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Preface

The purpose of the workshop is to provide an overview of the meth-
odology for creating geologic data bases and the subsequent utilization
of the data via interactive computation and computer graphics for re-
solving specific resource problems. To meet this overall objective,
the workshop has been organized to follow from the creation of a mineral
resource inventory file through specific resource applications. The
workshop is made up of examples which illustrate the nature of this
activity. The examples are:

I. Data-Base-Construction.- A step-by-step explanation of the

development of a computer-based mineral deposit inventory beginning
with the conversion of a "needle-sort" card file to GRASP using
CONVERT. Emphasis is placed on the principles of data base construc-
tion and the general applicability of interactive files.

II. Utilization of a Mineral Deposit Data Base.- Demonstration

of interactive data retrievals using GRASP. The example illustrates
the relationships between the data retrieved, its use, and subsequent
display. An application of computer graphics is included:

III. Decision Modeling. - Demonstration of decision modeling applied

to mineral deposits in Central Norway. Included are syntheses of remote
sensing, geologic, structural and geophysical data for the purpose
of identifying favorable areas of search for future exploration.

IV. Toromocho Porphyry Copper Model.- A detailed analysis of the

application of computer graphics to a geologic data base for the Toro-

mocho porphyry copper deposit in Peru. Primary emphasis is placed on



the use of computer graphics in resolving specific economic, policy
and engineering problems.

V. Computer Applications Software for the National Coal Resources

Data System. - An example of a large "custom-tailored" data retrieval

system and the subsequent treatment processes presently used for the

coal resources program of the United States Geological Survey. In this
system, the data attributes and the user community are prime considerations.
Computer graphics are utilized to meet specific requirements in coal

resource estimates.



EXAMPLE I

Data Base Construction

Existing worldwide mineral deposits data far surpass the resources
of any organization to properly handle on a day-to-day basis. The in-
creasing demand for data on short notice in varying formats literally
demands that the data be stored in a computer processible form. For
data stored on cards, sheets of paper or other forms which require manual
retrieval, the need to convert to a computerized form is obvious. The
following illustrations provide a step-by-step explanation of a conver-
sion of a "needle-sort" card file on mineral deposits in Korea into
a fuliy processible computer-based data file. The steps outlined in
the following five figures provide a general guideline as to how data

bases can be constructed.



FIGURE 1

Sample of original Korean mineral deposit data document

The original data document in figure 1 is not unlike much of the
original data which exist on mineral deposits in current files world-
wide. There is no doubt that this kind of information is valuable;
in its present form, however, any use of information of this type either
for reporting purposes or for analysis is all but impossible. Clearly,
here is a situation where a computerized system for storage and re-
trieval of data is justified. With such a system, data could be re-
trieved, manipulated, and displayed in any desired format. Furthermore,
the existing data could be updated without serious difficulty. Let
us consider, therefore, constructing a mineral deposit data file using
GRASP (Bowen, R.W. and J.M. Botbol, 1975). The data for the example
are based on Korean mineral deposit records on file at the U.S.

Geological Survey.
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FIGURE 1

Sample of original Korean mineral deposit data document
s .



FIGURE 2

Unit records of raw data

For the Korean mineral deposit data, the type of structure most
suited for storage and retrieval is a relational data structure. For
relational structure, the concept is that of a group or table of
RELATIONS. The columns represent the attributes and the rows the en-
tities. For the Korean example, the entity is the mineral deposit and
the attributes are the descriptive elements of the deposit. A unit
record consists of a set of descriptions for a mineral deposit. The
file is the set of unit records.

The coded form of figure 1 is shown as unit record 0001 in figure
2. Note there are different data type entries; for example, "changsu
mine" (name) = variable length character string, "1915" (year of dis-
covery) = integer, and "0.1" (Mo%) = floating point. Under GRASP, there

are six different data types allowed.
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FIGURE 3

Reformatted unit records

To provide ready access for GRASP, the unit records in figure 2
are reformatted for use in the CONVERT program (Bowen, R.W., 1977) which
is used to generate the files expected by GRASP. In this instance,
a fixed record length of 80 characters per line is specified. The
columns are divided into fields and within each field is a number, a
character string or a blank which represents the value of the respec-

tive attribute.
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FIGURE 4

Ancillary files for CONVERT to GRASP

In addition to the raw data file in figure 3, the CONVERT program
requires files which contain information on the structure of the raw
data file. The data definition (DD) file contains the name of each
variable, the data type and the position of the field in the input
records of the raw data file. The first record of the DD file contains
the total number of fields, the total number of characters in each
record of the raw data file, and the number of lines (that is, 80-charac-
ter groups) to skip before processing begins. The mask file contains
the name of each variable and the data type. The definitions file
contains this same information together with the complete description
of each variable.

Once these files and two others have been generated, the CONVERT
program is executed. It is at this stage that the data are compressed

and stored for later retrievals by GRASP.
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FIGURE 5

Dump of records from GRASP

Using GRASP, the entire contents of each unit record can be dis-
played. In this instance, the contents of the first two records of
the Korean mineral deposit data base are shown in figure 5. The first
record can be compared with the original data document in figure 1.

In the next example, a variety of GRASP retrievals are presented.

References
Bowen, R.W. and Botbol, J.M., 1975, The geologic retrieval and synopsis
program (GRASP). U.S. Geol. Sur. Prof. Paper 966, 84 p.
Bowen, R.W., 1977, >udd>GRASP>grasp.info., U.S. Geol. Sur. Honeywell

Reston Multiecs System, 4 p.
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EXAMPLE II

Utilization of a Mineral Deposit Data Base

In the previous example, it was demonstrated step-by-step how a
mineral deposit data base can be constructed. In this example, it is
shown how such data are retrieved, manipulated and displayed. The re-
trievals are made through GRASP.

The following four figures illustrate some of the many possible

GRASP retrievals.

1k



FIGURE 6

GRASP commands

GRASP is a program to provide retrieval and manipulative capabil-
ities for two-dimensional relational data bases. Intended for use
in a time-share computing environment, GRASP communicates with the user
through a series of commands which are listed in figure 6. Once the
user masters these 15 commands, the user commands GRASP. In figure
6, the help command has been executed. A GRASP session consists of

a series of such commands.

15
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FIGURE 7

Examples of GRASP retrievals

A broad spectrum of retrieval and data manipulative capabilities
are possible using GRASP, In figure 7, a few of the possibilities are
shown. The function command provides for the computation of functions
for items in the data base. In the example, the mean statistics are
requested for the annual Cu, Zn and Pb production, respectively. Only
a few records contained information on production; however, the results
are reported even if the information is available only for a single
record. The conditions command initiates the request for retrieval
ceriteria. In the example, the conditions are that éhe annual produc-
tion for Cu, Pb, Au and Zn be greater than zero. The logic command
initiates the request for a logic operation. In the example, the con-
ditions are combined by a logical .OR. relation. The search command
initiates a search of the data base based on the previously defined
logic. The user can create a file of the output of a search. In this
case, tﬁe output file is given the name "sample" and contains the 11
records which satisfied the request. The list command allows the user
to list selected values in a file. In the example, the type of deposit,
name of mine and the ore mineral of the 11 records in "sample" are
requested. The items can be listed by column or by row as shown in

fipure 7 and continuing in figure 8.
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FIGURE 8

More examples of GRASP retrievals

The define command is used to define new variable names in terms
of the original variables. In the example, the variables longdec and
latdec are defined and represent longitude and latitude expressed dec-
imally, respectively. The purpose is to generate a graphic display
of selected mineral deposits. In order to determine the area to be
displayed, the mean statistics of the latitude and longitude of the
deposits to be plotted are calculated using the function command.

The multics command permits execution of multics commands, that is,
commands outside GRASP. In the example, the multics command map is
executed and the appropriate input data provided. Not shown in the
example was the creation of the file named "koreax" which contains the

values of longdec and latdec for the deposits to be plotted.
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FIGURE 9

Map display of selected Korean mineral deposits

From the information provided to the entry requests of the multics
map command such as the desired projection, title, map area, boundaries
and so forth, the map in figure 9 was produced. The data shown plotted
on the map are the 11 mineral deposits having coordinate references
in the aata base. In a matter of minutes, therefore, a special purpose
map was produced which could have been used to satisfy an immediate
request, to explore some newly discovered relationship in the data base
or else to provide a quick-look before proceeding with a finished product.
In every case, the user is in touch with a system with dynamic flexibility

and ease of operation, two very important human requirements in computing.
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EXAMPLE 111

Decision Moadeling

Rarely does the geologist have sufficient data to guarantee success
in exploration. In part, this is due to lack of sufficlient areal cover-
age. Considering the size of most exploration targets in relation to
the area of search, it is not surprising that insufficient data are
usually collected. In greater part, however, it is the limited under-
standing of the significance of observations relative tc a particular
deposit model which gives rise to the greatest uncertainty in explora-
tion. As a partial remedy, decision modeling has been developed to
assist the exploration geologist in reducing this uncertainty. Deci-~
sion modeling is a computer-based method which allows the exploration
geologist to create, test and apply deposit models haser on multi-
variate data. Using deciczion modeling, the favorability of a region
with respect to a wide variety of models is readily evaluated. Deci-
sion modeling is performed in a time share computing environment. As
a result, modeling and ronionai cvaluatiorns are performed dynamically
allowing full flexibility in model formulation and characterization
of regions. A full account of the method in this workshop is inappropriate.
However, the method can be demonstrated by taking an example using mineral
deposit data from the Grong area of central Norway. In central Norway,
massive sulphide deposits ceccur in rock types and geologic structures

which have heen mapped extensively. Remote sensing data are available
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FIGURE 10

Known mineralized area in central Norway

Using the program, a display of the known mineralized locations in
central Norway is shown. The plus (+) sign indicates that at least one
ore deposit occurs within the respective cell. Each cell measures 1.25
km on a side. The zeroes (0) indicate areas in which deposits could
oceur based on the geology. The blank cells are considered outside the
area of interest. The cells with enclosed squares represent the chosen
model. The model represents an area characterized by massive sulfide
deposits in a particular geologic setting. By an appropriate choice
of variables, it will be demonstrated how areas of similar geologic setting

outside the model area can be identified.
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FIGURE 11

Variable selection

The selection of variables in decision modeling is accomplished
by inspecting the observed associations among all variables. In figure
11, the 24 variables to be considered are listed. Variables 1 through
13 were derived from remote sensing data and represent density slices
and the averages for bands 4 and 7. Variable 14 shown in figure 10
represents the presence or absence of mines within a given cell. Vari-
ables 15 through i9 represent the percentage within each cell of dif-
ferent rock types. The latter information was obtained from geologic
maps prepared at a scale of 1:100,000. Variables 20 and 21 refer to
distances from prominent structural features in the area. Variables
22 and 23 refer to computed values based on aeromagnetic data collected
for the region. Variable 24 is a discriminant index constructed from
control data outside the map area. Thus, the variables to be consid-
ered represent information from remote sensing, geologic, structural
and geophysical data. For each variable, a plus (+) sign for a cell
indicates a value which is anomalously greater than the values in neigh-
boring cells. A minus (-) sign indicates a value which is anomalously
lower than the values in neighboring cells. A zero (0) indicates that
the value is neither higher or lower than the values in neighboring
cells and a blank indicates missing data. For non-missing data, there-
fore, the possible values of each variable form a ternary array ex-

pressed as (1, 0, - 1).
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FIGURE 12

Associations of variables .I.

For the 7 cells selected as the model, the associations among all
24 variables are shown in figures 12 and 13. In figure 12, the product
matrix is displayed. The product matrix is defined as the product of
the transpose of the 7x24 data matrix times the data matrix. The dia-
gonal elements represent the difference for each variable pair between
the number of positive-positive or negative-negative matches aﬁd the
number of positive-negative or negative-positive matches. The highest
possible value along the diagonal is 7 which happens for variable 14.
Associations of the other variables with variable 14 can be seen by

inspection.
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F1GURE 13

Associations of variables .II.

In figure 13, the tally matrix and the probability matrix for the
24 variables are displayed. The upper right triangular portion of the
tally matrix contains the number of positive-positive matches and the
lower left triangular portion contains the number of negative-negative
matches for each variable pair. The diagonal element of the tally
match contains the number of +1's for each variable. The upper right
triangular portion of the probability matrix contains the number of
positive-positive or negative-negative matches for each variable pair
and the lower left triangular portion contains the probability expressed
as a percentage that this number is not due to chance.

By studying the associations revealed in the product, tally and
probability matrices, it is possible to select an appropriate subset
of variables. In the example, it is seen that variables 5, 9, 18 and
24 are anomalous in over half the 7 cells in the model and are mutually
related. Thus, these 4 variables are selected as the components of

the model.
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FIGURE 14

Selection of subsets of variables

Returning to the variable selection step in the decision modeling
program, the subset of variables selected for the model is now specified.
The selection of variables numbered 5, 9, 18, and 24 is shown in figure

14,
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FIGURE 15

Weight calculation

For the four variables selected for the model consisting of seven
cells, the product, tally and probability matrices clearly show the
associations among the four variables. The variable weights are calcu-
lated as the first principal ccnponent of the product matrix. The
weights are expressed in terms of a unit vector. In the example,
variable 18 which represents the rock type greenstone has the highest
weight and is considered the most important attribute of the model.

Of second importance is variable 24 which represents the discriminant
index. Of third, and of equal importance, are variables 5 and 9 which
represent different fractiles of spectral bands 4 and 7. Using the

weights obtained for these four variables, it is possible to evaluate

all cells in the area relative to the model.
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FIGURE 16

Degrees of association

As a prelude to mapping the similarity of cells to the model, a
histogram of the computed values of similarity for the model cells
and non-model cells is generated and shown in figure 16. The frequency
and percent frequency are tabulated by class interval. In the example,
there are seven non-model cells associated with the two model cells
with the highest similarity values and it is these seven cells which
are of most interest. By selecting a cutoff value of 0.72, it is possible
to divide the distribution into two classes in which one class of cells
is considered as being similar and one class of cells dissimilar to

the model.
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FIGURE 17

Similarity map

Based on a cutoff value of 0.72 for the histogram data in figure
16, a map showing the distribution of the two classes of similarity
is presented in figure 17. Cells with the number 1 are judged as being
dissimilar. Cells with the number 2 are judged to be similar to the
model. Blank cells indicate missing data. By comparing figure 17 with
figure 10, it can be determined that two of the seven cells judged
similar (circled in figure 17) contain known deposits. Of the 260 non-~
model cells for which data are available, 34 contain known deposits.
Thus, even if no new deposits are discovered in the five non-model cells
Judged similar to the model, the number of cells with deposits "dis-
covered" by the model is twice the number expected by chance. Such
a result clearly demonstrates the value of decision modeling for ex-
ploration. Moreover, the non-model cells judged similar to the model
and which do not contain known deposits are considered favorable for

purposes of resource appraisal.
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EXAMPLE IV.
Toromocho Porphyry Copper Deposit, Peru

In the case of the Toromocho porphyry copper deposit, the original
data consisted of comprehensive conventional engineering maps, geologic
maps, and assay data for 12 elements. Surface samples, samples for
underground workings, and 2000 samples from approximately 150 drill
holes were assayed, All data were computerized and recorded on mag-
netic tape.

On the basis of the area of influence of the known data, the de-
posit was divided into 26,000 bloecks 45 m wide x 45 m long x 15 m thick.
The original data set included assays for 12 elements; total copper,
copper oxide, lead, zinc, silver, gold, molybdenum, bismuth, tungsten,
arsenic, and antimony. It was determined that the most significant
elements were total copper, lead, zinc, silver, and molybdenum. These
elements were used as the basis for an "interpolated" (or "predicted")
model of the mine. Using the method of Kriging, a mine model of assay
values was constructed from the blocks of known metal content. This
model was transformed into GRASP form for subsequent computer processing.

The following figures present a GRASP scenario which encompasses
the retrieval analysis and display of the Toromocho mine model data.

The scenario was executed on a Tektronix 4014 CRT (cathode ray tube)
computer terminal. Due to the fact that the terminal is of the '"stor-

age tube" type display, image scrolling was not possible, and the scenario
was interrupted each time the screen was filled. During each inter-
ruption, a hard copy was made off the screen image, the screen was
cleared, and the scenario resumed. Thus, the eight figures that follow
present a single scenario. In the figures, the user's response is under-

scored. Where the response is a carriape return, (CR) is indicated.
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FIGURE 18
Initiation of "GRASP" scenario, selection of data base,

and display of stored variables

Following the login to the computer, GRASP is initiated by typing
grasp. This places the user in GRASP. The data bases available on
the user's account are first displayed. In this case, there are six,
and amigo is the data base selected. Amigo contains the Toromocho mine
model data. The names command invokes a display of the variables that
comprise amigo.

For the Toromocho model, the unit record contains the data for
each mine block which has six variables; index number, total copper,
lead, zine, silver, and molybdenum. The index number is a 6-digit
integer (type code = 1) in which the first two digits represent the
block number in an E-W direction, the second two digits represent the
block number in a N-S direction, and the third two digits represent
the block number in a vertical direction. The other five variables
are real numbers (type code = 2) and represent the assay values for

copper, silver, lead, zinec, and molybdenum, respectively.
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FIGURE 19

Definition of new variables, selection of retrieval conditions, and
establishment of logical relations between variables

By using the define command, the original six variables are trans-
formed to a set of 11 new variables for use during the computer retriev-
al session. These 11 temporary variables are shown in figure 19.

Note that the first user entry in the define list is "read joe".
This is a message to GRASP that says "a new definition list has already
been created and is in a file called 'joe'; please read that file and
load the definitions into the appropriate part of GRASP". Inasmuch
as "read joe" 1s not a definition, GRASP does not begin numbering until
the first definition entry of the file is actually read.

The new variable level is the height (in meters) of a block above
sea level. It is calculated using the rightmost two digits of index.
The mod function is used to decode index. In the context of the GRASP
define command, mod is the remainder of a number divided by 10. Con-
sider the following example:

given: index = 147925

bench height = 15 m

elevation of base of mine = 4200 m
find: elevation of the block
solution: a = mod (index) = 5

b = mod (index/10)*10 = 2¥10 = 20
level = (a+b-1)*bench height = 4200 =
(5+20-1)%15 + 4200 = 4560 m

Similar calculations are performed in the conversion of index into
a northing and an easting.

The formulas for converting assays to $/ton of rock are stored
in a file called "dolval". To compute $/ton of rock from an assay value,
the following formula is used:

$/ton = (volume) x (specific gravity) x (price/ton) x assay value
where

volume = 15 mx 45 m x 45 m

and

specific gravity = 2.7

Once the 11 new variables are defined, the next step is to specify
the criteria for retrieval. In the example, the conditions specified
are: (A) mine level = 4545 m,, and (B) copper assay greater than 0.5%.
The .and. relation between conditions (A) and (B) is specified by exe-
cuting the logic command. This is invoked at the bottom of figure 19,
and completed in figure 20. Thus, every mine block at the 4545 m level
in which the copper content is greater 0.5% is to be retrieved.
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FIGURE 20

Data base search, retrieval and output list specifications

After the conditions and logic commands are executed, the search
of data is begun. GRASP does not require the name of the input master
file to be specified, so a CR defaults the input file name to the name
of the master file (that is, amigo). The name of the file into which
the retrieved data are put is xxx.

GRASP indicates that it searched 25,578 records and found 259
blocks at level 4545 which had copper assay values above 0.5%.

To process the data further, a program called PLOTEM is used.

The input to PLOTEM is a character file which is the output from GRASP
written in columnar form. The list command is executed on the file

xxx and the disk output option selected.
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FIGURE 21

GRASP exit to multics and PLOTEM initiation

When xxx is output to disk as a character file, it requires a name
so that it can be identified later by PLOTEM. The assigned name in
figure 4 is 14545, The variables to be written onto disk for the ex-
ample are the easting, northing, copper assay, and "$ value of copper/
ton of rock".

Once the data set 14545 is created, a multics command can be ex-
ecuted because GRASP permits access to any programs at the systems level.
In this case PLOTEM is selected.

When initiating interactive graphics, it is necessary to spec-
ify the CRT terminal transmission rate. In this instance, the terminal

is operating at a speed of 960 characters/sec (9600 baud).
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FIGURE 22
Selection of file to be processed, variables to be evaluated

and type of map to be generated by PLOTEM

PLOTEM asks for the name of the file to be processed (in this case,
14545), the number of variables and the positions in ;he record of the
variables that correspond to the x and y directions of the map. A plan
map is selected as the type of map to be plotted, and variable 3 (copper
assay) is selected as the variable to be mapped.

For the variable, PLOTEM determines the range of the copper assay
values, and prompts the user on whether or not to generate also a
grade/tonnage curve. In this case, a grade/tonnage curve is desired
and PLOTEM waits for the user to copy the screen and enter a CR to

proceed.
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FIGURE 23

Grade/tonnage curve

PLOTEM clears the screen and draws the grade/tonnage curve shown
in figure 23. It should be noted these are the data that were re-
trieved originally and stored in xxx and then transformed to 14545,
Thus, the grade tonnage curve reflects only those data. The ordinate
is scaled to million metric tons of rock because each 45 m x 45 m x
15 m block contains approximately 82,000 tonnes.

Once the curve is drawn, PLOTEM waits for a CR to continue.
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FIGURE 24

Selection of contour intervals and frequency distribution generation

PLOTEM asks for the number of intervals into which the data will
be divided, in this instance, four. Next, the five boundaries of
the four intervals are specified, and the frequency distribution print-
out option is selected.

PLOTEM prints the computer system clock time and this is followed
by the frequency distribution. The time serves as a unique screen
image identifier that can be used to sort the distributions (and their
associated maps) generated during an active session.

PLOTEM asks for a title of the map to be plotted, pauses to allow

for copying, and expects a CR to continue.
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FIGURE 25

Plan map of data values

’

The final PLOTEM product is a plot of the values tabulated in the
frequency distribution in figure 24. The numbers refer to the class
in the frequency distribution. For example, "1" indicates that a block
contains between 0.6 and 0.7% copper, "2" that a block contains between
0.7 and 0.9% copper, and so forth. "0" indicates that a block contains
less than 0.06% copper which is the specified lower boundary for this
particular run. The system cloclk time is printed also.

Plan maps such as the one shown in figure 25 are valuable aids
in mine planning and for economic evaluation of mineral depostis. The
dynamic flexibility, ease of calculation and subsequent graphic dis-
play afforded by GRASP coupled with PLOTEM offer a new dimension for
the mining engineer or geologist. It is anticipated this approach

will become commonplace within a few years.
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EXAMPLE V
Computer Applications Software for the
National Coal Resources Data System

Software for the National Coal Resources Data System has been de-
veloped in two phases. Phase I software provides interactive retrieval
and editing capability for access to, and modification of, the National
Coal Resources Data Base., Results of retrievals can be summarized and
tabulated in formats compatible with published coal resource documents.
This part of the system has been operational for two years.

The Phase II software called GARNET is a set of interactive pro-
grams developed to aid the commodity geologist in analyzing and eval-
uating resources when dealing with irregularly-spaced, point-located
field data. With this system of programs, the geologist can generate
an interpolated grid surface based on measured values at each of a set
of observation points. From these interpolated surfaces, the geologist
can produce structure maps, coal thickness maps, maps showing the ratio
of thickness of overburden to bed thickness maps, and resource maps.

Outcrop and political boundaries can be added to the data set by
means of a digitizer. Thickness, overburden, or chemical concentra-
tion boundaries can also be added. The program allows for a variety
of different combinations for computation. The resource maps produced
are based on the standard reliability category distances from the point
of field observation. Volume and tonnage values are computed for each
reliability category and for each set of boundary constraints.

The calculations and subsequent map displays can be accomplished
during a single session at an interactive graphics terminal. An option
is provided, however, for creating a plot tape to produce maps off-line
on a plotter if it is desired.

GARNET was designed to meet the growing need for more accurate
and more rapid computation of coal resource inventories. It automates,
in effect, those time-comsuming tasks that heretofore the geologist
performed manually.

The following eight figures illustrate the applications for which

GARNET was designed. A simplified set of data are used for the purpose
of this workshop.
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FIGURE 26

Contour plot of a topographic surface

Figure 26 is an illustrative example of a contour plot of a topo-
graphic surface. In the future, gridded data for actual surfaces will
be provided by the Topographic Division in the U.S. Geological Survey

and will be compatible with published 73} minute quadrangle topographic

maps.
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FIGURE 27

Structural contour map of a coal bed

Figure 27 demonstrates the ability of GARNET to generate a contour
map given a set of irregularly-spaced data points with the correspond-
ing structural elevations of a coal bed. The irregularly-spaced points
are processed by GARNET to produce a gridded data set. The gridded
data are then used by GARNET to produce the contour map shown in the

figure.

60



poq TePd B JO dBw InO3U0D TBINIONILLSG

JRARCE (|

Q-g18e

-

o' shez

*

\\

~ e

a0vauns AdNLONALS

T

'
o.mwowa V0D 40 dVH NOIIVAZId
— *

1
i
!
]
]
-

61



FIGURE 28

Coal isopach map

Similarly, a contour map of coal thickness can be generated from

the irregularly-spaced thickness measurements.
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FIGURE 29

Thickness of overburden map

Figure 29 demonstrates the capability of GARNET to produce a con-
tour map of the thickness of overburden obtained by subtracting the
grid values of the structural elevation of a bed from the correspond-

ing grid values of the topographic surface.
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FIGURE 30

Ratio of thickness of overburden to coal thickness map

Figure 30 is a contour map of the ratio of the thickness of over-
burden to coal thickness, obtained by dividing the grid values from
the previously obtained thickness of overburden map by the correspond-

ing grid values for the coal thickness map.
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FIGURE 31

Example of coal resource map with eroded region excluded

Figure 31 is an example of a coal resource map consisting of an
overlay of the coal thickness contours together with the observation
points. A digitized boundary of the coal outcrop is used to exclude
resource calculations for the eroded region (shown with the dashed con-
tours). Resource volumes (and, hence, tonnages) computed for a radius
of one quarter mile from the observation point (note smaller circles)
define the measured resource category. Resource volumes computed
from a radius of one quarter mile to a radius of 3/4 miles (note
larger circles) from the observation point define the indicated re-

source category.
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FIGURE 32

Coal resource map which satisfies specified conditions

With GARNET it is possible to delimit regions satisfying speci-
fied conditions. For example, it is possible to delimit regions for
which coal thickness is greater than 28 feet. If another region is
delimited by a different condition, that is, a thickness of overburden
to coal thickness ratio greater than 30, it is possible to combine
these two regions into one which satisfies both criteria. An example
of a resource map satisfying both of these conditions is shown in

figure 7.
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FIGURE 33

Topographic contour map of USGS 7% minute quadrangle

Figure 33 shows a topographic contour plot computed from gridded
elevation data supplied by the Topographic Division of the USGS for
the Jewell Ridge Quadrangle. This file contains 62,272 gridded data
points with a corresponding ground separation of 164 feet between grid

points.
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