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INTRODUCTION

This report discusses one of the computer programs which were written for
our study of oil and rock correlations of samples from the North Slope, Alaska
(Kvenvolden and others). The program produces tables of calculated data which
are used for correlations. The program can be used for all combinations
(0il/0il,0il/rock,rock/rock) of correlations by simply selecting which samples
are inputted. Any group of chemical compounds may be used in the program but
we used different classes of hydrocarbons (normal alkanes, isoprenoids,
steranes and hopanes) in our study. The report is oriented toward users as
opposed to programmers. If the reader needs more detail, the listing of the
program is given in the Appendix and contains remark statements to assist the
reader. The program is interactive and all input requests are in the form of
questions and non-numeric input requests are usually followed by a list of the
possible choices. Examples of the output produced by the program are
presented in the tables. Choices and limitations of input and output are
discussed.

The program is written in BASIC and run on a Honeywell 61/80 computer
with the Multics operating system. The reasons for using BASIC are that it is
an interactive language and that it is widespread in today's microcomputers.
The program is designed to be run on a wide variety of computers including 8
bit microcomputers. Many variables and matrices are re-defined several times
in order to conserve memory (for running on microcomputers with small
memories).

OVERVIEW

The name of the program is OIL/ROCK.BASIC . The objective of the program
is to assist the user in grouping samples (oils and/or rocks) according to
their hydrocarbon composition. The data base consists of several files which
are constructed before the program is run. Some files contain names of
samples or names of hydrocarbon compounds. Other files contain analyses of
hydrocarbons in the samples (either concentrations (ppb) or peak heights).

The program begins with an initialization section in which the user determines
which data file (analyses of which hydrocarbon class-e.g. HOPANE) to be used
in the calculations. This data is placed in one matrix, the corresponding
names of the hydrocarbon compounds are placed in another martrix and the
sample names are placed into a third matrix. The program now branches to one
of the subprograms, to the selection of a new data matrix or to the end of the
program. This is the major branching point to which all subprograms return.
The names of the four subprograms are Ratio, Carbon Preference Index, 0Odd-Even
Predominance, and Dissimilarity Index. The subprogram Ratio calculates and
outputs simple ratios (single numerator and single denominator) or multiple
ratios (summations in the numerator and/or summations in the denominator). It
can be used with compounds from any of the hydrocarbon classes (e.g.
STERANES). The subprograms Carbon Preference Index and Odd-Even Predominance
are two different methods of calculating a ratio between odd-carbon-numbered
normal alkanes and even-carbon-numbered normal alkanes. The subprogram
Dissimilarity Index (DI) compares a number of variables in two samples and
results in a number which is a measure of the differences between the two
samples. The technique is useful in comparing the overall composition (as
opposed to only one or two variables) of samples and in grouping samples which
have low dissimilarity indices (the output table has been sorted in ascending
order and samples with similar DIs are adjacent to each other). This



subprogram may be used with compounds from any of the hydrocarbon classes.
MATRICES

Many matrices are common to all the subprograms. All the matrices are
stored within the computer as files and the requested matrices are read by the
programs at run time.

One set of matrices contains data (in two dimensions - sample number
versus compound number). Matrix ALKANE contains normal alkanes and the
isoprenoids pristane and phytane, matrix HOPANE contains tricyclic and
pentacyclic terpanes and matrix STERANE contains steranes and diasteranes.

The data is quantitated in two ways: 1. concentration (ppb) - where a
quantitative standard is available (e.g. matrix ALKANE - ppb contains
concentrations of normal alkanes and the isoprenoids pristane and phytane) and
2. peak height - where only a qualitative standard (peaks identified but not
quantitated in concentration) is available (e.g. the matrices STERANE, HOPANE
and ALKANE-HT).

Another set of matrices contains names. One matrix contains sample names
of oils (No. 1-8, 24) and rocks (No. 9-23) from the North Slope of Alaska and
was called NS-NAME. Table 1 contains sample numbers and sample names in the
Matrix NS-NAME. Other matrices contained compound names and were called the
concatenation of the data matrix name and the string "-str" (e.g. STERANE-STR
and HOPANE-STR). Table 7 contains the compound numbers and abbreviated names
of the compounds in the matrices HOPANE and STERANE (contents of matrices
HOPANE-STR and STERANE-STR). Table 8 contains compound numbers and compound
names of the terpanes and steranes used in the study. The alkane matrices
consisted of n-Cy, to n-C,, (compounds 1 to 29), pris (pristane:compound 30)
and phyt (phytane:compound 31).

Several matrices and simple variables are re-defined several times in a
single subprogram. This is done for several operations where memory is needed
to store intermediate results of calculations. Examples of such operations
are sort routines and summations. Normally, the practice of re-defining
variables should be avoided in programming but is used here to conserve memory
so that these programs might be run on microcomputers with limited memories.

Some of the limitations imposed on the program are the following
maximums: 25 samples, and 40 compounds in each data matrix, 20 letters in a
sample name, 8 letters in a compound name in all subprograms and 9 ratios, 9
numerators and 9 denominators in the ratio subprogram. Most of these
limitations are imposed to fit this one set of data and can easily be expanded
to larger values for larger data sets. This entails changing the dimension
statement and a few lines of program. Some of the limitations are imposed by
the printer width (132 characters). The name lengths are limited in order to
get more columns of data per page. Most of the time the number of characters
in the column heading name is larger than the number of characters in the
data.

OIL/ROCK.BASIC

As stated previously, the objective of the program is to assist the user
in grouping samples (oil and rocks) according to their hydrocarbon
composition. The output from this program are tables of data ordered by
(1.) requested samples and (2.) sorted data. Observing sample similarities,
differences and groupings is much easier when sorted data are used. The
program is quite versatile in that there is a very large number of possible



combinations of samples and compounds. All the samples (oils and rocks) or
only selected ones may be compared and thus all combinations
(0il/oil,o0il/rock,rock/rock) of correlations may be produced. With the
present program, there is a limitation on the combinations of hydrocarbon
compounds which may be compared. Only compounds within a single matrix may be
compared (e.g. only compounds within HOPANE with each other and not with
compounds in STERANE). The program can be easily modified (by combining the
matrices) so that any combination of compounds can be compared. The program
listing is given in the Appendix. Remark statements (rem) are used in the
listing to delineate subprograms and subroutines and to clarify certain
statements. This program is composed of an initialization section and four
subprograms: Ratio, Carbon Preference Index, Odd-Even Predominance and
Dissimilarity Index.

Initialization. After dimensioning the matrices, the program requests
the name of the data file to be used. The program then loads that data file
into matrix m and defines file No. 2 as the concatenation of the data file
name and the string"-str" (this file contains the names of the compounds).
File No. 3 is defined as "NS-NAME": the names of the samples. The program
then requests whether the user wants to calculate a ratio of compounds, a
dissimilarity index, a Carbon Preference Index, or an 0Odd/Even Predominance or
to select a new data matrix or to stop the program This is the major
branching point to which all sub~-programs return.

Ratio. The sub-program Ratio calculates and outputs simple ratios
(single numerator and single denominator) or multiple ratios (summations in
the numerator and/or summations in the denominator). The program first asks
which samples to include in the output table. It asks the total number of
samples and if the sample numbers are contiguous or not (the rock sample
numbers are contiguous and the o0il sample numbers are contiguous except number
24 which was added later). This is to make sample number entry easier - its
easier to enter a range than each individual sample. An example would be if
all rock samples were requested - it would be easier to input the two number
range (9,23) than to input the fifteen individual sample numbers
(9,10,11,....22,23). It then asks which ratios to print in the table. There
is a maximum number of ratios of 9 because the table would get too crowded
with more. The next question is "Multiple Numerator/Denominators (y/n)? An
answer of "n" implies a simple ratio and asks a different set of questions
about numerators and denominators.

The output table contains the run date, sample number, sample name, and
requested ratios. The heading for simple ratios is the abreviations of the
numerators and denominators above the appropriate columns whereas the heading
for multiple ratios is just RATIO 1, RATIO 2, etc. because of space
limitations. The initial table is printed in the order that the sample
numbers were inputted. The program then asks if the user would like a table
with the ratios sorted. If the answer is yes then the question is asked "sort
according to which ratio." The table is then printed in ascending order of
the ratio selected with the other ratios following the same sample order. If
the answer is no to the sort question then no further table is produced. If a
denominator is zero for a sample, asterisks are printed for the value of the
ratio for that sample. Table 2 is an example of the output for simple
ratios. The first part is the output in the order of requested samples while
the second part is sorted according to the value of pristane/phytane. Note
the asterisks for sample eight: none of the requested alkanes was present in
the sample. It is easy to observe in the sorted table that samples 1,2,3, and
4 form a group with similar ratios. Table 3 is an example of the output for




multiple ratios. The numerator is the sum of four diasteranes and the
denominator is the sum of four steranes. The second part of the table
contains the ratios sorted in ascending order. The group formed by samples
1,2,3,4, and 7 is much more easily delineated in the sorted table than in the
unsorted table. This grouping is also supported by information reported
earlier (Kvenvolden and others).

Carbon Preference Index. This subprogram calculates the carbon
preference index (CPI) of the normal alkanes of samples according to an
extension of the method of Bray and Evans (1961). CPI is a "ratio" of odd-
carbon-numbered to even-carbon-numbered normal alkanes and is calculated as
follows:
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Where C2i = the concentration measure (weight percent, mole
percent, concentration, peak height, etc) of a
normal alkane with carbon number 2i.

j = one half the lowest carbon numbered alkane in the
range.

k = (one half the highest carbon numbered alkane in
the range) minus 1.

The range of the original method was limited to n-C,, to n-C3 (=12, k=16)
whereas the range of this subprogram is user defined. CPI is useful as a
maturity indicator (i.e. recent sediments have high values whereas ancient
sediments have values approaching 1).

The program first checks which matrix is being used. It can only be used
with the "ALKANE-" matrices, otherwise an error is printed. WNext, the range
of hydrocarbons to be used in the calculation is requested. If the carbon
numbers entered aren't both even then an error is noted and the question is
repeated. Because of the structure of the alkane matrix, the CPI range is
limited to n-C12 to n-C40. The structure can easily be modified to extend the
range.

The subprogram's output is a table containing the run date, name of the
matrix used in the calculations, a heading and a sorted list of CPIs. If all
the compounds in the selected range are present in the sample, the CPI is
printed. If any of the first three (lowest carbon numbered) compounds in the
selected range are missing, CPI is not printed but the lowest missing
compound's carbon number is printed in the "missing alkanes" column. If any
compound beyond the first three is missing, the lowest missing compound's
carbon number is printed in the "missing alkanes" column and a "pseudo CPI" is
calculated using summations accumulated to that point and is printed in
parenthesis in the CPI column. The CPIs are sorted and printed in ascending
order in the table. The "pseudo CPI" should not be used with or compared to
the real CPIs in the table. It is only printed in order to give the user an
estimate of CPI in range from the lowest carbon numbered compound in the
selected range to the compound just before the missing compound. Table 4 is
an example of various CPI outputs. The range is n-C16 to n-C28. The values
for oils are printed first. Sample 8 doesn't contain n-C so no CPI is
printed. Sample 6 doesn't contain n-C,, so a pseudo CPI 1is printed in



parenthesis. The values for rocks are printed next. Note that sample 10 is
higher than the rest, indicating less maturity.

Odd-Even Predominance. This subprogram calculates the odd-even
predominance (OEP) of the normal alkanes of samples according to the method of
Scalan and Smith (1969). The calculation uses five consecutive members of the
n-alkane homologous series. OEP is a ratio of odd-carbon-numbered to even-
carbon-numbered normal alkanes and is calculated as follows:
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where C; = the concentration measure (weight percent,

mole percent, concentration, peak height,
etc) of a normal alkane with carbon number i.

The OEP value is assigned to the alkane in the center of the group (alkane
containing i + 2 carbon atoms). It is used to relate samples and as a
maturity indicator (young samples have high values and mature samples have
values around 1.0). It is similar to CPI but with more filtering - large
variations in the raw data have less effect on OEP than on CPI. The program
first checks that the current data matrix is "ALKANE-." It then asks which
carbon number the user wishes the OEP to center around and which samples are
to be used.

The program's output is a table containing the run date, name of the
matrix used, a heading containing the carbon number about which the OEP was
calculated and a sorted list of OEPs. If any of the values of the five
consecutive alkanes in a sample is missing then no OEP is printed but the
sample number, sample name, and the carbon number of the lowest missing alkane
are printed at the top of the table. The rest of the table contains OEP
values in ascending order. This ordering is useful in grouping samples since
samples with similar OEPs are adjacent to each other. Table 5 is on OEP
output centering at n-C 5* 0il and rock OEPs were printed separately for
clarity but could easily have been printed together. Samples 6 and 8 didn't
contain n-C23 so their OEPs are not printed. Because the rock OEP listed is
sorted, it is easy to see (1.) that generally the Pebble and Torok samples
have higher OEPs than the rest of the samples and (2.) that sample 10 is very
different from the rest of the samples (1.57 versus 1.29 for the adjacent
sample) .

Dissimilarity Index. Dissimilarity Index (DI) (Montalvo, 1978) is the
result of a mathematical calculation which compares a number of selected
variables in two samples (somewhat analogous to correlation coefficient which
compares many samples for two variables ~comparing samples versus comparing
variables). The technique is useful in comparing the overall composition (as
opposed to only one or two variables) of two samples and in grouping samples
which have low dissimilarity indices. The variables in each sample are first
normalized such that the summation of all the selected variables in that
sample equals 1.0 .
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where x = sample number

y = compound number
V... = normalized variable for sample x and
compound y
= concentration measure (weight %, mole %,
concentration (ppb), peak height, etc) of
compound y in sample x

Xy
C

Xy
The absolute difference between the normalized variable in the two samples is

summed for all the compounds. The summation is divided by 2.0 to give the
dissimilarity index for the sample pair:

t
DI = ) v, . - v, .
xq%y o1 x,4 x5
2
where DI, = dissimilarity index for the sample pair
172 x, and x
t = total number of compounds used
Ve i = normalized variable for compound i in
1 sample X4
Ve i = normalized variable for compound i in
2 sample x,

The limits for dissimilarity index are O for a perfect match (identical
composition) and 1.0 for a complete mismatch (all compounds present in one
sample are absent in the other sample and vice-versa). The program first asks
about the samples to be run. The total number of samples to be printed in the
table is requested. Next, sample numbers are requested - contiguous ranges of
sample numbers should be inputted before sample numbers which aren't
contiguous (ranges are easier to input than entering every individual sample
number). Information on which compounds to use is inputted next. If all
compounds in a matrix are to be used then a matrix ¢ is filled in ascending
order with all the compound numbers. If all compounds in a matrix aren't to
be used then the ranges and compound numbers are inputted, sorted in ascending
order and placed into matrix c. All the requested samples are checked to see
if at least one of the requested compounds is present and if not, a message is
printed stating none of the compounds are present in that sample (the sample
is then excluded from further calculations and printouts).

The program outputs a table of dissimilarity indices. A reference sample
number is requested (can be any sample -isn't limited to those requested
above). The DIs printed are all comparisons between this reference sample and
the above requested (comparison) samples. The reference may be an oil and the
comparison samples may be oils (0il/oil comparisons) or rocks (oil/rock
comparisons). The reference may be a rock sample and the comparison samples
may be rocks (rock/rock comparisons) or oils (oil/rock comparisons). The
current date, compound matrix name, reference sample number and name are
printed at the beginning of the table. The table consists of a sorted list of



DIs in ascending order together with the corresponding sample number and
name. The difference between adjacent DIs is printed under the heading of
DELTA. Printing the DIs in ascending order is useful because members of the
same group as the reference will generally be together at the top of the
list. Printing the delta values is sometimes helpful in determining
boundaries between groups. Table 6 contains the DIs of 39 hopanes in all the
rock samples compared to oil sample 2. Note the large delta value (.249)
between samples 14 and 17. It shows the division between the Shublik/Kingak
group, which is more closely associated with o0il sample 2, and the
Pebble/Torok group. The two exceptions (samples 18 and 23) have been
discussed previously (Kvenvolden and others),
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TABLE CAPTIONS

Table 1. Contents of matrix NS-NAME (sample numbers and sample names).
(numbers following rock names are depths (in feet) below the
surface)

Table 2. Input and output of (simple) Ratio subprogram.pris/n-c17, phyt/n-
Cqg and pris/phyt in oil samples: 1. in order of requested
samples and 2. sorted according to ascending value of pris/phyt.

Table 3. Input and output of (multiple) Ratio subprogram. Diasteranes/
Steranes in oil samples: 1. in order of requested samples and
2. sorted in ascending order.

Table 4. Input and output of Carbon Preference Index subprogram. Carbon
Preference Index (in the n-C16 to n-C28 range) of oil and rock
samples.

Table 5. Input and output of 0Odd-Even Predominance subprogram. Odd-Even
Predominance centering at n-c25 of oil and rock samples.

Table 6. Input and output of Dissimilarity Index subprogram. Dissimilarity
Indices of 39 hopanes in rock samples compared to oil sample 2.

Table 7. Contents of matrices HOPANE-STR and STERANE-STR (compound numbers
and abbreviated compound names).

Table 8. Compound numbers and names of the terpanes and steranes used in the
study.
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run

Nzame of matrix file=7 slkane-ht
Ratio(r)sDissimilarity Index(d)sCri/Oer(c)rNew Matrix(mdror Stor(s)? r
Number of samples in table =7 9

Inrput contiguous randges hefore non-contig. samrples
Are samples contiduous(c) or not(n)? ¢

What rande(lowrhigh)? 18

Are samrles contiduous(c) or not(n)? n

Sample Numbher =7 24

Number of ratios in table(9? max.)=7 3

Multirle Numerator/Derominators(g/n)? n

Ratio 1 numerator comround number=7? 30
Ratio 1 denominator comround number=7? 6
Ratio 2 numerator comround number=7 31
Ratio 2 denominator comround numbher=? 7
Ratio 3 numerator comround number=? 30
Ratio 3 derominator comround number=? 31

date=01/16/84 matrix is alkane-ht

Samrle Samrle PTisS rhut pris
Number Name n—-C17 n-Ci8 rhut
i Prudhoe - Fut River 0.388 0.3460 1.444
2 South Barrow 20 0.419 0.349 1.5596
3 South Barrow 19 0.273 0.223 1.565
4 Fish Creelk 1 0.382 0.267 1.750
S Simrson Core Test 4 0.453 0.180 3.545
é Seabee 1 DST 3 0.438 0.200 14,000
7 Lalton 1 DST 2 0.343 0.400 1,000
8 Care Simrson SL b $ XX XX
24 Umiat 4 0.458 0.248 2,200

Frint table with ratios sorted(u/m)7? u
Sort sccordind to which ratio? 3

date=01/16/84 matrix is alkane-ht

Samrle Samrle PTis rhut Pris
Number Name n~-C17 n-Ci8 rhut
7 Dalton 1 DST 2 0.343 0.400 1.000
1 Frudhoe - FPut River 0.388 0.360 1,444
2 South Rarrow 20 0.419 0.349 1,556
3 South Rarrow 19 0.273 0.223 1.565
4 Fish Creeb 1 0.382 0.247 1.750
24 Umiat 4 0.458 0.248 2.200
S Simpson Core Test 4 0.453 0.180 3.545
b Seabee 1 DST 3 0.438 0.200 14,000
8 Care Simepson SL xX x % xX

Ariother sort(w/Nn)7 n

Table 2

I



Name of matrix file=? sterane

Ratio(r)sDissimilarity Index(d)sCri/Der(c)sNew Matrixi(m)ror Stor(s)? r

Numbar of samrles in tahle =7 ¢

Inrut contidguous randges hefore non-contid.

ére samples contiguous(c) or not(n)? c
What randge(lowrhigh)? 1.8

Are samples contiguous(c) or not(n)? n
Samrle Number =7 24

Number of ratios in table(? max.)=? 1
Multirle Numerator/lienominators(u/r)? u

Maiimum Numerators or Dernominators is 9 each.

Number of numerators in ratio 1 =7 4
Numerator 1 =7 1
Numerator 2 =7 2
Numerator 3 =7 10
Numerator 4 =7 13
Number of denominators in ratio 1 =7 4
Denominator 1 =7 @
Denominator 2 =7 12
Denominator 3 =7 20
Denominator 4 =7 23
Ratio 1

Numerators=27baSDh+27baR[I+29baSIi+29baRD
Denominators=2783355+272333R542933355+29333RS

date=01/16/84 matrix is sterane

Samrle Samrle RATIO
Number Name 1
1 Frudhoe - Fut River 1,736
2 South Barrow 20 1,389
3 South Rarrow 19 1.518
4 Fish Creek 1 1.842
<] Simrson Core Test 4 2.230
é Seabee 1 DST 3 *X
7 Dalton 1 DST 2 1.495
8 Care Simepson SL 2,349
24 Umiat 4 3,325

Frint table with ratios sorted (9/n)7? w
Sort according to which ratio? 1

d3te=01/16/84 wmatrix is sterane

Samrle Sample RATIO
Number Name 1
2 South Rarrow 20 1.389
7 Dalton 1 DST 2 1.495
3 South Rarrow 19 1.518
1 Prudhoe - Fut River 1.736
4 Fish Creebk 1 1.842
] Simepson Core Test 4 2,230
8 Care Simrson SL 2.349
24 Umiat 4 J.325
é Seabee 1 IST 3 X

Ariother sort (u/n)? n

samrles

Table 3



Ratio(r)rDissimilarity Index(d)rCri/Oer(c)ryNew Matrix(md)ror Stor(s)? m

Name of matrix file=7 alkane-ht

‘Ratio(r)sDissimilarity Index(d) Cri/Der(c)sNew Matrixi(m)ror Stor(s)? C

CFI(ec) or OEF(F)? ©

What rande?C(even) to C(even)? 16+28

Number of samrles in table =7 @

Inrut contiduous rarndes before non-contig. samples
Are samrles contidguous(c) or not(n)? ¢

What rande(lowrhidh)? 1+8

Are samrles contiduous(c) or not(n)? n

Samrle Number =7 24

date=01/16/84 matrix is alkane-ht

Samrle Samrle CFI
n.Cl6_28 Missindg
Number Name Center=22 Alk.anes
B8 Care Simpson SL 16
24 Umiat 4 0.99
4 Fish Creelk 1 1.00
3 South Barrow 19 1.04
7 Dalton 1 DST 2 1.05
1 Frudhoe - Fut River 1,05
S Simrson Core Test 4 1.07
2 South BRarrow 20 1.08
é Seabee 1 DST 3 ( 3.36) 20

Other samrles with same rande (9/n)? o

Number of samrles in tahle =7 15

InrFut contiduous randges before non-contidg. samrles
Are samrles contidguous(c) or not(nd? c

What rarmnse(lowrhidgh)? 9,423

date=01/146/84 nmatrix is alkane-ht

Samrle Samrle CFrI

n.Cl16.28 Missinsg

Number Name Center=22 Alkarnes
21 Shublik Fm 9042 0.80
11 Kindgak Shale 14577 0.85
12 Fort. Mtn. Fm 12014 0.94
14 Shublik Fm 12273 1.00
13 Sadlerochit Gr 13831 1.02
18 Shublik. Fm 10273 1.03
23 Kinsgak Shale 7390 1.04
19 Febble shale 7371 1.04
17 Febble shale 6405 1.06
15 Kingak Shale 11704 1.09
14 Pebble shale 6361 1.11
20 Torok Fm 3792 1.13
16 Torok Fm 7054 1.14
22 Torok Fm 4994 1.15
10 Pebble shale 1977 1,27

Other samrles with same rande (9/n)7? n

e s — e s mmemEr s wme W onee Aw——e - T — = s e

Tabhle 4



Ratiotr)smassimilarity Index(d)sCri/0Oer(c)rNew Matrix(md)ror Stor(s)? c

CFPI(e) or QOEF(R)? P

OEF .centerind around what carbon number? 25

Number of samples in table =7 ¢

Inrut contiguous ranges before non-contidg, sameles
Are samrles contiguous(c) or not(n)? ¢

What range(lowsrhigh)? 1,8

Are samrles contiduous(c) or rot(n)? n

Sample Number =7 24

date=01/16/84 matrix is alkane-ht

Samprle Samrle OEP Missing
Number Name Center=2% Alkanes
8 Care Simepson SL 23
é Seabee 1 DST 3 23
7 Dalton 1 DST 2 0.74
3 South ERarrow 19 0.93
1 FPrudhoe - Fut River 0.94
2 South EBarrow 20 1.00
24 Umiat 4 1.00
S Simrson Core Test 4 1.01
4 Fish Creeb 1 1,06

Other samrles with same range(u/n)? u

Number of samrles in table =7 15

Input contiguous randes before norn-contig. samrples
Are samrles contiduous{(c) or riot(n)? ¢

What randge(lowsrhigh)? 9,23

date=01/16/84 matrix is alkane-ht

Samrle Samrle OEP Missind

Number Name Center=25 Alkanes
18 Shublik Fm 10273 0.72
12 Fort., Mtn. Fm 12014 0.88
21 Shublik Fm 9042 0.95
11 Kingak Shale 14577 0.95
13 Sadlerochit Gr 13831 0.97
14 Shublik Fm 12273 0.97
23 Kindgak Shale 7390 1.02
17 Febble shale 6405 1,04
i¢ Febble shale 7371 1.05
15 Kindak Shale 11704 1.09
9 Febble shale 6361 1.15
16 Torok. Fm 7054 1.20
22 Torok Fm 4994 1.23
20 Torok Fm 3792 1.29
i0 Febble shale 1977 1,57

Other samples with same rande(w/n)? n

Table 5



Ratio(r)sDissimilarity Index(d)rCri/Der(c)ryNew Matrix(m)ror Stor(s)? m
Name of matrix file=7 horane
Ratio(r)sDissimilarity Index(d)rCri/0Oer(c)sNew Matrix(m)ror Stor(s)? d
Number of samrles in table =7 15
InFrut contiduous randes hefore non-contid. sameles
Are samrles contiduous(c) or not(n)? ¢
What rande(lowrhigh)? 9,23
Use 8l1(3) comrounds in matrix or not(n)? a
Total rnumber of comrounds to be used=7? 39

date=01/16/84 matrix is horane

Reference Samrle Number(Maw be other than

DISSIMILARITY INDEX OF SAMFLE 2

Samrle
Number

21
15
11
12
14
17
23
13
19
22

?
18
20
16
10

Samrle
Name

Shublik Fm 9042
Kindak Shale 11704
Kingak Shale 14577
Fort. Mtrni, Fm 12014
Shublik Fm 12273
Febble shale 6405
Kingak Shale 7390
Sadlerochit Gr 13831
Pebble shale 7371
Torok Fm 4994
Febble shale 6361
Shublik Fm 10273
Torok Fm 3792

Torok Fm 7054
Febble shale 1977

Iliss.
Indes

0.094
0,111
0.111
0.152
0.197
0.445
0.451
0.470
0.521
0.536
0.342
0.550
0.556
0.558
0.658

South Earrow

Delta

0.016
0.001
0.041
0.04%5
0.249
0.006
0.018
0.051
0.015
0.006
0.008
0.006
0.003
0.100

Ariother Refererce Samrle for D.I.(w/n)? n
Ratio(r)sDissimilarity Index(d)sCri/0er(c)rNew Matrix(md)ror Stor(s)?

inrutted samrles)=? 2

20

Table 6
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APPENDIX

Listing of Computer Program OIL/ROCK.BASIC

|8



~

10 mardin 132

20 dim c(40)yd () yF(259y2)ym(25y40)yn (D) yr (2599 )rys(23)
30 rrint*Name of matrix file="y

40 input 4%

50 file #1:f%

60 reset #1:0

70 mat read #1im

80 let c$=f%&"-gtr"

90 file #2!c%

100 file #3:"ns—-name"

110 reset #3:0

120 erint "Ratio(r)slissimilarity Index(d)yCri/Oer(c)sNew Matrix(m)ror Stor(s)"
\c¥

130 inmput e$

140 if sed$(psylsl)="r" then 460

150 if sedé(pr$vylsrld)="c" then 1390

160 if sed$(s$rlsyl1)="d" then 2410

170 if sed${p$rlryl)="sg" then 4820

180 if sed$(rdrlsy1)="m" themn 30

190 g0 to 120

200 srint*"Number of samrles in table ="3

210 inrut s

220 print'InFput contidguous randges before mon—-contid. sameles”®
230 let x=1

240 rrint"Are samrles contisguous(c) or not(n)"s
250 inFput m$

260 if m$="c" then 290

270 if mé$="n" then 400

280 g0 to 240

290 rem contiduous samrles

300 srint*What rande(lowshidgh) "y

310 inrut llvhil

320 if 11<hl then 340

330 g0 to 300

340 for w=ll to hil

350 let s(x)=y

360 let m=u+l

370 next 4

380 if wa=s themn 240

390 dgo to 450

400 rem norn—contiguous samrles

410 rrint*Samrle Number ="¢

420 inrut s(4)

430 let wu=utl

440 if w+=¢ then 410

450 return

460 rem Ratio Frodgram

470 dosub 200

480 rrint"Number of ratios in table(9 max.)="}%
490 inrut r

500 if r»9 then 480

510 mat r=zer’

520 erint"Multirle Numerator/lenominators(w/r) "
530 inrput &%

540 if pé="u" then 3810

5950 if e$="n" thern 570

560 g0 to 520

570 for u=1 to r

580 srint"Ratio "y " numerator comround number=";
590 ineut n(:)

600 print"Ratio "ixs"® denominator comround number="j;

iq




610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
200
?10
920
930
240
?50
960
970
?80
?90
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200

et d(x)

riext

for x=1 to r

for u=l to s

if mis(w)yd(:))<>0 then &80

let ris(ug)r)=9999%

g0 to 490

let r{a (W y:d=m(s(W)yrn ()Y /m(s(g)rd ()
next v

next x

dgosub 910

dgosub 1240

rrint"Frint table with ratios sorted(w/m)"s
inrPut pt

if #%="Nn" thern 120

gosub 1160

dosub 3390

dgosub 910

dgosut 1240

erint"Another sort{(u/rm)"s

inrPut r%

if r$="w"® then 760

if P "n" then 800

rrint Use same ratios with different samrles(w/m)";
inFut &%

if ré="Nn" then 120

if »$="w" then 8%90

g0 to 840

gosub 200

g0 to &30

rem Frint SIMPLE RATIO0 headindg

rrint

rrint'date="sdatéy "matrix i "#f$
rrint

rrint*Samele Samrle "
for =1 to r

reset #2in(x)-—-1

read #¥2in%
rrint using® CEEFEEFE" G
next

rrinmt

rrint tab(30);

for %=1 to r
primt" e '3
next

#rint

rrint "Number Name "
for =1 to r

reset #¥2:d¢0)~1

read #2:in$

rrint using®  CEEFEEEFE" NS

next »

Frint

rrint

return

rrint*Sort according to which ratio"s
inFut m

if mi=r then 1200

g0 to 1160

for x=1 to s



1210 <let fFe2)=r{s()rm)

1220 next

1230 return

1240 for n=1 to s

1250 reset #3is(n)-1

1260 read #3is%

1270 print using” -#% SHEFFFEF TR EFEF TR LS XY DXL X
1280 for x=1 to r

1290 if r(s{m)yx) <9999 then 1320

1300 print* XX b

1310 g0 to 1330

1320 print usingd® ~#¥%.#¥¥F "sr(s(n) sy
1330 mext «

1340 Frint

1330 mext n

1360 print

1370 errint

1380 return

1390 rem CFI/0EF Calculations

1400 if sed$(f$rlsb)="allkane” then 1430
1410 print "WRONG MATRIX"

1420 do0 to 30

1430 print*CFI(c) or QEF(R)";

1440 inrut =%

1450 if e$="e¢" thern 2040

1460 if »%$="c" then 1480

1470 g0 to 1430

1480 rrint*What randge?C(even) to Cleven)'s
1490 imrut lsh

1500 if 2%int(l/2)<1 thern 1530

1510 if 2%int(h/2)<h then 1530

1520 do to 1350

1530 srint"Inrut evern numbers onluy®
1540 do to 1480

1550 mat f=zer

1560 dgosub 200

1570 print

1580 rrint date="sdatsy"matrix is "if%
15920 print

1600 print"Samelestab(10)7*Samrlestan(33)s"CFI*
1610 print tab(31);

1620 srint usind*n_C-#_-% Missing"ylsh
1630 srint*Number Name"stab(30)+
1640 print using"Center=—% Alkanes"y (1+h)/2
1650 #rint

1660 for n=1 to s

1670 for i=1 to 142

1680 if m(s(m)yi~-11)<20 then 1710

1690 let f(s(n)yl)=i

1700 g0 to 1830

1710 next i

1720 let a=b=c=0

1730 for i=1l to h~-2 ster 2

1740 if m(s(n)yi=-9)=0 then 1810

1750 let a=atm(s(n)»i-10)

1760 let b=btmis(n)si-11)

1770 let c=ctm(si(n)yi-9)

1780 next i

1790 let f(ns2)=a/2%(1/b+1/c)

1800 dg0 to 1830

21



1810 ‘let f(s(n)r»1)=i+2

1820 let f(ms2)=a/2%(1/b+1/C)

1830 next n

1840 dosub 3390

1850 for n=1 to s

1860 reset #3is(n)-1

1870 read #3is%

1880 rrint using" -# CEEFEEEEEE RS *ye(nd)rysés
1890 if f(s(n)s1)>=0 thern 1930

19200 if f(ns2)=0 then 1950

1910 rrint usind" (-%.#%) -~y f(ry2)yf(s(r)sl)
1920 g0 to 1970

1230 rrint using" ~&.#%"H»f(ny2)

1940 40 to 1970

1950 print tab(44);)

1960 rrint usingd"—-#"+f(s(n)yl)

1970 next n

1980 Frint

1990 rrint *Other samples with same rande (w/n)";
2000 inrut r$

2010 if p$="y"® then 1550

2020 if ré="n" themn 120

2030 g0 to 1990

2040 print"0EF centering around what carbon number®s
2050 inFut 1

2060 let 1=1-2

2070 mat f=zer

2080 dgosub 200

2090 rrint

2100 rrint*date="idatéry"matrix is "if%

2110 rrint

2120 eprint"Samrleitab(11)*Samrle"itab(33)3"0EF"5t3b(42) 3 "Missing”
2130 rrint"Number Name" s tab(30) s

2140 rrint using*Center=—% Alkanes"y1+2

2130 print

2160 for n=1 to s

2170 for i=1 to 144

2180 if m(s(r)yi—-11)30 then 2210

21920 let f(s(r)sl)=i

2200 gHo0 to 2230

2210 next i

2220 let f(rns2)=Cm{s(r)y1-1104+6Xm(s(r)y1-)4m{s(rn)s1-7))/(Akm{(s(r)s1-10)+4%Xm(s
\Ne(m)ry1-82))"(=17(141))

2230 next n

2240 dosub 3390

2250 for m=1 to s

2260 reset #3is(n)-1

2270 read #3is%

2280 print usindg" -# SHEFEE L E R R A *re(n)rsés
2290 if P(s(rm)y1)=0 then 2330

2300 primt tab(44);

2310 print using"—-#"yf(s(n)»1)

2320 do to 2340

2330 rrint using" —%.#%"yf(Nny2)

2340 next n

2350 print

2360 rrint"Other samrles with same rande(uw/r)"s
2370 inFrut r$

2380 if re="u" thern 2070

2390 if r¢="n" then 120

2400 do to 2360



2410 rem dissimilarity index

2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2380
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
2740
2750
2760
2770
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2960
2970
2980
2990
3000

dosub 200

srint*Use all(a) comrounds in matrix or not(n)*s
inFut Fé

srint"Total number of comrounds to be used="}
inFut n

if pe="a" then 2500

if p$="n" thern 2540

do to 2430

for x=1 to n

let c(x)=x

next X

g0 to 2850

let x=1

erint'Inrut contiguous randges before non-contid. comrounds®
erint*Contiguous Comrounds (w/nd)*s

inrFut &%

if pé="u" then 2660

if p$="m" then 2610

g0 to 2560

rrint*Comround Number="j

ineut o)

let w=x+1
if #xn then 2750
g0 to 2610

rrint*What rande (lowshigh)®j
inrFut lsh

if 1<h then 2700

g0 to 2660

for w=l to h

let c()=y

let x=ux+l

next o

if wi=p then 2360

rem sort inl}ncreasing order
for u=n to 2 steyr -1
for w=x~1 to 1 ster -1
if el(w)ic(x) then 2820
let u=c(y)

let c(w)=c()

let c(x)=u

next 4

next =

print

rem create normalized matrix of a8ll samrles
for w=l to 25

let t=0

for %=1 ton

let t=t+m(wrc(x))

next x

if t<x0 then 3090

let m(wry0)=1

for x=1 to n

let m({yy)=0

mext «

let x=1

if s()=w then 3010
let »x=n+l

if xa=g then 2970

do to 3120

23



3010 ‘reset #3is(u)-1

3020
3030
3040
3050
30460
3070
3080
3090
3100
3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
3210
3220
3230
3240
3250
3260
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360
3370
3380
3390
3400
3410
3420
3430
3440
3450
3460
3470
3480
3490
3500
3510
3520
3530
3540
3550
3560
3570
3580
3590
3600

read #3in$
gosuh 3050
g0 to 3120
srint

Frint "NOTE-NONE OF THE INDICATELD COMFOUNDS ARE PRESENT IN "ing

rrint

return

for u=1l to n

let m(gy:))=mlwrc())/t

next x

next o

rrint

erintt*date="sdatéy"matrix is "sf¢
rrint

rrint "Reference Samrle Numher(Maw be other than

inFut @

reset #3iec-1

read #3in$

if m{ar0)=0 them 3230
dosuh 3050

g0 to 3710

rrint

Frint"DISSIMILARITY INDEX OF SAMFLE *said

#rint

for w=1l to s

let t=0

for =1 to n

let t=ttsbsim(s{(w)y)-m(@y:))

next x

let f(us2)=t/2

next o

rrint"Samsle Samrle Diss.

rrint *Number Name Index"

rrint

dgasuh 3390

let f=g=0

g0 to 3520

rem sort in increasing order
for =1 to s-1

for u=x+1l to s

if F(xy2)Ff(ue2) then 3490
let t=Ff(xy2)

let u=s(:)

let F(xe2)=F(uy)

let s()=s(w)

let f(ur2)=t

let s(u)=uy

next o

next

return

for =1 to s

if s(x)=x then 3680

if m(s(¢)y0)=0 then 3570
let dg=d+1

g0 to 3680

if m(s(x~1)y0)=1 then 34600
let d=f(y2)~F(~192)

g0 to 3610

let d=f(y2)~F(~1~gy2)

Y

"ind

elta®

inrutted samerles)="3



34610 wreset #3!s(:)~1

3620
3430
3640
3650
3660
3670
3680
3690
3700
3710
3720
3730
3740
3750
3760
3770
3780
3790
3800
3810
3820
3830
3840
3850
3860
3870
3880
3890
3200
3910
3920
3930
3940
3950
3960
3970
3980
3990
4000
4010
4020
4030
4040
4050
4060
4070
4080
4090
4100
4110
4120
4130
4140
4150
4160
4170
4180
4190
4200

read #3in$

if f=1 then 3670

let f=1

frint using" -# SEFFEFEEREHEF R A RS ~ FEE s (2D S T (9 2)
g0 to 3680

Frrint using" -# SEEFEEEFEEEEEEEFLEEEE - H43 ~RERE " ys ()t (3

next

Print

Frint

Frint*Another Reference Samrle for D.I1.(4/n)"%s
inPut 7%

if ré$="uw" then 3160

if r8="n" then 3760

g0 to 3710

rem must recreate matrix m

for x=1 to 25

let mGy0)=0

next x

€0 to 60

rem Multirle numerators/dernominators Ratios
rem Fill numerastor/dernomerator matrix
Frint*Maximum Numerators or Denominators is 9 each.”
for =1 to r

erint*"Number of numerators in ratio"sxs"=";
inFut n

if n»9? then 3850

let r{10sx)=n

for w=1 to n

rrint® Numerator®sus"® ="3

inrut rlwrx)

next o

Frint"Number of dernominastors in ratio"ixsi"="j
ineyt d

if d>9 then 3930
let r(20y:)=d
for u=1 to d

Frint” Dernominator"sus " =";
inFut r(g+10y30)

next o

next

for x=1 to r

rrint"Ratio® s«

rrint® Numeratorg="j;
for =1 to r{10y:)

reset #2ir(uyu)-1

read #2int

if w=r(10s:) thenrn 4110

rrint nes"+"y

g0 to 4120

srint né$

next o

Frint* Nenominatorg=";
for u=1 to r(20su

reset #¥2:Ir(u+10s:)~1

read ¥2ins$

1if 9=r(20y:) then 4200
Frint ney"+";

g0 to 4210

#rint n$

y2)edd



4210
4220
4230

240
4250
4260
4270
4280
4290
4300
4310
4320
4330
4340
4350
4360
4370
4380
4390
4400
4410
4420
4430
4440
4450
4460
4470
4480
4490
4500
4510
4520
4530
4540
4550
4560
4570
4580
4590
4600
4610
4620
4630
4640
4650
4660
4670
4680
4690
4700
4710
4720
4730
4740
4750
4760
4770
4780
4790
4800
4810
4820

next o

aext o

rem fill ratio matrix

for x=1 to r

let m=r(10y:)

for u=1 to n

let n(g)=r{gy:)

next v

let d= r(20:0)

for u=1 to o

let d(uy)=r(y+10y:)

next v

for w=1l to s

let d=k=0

for z=1 to n

let g=dtm(s(w)yn(z))

rext =

for z=1 to d

let k=k+m(s(uw)ryd(=))

next =

rem test demnominator for rero

if k<>0 then 4450

let r{s(u4)y»)=9999

g0 to 4460

let r(s(u)y:)=d/k

next w

next

rem #rint table according to inrutted samele order
gosub 4660

gosub 1240

srint"Frint table with ratios sorted (g/m)*s
inFut &%

if pé="u* then 4560

if ré="n" themn 120

g0 to 4510

rem print table asccording to one sorted ratio
gosub 1160

gosub 3390

gosub 4660

gosuty 1240

rrint*Another sort (w/n)";s

inFut =%

if ,E="n" then 120

if rE="u" then 4570

g0 to 4610

rem multisrle rum/dem heading
erint

rrintt*date="idatéry"matrix is "5f¢
Frint

rrint*Samrle Samrle '
for x=1 to r

#rint"® RATIO *»

next x

#rint

print"Number Name vy
for u=1 to r
frint using® - "y
rnext

rrint

erint

return

end
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