraphic unit. Increased
effort in quantitetive facies analysis in the last ten years has spaunad
a multitude of new map types (Forgotson, 1960, Krumbein and Imbrie,
1963), but often the efforts to put even more information on one map has
been mors concealing then revealing. It is difficult to decide in
advance which of these mappable variables best enswers the nesds of a
specific problem while the prohibitive costs of hand plotted maps in
large scale projects limits the number of maps that can be sxamined.
The development of computer programs and contouring plotting machines,
wvhich can automatically produce maps with no error and with greatly
reduced cost and effort, will therefors have a pronounced effect on the
methods of stratigraphic analysis.

The mapping program (MAP) developed for the systam will prepare a
map with location and variables plotted, but it will lsave contouring
to the interpretation of the geologist. There ars contouring progrems
available, but they are operated in conjunction with automatic plotting
machines. #MAP, on ths other hand, needs only a computer and the
auxiliary printing device. Since the map is printed directly on computer
output papsr, the narrow width of this paper necessitatss the division
of the map into vertical strips. These strips, each ten inches wide,
are then joined togsther to make the complete hap (Fig. 7).

The requested map can be of any scale, while the size is limited
solely by the internal storage of the particular computer available.
The user nesed give only the maximum and minimum X and Y coordinates of

the map and the desired sceale. The remainder of the celculations such
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PERCENTAGE EVAPORITES IN MICHIGAN FORMATION
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as the size of the map and number of vertical strips necessary are done
by the program. The plotting program ignores those control points which
are not within the limits of the area to be mapped. This alleviates ths
need to pre-sort the data.

There are only a few restrictions on the form of the input data.
Each card can contain the information from only one control point. The
X-Y coordinates of the well must be pressesnt, but there may be any number
of mappable variables. A separate map can bg produced fqr qach variable,
but only those variables requested wfll be mapped. The ugar also has
the option of printing the Michigan state ?nd county outlines and the
grid system on the map. ‘

The cost of preparing a map is determined by the number of control
points. In the present study over 250 wells were plotted on each map
and the cost ran.fbout 80 cents per map. It is therefore very feasible

to make a quick visual examination of the data to ses where further work

is necessary. The maps prepared by the computer are used directly for

contouring and then traced onto the final copy.
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. SUMMARY

The feasibility of computer systems in stratigraphic analysis has

been shown by designing a system and testing it on a study of the

Michigan Formation. The results indicats that besides the saving in

manpower, time and money, it is possible to achieve a much better under-

standing of the data.

The following points were noted:

1)

2)

3)

It is practical to design systems to handle complicated
geological problems which can be employed with a minimum
of computer knowledge required of the casual user. How-
ever the geologist for whom the computer is an important
tool should have a working knowledge of both the art of
programming and how a computer functions. This is
analogous to the understanding a mineralogist has of
x=-rays and thé x-ray machine when this is an important
tool to him,

The costs of preparing maps, cross-sections and logs is
far less than by manual methods. The cost of coﬁputa--
tions is incomparibly smaller than by hand. This reduced
cost permits the researcher to greatly increase his sample
size and thereby improve his iﬁterpretations.

The speed with which the work is done allows the
geologist to apply the concept of multiple working
hypothesis on a day to day basis. It is truly possible
to fit manyrhypnthesis and check them quickly with the

appropriate computations.



THE MICHIGAN FORMATION

e Se————

PREVIOUS INVESTIGATIONS

Interest in the Michigan Formation begen with the discovery around
1830 that the unit contained gypsum. The first finds were made in the
Grand Rapids area, followed by the discovery of near surface exposures
at Alabaster in losco county.

Reference to the strata are found in Houghton (1838) and Hubbard
(1841). The section was first described systematically by Alexander Win-
chell in a series of papers on ths Mississippian of Michigan published
between 1860 and 1870 (Martin and Straight, 1956). Rominger (1876)
describes the outcrops at Grand Rapids and in the Saginaw Bay area.
Monnett (1948) gives a good summary of the early work.

Although a mill was opened in Grand Rapids in 1841, with quarry-
ing beginning at Alabaster somswhat later, intsnsive growth in the
Michigan gypsum industry awaitad thé coming of the railway in the later
1800's. The rapid development in the industry provided the impetus for
increased research on the Michigen Formation. Grimsley (1904b) revisus
all that was known on the Michigan to that date. His work also contains
a comprehensive history of the sarly progress in the gypsum industry.
Other work published during this period include Grimsley (1904a, 1905)
and Smith (1912, 1920). The racognition of large gypsum reserves re-
sulted in a decrease in the attention given to the Michigan and there
is nearly a total hiatus in publication till the early 1930's.

In 1929 gas was discoversd in the Michigan Stray, a sand unit in
the lower part of the Michigan Formation. During the next ten years

the Stray was the target in many of the wells drilled in Michigan. With

26
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the increased data availeble there was renewed intersest in studies on
the Michigan Formation. Ths relationship of the Stray to the Upper
Marshall is discussed by Thomas (1931), Kirkham (1932), Hard (1939),
Hake (1938) and Monnett (194B). Rawlins and Schellhardt (1936), in a
study mads for the Bureau of Mines, were concerned mainly with the
estimated gas reserves. Descriptions of the sands and hypotheses as to
their origins are found in Ball et al (1941), Bergquist (1938), and
McGregor (1954).

The comlete section in the Michigan Formation has not been the

subject of a complets study since Grimsley (1904b).
METHODS OF STUDY AND ANALYSIS

The majority of the data for the study was obteined from slectric
and nuclear log correlations and sample descriptions. ! The only excep-
tions were the sections examined in two mines at Grand Rapids and the
quarry at National City. All the correlations and descriptions were
done by ths author.

A totel of 665 machanical logs wers used in the correlations of
which 250 were included in the control grid thet was established for the
purpose of mapping the information. Samples were not available for many
af the control points and sven where present, the quality was d6ften too
poor for detailed work. To achieve a high level of reliability in the
sam?le descriptions, the cuttings from two or three neighboring wells
meraﬁexamingd for sach control point. Over 700 sets of samples wers
examingd for the 250 control points.

In mast of fhe area studied control was good and the spacing

averaged 2 wells per township. Howsver in the south and southeast thers
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are fow wells drilled and even fewer mechanical logs aveilabls. The
control is therefore sparss and in a few instances wslls which had no
mechanical logs were used as control points,

The totel interval of the Michigan Formation was subdivided into
units for mapping purposes (fig. 8). The breakdown into smaller units
reveals a more complex picture of basin history than that suggested by
the patterns shown by the total interval. The units were both litho-
logically meaningful and characterized by distinctive mechanical log
markers. Since the lithological changes are gradual and ths control
good, the units were traced across lithologic facies changes. Isopach
and lithofacies maps of the’individual units and cross saections were
used in interpreting the geoiogical history of the Michigan basin dur-

ing the deposition of the Michigan Formation.
TECTONIC SETTING

The Michigan Basin, which is an elliptically shaped autogeosynclins,
has had a comparatively simple structural history. The positive elements
which played an important part in the development of the basin include
the Laurention Shield to the north, the Wisconsin Arch to thes west and
the Kankakes and Findlay Archss to the south and southeast. It is
generally agreed that thess featurss had a Precambrian or early Cambrian
origin, (Pirtle, 1932, Newcombe, 1938) and were fairly consistent
throughout the history of the basin. They were alsoc the majc: source
of sediment into the sinking basin. The northeest boundary, however,
fluctuated between positive and negative slaments and often represented
the main connection of the basin with the opsn seas.

Within the basin the gentls dipa toward the center are interrupted
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by relatively small scale folding and faulting. The deepest part of the
basin is today found near the area where Midland, Gladwin, Isabella

and Clare counties meet. The maximum depth to the basement is over
14,000 ft. Isopach maps of the individual systems show that the center
of the subsiding basin varied considerably. The principal SE-NU trend
exhibited by the majority of the structural features in the basin was
noted by Pirtle (1932) and Newcombe (1933). This strong trend is inter-
preted by most authors as svidence of strong basement cont;ol on the

tectonic activity that took place in the basin throughout geclogical

time.
AREAL EXTENT

The Michigan Formation is today confined to a circular area
approximately 170 miles in diameter, whose perimeter represents an
erosional edge. Within this circular area the formation hes bean
completely removed from the top of two large structures, the Howell
anticline in the south and a series of en echelon folds in Ogemaw,
Arenac and Bay counties (fig. 9). The extent of the Michigan Formation
;n the eastern part of the state (to the south of Saginaw Bay) is
poorly known due to the péucity of data. This arsa has apparently had
a complex history.of erosion which began with a pre-Bayport uplift, and
continued at least through>the Pennsylvanian. Numerous channels and
valleys were cut into and through the Michigan with the subssequent
deposition of younger sed%ﬁents. This has caused a great deal of strati-
graphic miscorrelation and is the basis for many seemingly anomalous

depositional sequences.

The erosional edge is generally overlain by drift but thers are a
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number of widely separated small surface exposurss along the western,
southern and eastern parts of the perimeter (Martin and Straight, 1956).
The best known exposures are exploited for gypsum in the viéinity of
Grand Rapids and in losco county. From the outcrop edge the beds dip
toward the center of the basin in eastern Isabella county where the top

of the Michigan is found at its maximum depth of 1000 feet (fig. 10).
STRATIGRAPHIC FRAMEWORK

Winchell (1B61) defined the Michigan Formetion in the Grand Rapids
area. He included in the Michigan a sequencs of limestones, shales and
gypsum overlying a thick series of sandstones. He placed the sands in
the Marshall. As originally defined the Michigan included strata which
were later separated out as the overlying Bayport Formation. The
boundary betwsen the Michigan and the Marshall was thus simply placed at
the first appearance of sandstone beneath the sevaporites. This concept
held until drillings in\the central part of the basin indicated that
there was a sandstons present above the lowsrmost anhydrite. This sand,
which ﬁroduced large quantities of gas, was given ths name Michigan
Stray...The boundary problem betwéen the Michigan and the Marsﬁall was
alleviated by including in the Michigan all strate down to the lowermost
carbonate rock. As drilling progressed and more data became available
on the section between the center of the basin and the Grand Rapids
area, it became evident that there was a cloée relationship bstwesn the
Stray and Marshall sandstones in the southwest area of their distribue
tion. This relaticnship has been the center of a controversy for the
last 30 years. There evolved two schools of thought. Soma believed that

the Stray was younger than any of the Marshall and in fact reprasented
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the redeposited Marshall in the Michigan Seas (Newcombe, 1933), while
others contended that at least the upper part of ths Marshall or Napoleon
was time equivalent to the Stray (Hard 1938, Hake 1938).

The key to unraveling these problems of stratigraphic correlations
lay in detailing the transgressive character of the Michigan seas. This
was accomplished by subdividing the Michigan into units (fig. 8) and
carefully tracing these units and the changes that take place within
them. The distribution of the svaporites within the individual units
of the Michigan Formation (fig. 11) clearly shows the succeeding trans-
gressive phases of the sea. As used in this paper the Michigan fForma-
tion defines a sequence of rocks and their equivalents that were depasited
during a period when svaporitic conditions pravailed in the basin.

The concsptiof avap&rite Facieéumas the basis for understanding the
type of deposition that took place. This concept was developed by
Briggs (1957, 1958) in his study of the Silurian evaporites in the
Michigan Basin and surrounding area. As a result of the evaporation of
the water as it flows from the restricted opening of a basin, salts are
concentrated in the brine. When the solubility product of a mineral is
reached, it precipitates. The sequence of precipitation is from carbone
ates to sulfates to helides. These then are the evaporite facies and
appear in the strata both horizontally and vertically. During the
deposition of the Michigan Formation the concentration reached only the
sulphate phase, for none of the halite minerals are present. The ideal
sequenca is often interrupted by increased inflow of water, climatic
changes or the mixing of the concentrated brinss with fresh water drain-
ing off the land in the near shore environment. Ths result may be a

reversal in the ssquence of precipitation.
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EXPLANATION

THE UNITS GO UP IN STRATIGRAPHIC SEQUENCE
FROM No| TO No.9 {SEE FIGURE 8)

SOUTHERN DEPOSITIONAL BOUNDARY OF THE
EVAPORITES WITHIN THE NUMBERED UNIT

DISTRIBUTION OF EVAPORITES WITHIN PREDOM-
INANTLY CLASTIC UNITS

LUV ¢}

FIGURE 11
DISTRIBUTION OF THE EVAPGRITES IN THE MICHIGAN FORMATION
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The stratigraphic relationships of the Michigan Formation with the
underlying and overlying Mississippian rocks as developed in this study
are shown in figure 12. The background for the changés will be given in
the discussion on the individual units in the Michigan. It is interest-
ing that according to this correlation chart there were slements of truth
in both schools of thought concerning the Michigan-Marshall boundary.
Rll of the Marshall in the southwest part of the state is the time
equivalent to the lower part of the Michigan Formation. As indicated
there is a hiatus between the Michigan and the Coldwater formations in
this region. The dashed line éctoss the middle of the map in figurse 9,
is the approximate northern limit of the Marshall which is equivalsnt
to the Michigan. What has been cqlled "Marshall" northeast of this line
is older than the Michigan and is separated from the Stray by other
units. Since the éype section for the Marshall and the Napoleon are
located in ths southwest, the use of these stratigrephic names should be
restricted to the Michigan equivelent sandstones and the sequence of
sands between the Michigan and the Coldwater should be redefinsd and re-
named. In this paper thesas oldsr sediments will be referred to as
"Marshall” to differentiate them from the true Marshall. There ars a
number of possible outcrops in the Saginaw Bay area which could serve as
type sections.

The upper boundary of the Michigan Formation marks the end of
evaporite sediments and the resturn to normal marine conditions. Thare
is a disconformity between the Bayport and the Michigan, as a result of
a period of erosion and/or non-deposition. The eastern part of the
state was most effected and on some of the anticlinal structures almost

all of the Michigan was removed before the deposition of the Baypart.
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STRATIGRAPHY AND DEPOSITIONAL HISTORY

Definition of Units

Electric and nuclear logs measure a physical quantity which is the
sum effect of many different parameters of the rock and the bore hole
within which the recording sonds is placed. Amohg the more important of
these parameters are the composition, porosity, permeability and fluid
content of the rock. The importance of a particular parameter will vary
with the different logs.

Undsr the above assumptions, the mechanical log in its entirety can

be considered a unique property of a well. Because of this uniqueness

the logs can be used to define time equivalent units. The writsr be-
lieves that when & wheole sequence of closely spaced slectric or nuclear
log markers can be traced over a large arsa, the individual marker will
represent time horizons. It is the concept of using sequsnces of
markers, rather than individual ones, that is crucial in this applica-
tion of mechanical logs. When single "kicks" are tr;Zed it is very
possible that they describe nothing more than time transgressive or
regressive lithologic units. The method is especially suited to sections
containing two or more thinly interbedded lithologies since their
mechanical logs will contain many distinct markers.

The gedlogists in the Michigan petroleum industry have long kpouwn the
existence of individual markers in the Michigan Formation and used them
as kay beds for contouring in their studies on the Stray éaéd (wolcott,
1948). A preliminary review of the 650 mechanical logs available re-
vealed that the markers of the complets Michigan section could be traced
over large areas and was thsrefore appropriate for division into time

equivalent units.
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Figure 8 gives the proposed subdivision of the Michigan Formation
with the main lithologic features and a composite electric log showing
the electric markers used. The clastic sediments and chemical sediments
were placed into separate units because of the different conditions
under which each is deposited. It was thus possible to examine the
interaction of the two forms of depositicn which are dominant in the
Michigan.

The prevailing terminology was used wherever possible sven though
most of the namas were not formally defined in the literature. The
mechanical log markers are designated by single letters. For reference

purposses the units which contained evaporites were numbered.

Paleggeographic framework

The Upper “Marshall® sediments are exclusively sandstonas:and were
deposited in a regressing sea (Newcombe, 1933; Lane and Seaman, 19095.
Positive tectonic elements enclosed the basin on all sides except north-
east where the "Marshall" seas joined the open ocean. As the "Marshall®
seas retreated from the land in a generally northeastwardly dirsction,
the sediments they had deposited wers exposed, subjectsd to srosion, and
incorporated back into the "Marshsll." Tha paucity of heavy mineral
types found in these sediments by Stearns (1933) and Stearns and Cook
(1932), is indicative of the extensive reworking that took place.

The return of the sea marked the beginning of the Michigan Formation.
Conditions of sedimentation which favored the deposition of evaporites
devsloped contemporansously with the reappearancs of the sea. Circula-
tion.of the salt water between the basin and the open sea was probably
restricted by a sub-aqueous sill (Sloss, 1953) which had the femiliar

northwest trend. There were probably changes in the climatic fsgime as
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well. Isopach and facies maps indicate that the present areal extent
of ths Michigan Formation represents only the southern half of a much
larger depositional basin, and the the northeast perimpter of the outcrop
area is the approximate position on the central exis of deposition. Each

of the units in the Michigan had a mirror image to the northeast which

has since been eroded away.

Total Interval (K - Bottom of Formation)

R series of maps showing the relativ; pergentages of the main
lithologic types for the interval from the K marker (fig. 8) to the
bottom of the Michigan Formation is shown in figure 13. This is approxi-
mately the totel interval. The top was taken at marker K to eliminate
the obvious error.introduced by the period of erosion at the end of
Michigan depoeition (fig. 9). By lumping together the individual units
there is an averaging effact on the total picture with the resulting
loss in the details of tha geologic history of the basin. However ths
long=period average of tha geologic events become more aspparent.

The strong northwest trend of all the percentage lines is a re-
flection of the dominant dirsction in the strand lines that persisted
during most of ths Michigan deposition. The source of the clastics uwas
mainly from the southwest while the direction to the open sea was north-
eest., The zone of highsst anhydrite deposition was the spproximate
center of the subsiding basin.

The interval is of nearly uniform thickness but as will be shown
in the detmiled descriptions that follow, this is the result of the
adding together units which are thickentng in opposite directions. The

slight thickening to the north again shows that the centar of the basin
was in that direction.
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R stratigraphic cross-ssction in which the individual well lags
were prepared by the computer is shown in figure 14. The cross-section
is perpendicular to the dominant northwest trend and therefore exhibits
the maximum varietions in lithology and thickness within the units. The
transgressive nature of the Michigan sea is clearly indicated by the

progressive facies changes in the units.

J-"Mershall® (Unit 1)

The lowaermost unit in the Michigan Formation was deposited during
the initial advance of the Michigen sea over an sroded "Marshall" land-
scepe. The unit is limited to a small ares in theAnorthcentral part of
the state.

The first sediments consisted mainly of reworked "Marshall" sands,
but as the water balance in the basin favored evaporation there was a
concentration of salts by ocean water inflow and dolomites and anhydrites
were precipitated.

The clastics of Unit 1 are fine grained, shaly sandstones and gray
shales. The presence of a carbonate cement make the sands fairly tight.
The cement is mostly calcite but some dolomite cement is also found.
Minor cross-bedding features as wsll as scouring and svidence of worm
action were observed in a core. The sands of Unit 1 are distinguished
from the "Marshall® sediments which underly them by thseir texture and
lithology. The "Marshall" sandstones are coarse, porous and contain
abundant green clay-;ike minerals. Very likely they ars in part of
continental origin. The above differences bstween the two sands is re-~
flected in the electric log, whers the "Marshall” has a higher spontang-
ous potential curve. Because of the nature of the eroded surface the

clastic member of Unit 1 is unevenly distributed.
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Overlaying the clastic sediment is a bed of dark brown, coarse
grained dolomite. No structure was seen in the cuttings and it is there-
fore difficult to determine from the lithology alons to what extent the
dolomite is primary or secondary. Therse is, however, an anhydrite bad
on top of the dolomite, and the juxtaposition of the dolomite and the an-
hydrite indicates that at lesast part of the dolomite is a primary pre-
cipitate. The top of this anhydrite is the marker T, which is the upper
boundary of Unit 1. The anhydrite grades shoreward through an anhydritic
dolomite and dolomite into a carbonate sand. The distinctive slectric

marker can be traced through the lithologic change.

Buger Dolomite (Unit 2)

The Sugar Dolomite derives its name from the characteristic dolomite
which i{s dominant in this unit. Figure 15 is an isopach and lithofacies
map of the unit. From a maximum of 58 feet in the north the Sugar
Dolomite thins out to its depositional sdge. The stegper rate of thin-
ning in the northwest is suggestivs of a much stesper depositional slops
on this side of the basin.

The areal extent of the Sugar Dolomite is huch greater than that of
the previous unit becausse of the continuing trensgression of the Michigan
sea. Consequently, there is a crescent-shaped belt in which ths Sugar
Dolomite sits unconfotmabiy on the "Marshall," while {n the remaining
area it is underlain by Unit 1.

The lower part of the unit is composed of light and dark brown
sucrosic dolomite and black Fiasilq dolomitic shale. The upper section
consists of a thin, continuous bed of fossiliferous limestone overlain
by a bed of anhydrite. The limestone has a slightly larger areal esxtent

than the anhydrite but they both grade laterally into dolomite.
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The sucrosic dolomite has all the charaecteristics usually ascribed
to & primary dolomite. It is fine grained, very thinly laminated and is
closely associated with evaporitez. The lamina are caused by vertical
changes in the grain size and are between 2 and 5 millimeters thick.

The structures are most clearly sesn in cores but can be discerned in
the cuttings when the chips are large. The fossiliferous limestone has
an average thickness of only 7 feet but can be traced over a largs area.
Rominger (1B76) describes outcrops QF this limestone in Tuscola and
Iosca counties. In Tuscola county the limestons contains numerous
nodular concretions of sphalerite. However, because of its relative
thinness it was described in only a handful of drillers logs. The
principal fossil components are thin-shelled brachiopods and crinoids
but only the crinoids can be distinguished in the cuttings. The two
fossils are nearly mutually axé&usive with the brachiopods concentrated
toward the bottom of the bed. There is a small transition zone betwsen
the limestones and the anhydrite consisting of a black calcareous shale
contaiging pockets of crinoids. In these pockets the crincids esppear to
have died suddenly and been buried in situ. The component plates of
individual stems are found close together like a pile of fallen poker
chips.

The upper boundary of the Sugar Dolomite is put at the end of an=-
other cycle of svaporite deposition and the beginning of a new regressive
phase in which the Stray sandstone was deposited.

The depositional history of the Sugar Dolomite can be interpreted
as follows. The sea in the Michigan Basin was apparently never very deep.
As a result, minor fluctuations in ssa=level moved the shore line great

distances and increased the inflow of normal marine water into the basin
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over the submerged sill. Ons of these recurrent transgressive phases
upset the delicate balance of anhydrite deposition which had been reached
at the snd of Unit 1. At first this resulted only in a reversal in the
trend of evaporite deposition with the precipitation of dolomite but

then the water swestened sufficiently to sustain an animal population with
the subsequent deposition of a bioclastic limestons. When the trans=
gressive phese came to an end, the tectonic and climatic conditions

again raached a steady state. The selinity changed repidly causing the

sudden death of the fossil community, followed by ths deposition of

anhydrite.

Stray (Unit 3)

The name originated as a drillers term in the early 1930's and is
first mentioned in the literaturs by Newcombe (1933). The name was
applied to the gas producing sand in the‘Lowet Michigan and the use of
the expression "stray" was based on the belief that the sand was not a
continuous body. This idea was later incorporated by Ball et al (1941)
into the hypqtheais that the Stray sands were offshere bars which
developed against underwater shoals in a transgressing sea. Actualiy
the concept of a discontinuous sand aross mainly from the drillers’'
practice of using the name Stray only when the sand contained gas. The
continuity of the sand is today an accepted fact but ths term Stray Sand
is still confined to that area of Michigan bounded by the proaucing gas
fields. Ae defined in this paper the Stray Unit contains the Stray sand

of common usage and all the equivalent rocks as demarcated by markers R

to S (fig. 8). )

The preblem of the stratigraphic relationships betwean the Stray and

the surrounding rocks has been referred to previously. The difficulty
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lay in the fact that to the northeast the sands grade into marins pre-
cipitates while to the southwest the thinning of the Sugar Dolomite unit
below the Stray caused the early workers to jump the top of the "Marshall,"
i.e. the unit older than the Michigan, to ths top of the Stray sand. In
the present study it has been possible to throw soms light on a previously
confused pictura.

The excellent control by mechanical logs mede it possible to care-
fully trace the Stray Sand and its equivalents throughout the basin. In
following the unit as it thickened to the southwest it soon becams
apparent that it gradually includsd more and mors of what was called
Marshall until finally it engulfed everything down to the Colduwatsr
shale. Thus, the "Marshall" uwas missing in part of the basin. This is
not unexpected when one considers that during the dsposition of most of
the Upper "Marshell" and Lower Michigan the southwast part of ths state
was undergoing erosion. The rats of thickening in the Stray Unit (fig. 16)
is fairly aven.

Figure 17 is a combination clastic percentage and sand isolith
map. Clastic sediments predominate in the Stray. They are everywhare
more than half the section and over a larges area they are the only com-
ponent. By far the largest clastic component is sand. To the northsast
there is a gradual facies change and the sand slowly gives way to
various types of limestones, shale end anhydrits. There is a small
area ef-&olomite.

In the central part of the basin the sands are fine to madium
grained, with minor amounts of shale and dark minerals. To the south-
west thsse sands coarsen slightly and a fine grained, silty, hematitic

sand appears. Although the hematitic sand usually underlies the gray



49

TR A
) D(Q b)) .\:3 «-fr\:?@ P unes 0
» g "~ "
Q \li:-l' L T l N - . mm o OF ANHYDRITE ¢+ LIMESTONE

L ' ) - Sy, ,/A AREA OF LINESTONE
‘ .. ‘ . , ’ ) k\‘ ARZA OF DOLOMITE

CONTOUR INTERWAL 20 FT

P \ TN LIMIT OF MICHIGAN FORMAT I0H
Al
- . ¢

I
lllllllll wlco-lo\ A oetwy
| Il k l““ aWH i

STy ﬂl B ’w,
/Z ------- i“ ..... lwm‘ﬂl}w ”iwmw ' ) '~
) ) i ¥
R gm .|
: : .\.\ ‘ ll

il

s VAN BUNEN maLamalou k PR JYETERN
‘ .
! ;
‘ !
! . ,
= : .
llllll cass . AT Lot BRANCM
' | :
J-.. ' i
£ Ry OSSO A S S

FIGURE 16

ISOPACH AND MON-CLASTIC LITHOFACIES MAP OF STRAY UNIT




50

\J\gu_,.__'

S q) b} .M’l

B ~IT®
sl | \\ﬂ
i MILES i
Q t‘ ‘ CmEBOTRAN
% I

, veryox Wi

. . — PERCENT QLASTIC
A ' Cramry v -
- 4
. - .o ——— THICKNESS OF SAND
e \ /\\
&g 3 e © gearse wonrwontucs [ nesEan s CONTOUR WTERVAL +23 FT
r 4 '
" N g o . . " LIMIT OF MICKIGAN FORMATION
rianay e . . i
b \
i

B .
\ e Ghans TRAvEENE ..MQ-: ascoea o Acoss

T gamiLat

i
A

BLLESAN

[TLLIYS I cass

[LTUT
i

L ) —d |

i WILLBBALE v

FIGURE 17
CLASTIC PERGENT AND SAND ISOLITH MAP OF STRAY UNIT




51

sand this is not always the case and often the position of the two sands
is interchanged. Since the Stray sand is derived from the "Marshall®
with very little additional transport or weathering, the twc are similar
in both appearancs and conteht. It is possible to distinguish one from
the other only by its relative position in the wsell.

The red color caused by the hematite (or limonite) coating on the
grains was once considered an important stratigrephic marker. The
variable vertical distribution of the color in the section is now
recognized and its value 2= a marker discredited. The repid change in
the horizontal as well as vertical distribution of the red color suggest
thet it is due to variations in the oxidation potentials of the environ-
ment during deposition. Lateral differences in potentials are a feature
of deltaic, estuarins and tidal environments. In addition, redeposition
of the red sediments would tend to distribute the color further.

The non-clastic equivalents of the Stray in the northeast consist
of dark, shaly, fine-grained limestones, white massive anhydrite and
light brown, somswhat sandy dolomite. There is a complex relationship
between these three lithologic types (fig. 16). There are two similar
looking primary dolomites which were aeposited in different phasaes of
the evaporite cycle. The lowsr one is equivalent to the limestons. As
the limestone precipitated the concentration of magnesium rose and when
the critical calcium/magnesium ratio was reached, dolomite precipitated
as a shorsward facles of the limestone. The upper dolomite is equi-
valent to the anhydrite end was deposited as a rasult of ths mixing of
the brine with the watsr coming from the land,

The gas is produced from the uppsr part of the Stray sand, in small

anticlinal traps. The aree of gas production is confined to the north-
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east by the zero isolith line of the sand, to the southeast by the zone
of extensive erosion, to the northwest by the sroded edge of the Michigan,
and to the southwest by the wedge edge of the "Marshall." This would
indicate that the gas originated in the "Marshall" and moved up into the

Stray as & result of the tectonic activity that was responsible for the

structural traeps.

Summary of Stray Deposition

The elevation of the‘land mass and tne reopening of the basin was
the product of a northeasterly epeirogenic tilt. As a result of increased
srosion, the anhydrite at the top of the Sugar Dolomite gave way to a
clastic phase. Initially the sands were deposited in a bsach and near-
shore environment but the creation of a deltaic front changed the
character of the sand deposited. Upward movemsnt of thse sill restricted
the water inflow anew, and contemporanecusly with the deposition of

clastics near shore, evaporitic rocks were precipitated towards the

canter of the basin.

National City Gyp = (unit 4)

The unit s exposed in quarries of the National Gypsum Company at
National City in iosco county, and is correlated to the subsurfacs by a
number of wells in the vicinity. The gypsum at Alabaster is also
quarried from the same unit. Gypsum is present in those areas where
the anhydrite has been altered as a result of coming in contact with the
ground water.

The conditions of sedimentation during the deposition of National
City Gyp were similar to those that existed during the upper part of the

Strey. The contact 1s placed at marker R (fig. B) as a convenient break



53

betwesn the prsdominant sand sequence below and the shale-anhydrite beds
in the National City Gyp. Figure 18 shows ths facies relationship in
this unit. To the north the sediments are composed of massive anhydrite
(or gypsum) interbedded with shals. This arsa was the central portion

of the depositional basin. As is indicated on the composite electric
log, there are three anhydrite beds of which the middle one is not énly
the thickest but has the greatsest areal extent. In a shoreward direction
there is a gradation from the sulfate to a carbonate facies. To the
southwest a dolomits facies appears followed by a cl;stic facies while

to the southeast the carbonate equivalent is limestons. Both carbonates
are sandy as they approach the clastic® facies. The limestones arae dark
gray, shaly and are very different from the light brown, medium grained
dolomites. The lack of data to the southeast makes it difficult to
ascertain the reasons for the differences 1in carbonate types in the two
directions. The proximity of land could have been a factor. As indicated
in figure 11 the transgressive Michigan sea moved very little to the
southeast betwsen the deposition of the Stray and the National City Gyp
(Units 3 and 4). ’

This unit marks the first appearance of large quentities of shale,
in association with non-shaly anhydrites in the Michigan Formation. Tuwo
important questions are: 1) UWhat is the source for this. shale? 2)'What
could cause the sudden cessation of anﬁydrita pracipitation, followsd by
the deposition of shale, and then just as suddenly replace the shale with
pure anhydrite again? The source of the shale is postulated to be the
Coldwater Formation. During the deposition of the National City Gyp
the Michigan eea continued its transgression onto the land. Much of the

"Marshall” had besen eroded previously and the underlying Coldwater shale
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became a prime source of supply. It is of interest to note that there
is little sand, but a great deal of shale in the units above the Stray.
Climatic changes alone are sufficient to explain the shale- znhydrite
sequence. Ouring a humid phase the increamsed rainfall would bring a
fresh influx of clastic debris into the basin and would serve as well to
arrest the anhydrite deposition. UWhen arid conditions returned, the
carrying capacity of the streams would decreass rapidly and if the salt
balance in the basin héd not been drastically upset there would be &
renswal of anhydrite precipitation. The importance of elimate in this
type of deposition has been cited by Hollingsworth (1962) and Anderson
and Kirkland (1960).

The isopach ﬁaﬁ (fig. 18) shows @ steady basinward thickening.
This is a reflection of the slow sinking that the center of baesin was
undergoing. The slight reversal in the extreme southwest corner represents

a zone of thick sand deposition, along the margins of the basin.

Summary of National City Cypsum Deposition

The size of the basin continued to grow, and during the dsposition
of this unit the strand line was in the vicinity of the present day out-
crop in the southwest. Sand was deposited along the margins of thes sea
while anhydrite, dolomite and limestone wers being precipitated basine
ward. There were periodic climatic changes on a sqale similar to that
of the Pleistocsne. Successions of arid and humid periods gave rise to
interbedded enhydrites and shales. The shale ceme mostly from the Cold=

water Formation which had just heen exposed to erosion.



Stray-Stray

The Stray-Stray unit consists almost exclusively of gray to dark
gray shales topped by a sandstone bed. This sandstone was mistaksnly
identified as the Stray sand in the sarly drillings for the Lower
Michigaen gas. When the error was recognized the term Stray-Stray was
applied to the sand higher in the section. There is a small area of
anhydrite deposition and isoleated pockets of light brown, fine grained
dolomite. The unit has fairly uniform thickness which ranges between
25 and 40 feet with only a slight thickening to over 50 feet in the
southwest. As in the previous unit the thickening is caused by the‘
increased sand deposition along the margins of the basin.

"Fiqure 19 is a sand isolith map with the S0 percent sand contour
line shown. The sands in the north are very fine grained, calcareous
and contain large quantities of a green mineral closely resembling
glauconite. The sand grades to the northeast into a sandy limestone
which contains glauconite. To the southwest the sand is coarser, shaly
and is void of glauconite. Although there are reports of gas from this
unit there is as yst no commercial production.

The depasition of the shale was due to a long interlude of humid
weather, similar to that which caused the deposition of ciastic sediments
in the National City Gyp. With the changs in climate came decreased
evaporation and more rainfall. This increased the erosive power and
carrying cepacity of the streams. The waters in the basin were
apparently both shallow and quiet for the main body of coarse toc medium
sand was concentrated along the littoral zone and only the shales were
carried into the basin. For a short period of time there was enough

energy available to carry the very fine grained sand towards the center



57

. § p) Ny . wies s

!
|.
|
|

-
== 7 cuamavon [
— T ] ‘

anran T | worwonuer

|
Sk

| k)
o
[T ' SAAND MavERsl | saceases -
' 1
, .
Mamster " wiaromo | S
1 L “winthuere \*
v

=arao \| uuolu : ] .
A Lo
: 1 \\w/L
\ |
“\ . ,
\ WUIREAON b [' .

N N
-~
~

LT

0 “isastina

-
—————

LIS L XY

stanigs

FIGURE 19

SAND ISOLITH MAP OF STRAY-STRAY UNIT




58

of the basin. The top of this sand is taken as the upper boundary of the
Stray-Stray. The environment was essentially open marine as witnessed

by the glauconite but the areas of anhydrite deposition (fig. 11)
indicate there were isolated spots where the salts reached a higher con-
centration. These wers well into the center of the basin away from the

i nflux of fresh water from the land.

Brown Lime (Unit 5)

The Brown Lime unit is an excellent example of the vertical and
horizontal development of an evaporite facies., The vertical sequence
is shale to carbonate to sulfate. Each of these beds can be traced
norizontally over a large area, indicating very stable conditions of
sedimentation. In the near shore environment they all grade gradually
into a sandstone. The conditions of sedimentation during the deposition
of the lower part of the unit were similar to those that prevailed dur-
ing Stray-Stray deposition, The result was a consistent bed of gray
shales throughout the basin. Since the shales ars everywhsere present -
they are not shown on the isopach and lithofacies mep (fig. 20) of the
Broun Lime.

The length of the humid stage in the climate which preveiled during
the deposition of the shales, upset the equi;ibrium conditions, and the
salts in the watesr were at nearly normal concentration. Uhen the climate
changed and evaporitic conditions returned, the first sediment to pre-
cipitate was a carbonate. The carbonate grades from a gray and brown
lithographic limestone in the north to a brown, fine grained, sucrosic
dolomite in the southf It is pasily rscognized on the mechanical logs
and has long been used as a structural marker when drilling for the~5tray

sand. The common use of the carbonate bed as a marker gave the unit its

name.
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The top of the unit is a bed of massive anhydrite which is thicksest
in the north where it reaches a maximum of 15 feet. QOver most of thsg
central part of the basin it is less then 10 feet thick.' To the south~
west the anhydrite grades laterally through an anhydritic dolomite into
sandy dolomite.

The isopach map (fig. 20) indicates that the central part of the
basin received the most sediments. There is a regional thinning both
to the southeast and southwest. The thickening along the western
margin represents a zone of greater sand accumulation.

The deposition of the Brown Lime ends with yet another climatic

change and a new influx of clay sized particles.

N -0

The predominant lithology in this unit is a massive gray shals.
The shale percentage averages 85 and is never less than 70. The lower
boundary 1s teken at the top of the anhydrite in the Brown Lime. 1In
most places there is a transition zone bsetween the anhydrite and the
shale which consists of a fins grained,’anhydtitic, brown dolomite.
The presence of the dolomite implies that the climatic change which
brought about the new shale phase was gradual and that the relief of
the land was low. Thus, the water was frashened sufficiently to bring
about a reversal in the sequence of precipitation befaore the big influx
of shale. There is a small range of concentrations where the carbeonate
and sulfate will coprecipitate.

There is no sand present in this unit or any of the higher units
in the Michigan Formation. The isopach map (fig. 21) indicatés a con-

sistent thinning to the southwest. From the location of the 10 foot

isopach it is apparent that the shoreline was not far from the present
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outcrop and the lack of sand was causad by the absence of a source of
supply. The “Marshall" which had Baen the main source for the sand in
the lower Michigan, was either eroded or under the transgraessing
Michigan sea, during the deposition of this unit.

At the upper boundary (marker N) there is anather small transition
zone to the overlying anhydrite in the Triple Gyp. This zone, too,
consists of a bed of fine grained, brouwn dolomits. In the middlé of the
basin there is a small area where anhydrite was deposited before the

LS

deposition of the Triple Gyp (fig. 11).

Triple Gyp (Unit 6)

The ingression of the Michigan sea onto the land culminated with the
deposition of the Triple Gyp. The unit was named by the petroleum in-
dustry geologists for the thres distinct Blectric log “"kicks" (fig. 8)
exhibited by the three massive anhydrite beds interbedded with two shals
members. There are, in fact, thin shale separations within the
individual anhydrites which do not show up on the electric log.

The anhydrite beds in the Triple Gyp have the greatest.areal extent
of any precipitate member in the Michigan Formation (fig. 11). They can
bes traced to the ;rosionél edge of the formation, whers the aﬁ;ydrite
alters to gypsum owing to the action of ground water. The Triple Gyp
contains the gypsum which is mined at Grand Rapids. In the direction
of the paleoshoreline some of the anhydife grades into a brown, anhydritic
dolomite (fig. 22). |

The fdrtuitous find of a fassil shark spine in the Triple Gyp
prévidsd additional évidence for the hypothesis thet the climate was ths

main cause for the interbedded shals and anhydrite (Dorr and Moser, 1963).

The spine was found in an eight inch sandy shale layer within the main
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gypsum bed at the mine of the Bestwall Gypsum Company in Grand Rapids.
The specinsn was embedded in @ small pocket of medium, well rounded

sand in association with an abundance of objects which have all the
appearances of coprolites. An x-ray analysis showed that the coprolites
were composed entirely of carbonoapatite, which is usuelly of arganic
origin, while the shale was mainly illite with minor amounts of chlorite
and traces of anhydrite. The shark belonged to a family whith inhabited
waters of normal marine salinity.

The locality of the mine was probably not far from the distal sdge
of the sea during the deposition of the Triple Gyp. During the precipita-
tion of the anhydrite the salt-saturated weters would have been intoler-
able for the sharks. However, during the time represented by the shale
partings, when climatic changes brought an increased influx of fresh
water, the animals could enter the basin and live along the margins.

The isopach map of the unit (fig. 22) shows a thickening to the
north where the center of the subsiding basin was situated. The shale
is consistently Betmeen 20 and 30 percent of ths total, the dolomite
increases from its zero isolith line southward to a maximum of 30 per-

cent, and the sulfate decreases from a maximum of B0 percent in the

north to 50 in the south.

Pencil Gyp (Unit 7)

The use of the name Pancil Gyp for this unit has a history wﬁich
goes back to the beginnings of the gypsum industry in Grand Rapids.
Grimsley (1904b) recounts that the quarrymen in the area referred to a
4 inch red gypsum layer és the pencil rock. Much later the subsurfacs
geologists applied the term "pencil gyp" to any red colored anhydrite or

gypsum in the Michigan Formation, irrespective of the stratigraphic
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position. The present study has shown that although thers is a spotty
distribution of red anhydrite in most of the upper part of the Michigan
Formation, 90 percent is concentrated in a continuous bed above the
Triple Gyp. Therefors, the name Pencil Gyp is considered to be appropri-
ate for the unit overlying the Triple Gyp.

The unit consists mainly of gray shales intercalated with arhydrite
and brown dolomite. To the northeast the dolomite grades into white
anhydrite. The isopach map (fig. 23) shows the prevalent northward
thickening. The percentage of carbonate plus sulfate decreases while the
shale percentage increases in the direction of the clastic source. In
parts of Gladwin and Midlend counties thg Pencil Gyp was removed prior
ta the deposition of the Bayport Formation (fig. 9). A period of pre-
Bayport erosion was noted and dedéribed by Addison (1940), Landes (1944)
end Cohes st al (1951).

The enhydrite in this unit is not as widaly distributed as that in
the Triple Gyp (fig. 11). This most likely reflects a less pronounced
climatic change than took place before the deposition of the Triple Gyp
evaporites. The red color of the anhydrite grades to white in a southerly
direction (fig. 23). The origin of the red color remains an unsolved
problem. Newcombe (1933) suggested that it was caused by disseminated
iron, which was brought by streams that were flowing into the basin from
the northwest over the iron formations. Grimsley (1904b) noted that ~
chemical analyses failed to disclose more iron in the red th;n in the
white anhydrite. The possibility that the color is due to crystal da-
fects is discounted by the fact that the red anhydrite in the subsurface
can be traced to gypsum at the surface, which has the identical tone of

red. The two minerals belong to different crystal systems and it is
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unlikely that a crystal defect could be passed on in the transformation
process. It is suggested that a detailed x-ray fluorescence study would

provide the data to answer the question.

K-l (unit 8)

The basic shale-anhydrite-dolomite alterations, typical of the
upper part of the Michigan Formation, continus during the deposition of
Unit 8. There are, however, importent signs both in lithology and in iso-
pach patterns, of the impending termination of those environmental
condi .ions which gave rise to the clastic-precipitate cyclicity.

The intervals of evaporite deposition were becoming much shorter.
The percentage of shaele in this unit increases rapidly from 40 percent
in the north to over 70 percent in the southern areas. The only consist-
ent anhydrite bed is the one at the bottom of the unit at Earker L.
There are & number of small, discontinuous occurrences of anhydrits
higher in the unit. These can usually be traced over a few townships
only and grade laterally into dolomite. In the sastern part of the
state, part or all of the unit is missing due to pre-Bayport erosion
(fig. 9), and just along the margin of the missing area the anhydrites
of Unit B have a high shale content. The isopach map (fig. 24) indicates
that the size of the basin was decreesing. The northern edge was not far

from the present day outcrop erea and the center had shifted southward.

Top of Michigan - K (Unit 9)

The top of the Michigan Formation is rspresented by a disconformity
surface. An ebrupt change in depositional environment marks the contact
between the Michigan and the overlying rocks. The stratigrephy of the

overlying strata is not well known. They have generally been assigned
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to the Bayport Formation but the multiplicity of lithologic types and
their irregular distribution makes it apparent that the relationships are
more complex. McGregor (1954) and Newcombe (1933) describe the Bayport
as cpnsisting of limestone, sandy limestone, dolomite, sandstone, sh;le
and chert. Notwithstanding the stratigraphic problem it is fairly simple
to pick the top of the Michigan both in ths samples and on the mechanical
logs.

The top unit of the Michigan Formation can be subdivided into two
members. The lower precipitate member is composed of red and white
anhydrite which grades inte a light brown dolomits. The distribution of

.

the red color shows no pattern as it did in the Pencil Gyp. Becauss
this unit is below an unconformity, the anhydrite has been hydrated ;o
gypsum in many wells. The upper member is predominantly gray an? green
shale with localized development of anhydrite and dolomite. OmiAg to
srosion the thickness of the upper member varies greatly and this is re-
flected in the isopach map of the total unit (fig. 25).

The isopach map also shows the depositional limit of the anhydrites
in this unit. A comparison of this map with the paleogaolqgic map (fig.
9) reveals much on the tectonic gctivity that was responsible for the re-
opening of the sasin to the open oceans. A seriss of northwest trending
en echelon folds began to form in DOgemaw, Gladwin, Midland and Gratiot
countiss at the end of the deposition of the K-L unit. These anticlinas
continued to grow during the deposition of ths uppermost unit in the
Michigan Formation and by their presence controlled ths distribution of
anhydrite precipitation. Towards the end of ths Michigan the anticlinal

areas were well out of watser and the upper part of the formation was

being eroded off. The greatest erosion took plece across the tops of
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the anticlines and their extensions into Clare and Missaukee counties,
while the area in southwest Michigan was least effected. The temporary
retreat of the sea from the whole basin marked the snd of Michigan
Formation deposition for when the water returned normal marine conditions

prevailed.
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CONCLUSIONS

By dividing the total interval of the Michigan formation into a
number of smaller units it was possible to obtain a clearsr picture of
the geologic history of the Michigan Basin during the deposition of this
formation.

The period of deposition which preceeded the Michigan Formation
had its climax in a widespread reqression of the seas from the basin and
produced a profound unconformity betwsen the Michigan and the Coldwater
everywhers in the basin and a complete hiatus betwsen these two units in
southwest Michigan.

During the deposition of the Michigan Formation the basin was
enclosed by land on all sides sxaspt to the northeast. In this direction
lay the connection with the open ocean. A tectonic sill in the vicinity
of the connection was the cause of restricted water exchange be£meen the
basin and the ocsan. The sill combined with climatic changes resulted
in clastic-precipitate cycles of deposition. During the arid phase
evaporites were precipitated while during the humid phases sands and
shales were deposited. The sdu:ce of the clastic sediments lay mainly
in the land margins sf the basin.

The evaporite deposits of the Michigan Formation consist predominantly
of dolomite-anhydrite sequences with some limestone-anhydrite and
dolomite-limestone cycles. No salt was found and the available evidence
indicates that the waters did not reach the salt precipitating stage.

Ths Michigan sea trensgressed gredually into the basin from the
northeast with only minor regressive movements during the deposition
of the Stray and Stray-Stray units. The transgression reached its apex

during the deposition of the Triple Gyp unit. This slow shelfward
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axpansion caused the sand-evaporite margin to lie progressively southward.
The center of the depositional basin during Michigan times was in the
area of the present northern edge of the faormation and only the southern
half of the deposited sediments remain.

The deposition of the Michigan Formation terminated as a result of
epeirogenic activity which was strongest in the eastern parts of the
state. This evenutelly resulted in a complete withdrawal of the seas
from the Michigan Basin for a short period. Along a series of sn
echelon folds in eastern Michigan much or all of the Michigan Formation
was removed prior to the return of the sea and the deposition of the

overlying Bayport Formation.
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APPENDIX A

COMPUTER PROGRAM TO COMPUTE THE RECTANGULAR

COORDINATES OF A WELL FROM THE GEOGRAPHIC
LOCATION

PROGRAM--~ CQORD

COORDINATE CONVERSION PROGRIM
PROGRAMMER--- FRANK MOSER / UNIV. OF MICHIGAN / GEQLOGY

THE PROGRAM COMPUTES THE RECTANGULAR COORDINATES
OF A WELL FROM THE SEC«-TWP-RANGE AND THE COORDINATES
OF THE SOUTH-EAST CORNER OF THE TOWNSHIP

VDV IVDOOLOODD

DIMENSION XMAT(1B46+D) s YMATI1B464D)+QRT(6),FQRT(6]
INTEGER XSECsYSECISECH» TWPMNsRNGNIPERMyX1sY1 9L sUsWsAsBaD
INTEGER TWPsRNGIQRTsCOMA»COMB yFARM»STATE »COUNTY sELV
VECTOR VALUES D=2+14+38
VECTOR VALUES XSECH1)=0919293969555+493+2»1909091+293+4+5+5+4
1934231909091 2939495954493925140
VECTOR VALUES YSEC(1)=545051505051690043bpbelie393934393,352,2
1929292929131 919191324040504040,0
READ FORMAT DATAsXMAT(1)eesXMAT(1824)
READ FORMAT DATAsYMAT(1)eesYMAT(1824)
VECTOR VALUES DATA=318F4.0 *%
M=94,/12+
H=M#2,
READ FORMAT INFOsCOMA+COMBsFARMySTATE »yCOUNTY »SEC» TWPN s TWP s
IRNGNsRNGSORT(1)eesQRT(6)sPERM,ELYV
VECTOR VALUES INFO=$2C63C33C4,C54212+sCl412+7C1ls15,164 %%
WHENEVER SEC.E. Os TRANSFER TO ERR
WHENEVER TwWP.E.3NS
A=40-TWPN
OR WHENEVER TWP.E«%S5%
A=39+TWPN
OTHERWI SE
TRANSFER TO ERR
END OF CONDITIONAL
WHENEVER RNG.E+3WS
B=22~RNGN
OR WHENEVER RNG.Es %ES
B=21+RNGN
OTHERWISE
TRANSFER TO ERR
END OF CONDITIONAL
THROUGH SH»FOR L=132sLeGeb
WHENEVER QRT(L)+E«5ND
FOQRT(L)=1.
OR WHENEVER QRTI(L) «Ee55%
FQRT(L)=-1.
OTHFERWISE
FQRT{L)=0.
END GF CONDITIONA!
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WHENEVER QRTI(L+1)eF o358 %
FOQRT(L+1)=1.
OR WHENEVER GRT(L+1}eFa%uwd
FQRT(L+1)=-1.
OTHERWI SE
FUGRT(L+1}1=0e

S END OF CONDITICNAL
WHENEVER XSLCUSEC) et 050 ANDe XMAT(ASB)=XMAT(AB=1)eGe TG
N=XMAT[A+B1-XMAT(AWB-1)1=-(10e%M)
X=XMAT(AB)I-(MR1De)={a5%NI+{[N/G)*FQRT(6))+( (N/BJ)*FQRT(&))
1+ ((N/16)#FQRT (21
OTHERWI SE
X=XMAT (A8 =M=(R2XSECISECI I+ 1 (M/24)*FQRTI(E6)I+{IM/44 ) *FGRTI4))
1+ ((M/B)®FQKRT (21
END OF CONLILITIONAL
WHENEVER SFECal e 7eANT o YMAT(A=] 4B)-YMAT({AIB) aGeFh s
N=YMAT(A=14B)—-YMAT(A4B)=( 10481
Y=YMAT(AsBI+ (M* 10 )+ (eSHNI+(IN/Ga)*FGUGRTIS) I+ (N/B841#FGRT(3) )+
1((N/16e18FQRT (1))
OTHERWISE
Y=YMATUASB) +M+ (H®Y LECUAECQ) I+ L IM/ 2 ) *FURTI(S I I+ (M4 ) *FORT3))
1+({M/BI%FQRT (1))

END OF COMNDITICNAL

WHENEVER (1AeGel9eANDeALe39) eANDe{BeEe22eOReBesEe20))e0R
1(lAeGeatleANDeAal a45) e ANUC{DeE o 5e0ReBeE430))
EXECUTEROTATE « (39841}
OTHERWI SE
EXECUTE ROUTATE.(B-1+0)
END OF CONDITICNAL

X1=X

Yi=vy

PRINT FORMAT RESULTIPERMsIX1aY]

VECTOR VALUES RESULT=%1H0,528,318 *3

PUNCH FURMAT RESULs CUMAWCOME 3FARMWSTATE yCCURTY 3 SEC» TWPN» TWP
IRNGNyRNGIQRT{1)eeeQRTIE)sPERMELVIX1aY] sPFR®

VECTOR VALULES RESUL=327693C39C4+C592120C 1012+ 7C1 0159314951
12H01y 15 *9

TRANSFER TC START

ERR PRINT FORMAT MIZTAK»COMASCUMB »F ARMsSTATESsCCUNTY o PERM
VECTOR VALUES MISTAK=51H0+5C6+S3918s /50H ILLEGAL CR MISSING
1SPECIFICATIONS IN SZC~RWP-RNGC L
TRANSFER TO START
R

R INTERNAL FUNCTIOR---ROTATE

INTERNAL FUNCTION(WsU)

ENTRY TO ROTATE.

WHENEVER «ABSe(YMAT(AWW)I=YitATIAsW))eLlelss TRANSFER TG NUKCT
ALPHA=ATANG (s ABSs ( IYMATIASU)-YMAT(ASW) )/ (XMAT(AU)=XMNAT(Awn) ]
1))

BETAzATANG({Y~YMAT(A,B))/(XMAT(A4B)=X))

WHENFVER YMAT(AsUleL e YVAT(A3W) yALPHA=~-ALFHA
R=SURT(({Y-YMAT(ASB})aPa2}+[XMAT{ABI-X)aPo2)
Y=YMAT(AsB)I+(SIN(BETA~ALPHA) #R)
X=XMAT(AyB)-(COS«(BETA-ALPHA) *R)

NOROT FUNCTION RETURN
END OF FUNCTION
END OF PROGRAM
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APPENDIX B

COMPUTER PROGRAM TO PREPARE WELL LOGS FROM
CODED WELL DATA

R

R

R PROGRAM~-AUTOLOG

R

R PROGRAMMER--- FRANK MOSER /UNIVERSITY OF MICHIGAN/ GEOLOGY
R PROGRAM PRODUCES VISUAL LOG OUTPUT FROM COQODED

R GEOLOGICAL DATA

R THE DATA ARE READ INTO A MATRIX IN WHICH THE ROWS ARE
R INTERVALS AND THE COLUMNS ARE CHARACTERISTICS

R

R ONE EXTERNAL FUNCTION IS USED---ONPG

R

BOOLEAN BT

NORMAL MODE IS INTEGER

DIMENSION SYMBOL(20) +LITH(20)y ADJ(30)yHUE(10)+COLOR(10)
25STX{10)+BSSTX{10)sLMTX({10)ySHTX(10)+sFOSS(10)4GYPTEX(10)s
2DESC{30)sFORM{20) »TOTAL(15)sPFR(15) MATRIX(10000sDIM),
3ZRO(30)sISOINTI30)1sFLGISO(30) »STRAT(10)+0IL(10)sORGNI(10)»
4SIZE(10) o XLTYP{10Y»O0L(10)+POR(10)

VECTOR VALUES DIM=241,58

EQUIVALENCE(ZRO(1)»TOTAL(1)) s (ZRO(16)PER(1))

VECTOR VALUES SYMBOL(1)1395~53525+2¢5+5039)505,5/5s5L595=5+5X5,9
1%#8,8+593CH s FFS43F 54555 ,5V4+38%

VECTOR VALUES LITH{1)=35He-595SILT~595545.-593CONGS-5+3CONGI -
131500La—395LMST=5»3CHRT =3, SANHY -5, 3GYP-5,35ALT-$y$COAL-5+SHEM
3A-3 5L IM-5,3ARKSS s SVOLCS+SBENT-$

VECTOR VALUES ADJ(11=3SHALYSsSSILTYSsSSANDYS+S $05 S+SDLMTCS,
28CALCRS 9 SCHRTYS »SANHYS ) SGYPSS s SSALTYS s SCOALYS +SHEMTCS »SLIMONS
313ARKSCS»S $45 59SMICA $+SGLAUCS»SPYRTCS+$SDRITSy SDKMNRS » SCHL
4KYS s SPHOSPSsSCHLRTS$4+35QT20S%

VECTOR VALUES HUE(1)=3LIGHTS» SDARKS »SWHITES s $SBLACKS

VECTOR VALUESCOLOR(1)=8GREY+S$ s SGREENsS»SRED S )SBROWN»SsSYELL
153sSBLUES»SVARIE s S+ SSPECK+5+sSMOTT S

VECTOR VALUES LMTX(1)=SCLSTCS »SBI0OCLS 9 FORGNCEsSXLYNESsSLITHCS
1s3REXLDS

VECTOR VALUES XLTYP{1)=SEUHEDS »SANHEDS$SBHEDS

VECTOR VALUES SHTX(1)=$FISS5L%,5SOFTSsSHARDS

VECTOR VALUES SSTX(1)=SROUNDS SANGULS

VECTOR VALUES BSSTX(1)=$POORS ySWELLS»SSORTDS

VECTOR VALUES GYPTEX(1)=3MASSVS+sSFIBRSSsSSELNS

VECTOR® VALUES SIZE(1)=$%CGRN $,$MGRN 5 SFGRNS

VECTOR VALUES OOL(1)1=300LTC$s»SPSEUDS»SPISOLS»SPSEUDS+SPELLTS
13s$5UCRSS

VECTOR VALUES POR(1)=3POROSS,$TIGHTS
VECTOR VALUES ORGN(1)=3WOODYS$ y$SSTAINS»SBITUMS
VECTOR VALUES FOSS(1)=3FOSSLS»SALGAES + SCORALS »SFORAMS yS0STRCS
23SCRINOS s SBRYZOASySPELECS ySGASTRS
READ FORMAT CONTRLsLOG
VECTOR VALUES CONTRL=% 15*%
COL=L0G
LOG=.ABSLOG
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ES

BEGIN

LOOP

7?7

-0

READ FORMAT TITLE»COMA,COMB,FARMySTATE yCOUNTY»SECsTWP NS s
IRNGEEWs GQRT» PERMyELVsXCORD»YCORD
VECTOR VALUES TITLE=52C6+C3+C41C592129C10129C1lsCE 4159164215
1%%
PRINT FORMAT T%
VECTOR VALUES TP=%//// *%
WHENEVER COLeLO
PRINT FORMATHEAD]1 +COMAACOMB»FARMySTATE »COUNTY»QRT 1 SECsTWP NS
IRNGEEWIELVIPERM +6% LOG» LOG
VECTOR VALUESHEADL1=%1H1+510+2CL+C3+//S 4s6HSTATE=9Ch9S69 THCOU
INTY=9C59//5 3+C6953912+1H-9124C1912sC1sS24y4HELV=3T4+//S510,11H
1PERMIT NOe [547/ S1695HSCALE/+S1299H 1 INCH= 12,5H FEE
1T/9512s9H 1 LINE= 1245H FEET 7/ * 3
TRANSFER TO BEGIN
END OF CONDITIONAL
PRINT FORMAT HEADsCOMA,COMDsF ARMyISTATE yCOUNTY sQRT 4 SECsTWP ¢NS»
IRNGESEWsELV sPERM
VECTOR VALUES HEAU=31H1+55212C61032s//SU696HSTATE=-9yCl 9569 THCOU
INTY=9C59/775459C 09539129 1hi~4124C1s129ClyS294HELV—9144+//552411H
1PERMIT KOs 5 *%
WHENEVER LOG «EWOQ
PRINT FORMAT PAGE .
VECTOR VALUES PAGE=31H4+sSTsaHUNIT 45926HSUBSEA»SG4y 12HDEPTH TO
1TOPy S15» QHLITHOLOGY /7 #* ¢
OTHERWISE
PRINT FORMAT SCALO6*LCGHLOG
VECTOR VALUES SCAL=321HO+S558+s5HSCALE/+554y9H 1 INCH= 12,5H FEE
1T/+55499H 1 LINE= 12,54 FEET 7/ #%
END OF CONDITIONAL
22=0
XX=0
BT=08
THROUGH LOOP,,FOR [=1,1,8T
READ FORMAT INFOs MATRIX(141)eaeMATRIX(I455)
8T=MATRIX(X’1 JelLaeO
WHENEVER MATRIX(I+55)sNESO
READ FORMAT INFOZsMATRIX(1456)eeeMATRIX(]+58)
XX=XX+1
END OF CONDITIONAL
VECTOR VALUES INFO=3$215s41193(312s1311),y11%%
VECTOR VALUES INFO2=%S56,14+2C6 *3%
QQ=1=-2
THROUGH REPTs FOR J=1319J.GeQQ
WHENEVER MATRIX(Js2)eNELD
WHENEVER(MATRIX(J»2) «NFeMATRIX{J+131) eANDeJoNE«QQ) s ORMATRI X
1J92) sLEMATRIX{JN 1)
PRINT FORMAY CMNT
TRANSFER TO GOON
END OF CONDITIONAL
OTHERWISE
WHENEVER LOG.NE.O
PRINT FORMAT BOTTOMsMATRIX(JsS5TYsMATRIX(J,58) sMATRIX(J»1)
VECTOR VALUES BOTTOM=3%51H9953,2C69S1491H=-»15 *%
OTIERWISE
PRINT FORMAT BOTTM2sMATRIX({JsSTIyMATRIX(Js58) sELV=-MATRIX{Js1)
1eMATRIX(J»1)
VECTOR VALUES BOTTM2=31H0+55+2C6954»16455,15 *#*3%
END OF CONDITIONAL
TRANSFER TO GOON
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c3
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END OF CONPITTINNAL

WHENEVER LUl o2y TRAN-FIR T2 -5
TEN=MATRIR(JsG) b MATRIX(JgS )+ ATTIX [ 146

WHENEVER MATRIX(U13) oE 0l o AND e TANANCaCoalR e IMATEIX [ 33140 o' o £AN
IDeTENWNES10O

PRINT FORMAT CMNT

VECTORVALUES CMNT=3%44H TCHy TCHy TCHy —==BalLY BUNCHED ¢
1ARD *%

TRANSFER TO GOON

END OF CONDITIONAL

N=1

WHENEVER MATRIX(Js3}afFe C

THROUGH CsFOR Z=131s2eGelv

FORM(Z2)=% %

DESC(N)=% $

N=N+1

TRANSFER TO NEXT

END OF CONDITIONML

WHENEVER MATRIX {1 alou o (YATRIXI 02 ) el el en . o "ATRIX(Jr22)
leEaMATRIX(J7 1)

THROUGH (1 vl Ll el sdede 1

)
FORMIC 12 Y NSOL L ATty
UR wmitve AT AlUs>) et el
WOENE VLR T IR I e T ) e e MATRIX (U623
TnaRCoon Lo PO 72191y Zele MATRIX(Je &)
FORMUZ I =0y YL (MATRI N, Jy 7))
FORMUZAMAT cintUya) s N30 LIMATRIX(J923))
OTHERWISE

THROUGH {53 yrlin L=
FORM(2Z1=5Y"E LIMATR
FORMIIZ=-FATRIX IS )
END OF CONDITIONAL

OTHERWISE

wHENEVER MATEIXTJ97) e LT aVaTiIX(J923) e ANDeMATRIX(Js7)elLEaMATRI
1X{Js39)

Al=u

WHENEVER MATRIX(Us23) eLEeMATRIXL139)

82=5

Cl=6

OTHERWISE

BZ=6

CZ2=5

END OF CONDITIONAL

OR WHENEVER MATRIX{J923)eLEeMATRIX({J97)aAND+MATRIX (U923 ) eLE

IMATRIX(Js39)

AZ=5 :

WHENEVER MATRIX(Js»7) e LE«MATRIN(Jy39)

BZ=4

CZ=6

OTHERWISE

BZ=6

C2=¢4

END OF CONDITIONAL

OTHERWISE

AZ=6

WHENEVER MATRIX(Js7)eLEMATRIX(Js23)

BZ2=¢4

C2=5

OTHERWISE

Jes=1ls ZeEMATRIX(J95)
X(JsT))
YHMIOLIMATRIA(J923))

o


l.l.Z.G.lv

C4

NOL 06

NEXT

B2=5
CZ=4
END OF
END OF
C5=MAT
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CONDITIONAL
CONDITIONAL
RIXCUsTol(aZ-ty"16))

THROUGH C4sFOR Z=1+1+243eMATRIX(JsAZ)

FORM(2Z
Co6=MAT

Y=SYMBOLITS)
RIXK{ T+ ({B2~4)yx]6))

THROUGH C7,F0R 22l 010l aQeVATRIXIJWAL . v~ A RIX{1JeB2)

FORMI(2Z

}=SYNMBOL (7o)

CB="ATRIX{ Uy T+ ({26} * 1R}
THROUGH (94F 2R 2372410l ause. .
FORM{ZY=S v 8oLl
END JF CoN T oNAL
WHENS VO D L el o
HE
WHENCVLTY TR X (eSS et el
PRINT vt iy, AT IR0 T e VAT RIALIEB ) 9F CRMI 1) e e eFCRMIIC
IV e ATRIX Uy )
VETTUOR VAL ST Leomimd 1oeh g 3420000100 0S50yl m=y]5 L)
CTHED 1] S -
PRINT FunerarT ool af Jr il age? ORYEIL ) SMATRIK I Jy 1)
vECTon VAL s Lol =zalnYeslt s i0Clabasin-ylb +3
END ZF oo lTionan
TRAMNSH [ T "KWL "obL
LND CF Zov imtrnn L
N=1
EXECUTE SRAT et

b

NAENEVER A
DESC(NI=3

N=N+1
EXECUT

)
VHENEVER FMATRIX{(Us3) el s

NTRIK(D 2 elely TRANSFER Tu NEXT

£ SRKIONet1lo

2y TRANSFER TC NEXT

(97

CESCinY =2

N=N+1
EXECT

r

FOLRADTINGES

WHENEVER LIvel ou

EXECUT
TRANMNSF
tD Or

C ONPLoITESCanNsMATRIX s J st LV)
ER TC RerT
CunolTIONAL

adENEVER NaGe la

T=2

NENEVER MATRIX(J955) ¢EWl

PRINT FORMAT LOGAWMATRIX(Js57) v ATRIX(J9s58) yFORMIL1) nee
3

FORMEYII) v ™ATRIXUJs 11 3DESCII)0wedES2U13) 3FIRMIL) oeeFORMI
TCT DTS 16 ) a0 aDFSCIN=1
vecT? VALLES LIU0A=TD 1HG953532C0010C0195691ri-9]5355413C6
/5165100152 113C6) * G
OTHERWIS®E
PRINT FORMAT LOGBWFURM{1)eeeFORMIL0)sMATRIX(Us1)sDESCILL
Voo sDESTII3) »FORMI1) 0eerORMILI0) sDESC(16) oeeDESCIN=1)
VECTOR VALUES L0G3=251HG,515,10C1 3S4,1H~9154554513C64/516
»10C1982245(13C6) #5
END OF CONDITIONAL
OTHERWISE
T=1 )
WHENEVER MATRIX(Js55 el w1l
PRINT FORMAT LOGCHMATRIX (U5 Ty MATRIX I J958) »FORM( 1) essFCRM(IC

LI sMATRIX(J91)9DESCIL) e eeDESCIN-1)
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VECTOR VALUES L3OGC=1% IH995342C6510C1 sS4 ]H=-»15985,5(13C6) %%
QOTHERWISE
PRINT FORMAT LuGIsi ORMI1)eoeeFORMILIO0) +MATRIX(Js11 +DESCI])
1 000UL5C(N-1)
VECTOR VALUES LUOE=91HG3515510C 1956 01H=315455,4(13C6) %5
END GOF JUMDITIUNAL
END OF CUNDITIONAL
INLCOL THIC= MATRIX(J92)-MATRIX{Jr1)
Tmlla=THIC+Z22
LINE=THICA/LOG
WHENSVER LINEsLeZ ' .
22=22+TH1C-1T#LOG ) =
TRANSFER TC REPT
END OF CONDITIONAL
THROUGH D1 yFOR Z2=14914524G4LINE-T
D1 PRINT FORMAT LOGF+FORM{1)eeeFORM(10)
VECTOR VAL ES LOGF=31]1HS451%,177] *%
22=22+TnlC - (LOGRLINE)
REPT CONTINUE
PRINT FORM/T LAST+MATRIX(QG2)
VECTOR VALUES _437231HS152911H=—215%%
GOON WAENEVERMATRIX(GC+191) aEe-1+sTRANSFER TO ES
TRANSFER TO ©1
INTERNAL FUNCTION(L)
ENTRY TO BRKDON.
NHENEVER MATRIX{JsL+7)+Ee O
PRINT FORMAT COMNT
VECTOR VALUES COMNT=% 6411 wiiv 1S YOUis LITHOLOGY PUMCHEDR IN wR
1ONG COLUMN FOR 1AL UnNIT ¥y
TRANSFER TO GOON
END OF CONCITIONAL
DESCINI=LITH(MATRIX(JsL+71)
N=N+] .
WHENFVER VATRIX(J2ll+L)aZalsTRANSFIR TO Al
DESCINI=HUE (MATRIX(Jy 1 5+L))
N=N+1
Al WHENEVER MATRIX{U»ll+L}eEads TRANSFER TO AA1
DESCUIN)=CULORIMATRIX{Jy11+0L))
N=N+1
AA1L - WHENEVER MATRIX(J»8+L)eEs0sTRANSFER TCU A2
DESCINI= ADJIMATRIX(J+8+L)}
N=N+1
A2 WHENEVER MATRIX(Js9+L)1+E«Cs TRANSFER TGO A3
DESCIN)= ADJIMATRIX(Jy9+L 1))
N=N+1
A3 TRANSFER TOBA(MATRIX(J,L+7))
BA(1) WHENEVER MATRIX{Js»12+L)sEeQsy TRANSFER TO LIT
DESCINI=SHTX(MATRIX(Js12+L 1))
N=N+1
TRANSFER TO LIT
BA(2) CONTINUE
BA(3) WHENEVER MATRIX({J»12+L).EeOs TRANSFER TO A4
" DESC(N)=SSTX{MATRIX(Js12+L))
N=N+1
A4 WHENEVER MATRIX(Js13+L)eE40s TRANSFER TO LIT
DESCINI=BSSTXIMATRIX(Js13+L))
DESCIN+1)=BSSTX(3)
N=N+?2
TRANSFER TC LIT



BA(4)

BA(5)

BA(6)
BA(T)

AO

BA(8)
BA(9)
BA(10)

BA{11)
BA(12)
3A(13)
BA(14)
RA{15)
BAL16)
BA(17)
BA(18)
BA(19)
BA(20}
BA(21)
BA(22)
BA(23)
LIT

AS

A6

A7

AB

A9
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TRANSFER TO LIT *
TRANSFER TO LIT

CONTINUE

WHENEVER MATRIX(Js12+L)<E«0sTRINSFER TO AO
DESCI{N)=LMTX(MATRIX(Js12+L))

N=N+1

WHENEVER MATRIX(J»13+4L)+EsOs TRANSFER TO LIT
DESCIN)=XLTYP(MATRIX{J,134L))

N=N+1

TRANSFER TO LIT

TRANSFER TO LIT

TRANSFER TO LIT

WHENEVER MATRIX(Js12+L1.E«0s TRANSFER TO LIT
DESC(NI=GYPTEX (MATRIX(Js12+L 1)

N=N+1

TRANSFER TO LIT

TRANSFER TO LIT

TRANSFER TO LIT

TRANSFER TO LIT

TRANSFER TO LIT

TRANSFER TO LIT

TRANSFER TO LIT

TRANSFER TO LIT

TRANSFER TO LIT

TRANSFER TO LIT

TRANSFER TO LIT

TRANSFER TO LIT

TRANSFER TO LIT

TRANSFER TO LIT

WHENEVER MATRIX(J»14+L)eEeOs TRANSFER TO A5
DESC(NI=SIZE(MATRIX{Jy14+L) )

N=N+1

WHENEVER MATRIX(Js15+L1+E«0y TRANSFER TO A6
DESC(N)=00L(MATRIX(Js15+L))

WHENEVER MATRIX(J+154L)eEe2eOReMATRIX(Js15+L ) oE ot
DESC(N+1)=00L (MATRIX(Js15+L)=1)

N=N+1

END OF CONDITIONAL

N=N+1

WHENEVER MATRIX(Js17+L)eE«Oy TRANSFER TO A7
DESC{N)=ORGN(MATRIX(Js1T7+L))

N=N+1 _

WHENEVER MATRIX(J»18+L1+E«Os TFANSFER TO A8
DESCIN)=FOSS(MATRIX{(Jy18+L))

N=N+1

WHENEVER MATRIX(J»16+L)+EsOs TRANSFER TO A9
DESC(N)Y=POR(MATRIX(Js16+L})

N=N+1

FUNCTION RETURN

END OF FUNCTION

END OF PROGRAM
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EXTERNAL FUNCTION ONPG--- USED WHEN ONLY A PRINTED
LOG IS5 DESIRED BUT NO COLUMNAR SECTION

D000 DD

EXTERNAL FUNCTION(DESCoNIMATRIXs»JyELV)

ENTRY TO ONPG.

NORMAL MODE IS INTEGER

SUBSEA=ELV-MATRIX(Js1l)

WHENEVER N.G.1l4

WHENEVER MATRIX(J955)4Fe1

PRINT FORMAT LOG1+MATRIX(Js57)sMATRIX(J)58)+sSUBSEAWMATRIX(Jy1
1) 9DESC{1) eseDESC(13)+sDESC(14)aeeDESCIN-1)

VECTOR VALUES LOG1=31H0+5592C6+54916355415+55513C69/548
1013C6) #%

OTHERWISE

PRINT FORMAT LOG2+MATRIX(J+1) sDESC(1)eeeDESC(13)+DESCLL4)0ssD

1ESC(N=-1)

VECTORVALUES LOG2=51H0»532»15455+13C69/ S48,(13C6) *§%

END OF CONDITIONAL

OTHERWISE

WHENEVER MATRIX{J955)4Fs1 -

PRINT FORMAT LOG3sMATRIX(Js57)sMATRIX(J»58) sSUBSEAIMATRIX(Js1

1) 9DESC(1l)ee=DESC(N-1) .

VECTOR VALUES LOG3=$1HO»S512C6+54916955915+55913C6 *5%
OTHERWISE .

PRINT FORMAT LOG4sMATRIX(Js1) sDESC(1)eeeBPESCI(N-1)

VECTOR VALUESLOG4=%1H04532+15,55913C6 *s

END OF CONDITIONAL

END OF CONDITIONAL

FUNCTION RETURN

END OF FUNCTION
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APPENDIX ¢

COMPUTER PROGRAM TO COMPUTE AND PUNCH THE
PARAMETERS USED IN STRATIGRAPHIC ANALYSIS

PROGRAM—--VTSTAT

PROGRAMMER-~-FRANK MOSER/UNIVERSITY OF MICHIGAN/ GEOLOGY

THE PROGRAM WILL COMPUTE AND PUNCH THE STANDARD

LITHOLOGIC RATIOS AND PERCENTAGES FOR ANY GIVEN
STRATIGRAPHIC INTERVAL

THE DATA ARE READ INTO A MATRIX IN WHICH THE ROWS

ARE INTERVALS AND THE COLUMNS ARE CHARACTERISTICS

THE MATRIX IS SEARCHED TO SEE WHICH ROWS REPRESENT

THE REQUESTED INTERVAL AND CONTROL IS5 PASSED TO

THE SUBROUTINE DETAIL WHICH NOES THE ACTUAL COMPUTATIONS
[F OTHER THAN THE STANDARD LITHOLOGIC COMPUTATIONS

ARE DESIRED THE PERTINENT INSTRUCTIONS MUST BE

MUST BE INSERTED INTO DETAIL

TWO EXTERNAL FUNCTIONS ARE USED --DETAIL AND RD

DVDDDDDDDVDII VNNV ANDIDD

BOOLEAN BT

NORMAL MODE IS INTEGER

PROGRAM COMMON STATsNMBs»ISCINT»COMA»COMBsFARMsSTATE s COUNTY s
I1SECYTWP IsNSsRNGE+EWIPERMIELYV s XCORD s YCORDSZZ 9 XX »QQ s STRAT
2yMATRIX+PERYTOTAL s TsBsSUBSEAY ISOPyRESERV»THICsDIM,DIM2

DIMENSION TOTAL (30)sPER(30)sMATRIX{15000sD1IMI}o»
1ISOINT(90),RESERVI(30)+STRAT{4C0,DIM2)

VECTOR VALUES DIM2=2,1,2

VECTOR VALUES DIM=2,1,58

READ FORMAT CONTRO ,STAT»NMB

VECTOR VALUES CONTRO =%215 *%

READ FORMAT CONTRZsISOINT(1l)ees ISOINTINMEB®3)

VECTOR VALUES CONTR2=$1814*%

"PRINT FORMAT TITLE1]

VECTOR VALUES TITLE1=%97H! INTERVAL ELV THI
1C  CLASTIC SAND/CLS EVAPORITE ANH/EVAP CARBONAT DOL/CARB
2 *%

READ FORMAT TITLE+COMA2COMBsFARMySTATE yCOUNTY sSECsTWP INS»
1IRNGEEW PERMsELV s XCORDs YCORD

VECTOR VALUES TITLE=32C6+C3+C6+C592129C19129C1l1S6s15016s214%8

PRINT FORMAT TITLE3+COUNTYsCOMAsCOMBIFARMSEC»TWP sNSsRNGE »EW
1PERM

VECTOR VALUES TITLE3=31H695204C595202C6+3C35543212,C19125C1453
1»15 *3

22=0

XX=0

BT=08

WHENEVER STAT .Le2

THROUGH LAAPLFOR I=21,1,8T

READ FORMAT INFOls MATRIX(I4+1)sMATRIX{1+2)sMATRIX(]I455)
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VECTOR VALUES INF01-$215.561o1}/*S
WHENEVER MATRIX(l-l).NE.MATRlX(lfloZ)
WHENEVER MATRIX(Is1)eLe0sORe1IEa1
CONTINUE . f
OTHERWISE
22=2Z+1
ERR=1
END OF CONDITIONAL
END OF CONDITIONAL
BT=MATRIX{Is+1)eleO
WHENEVER MATRIX(155) ¢NE O
READ FORMAT INFO2yCHECKsMATRIX(1¢56)sseMATRIX(1+58)
VECTOR VALUES INFO2=515+51s14s.36 *$
WHENEVER MATRIX(I1+1)eNEsCHECK
22=22+1
ERR=1
END OF CONDITIONAL
XXz=XX+1
STRAT(XX»1)=MATRIX(14+56)
STRAT(XX»2)=1
END OF CONDITIONAL
OTHERWI SE
EXECUTE RD.
END OF CONDITIONAL
THROUGR TEST, FOR Z=1s1s2ZeE aXX
WHENEVER STRAT(Z+1s1)eLEeSTRATIZ +1)
PRINT FORMAT REMIND, MATRIX(STRAT(Z+2)+57)
TRANSFER TO F5
END OF CONDITIONAL
CONTINUE
VECTOR VALUES REMIND=%1H0»S20,40HTHERE IS AN ERROR IN THE COD
1E OF UNIT /525, C6 *%
QQ=1-1
WHENEVER 2Z«E.0»TRANSFER TO FO
PRINT FORMAT OUT»2ZZsMATRIX(ERR»1) sMATRIX(ERR»2)
VECTOR VALUES OUT=%S5,11H THERE ARE 13553,15HMISPLACED CARDS
1 7/ +55s 39H THE LAST ONE IS THE FOLLOWING INTERVAL /+55+15,
21H-,15 *%
TRANSFER TO F5
THROUGH Flsy FOR 2=14342.Ge3I*NMB
TAG=0
FLAG=0 :
THROUGH' F2,FORI=1319]1eGaXXeORe FLAGsE o]
WHENEVER TAGeE WO
WHENEVER ISOINT(Z)eGeSTRAT(Is1)
CONTINUE ,
OP WHENEVER ISOINT(Z)eE«STRAT(Is1)
TAG=1
T=STRAT(1,2)
OTHERWISE
WHENEVER ISOINT(Z+1)eGe STRAT(I91)eANDe ISOINT(Z+2)+GE«3
TAG=1
T=STRAT(I,2)
OTHERWISE
MISSIN(4)=SUPPER $
TRANSFER TO MINOR4
END OF CONDITIONAL
END OF CONDITIONAL
OTHERWISE
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MINGOR3

MINOR1

MINOR?2

$

MINORG4

F1
FS
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WHENEVER [SOINT(2+1)aGe STRAT(141)
CONTINUE

OR WHENEVER ISOINT(Z4+1)eEeSTRAT(1,1)
FLAG=1
B= STRAT([s2)
OTHERWISE
WHENEVER [SOINT(Z+2)efal «OReISOINT(Z+2)eEats
FLAG=1
B=STRAT(1,2)
OTHERWISE
MISSIN(G) =3830TTOMS
TRANSFER TO “INOR&
END OF TONDITIONAL
END OF CONDITIONAL
END OF CONDITIONAL
CONTINUE
WHENEVER TAG.E .2
MISSIN(4)=%UPPER %
TRANSFER TO MINOR4
OR WHENEVER FLAG.EWOQ
MISSIN{&)=3BOTTOMS
TRANSFER TO INOR4
END OF CONDITIONAL
SUBSEA=ELV-MATRIX{Ts1}
WHENEVER STATeEs O» TRANSFER TC MINOR1
ISOP=MATRIX(Bs1)-MATRIX{T+1)
WHENEVER STAT4E«lsTRANSFER TO MINOR?2
EXECUTE DETAIL.
TRANSFER TO F1
PRINT FORMAT ONLYELsMATRIX(T»57) yMATRIX(T,58) sSUBSEA
VECTOR VALUES ONLYEL=B1H +2C6,512+15 *8%
PUNCH FORMAT RESU sMATRIX(T+56) PERMs XCORD» YCORD
1SUBSEA s PERM
VECTOR VALUES RESU=S% I164+54+15,2144564+154543,2H10415 *#1
TRANSFER TO F1
PRINT FORMAT ISOPELsMATRIX(Ts57)sMATRIX{T»58) s sMATRIX(B+y57),
IMATRIX(B»58) » SURSEA S I SOP
VECTOR VALUES ISOPEL=31H 32Cas1H-+2C6915+52,16 *%
PUNCH FORMAT RESULIMATRIX(T356) sMATRIX(B+56) sPERI 4 XCORDyYCIORD
1»150P s SUBSEA,PERM
VECTOR VALUES RESUL=% 214515+314315+54342H10+I5 *3%
TRANSFER TO F1
PRINT FORMAT MISSINsISOINT(Z),ISOINTIZ+1)
VECTOR VALUES MISSIN=%1H +15+56s1H~»17s S3+3BHUPPER MARKER
INOT DESIGNATED IN WELL *$%
CONTINUE
WHENEVER MATRIX(QQs11eLe—1»TRANSFER TO F1
TRANSFER TO ES5
END OF PROGRAM
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EXTERNAL FUNCTION RD TO READ IN A MATRIX

EXTERNAL FUNCTION
ENTRY TO RD»

BOOLEAN BT

NORMAL MODE IS INTEGER

PROGRAM COMMON STATsNMB,ISOINT +COMA»COMBFARMsSTATE »COUNTY s
1SEC» TWP NS ) RNGEyEWsPERMJELV s XCORD+YCORD+Z2 +XX3sQ0Qs STRAT
2yMATRIXsPERsTOTAL sT+BySUBSEA» [ SOPsRESERVsTHICsDIMeDIM?2

DIMENSION TOTAL (30)+PER(30)+MATRIXI15000,DIM),
11SOINT(90)»RESERV(30)+sSTRATIGNODIM2)

VECTOR VALUESKRDIM2=2,1,2

VECTOR VALUES DIM=241,58

BT=08

THROUGH LOOP,FOR 1=1,1,8BT

READ FORMAT INFOs MATRIX{I41)eeeMATRIX({I,55)
VECTOR VALUES INFO=%215+41143(312+s1311),11 *$

WHENEVER MATRIX(143)4G43

PRINT FORMAT NOTEs MATRIX(I,1)}

VECTOR VALUES NOTE=$1HO0+S15+144/515+60HTHE NUMBER [N COLUMN 1
11 AT THIS DEPTH 1S GREATER THAN 3.. +»S15+68H 1T HAS BEE
2N REPLACED IN STORAGE BY A 3 EXECUTION WILL CONTINUE *$

END OF CONDITIONAL
WHENEVER MATRIX(Is1) eNE+MATRIX(I=1,42)

WHENEVER MATRIX(I+1)eLeOeORaloEol
CONTINUE
OTHERV ISE

ZZ=222+1

ERR=]

END OF CONDITIONAL
END OF CONDITIONAL

BT=MATRIX(Is1)el a0
WHENEVER MATRIX(11+55)4Fe1

READ FORMAT INFO2sCHECK sMATRIX{I+56)ee«MATRIX{1+58)

VECTOR VALUES INFO2=%15+S1s14,2C6 *3
WHENEVER MATRIX(Is1)eNELCHECK
1Z2=272+1

ERR=1
END OF CONDITIONAL

XX=XX+1
STRAT(XX»1)=MATRIX{(1,56)
STRAT(XXs2)=1

END OF CONDITIONAL

FUNCTION RETURN
END OF FUNCTION
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DETAIL--EXTERNAL FUNCTION TO COMPUTE AND PUNCH

030D

EXTERNAL FUNCTION
ENTRY TO DETAIL.

PROGRAM COMMON STAT+NMB» ISOINT sCOMA»COMB»FARMySTATE »COUNTY »
1SEC+TWP +NSsRNGEsEW 'PERMIELV s XCORD s YCURDSZZ s XX3sQQsSTRAT
2'MATRIXsPERsTOTALsTsB»SUBSEA, [ZOPsRESERV, THICsDIM4DIM2

OIMENSION TOTAL (30)+PER(30),MATRIX(15000sDIM)»
1ISOINT(90)+RESERV(30) +STRAT(400,DIM2}

VECTOR VALUES DIM=2,1,58

VECTOR VALUES DIM2=2,1,2

NORMAL MODE IS INTEGER

SNDCLS=U

CLSTIC=0

EVAP=0

ANHEVA=0

CARBON=0

DOLCRB=0

ANDOL =0

DOLEVA=0

EXECUTE ZEROW(PER(1)eesPER(30))

EXECUTE ZERO«(TOTAL(1)aeeTOTAL(30))

MIss=C

THROYGH F3, FOR I=Twslsl.E.B

TRANSFER TO E(MATRIX(1,31)

TOTAL(MATRIX(I!39))=TOTAL(MATRIX(IO39))+((MATRIX(I-Z)—MATR]X(
11911 )®MATRIX({I+6))

TOTAL(MATRIX(1923))—TOTAL(MATRIX(1’23))+((MATRIX(I.2)—MATRIX(
119111 ¥MATRIX(1455))

TOTAL (MATRIXUIs7 1)=TOTALIMATRIX(]»7 DI+ U(MATRIX(T42)-MATRI X
11511 ) *MATRIX (I 44

TRANSFER TO F3

TOTAL(MATRIX(I 7)) =TOTALIMATRIX{I»7)1 )+ (MATRIX( 12} =MATRIX( I
11)1#%10)

TRANSFER TO F3

MISS=MISS+MATRIX(142)-MATRIX([41}

CONTINUE

THIC=1SOP-iIss

THROUGH F443FOR =191y 1.Gs 20
PER(IN=(TOTAL(I)1*10 }/THIC

TOTALII)=TOTAL(I)/10
R PERCENT CLASTIC AND SAND/CLASTIC RATIO
CLSTIC=PER(1)+PER(2)+PLR(3)+PER(4)+PER(5)
WHENEVER CLSTIC Ee.O

SNDCLS=1

OTHERWISE

SNDCLS=(PER(3)%*100)/CLSTIC

END OF CONDITIONAL
R EVAPORITE PERCENTAGE AND ANH/FVAP RATIO
EVAP=PERI(9)+PER{10)+PER(11)

WHENEVER EVAPLE.O

ANHEVA=1

OTHERWI SE

ANHEVA=(PER(9)%*100) /EVAP
END OF CONDITIONAL

R CARBONATE PFERCENT AND DOL/CARE RATIO
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CARBON=PERI(61+PER(T)

WHENEVER CARBON <Es 0

DOLCRB=1

OTHERWISE

DOLCRB={PER(6)#100)/CARBON

END OF CONDITIONAL
R DOL/DOL+ANHY RATIO

ANDOL=PER(6)+PER(9)

WHENEVER ANDOL.Ee ©

DOLEVA=1

OTHERWISE

DOLEVA=(PER(6)*#100)/ANDOL

END OF CONDITIONAL

PRINT FORMAT FINALIMATRIX(T3+57),MATRIX(T+58)sMATRIX(Bs57),
IMATRIX(B+58) s SUBSEAS ISOP+CLSTIC»SNDCLSEVAP JANHEVA ,CARBON y
2DOLCRB

VECTOR VALUES FINAL=51H +2C69s1H-92C6315+52+1445591345110 *$
PUNCHFORMAT RESULWMATRIX(T+56)sMATRIX(B1561), XCORDsYCORD»
11SOP»SUBSEAYCLSTIC»SNDCLS+EVAP yANHEVA» CARBON»DOLCRB»DOLEVA,

2PER(1)+PER(3) +PER(6)yPER(T)sPER(9)»TOTAL(1)+sTOTAL(3)sTOTAL(6)
3+ TOTAL(9) »PERM

VECTOR VALUES RESUL=S 214, 31491591613y 2H10s 15 =%
FUNCTION RETURN
END OF FUNCTION -



APPENDI X

COMPUTER PROGRAM TO PREPAR

PROGRAM~--MAP

PROGRAMM
AT EACH LOCATION

PLOTS THE GRIDs COUNTY AND

ONE EXTERNAL FUNCTION

VDDV DODVODITONVDNU

VECTOR VALUESYCNT( 1128150,
1786449 777Te+7770447683,,7682,
275864175864 9758449758744+7587,
3760449750069 7498497496437495,
4740803731209 73074a37315497223%
5721549721349 72114972134+7215,
6722949714069 713997137.,7133.
770304970306497022¢97031496945.
868624 168574168554 168524196852,
96845.'68450l684“.068“30068“30

VECTOR VALUESYCNT( 97)=6852,
16746.96753.l6663.|6660c06653o
265604965654316495496490,96485,
36475..6473-l6“71.06“71|l6470.
464674964T700164726264T75,36476,
5629441962864162B0e1+62794162904
662004+16200e96200¢96114496111
760994160984 16096+16095436094
86091.161074961064356008,36003,
959104959074 95922495944,45948,

VECTOR VALUESYCNTI( 1931=5977,
158270'5782-’5828.'5865"57450
257254957234 957224¢957204+5720.
35737.05782.'5782.!5737.'57370
456424956720955044195542,95541,
555300195547 ¢15570495574445577,
6545741954584 95460e95462495465,
753584 953564953540953504+5350.
85347495347 415357435358,4+5360.
95413615419e¢95258495252495252

VECTOR VALUESYCNT( 289)=5161,
15073095066¢15065095063495076e
2510609511515119951234454985,
349794949786 149T7Te 14977694576
Q4982.94982.|Q983o.4985..49861
548B0e14882494897434923,44938,
64826494695494693094692494692,
7460“.'“60“00Q6030’4602..4600.
B45974945974 94597094597 4+4600.
946164146200 94626a94632,94637.

89

D

E ONLINE MAPS

PROGRAMMER~-~~FRANK MOSER/UNIVERSITY OF MICHIGAN/GEOLOGY
WILL PREPARE A MAP OF ANY SCALE OR SIZE
THE MAP WILL CONSIST OF LOCATIONS AND VARIABLES

THE MAIN PROGRAM SETS UP THE DIMENSIONS OF THE MAP

STATE OUTLINE

A SUBROUTINE CALLED PLTN PLOTS THE ACTUAL VALUE

IS USED~-PLTN

3805509804569 7967¢+79564278724
976813767 T74475954175934475864
9759109759344 75973759843 7601 4
978939749203 764976974056974000
$7222¢97220097220+97218e97217 00
972179722009 7221097225e37227 0
9712709712209 712061712549703%4
969420168939¢16924416940e968650
968510968490 +6B4B41684654968454
968420968444 93845496846496850.

068534168544 9676041675243674%¢
20653696657 ¢965704165660965624
964820 964806164794 964T78e9646TT e
964680 9646T 16467096046 T 9164670y
963B6e16379¢96371e¢0563734963854
206290 1619841619301961854961854
26107e96105046104036102e961004
360924960916 16091095091e¢360914
$5999¢959974+6013415920¢159154
25953415957 ¢45961495966435971.,

95825358194 5813¢1581%4958284s
957391573 7¢95731695727e957260
95720015719695719¢35719¢257364
95767 295638B0956326+56254956250
$15539¢15539¢95538e155374955324
05“50.’5““80’5“45.'5442|I5“41-1
15467841553269549069536049535%
15350e1953500953500953484953484
15362¢95370¢95397e+54020954060
1525135267952 74¢353040¢951654

9516009515963 5171e951824952084
95081e95084495087e350984351034
2049864949830 949800149806949806
’497609“975cg4973o0“97200497309
'4988005012t’5029~l4883-04882.’
967BBes478T7e94785494790e948B000
0470569473009 4610e¢9460Be986054
245990945980 9459801459 7694597
246000 946016946030 94602e946110
’46“2..4506!;4502.'4500.’4503-
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VECTOR VALUESYCNT 385)=Q52“-00423004Q20‘,Q4170vQQIZGIQQIOo
1Q412-0h432.'h326.v“32].04317.p4315.'43190.43Q0014233-1Q233o
2“230. “‘2270 0‘022‘—)0 0‘022‘)..“223' 9“2230!‘02230.‘0223- 0“2230"6223.
3“223-'022200Q221ov4223.oQ223o.‘225.0“226-04227n0423Q-94237o
QQZQl.o“?““o042Q50v4256.oQ190o'Q133-04127.q4126-|Q13O-DQ1430
5“046- "‘0380 "*0330 P‘OO32-.403“0 ;40«9. v3955-o39l»5- '39‘40-.39“1.
639404939534138494438624y ~Dey =0O¢s —0es =0e¢s =04y =0

VECTOR VALUESXCNTU 1)=4723004724o05085..472“-050850|“7250
15090--4725.v5090-0Q538.|Q63Oo0Q723o'5090-oQ2620|4353.'L72Qo
2“815.l4907o'5003-‘509]-v5136oo5278.r5368-|5b63-05552-v56“5-
35730uvA353.vh4b7.|Q538-|Q631-'Q72Qo'5000-o5372004625cvSOOQ-
4537“-'hb35o050000v5369.|Q267.sQ?bO-v4450-04540-046350'4726-
5“820-!“912-!50030‘5090.95185.95276-'5370-05463ov5552c|56Q5.
65735.03712-03805-v3901-|3991o0Q2660'“634-v50000v53710l3900-
7“265-0&632-o5000.v5373-.3899.;thQ-o463209500009537hal3613.
83710.'3502-03896-I3985.o4077.v“léqui“261¢|“355.0“4“5-04536.
9“631-|Q722-y&8150v“908.'50000v5090005188D05281095375n95Q65.

VECTOR VALUESXCNT( 971=5555415650e1570624438944442624.94631,
15000.|5376.v?892.|4260.o4631.o5000.95377-.3890-04259-.&630-
25000.;53780v351l.o3607..3705..3796.|389Oo;3983..4073-.b164.
34260uo4353-rhﬁh4o|“535.0463109Q7240v4819004909-05000-’5093o
45191-15287-)5383..5472..556Qo03715-pQ083-044Q9-tQ819-|5154.
5371“0'40800’Q“Qﬁn!“el7'v5154-v52500v3710~04079004“46-o48160
65155.,52510v5342o03“31.v3522.o3616¢v3709ov38010g3894o'3986-
74077-.4167n'4263.04353.34QQ5.p4535'04629o’4721-p4815-009090
85000.'5060- |515‘6.I3706.v‘00750 0‘0‘4‘050 D‘4815¢ v5155- 0370‘0. 0407“.
94“45.94814.95154.'5701.p5791.9588&.05974-'6065006157nv6252-

VECTOR VALUESXCNTI 1931=26365433701a1240724944645,4434812495156,
15251.'5‘031.")525.!5979.;3“230 035150 336080937000 v‘00700 l“lb“.o
2‘0256. "0350. !QQQ50D453‘01 )“626. “#7210p48110"09050 1“997-15059.
35154-05251.-5340.'54310v55220|598ho|3698..4067.74625||49980
“5523- ’5987. ’3695-'3790.’3882. |3975c 04067-’41610’4255ll‘46250
5Q998o‘55850'5504.,3898..5990.|3797-l3890-v“262.v4632-0“998.
65346..5436.v5528.,5619..5712-,5797.'5981096073093520-93612.
73705g'3796-v?SQO.u#262.,Q35509“4480.4539..4632.04725n’Q8180
8&907.,5998.05062-151550'5253-p53480157150p6077o’6172|!6260'
96355..64“7-'389200“262.946310.5000-053Q90v5717096081-0389}o

VECTOR VALUESXCNT ! 2B891=42624¢y4631455000015351495720.+6086,
13891.94262-0&63v.|5000-153520;5537.056300'5725-|5815-,5904n
25997.06090.06185.06285.13611.o3705-03795-03890-'39830940750
34166.o4262-vh350--4“45.yhs360p46300'4723-04816-'49080050010
Q5074.o516$.05264--5356.,5““9.-5542.n6001-.6290034075-v54Q“o
5“816.,517O.v5546--6005.76295.-€O7ha|44420o4815o051740o55490
66009.‘40730'4442-'“816.,5185-'55520'60130|3516-036100037020
73795.,3856. ’3978-“‘0?2. ’141630 IQ2510'43500Q4‘0‘010’4531¢0 946290
847210’45150'4908u)5000-;5085-|5186-o5276o'5370-05464-95557.
95650..5742.o5837c|5925.160160|6]llc|38950.4265-.47220351900

VECTOR VALUESXCNT( 385)=5656¢9344049353061+3895¢+4265e967224
15190.)5661003530-93895.,4266.’4725-'51910956610t3530-9362100
2371“o93805ol3896.v3987.o4077o’41700042660y4359ol4451004544-o

’
’
1 4

- - ® W @ w e e - - ® * w v e W uw

* - ® v v v v e e e

3“635.’“728-OQ8210049110v5000015091015191005290~05384.y5475-
45568.’5662o’5756-15851..3528o.3895-04266014635.-5000-;5478t
53526.03895-'4265-94635.v5002-o5481-|3520-.3889op4262-v463lo
65004495488495005¢354904s -Ces =0Oes =0es =0es» —0Des -0
VECTOR VALUESXOUT( 1)=26200636255496283046330e16362¢+63704
16375¢4+6397¢164274164354066454466620166924965350965100+64954
26“950v6475.u6410-06368.v6350-'6370-|6385-063320u6295-06232-o
36260.06210-u6190o06150.v6070~;6008-05978005945cl5950005885-)
h5835.:5810-l5715095750.95795-y5835-:57500¢5695-l5705-’58000'
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55820414583341+5807415805.+5800,
65605445540415530e 35440455355,
756584356754957139576044+5837,
83354,193420613462e93500493518,
93535413512e93478e334324153398,
VECTOR VALUESXOUT( 97)a3395,
135‘05-’3559. .3572. ’3575. ’3560'
23820.’38750!3953.)4020.’4115.
3“050-)4106.lleOeiQIAo.OQIIOO
44272e¢94360494450094590414500.
5“6300’4723.’4825-’Q935.|50750
657154+5675¢455824354904195395
T4B20e24726414665¢ 96665434630,
84075493980413850e33795413705,
931494930254+30964393187443237.
VECTOR VALUESYOUT ( 1)=6328.
15885415794415697 435604445508
24951 4348584347564 094754494807,
347706194751 4946450 94588494511
4406249401041 7690497600437508,
571380!70“0.’6948.’6855-’6763.
66351 416343416285e962834962000
7599841459754+603541613041622%
84328 4144284145144 946124196702,
95265415360415458e 15555495651
VECTOR VALUESYOUT { 971=6206.
16681.l6773.’6817.|6962.970520
273464197312497420e1975124+76054
37125¢97227e12737017225457100,
4768844775249 7770e978106e97843,
581804982204»8150438080458070,
63865.93860413855493B852493851,
73827-)3823.'3819.'3886.'38850
838904193890433890413895,4,3895,
9390844391241396% 49405004104,
INTEGER NsTsTHyQsSTsOsXYsTXy 1

$5798e¢15715e6+5690695625¢956030
$5345¢15330¢353954055254¢356000
158554159134 96000+9503004160854
$33533413546¢335514935514935484
$3374493341¢93318493370e93405

933750933480 4341849344544535000
13650¢43704¢937054937254937654
4095094062094 09549406243403040
9461886184225 94235e 942454942324
1446009844069 4480e94570e¢145154
15180415225¢14535001564606456254
15300415209¢95107+5005¢945114
145379864809 43550 14261094169
936101351809 3427013335493240e
932920’5735.] =0 -O.) ‘0-

10300096246 4961576960706959804
15421095327¢1952300951614950404
14843494881 014902¢+4863e948254
!4475.0“391-'4275-0“170-’“085-'
974050|7Q62-07415-07320-'72500’
16667¢16570016600016500963904
16104¢96007¢159224158634959234
16274¢16280¢36306e3635149637%
1467954948916 +4985¢05075e951700 s
1574601583B495932.16021e96115.

963006196370 9644341964994965944
709003714049 7235637285e972750
9754209751209 7442e973254127230e
9722529728009 7377¢97505976004
978909 79700s80554981504181920>
1795509790063 78984978204977604
,3847.’35420’3839.'3835!'3830l'
938844938854493885493890493890e

93898093898 335000939044939060e

1423561939584 ~Qe
sLINEsAsTAG, IDyCNT

=-0s -0

DIMENSIONDAT(10000sDIM) » IMAGE (BOOO) s XOUT{200) sYOUT(200) s XCNT
1450) s YCNT (5401 sDUM{5+DIM2)»DATA(O]1sTITI(12)

VECTOR VALUES DIM2=2,1,2
VECTOR VALUES DIM=2,1,10

READ FORMAT CONST »XMAX 9 XMINsYMAX s YMIN»SCALsN»Os LINE»COORSC

VECTOR VALUES CONST=34F5.0,s51
FACTOR=3960./5CAL

2FT7e09519212+169539F8s2 %%

WHENEVER COORSCeNE«QeOy FACTOR=(633604%*COORSC)/SCAL

INCHES=[XMAX~-XMIN}I*FACTOR
[={ INCHES/10}+1
XMAX=((1*10)/FACTOR) +XMIN

YDIM=(60%*1)* ((YMAX-YMIN)/(XMAX-XMIN)}

INCMAX= ( XMAX=-XMIN) /1
XMAX=XMIN+INCMAX

EXECUTE PLOT1(0s15YDIM»15100)

DELTY=({YMAX-YMIN)/YDIM)#1.15

DELTAY=(YMAX-YMIN)/YDIM
DEL TX={XMAX-XMIN) /100

READ FORMAT FORMsDATA(Q)eaeDAT/ (6)sDIM(2),

As1D

VECTOR VALUES FORM=3T7C6s163544513355912 *§
READ FORMAT TITLE» TIT(1)eeeTIT(12)

_VECTOR VALUES TITLE=$12C6 *3%

PRINT FORMAT TYPEsID»DATA(O) ¢« o DATAIS)»TIT(1)seeTIT(12)



INPUT

AB

AE

AC

AF

NOGRID

GRAPH1

GONE

TONE
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VECTOR VALUES TYPE=%1H1+S12+30HCODE(TYPE) MUMBER OF DATA CARD
1 /S154129/771H +S512+14HCURRENT FORMAT /5163 7C697/77520,12C6%S
D=1,

THROUGH INPUTs FOR ST=1319Dale 1l

READ FORMAT DATAs DAT(STs1)eseDAT(STsDIM(2))

VECTOR VALUES DATA=S

1 *%

O=DAT(STsA)+DATI(STsA+1)

QesT-2

CNT=0

THROUGH TONEsFOR ST=21415STeGaDIM{2)

WHENEVER STeEeA«OReSTeEsA+1ly TRANSFER TO TONE

THROUGH GONEs FOR TH=0Dys1lsTHeGe(I-11}

INC=TH* [NCMAX

EXECUTE PLOT2e ( IMAGE s XMAX+INC 3 XMIN+INCoYMAX yYMIN)

WHENEVER LINE+Es Os TRANSFER TO NOGRID

LINES=LINE

XY=(XMIN+INC) /L INE

XMIN1=(XY+1)®#LINES

TX=YMIN/LINE

YMINI=(TX+1) %L INES

TAG=-1

THROUGH AEsFOR C=XMIN1»LINES»CeGe XMAX+INC

THROUGH AB+FOR D=YMINWDELTAY 4DeGaeYMAX

EXECUTE PLOT3«(518sCsDy1)

DUM(1s1)=C )

EXECUTE PLTN.(DUleolnC-(Zo*DELTX)|YMIN»DELTXODELTY.TAG.XMAXv
1INCyXMIN) :

THROUGH AFsFOR C=YMIN1sLINESsCeGeYMAX

THROUGH ACFOR D=XMIN+INCIDELTX+sDeGe XMAX+INC

EXECUTE PLOT34($~5+DsCol)

DUM(1+1)=C

WHENEVER THeE«O»EXECUTE PLTN« (DUMs1lsloXMIN=DELTXsCyDELTXsDELT
1Y s TAGs XMAX s INCeXMIN)

WHENEVER THeEeI~19EXECUTE PLTNo(DUM»lysl s (XMAX+INC)=(5.%DELTX)
1sCoDELTXsDELTY s TAGIXMAX s INCoXMIN)

TAG=0Q

WHENEVER NoeNE«Os EXECUTE PLOT3 {305+ X0UT(1)sYOUT(1)2192)
WHENEVER OeNE+Os EXECUTE PLOT34(SXBsXCNT(1)sYCNT(1)s444)
THROUGH GRAPH1sFOR T=21415TeGeQ

WHENEVER D/AT(TsA)eLeXMIN+INC eORDAT(TrA) e GE « XMAX+
1INC s TRANSFER TO GRAPH1

Viey

W=w

EXECUTE PLTN.(DAT’T’ST|V9WoDELTX9DELTY’AoXMAX'lNC-XMlN)
CONTINUE

PRINT FORMAT SKIP

VECTOR VALUES SKIP=%1H1 *3%
EXECUTE OMIT.(3)

EXECUTE PLOT4.(040+2ZERO)

PRINT FORMAT SKIP2

VECTOR VALUES SKIP2=% 1H //// *$%

CONTINUE

CNT=CNT+1

PRINT FORMAT ENDsCNT .
VECTOR VALUES END=$S20,17HEND OF MAP NO. [3%%
CONTINUE :

TRANSFER TO START
END OF PROGRAM
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EXTERNAL FUNCTION=--P{TN--

DT

EXTERNAL FUNCTION(DAT»T»STsVeWsDELTXsDELTYsAsXMAX » INCoXMIN}
ENTRY TO PLTN.

INTEGERMsZ 3sBsUsJsPsBCD+TsSTrAWFLAG
VECTOR VALUES BCD(0O) 2350515155525, 535+545+555+565,575,58%5+59%
VECTOR VALUES P(0)=10000+1000,100+10s1
K=DELTX
FLAG=0
WHENEVER DAT(T»ST)elLeO
FLAG=1
DAT(T+STY=oABS (DAT(T,5T))

END OF CONDITIONAL -
WHENEVER DAT(T»ST)elel0.

M=¢4

OR WHENEVER DAT(T»ST)eLel00.
Ma3

OR WHENEVER DAT(TsST)eLe1000.
M=2

OR WHENEVER DAT(TsST)eL+10000
M=

OTHERWISE

M=0

END OF CONDITIONAL

2=6-M

AA=DAT(T»ST)

WHENEVER A«E.-1»TRANSFER TQ BEGIN
WHENEVER XMAX+INC-DAT(T»A)eLE.DELTX
V=DAT{TsA)-((Te~M+FLAG)®#DELTX)

OR WHENEVER DAT(T»A)—XMIN-INCoLE«7a*DELTX
EXECUTE PLOT3«(S+3sDAT(TsA) sDAT(TsA+1)41)
V=DAT(T»A)
OTHERWISE
V=DATI(T»A)-((6e—M+FLAG)*DELTX)
END OF CONDITIONMAL
W=DAT(T,A+1)
WHENEVER FLAGJE.1
EXECUTE PLOT3.({$-S,V+KyWyl)
K=K+ DELTX
END OF CONDITIONAL
BEGIN THROUGH GRAPH»FOR J3P(M)s—=(9%J)/1092+EWl
Z=2~1
B=AA
U=8/J
EXECUTE PLOT3:(BCO(U)sV+KIWsl)
AA=AA~(U*))
K=K+DELTX
WHENEVER Z+E.l
EXECUTE PLOT34(5¢8sV+KoWel)
WHENEVER AAeLe ols TRANSFER TO GRAPH
K=K+DELTX :
AA=AA®1OQ,
B=AA
EXECUTE PLOT3+(BCD(B)sV+KoWsl)
GRAPH END OF CONDITIONAL
FUNCTION RETURN
END OF FUNCTION
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