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Introduction

Introduction

Overview

Geostatistics is used in fields such as mining, forestry, hydrology, and meteorology in order to
understand how data values change over distance. Probably the most common use of geostatistics
is to make estimations, such as the specific gravity of rock for an area where there are only a few
known sample values. This is often done in three-dimensional space. A set of estimated points in
space is known as a “model”. As George Box, a professor of Statistics at the University of Wisconsin
in the United States, once said, “All models are wrong. Some are useful.”

Requirements

Before proceeding with this tutorial, you need to have installed Surpac. Additionally, you should
have a good understanding of the following concepts in Surpac:

o geological database

¢ solid modelling

o block modelling (how to create and constrain a model)
o tclscripts

" Caution: If you do not have a good background in these subjects, many parts of this tutorial
could be difficult to follow.

Workflow

There can be many different workflows for applying geostatistical techniques. The decision of which
techniques to apply, and which order they are applied in is usually something that only experience
will teach you.

Here is a generic process for performing a geostatistical analysis:

Surpac™ 6.6.1 Page 9 0f 238 Geostatistics
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Required files Task: Display the Tutorials profile

Required files

Overview
This chapter will help you find the files required for this tutorial.

Requirements
In order to perform the exercises in this tutorial, you should:

e Install Surpac v6.6.
The files and directory structure for each tutorial are present if you have installed the software from
the DVD.
If you have not installed the software from a DVD:
1. Create the following directory:
<installation directory>/demo_data/tutorials/geostatistics
[§ Note: <installation directory> is c:\users\public\GEOVIA\Surpac\66 for Windows 7.
2. Download the geostatistics tutorial data (contained in a single zip file):
Go to http://www.GEOVIAsupport.com.
Login.
Click the Downloads link.
Click Surpac downloads.

Click Tutorials.
Click 6.4 tutorials to download the zip file.

-0 20 T 0

3. Unzip the file geostatistics.zip into the directory you created.

Tutorial profile
Profiles are a collection of menu bars and toolbars. The tutorial profile contains a set of menus that
assist you with learning various aspects of the software.

Task: Display the Tutorials profile

1. Right-click in the blank area to the right of the menus.
2. From the shortcut menu, choose Profiles > tutorials.

Surpac™ 6.6.1 Page 11 0f 238 Geostatistics
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Required files Task: Display the Tutorials profile

@ Restore
= Menus ]
Toolbars ]
Profiles P |l v | Mo Profie
Windows ’ Set current as default
[l save
hlastdesign
block_model
demo

free_functions
full_screen
geology_database
low_resolution
minedesign
ringdesign
segquencer

solids

survey
tutorials l}

Anew menu bar is displayed, listing all available tutorials.

3. Choose Geostatistics > CD to geostatistics folder.

[ Note: There are two Geostatistics menu items. Select the one on the tutorials menu
bar, as shown:

ftutorials/geostatistics (Profile:tutorials)
zy Database Surfaces Solids Block model Design Plotting  Cust

:imign Underground design Solids Survey

Geological_database | Geostatistics | Graphical_seguencer  Interpalator

:r ﬂ - ? % D to geostatistics folder N \&_x&\}

“iew PDF Tutarial —

2D ¥
3D ¥

This should set your working directory to:
<installation directory>/demo_data/tutorials/geostatistics

This directory contains all of the files required to perform the steps in this tutorial.

Surpac™ 6.6.1 Page 12 0f 238 Geostatistics



Important concepts Task: Display the Tutorials profile

Important concepts

Overview
In order to reduce estimation errors, you should:

o understand the domains

o validate the input data

o understand estimation methods and parameters
« validate the output model

Requirements

There are no requirements for reading this chapter, but you may find some of the principles easier to
understand if you:

o have some understanding of basic statistics
o know what a geostatistical model is or
o have previously performed a geostatistical estimation

Understand the domains

It is important to recognise separate "regions" or "domains" within a model. After you have
identified the domains, it is important to group all sample data contained within each domain into
distinct subsets. After that, you can analyse each subset individually, and use data from each
separate domain to make estimations within that domain.

Validate the input data

The saying "Garbage in = Garbage out" is certainly true in geostatistics. Although sampling theory
and laboratory quality control practices are important concepts which impact the quality of any
estimation made using a set of data values, these subjects are outside the scope of this tutorial.

Assuming that the quality of the data is as good as you’re going to get, there are a couple of
potentially hazardous characteristics of the data which you should look for: "bimodalism" and
"outliers". You can look for both of these features with a histogram. A data set is said to be
"unimodal" if the histogram shows a single peak. If there are two peaks, the data is said to be
"bimodal". If you use some of the more common estimation techniques to create a model based on
a bimodal distribution, it is likely to contain more estimation errors than a model created from a
unimodal data set. Additionally, "outliers", or values which are significantly distant from the
majority of the data, can cause estimation errors.

Understand estimation methods and parameters

There are a large number of estimation methods, and a large number of parameters within each
method. Before using a particular estimation method, you should have a good background in basic
statistics, as well as basic geostatistical principles.

There are a number of functions that the geostatistics module will perform for you. However, it is
important that you understand the underlying principles of geostatistics, so that you understand
the impact of performing a function on the final result.

Validate the output model

A final method you should use to check the quality of estimation is to take time to examine the
output. Histograms of estimated values, contours of plans, cross-sections of block models, colour-
coded and rotated in three-dimensional space are all methods which can be used to verify the
output values.

Surpac™ 6.6.1 Page 13 0f 238 Geostatistics



2D case study: grade control Task: Display the Tutorials profile

2D case study: grade control

Overview

This is a sample project which presents many geostatistical concepts in a common workflow in
Surpac. There are many different types of deposits and the techniques demonstrated here may or
may not be relevant to you.

The concepts presented here use a two dimensional data set representing an area of grade control.
You should examine this before moving on to the three dimensional case.

AT
i
Ore fone 1 !
K
Grade Contral
i Samples
' L7 A
R R
A [ ]
£ ol
A
| I 1 A
W L] FAINE
== [ Ore zone 2
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Domains Task: Display the Tutorials profile

Domains

Overview

One of the most important aspects of geostatistics is to ensure that any data set is correctly classified
into a set of homogenous "domains". Adomain is either a 2D or 3D region within which all data is
related. Mixing data from more than one domain or not classifying data into correct domains can
often be the source of estimation errors.

You will learn about:

o the effect of domains on estimated values
« viewing and using domains

Requirements
In order to understand this information, you should know how to:

« display Surpac string files
e runaSurpac macro

The effect of domains on estimated values

Imagine that you are a meteorologist, and you are given three air temperatures measured at
locations A, B, and C, as displayed below. Based on the values shown, what would you guess the
temperature is at location X? Would you guess that the temperature at location X was greater than
257

A
28

co OO
3

32

Using the information above, you may have the following thoughts:

1. Because location Ais relatively distant from X, the value at A might have little or no influ-
ence on the estimated temperature at X.

2. Because locations B and C are about the same distance from X, they will probably have
equal influence on the estimated temperature.

3. Given the previous two points, the temperature at X would probably be the average of
the temperatures at Band C: (18 +32)/ 2 =25 degrees

4. Because the influence of A has not been accounted for at all, and the estimate is exactly
25 degrees, it is difficult to say with certainty if the temperature at X is above 25 degrees.

Now consider the following. Imagine that you want to go to your favourite beach, but only if the
temperature is 25 degrees or more. You have three friends who live near the beach you want to go
to, and you call them up and ask each one what the temperature is at each of their homes. You draw
the map below, with the locations of each friend (A, B, and C) and the temperatures they give you.

Surpac™ 6.6.1 Page 150f 238 Geostatistics



Domains

Task: View domains

Your favourite beach is at location X. Note that the friend at location B lives high up in the
mountains, while friends at A and C live near the beach.

Using the information above, you may have the following thoughts:

1

The data from B can be ignored, because temperatures high up in the mountains are usu-
ally not good estimates of temperatures on the beach.

Aand C are on the beach, so they can be used to guess the temperature at X.

Because X is between Aand C on the map, the temperature at X will probably be some-
where between the temperature at A and the temperature at C.

Therefore, the temperature at X will be somewhere between 28 and 32 degrees

Because the temperature range of 28 to 32 degrees is greater than the minimum value of
25 degrees, you would probably decide “Yes, I’'m going to the beach!”

Compare this example with the first one. In both cases, all of the locations and temperatures are
exactly the same. However, in the second case, when you took account of the domain which
contains the data, you came up with a considerably different result. The point is that separating data
into similar regions, or domains, is a very important part of making any geostatistical estimation.

Viewing and using domains

Task: View domains

1.

Open gc130.swa.
This data represents some grade control samples, ore zone outlines, and a block model

Surpac™ 6.6.1 Page 16 0of 238 Geostatistics



Domains Task: Separate data for each domain

(constrained by two ore zones) on a single mining bench, or elevation of 130.

AT
i
Qre zone 1 H
B
Grade Control
T Samples
' L7 A
L
A [ ]
/ o
i
[ | 11 A
Y 1] FAINT,
== [ QOre zone 2

Task: Separate data for each domain

Using the ore zone outlines as domains, only those grade control samples which are inside each ore
zone should be used to estimate blocks inside that ore zone.

1. Click Reset Graphics.
2. Open gcl30.str
3. Display all strings as markers.
a. Select Display > Point > Markers.
b. Select Display > Hide strings > As lines.
4. Open gc_orezones130.str.
Notice that gc130.str contains the samples for the entire bench.

Surpac™ 6.6.1 Page 17 of 238 Geostatistics



Domains

5. ChooseFile tools > Apply boundary string.
6. Enter the information as shown, and click Apply.

Task: Separate data for each domain

-

Extract strings inside/outside a boundary

e

Define the boaundary skring
Lacation gec_orezones
1D number 130

Boundary String number |1

Define the existing string files
Lacation gc
IDrange 130
Arvy spak height strings |
Range |1

Define the files ko be created
Location gc_zonel_
ID range 130
Retain string numbers [
Retain descriptions [

Select data (@ Inside Ciutside

|| o4 Cancel |

| o Apply

7. Choose File tools > Apply boundary string.
8. Enter the information as shown, and click Apply.

Surpac™ 6.6.1
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Domains

10.
11.
12.
13.
14.

Surpac™ 6.6.1

Task: Separate data for each domain

Extract strings inside/outside a boundary

S

ID range
Retain string numbers
Retain descriptions

Select data

Define the boundary skring

Boundary String number |2

Define the existing string files
Lacation gc
IDrange 130
Any spat height strings
Range |1
Define the files ko be created

Location gc_zoneZ_

130

@ Inside

Location go_orezones
1D number 130

(7 Qutside

[ @;Apply ][ o4 Cancel ]

L™

Click Reset Graphics.

Open gc_zonel_130.str.
Display all strings as markers.
Open gc_zone2_130.str.
Display all strings as markers.
Open gc_orezones130.str.

Notice that the samples within each domain are now contained within separate string

files.

Page 19 0f 238
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Domains Task: Separate data for each domain

[# Note: This process applies to two dimensional domains. There is a different process for three
dimensional data.

To see all of the steps performed in this task run 2d_01_apply_boundary.tcl.
Menu commands:

Select... to...

File tools > Apply boundary string = apply a boundary to drillhole data.
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Basic statistics Task: Separate data for each domain

Basic statistics

Overview

One of the important preliminary steps in performing a geostatistical evaluation is to understand the
statistical properties of the data. Two characteristics which can potentially reduce the quality of your
estimations are bimodalism and outliers. You can use a histogram to identify both of these.

You will learn about:
o histograms

o bimodal distributions
o creating a histogram.

Requirements
In order to understand this information, you should:

o be familiar with Surpac string files
e know how to run a Surpac macro.

Histograms

A histogram is a statistical term which refers to a graph of frequency against value. A histogram is the
graphical version of a table which shows what proportion of cases fall into each of several non-
overlapping intervals of some variable.

For example, you could represent a distribution of gold grades with the following table:

Number of samples

Gold (g/t)
(frequency)

0.0-0.5 0
05-1.0 | 40
1.0-15 58
15-2.0 82
20-25 40
25-3.0 29
3.0-35 18
35-40 10
40-45 12
45-5.0 5
55-6.0 5
60-65 5
65-7.0 5
70-75 8
75-80 5

You can display this same data in a histogram as shown:

Surpac™ 6.6.1 Page 21 0f 238 Geostatistics



Basic statistics Task: Separate data for each domain

30 7

frequency

chzz

Bimodal distributions
The "mode" is the most commonly occurring value in a data set. For example, in the following data
set, the number 8 is the mode:

13558889
"Bimodal" means that there are two relatively "most common" values which are not adjacent to one
another. In the following data set, the numbers 2 and 8 are equally common, and the distribution is
said to be "bimodal":

12223558889

Imagine that you are studying the average specific gravity, or density of rocks in a coal deposit. A
histogram of all rock samples might look like this:

Any histogram which displays two peaks, as in the previous example, is said to be "bimodal". You
can explain the bimodal distribution in the previous example by the fact that the data set is
comprised of coal samples as well as intervening sandstone and mudstone bands. The specific
gravity values between 1 and 2 are representative of the coal, while specific gravity values between 2
and 3 represent the intervening rock.

Surpac™ 6.6.1 Page 22 of 238 Geostatistics



Basic statistics Task: Create a histogram from string data

Often the source of a bimodal distribution can be two domains being mixed into a single data set. In
order to minimise estimation errors, you should make every attempt to separate any data set which
has a bimodal distribution. In the example above, simply segregating the data based on rock type

would result in two separate normal distributions.
Creating a histogram
Task: Create a histogram from string data

1. Choose Geostatistics > Basic statistics.
2. Choose File > Load data from string files.
3. Enter the information as shown, and click Apply:

-
Basic statistics

Basic | Advanced |

Location go_zonel_
Idrange 130

Skring range

Description Fields for Data

D Field Mame Minimum value

1 o lgold

Maximum value

Histogram Bins Include Coordinate Graphs? [
Mumber = |20
Width g |1

[ @Apply ][ o Cancel ]

The histogram and cumulative frequency are displayed:

gold (raw)

Mumber of Samples

- ; } ]

5 10 15 20 25 aon
class

35 40

B Frequency -+ Cumulative Frequency

4. Choose Display > Histogram.
The histogram is displayed:
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Basic statistics Task: Create a histogram from string data

gold (raw)

Humber of Samples
2 @ 8

[}

5 10 15 20 25 30 as 40
class

B Frequency

5. Choose File > Save as > Image file.
6. Enter the information as shown, and click Apply:

i '
Image File Dump u

Charts ko output | Current Chart - ]

Filename histogram -

¥ Size (Pixels) (500
Y Size (Pixels) 500

[ o7 #oply_] [ 9§ Cancel |

L A

The image (as above) is saved in the current working directory.

7. Choose Statistics > Report.
8. Enter the information as shown, and click Apply:

r‘ B’
Statistic report “

Output Report File Name gc_zonel_1 30stats -
Output Report File Format .ot - Surpac Noke File -
Percentile range |0,90,10;57.5,99;100

Type percentile values and/or percentile ranges separated by semiceolons,

The simplest range specification for more than one value is of the form 1,50
meaning the range 1 through 50 in increments of 1

You may include a step size or increment. For example, 45,75,10 identifies the
range of values 43 to 75 with an increment of 10 (i.e. 45, 55, 65, 73).

Ranges where consecutrve values have iregular spacings are accommodated by
separating values in the range by semicolons. For example, 10:25:50:90.

Both uniform and non-uniform ranges can be combined. For exarmple:
10,90,10;95;97.5

Group data [T
(7] (o Appy ] [ 3 Cancel |
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Basic statistics Task: Create a log-probability plot from string data

The file gc_zonel_130stats.not is created and displayed:

Cutpet Filengse: Jo_Tonel_l30stais
STAtistics Report

File &€ Tonel 130,387
String range a1
variabie gald
mMumber of samples BE
minimum value 0. 0A0000
Maximum walue &3, 530000
rouped Data
Mean e 9 H
Median 2. 650000
GeomeTric Mean 2.222684
Wariance B, ETH0EL
Zrandard Deviaticn ¥, 304768
CoefTicient of variaticn 1. 455685
MOSEAT 1 ABDUE APTTREETIC MEan o, QOO0
MpSErT 2 ABDUE AriThmetic Mean EG. 570051
MoSErT 3 ADOUE AriThmeric Mean 1608, 510391
MomenT 4 ABOUE AriThmeric Mean SE094, 3E1937
Skewmieds 2. 244937
Muriosis T TE0I0L
Matural Log Mean 0. TEET1E
Log variance 2. 947087
0.0 Percentile 1, D000
100 Percentile T 170000
20.0 Percentile 0. ATDO0D
0.0 Percentile 1. 160000
&0.0 Percentile 1. 850000
26.0 Percentile (median) 2. 650003
&0.0 Percentile 4. 215008
T0.0 Percentile . SO0000
&0.0 Percencile B. 650000
.0 Peroencile 23500000
#7.% Percentile L6, 825000
9.0 Percentile 42. 385000
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9. Close the Basic Statistics window.

To see all of the steps performed in this task run 2d_02a_basic_statistics_histogram.tcl..

[# Note: The Basic Statistics Window must be closed when running the file.
Task: Create a log-probability plot from string data

1. Choose Geostatistics > Basic statistics.
2. ChooseFile > Load data from string files.
3. Enter the information as shown, and click Apply:
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Basic statistics Task: Create a log-probability plot from string data

i "

Basic statistics ==
Basic | Advanced |

Locakion gc -
Idrange 130

Skring range

Descripkion Fields for Data

D Field Mame Minimum value Maximum value

Jm |gu:.|d -

Histogram Bins Include Coordinate Graphs? | [
Mumber = |2q
Width & (0.1

| o Apply || 3¢ Cancel |

The histogram and cumulative frequency are displayed for the D1 values in gc130.str:

Gold (raw)

Mumber of Samples
(%] (7%} a Ch [ac]
] [ ) [ ] [ ]
[ ] [ ] (] [ =] ]

—=
o
[ ]

o 5 10 15 20 25 30 35 40
Class

|l Frequency —= Cumulative Frequency|

4. Choose Statistics > Transformations.
5. Enter the information as shown, and click Apply:

( Transform | 28 .|1
Select transform :L::uglﬂ (scale) -
Constant |1
[ g Apply ] [ ¢ Cancel ]
L &

The histogram and cumulative frequency for the transformed data are displayed:
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Mumber of Samples

700

GO0

500
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200
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Task: Create a log-probability plot from string data

Gold (raw)

@1 110
class (log10 scale)

B Frequency -+ Cumulative Freguency

6. Choose Display > Probability Curve.
The histogram and cumulative frequency are displayed, as shown:

Frob. Plot

0299 4

0.88 1
0.85 -
0.84 -

0.5

0.16 -
0.05 4
0.01 1

0.001 4

Gold (raw)

0.01

@1 1o
class (log10 scale)

— Prob. Plot

[ Note: The Log-Probability graph will be a straight line for a true lognormal distribution.

7. Choose File > Save as > Image file.
8. Enter the information as shown, and click Apply:

-

Image File Dump I&

Charts ta autput :Current Chart -
Filename log_probability. prg -

¥ Size (Pixels) (500
Y Size (Pixels) 500

[ oy Apply ][ ¢ Cancel ]

L

The image (as above) is saved in the current working directory.
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Basic statistics Task: Create a log-probability plot from string data

9. Close the Basic Statistics window.
[ Notes:

o To see all of the steps performed in this task run 2d_02b_basic_statistics_log-

probability.tcl.
o The Basic Statistics Window must be closed.

Menu commands:
Select... to...
Geostatistics > Basic statistics open the Basic Statistics window.

From the Statistics Window:

File > Load data from string files load the drillhole data.

Display > Histogram create a histogram.

Statistics > Report create a report.

File > Save as > Image file save the histogram as an image.
Statistics > Transformations scale the data.

Display > Probability Curve create a log probability plot.
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Outliers Task: Create a log-probability plot from string data

Outliers

Overview
Outliers are data values that are much higher (or much lower) than most data values in a single
domain. You should either "cut" them down (or up) to some value, or remove them.

You will learn about:

o outliers and topcuts
o methods of determining a topcut value
o applying a topcut

Requirements
In order to understand this information, you should:

o be familiar with Surpac string files
e know howto run a Surpac macro

Outliers and topcuts

An "outlier" is a statistical term for a value that is significantly different than the majority of all other
values in the data set. For example, in the following data set, the number 236 would be considered
an outlier:

1355888236
Outliers can cause "noisy" experimental variograms, which are difficult to model. Additionally, if you
use outliers in an estimation, they can cause unrealistic results. One technique to reduce the effect

of outliers is to apply a "cutoff", or "topcut"” to them. In the example above, the value of 236 could
be "cut" by changing it to a value of 9:

13558889
The alternative is to remove the outlier value:
1355888

Methods of determining a topcut value
There are many methods that you can use to determine a topcut value, using:

e histogram
« confidence interval
o percentile
e experience

Histogram
You can use the point at which the cumulative frequency curve "flattens out" as the cutoff. In the
following situation, the curve appears to be fairly flat at a value of 25.
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Outliers Task: Applying a topcut

gold (raw)

Mumber of Samples

- ]

5 10 15 20 25 an 35 40
class

B Frequency —= Cumulative Freguency

A histogram can also help visually substantiate the choice of a topcut value obtained by other
means.

Confidence interval

A confidence interval is an estimated range of values which is likely to include a given percentage of
the data values, assuming that the data is normally distributed. The calculation for the upper limit of
a 95% confidence interval (Cl) is:

95% Cl = mean +(1.96 * standard deviation)

For example, if a data set has:
mean = 6.49 and standard deviation = 9.30.

95% Cl = 6.49 + (1.96 * 9.30)
95% Cl =24.718

Percentile
A percentile is that data value at which a given percentage of all other data values fall below. Any
given percentile value could be selected as the outlier cutoff, such as the 90th, 95th, or 99th
percentile. For example, you could choose one of the following (from the previous Basic Statistics
report):

90.0 Percentile: 22.5

95.0 Percentile: 27.2

97.5 Percentile: 38.8

99.0 Percentile: 42.4

Experience

Topcut values are often chosen based on knowledge of a deposit. For example, if part of an ore zone
has been mined, information from grade control samples and reconciliation studies may provide a
good idea of what the maximum mined block value will be. If the deposit has not yet been mined,
information from similar deposits may be useful in determining the outlier cutoff.

Topcutting outliers

The process of determining a topcut is usually much longer and more difficult than applying a topcut
in Surpac. Whatever method is chosen, you can cut values in a description field in a string file using
STR MATHS.

Task: Applying a topcut
You will apply a topcut value of 25 to the gold values in the D1 field of the file gc_zonel_130.str.
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Outliers Task: Applying a topcut

1. ChooseFile tools > String maths.
2. Enter the information as shown, and click Apply.

String maths B oty
Dafine the files to be processed

Location .qc_;nnel_ -
IDrange 130

Dafine the filas to be crasted
Location gc_zonel_cut ':

String rangs Constraint Field = [Expression

1 = |F{d1225,25,d1) .

SO | 28 | s | O | O e | L RS e
|

il ] | ¢

(o Aopty ] [ 3€ Cancel |

e

The expression states:
If the value of d1is greater than 25,
then set the value of d1 equal to 25,
else leave the value of d1 as it is.
To see all of the steps performed in this task, run 2d_03b_cut_outliers.tcl.

Menu commands:

Select... to...

File tools > String maths = apply a topcut value.
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Anisotropy Task: Applying a topcut
Anisotropy

Overview
An important aspect of performing any geostatistical evaluation is to understand how data values
change with regard to direction. The term "anisotropy" explains this concept.

You will learn about:

« isotropy and anisotropy

o geostatistical estimation using isotropy

o geostatistical estimation using anisotropy
o Ellipsoid Visualiser

Requirements
In order to understand this information, you should:

o be familiar with Surpac string files, and how to display them
o be familiar with the geometric shape and deposition of economic geological deposits
o understand the concept of a centroid of an individual block in a block model

Isotropy vs. anisotropy

In order to understand anisotropy, it is helpful to know what the term isotropy refers to. Hereis a
definition of each term:

Isotropy: The property of being isotropic; having the same value when measured in different
directions.

Anisotropy: The property of being anisotropic; having a different value when measured in different
directions.

When estimating values in a block model, the amount and direction of anisotropy can have a
significant impact on the end result. For example, the three models shown below were created from
the same data set, but different amounts of anisotropy were used.
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Anisotropy Task: Display block models created with anisotropy

J

No Anisotropy 2:1 Anisotropy
(Isotropic) Azimuth 45
2:1 Anisotropy 5:1 Anisotropy
Azimuth 135 Azimuth 135

Task: Display block models created with anisotropy

1. Run 2d_04_anisotropy.tcl
2. Click in Graphics after each model is displayed.

If you use the Macro playback button, you can see all values on the forms by selecting Slow motion
playback:
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Anisotropy Task: Display block models created with anisotropy

Macro playback @
Enter the name of the macra file to playvback
Filenams -
Conkinue an errars
Slow maokion playback

Enable SCL debugging

Define arguments Far macro
& Walue

1

[

2.3 I R ¥

DI | o Apply || 3¢ cancel |

In geostatistical terms, isotropy, or an isotropic condition, is said to exist when the rate of change of
data values is the same in all directions. A true isotropic condition in three dimensions is rare for
most types of data. However, an isotropic condition in two dimensions is more common. For
example, the rate of change of alumina values in a large horizontal bauxite deposit beneath relatively
flat topography may be isotropic in the XY plane.

Conversely, anisotropy, or an anisotropic condition is said to exist when the rate of change of data
values is different in different directions. This is probably the most common case. For example, an
epithermal gold vein may have different rates of change in each of any three mutually perpendicular
directions: along strike, down dip, and perpendicular to the dip plane.

The remainder of this chapter will explain the use of isotropy and anisotropy in performing
geostatistical estimations. To understand how you determine whether a data set is isotropic or
anisotropic, and how to calculate the direction and amount of anisotropy, you will need to study the
chapters on variograms and variogram maps.

Geostatistical estimation using isotropy

In geostatistical estimation (for example, inverse distance weighting, ordinary kriging, and indicator
kriging), one or more points, usually representing sample locations, are used to estimate a value at a
location where there are no samples. For example, in the image below, the sample locations are
represented by two points in a Surpac string file. In this string file, D1 contains the sample values
(D1=10for one point, and D1=20 for the other point). The location to be estimated is the centre
position, or "centroid" of a 1 x 1 x 1 block of material.

In this example, you will assume that all data is in the XY plane (that is, the sample points and the
block centroid each have the same Z value). You will also assume that you are estimating a value at
the block centroid (at coordinates ON, OE), and that only the two samples shown will be used for the
estimation. Notice that both samples are the same distance (3 metres) from the block centroid. If
you assume that the material surrounding the block and samples is homogenous (all the same), you
can assume that there is no "directional continuity" within the data, and the two samples will
contribute equally to the estimation. Another way of stating this is that the "weight" applied to both
samples will be equal.
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Anisotropy Task: Display block models created with anisotropy

Il | 1 1
e Vatue =10
2N
1H
I:J L | q
] - ample Value=21
-1 H
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o = = ™ ] 3 Lo

In this situation, where only two samples are used to estimate the value for the block, the "weight"
for each sample will be 0.5. The calculation of the block value is:

(sample valuel * weight1 ) + (sample value2 * weight2 ) = block value
(10*0.5)+(20*0.5)=15
Throughout this tutorial, you will assume that the sum of the weights must equal 1. In other words,
weightl + weight2=0.5+0.5=1.0

When you assume that there is no directional continuity within the data, you say that you have an
"isotropic" condition. In the example below, again assuming that all data is in the XY plane, any
sample whose location is on the following circle will be given the same weight as any other sample on
that circle during the estimation of the value of the block centroid. In two dimensions, when the
shape defining the line of equal weights is a circle, you are said to be performing an "isotropic"
estimation.

This means that you are assuming that the direction from the point being estimated to the sample is
not important, and that only the distance from the sample to the block centroid is important.

3N L .
o THEIIE VAU —

H /
i H éa’nple WVahe = 35 \
i . $ample Faue =
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—
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- - - I 11 ] 1] L 1] L ] L
i F I ‘T = — - ke =2 Lo o -

In the previous example, because all sample locations are the same distance from the block centroid,
all samples are given equal weight. The calculation of the block value is:

(5*%0.25)+(10*0.25)+(20*0.25)+(35*0.25)=17.5
As mentioned before, the sum of all the weights must be equal to 1.0:

0.25+0.25+0.25+0.25=1.0
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Anisotropy Task: View an example of an isotropic sphere

In three dimensions, during isotropic estimation, any samples falling on the surface of the same
sphere are given equal weight.

sle Value = 40

In the example above, all sample locations are on the surface of the same sphere, and are thus the
same distance from the block centroid. In this three-dimensional example of an isotropic condition,
all samples are given equal weight. The calculation of the block value is:

(10*0.333)+(20*0.333)+(40 *0.333 ) =23.333
Again, the sum of all the weights is 1.0 (assuming that 1/3 + 1/3 + 1/3 expressed as decimals equals 1):
0.333+0.333+0.333=0.999=1.0

In Surpac, when you are performing an estimation, you are prompted to fill in values defining the
orientation of the "major axis" and the "anisotropy ratios". You will cover these topics later. For now,
if you wish to perform an estimation assuming that the data is isotropic, use the following values:

BEARING OF MAJOR AXIS: 0 (or any value from 0 to 360)
PLUNGE OF MAJOR AXIS: 0 (or any value from -90 to 90)
DIP OF SEMI-MAJOR AXIS: 0 (or any value from -90 to 90)
MAJOR/SEMI-MAJOR ANISOTROPY RATIO: 1
MAJOR/MINOR ANISOTROPY RATIO: 1

Task: View an example of an isotropic sphere

1. Openisotropic_ellipsoidl.str.
2. Display the D1 values for string 1
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Anisotropy Task: View an example of an isotropic sphere

The isotropic ellipsoid is displayed, with all axes labelled.

The concepts of "major axis", "semi-major axis" and "minor axis" are explained later. For now, just

understand that the lengths of all of these axes are the same for an isotropic ellipsoid.

Geostatistical estimation using anisotropy

As previously stated, an anisotropic condition is said to exist when the rate of change of data values
is different in different directions. This is the case for nearly all data sets which represent samples
taken from the earth. Anisotropic conditions can result from geological conditions, such as fracturing
or deposition method. For example, in plan view, the correlation, or similarity, of samples taken
along strike in a gold-bearing quartz vein may be better than the correlation of samples taken across
strike. In a sedimentary deposit, such as a flat-lying coal seam, samples may be better correlated
within the horizontal plane than vertically through the seam. When a data set has anisotropy, the
direction from the point being estimated to a sample location is important.

How much anisotropy is present is also important. The determination of the magnitude of
anisotropy for a data set may be done qualitatively or quantitatively (by intuition or by numerical
calculation). For example, after becoming familiar with a silver deposit consisting of a vertical vein
trending east to west (strike: 90 degrees, dip: 90 degrees) a geologist may say that "there's about 3
times more continuity along strike (horizontally) than across strike (horizontally)". As rough and
unsubstantiated a statement as this may seem, many times this type of qualitative judgement is
actually used in geostatistical estimation. In this situation, you would say that thereisa"3to 1
anisotropy ratio" in the horizontal plane. This is commonly written as "a 3:1 anisotropy ratio". The
direction of maximum continuity is referred to as the "major axis". In the silver vein example, the
major axis could be defined as a bearing of either 90 or 270 degrees - they are both the same in
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Anisotropy Task: View an example of an isotropic sphere

geostatistical terms. In two dimensions, you can represent a 3:1 anisotropy ratio with a major axis
bearing 90 degrees with an ellipse, such as shown below:

1K
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When you want to use anisotropy during an estimation, the direction from the location being
estimated to the sample is important. In this example, you will assume that the point being
estimated is the centroid of the block, and that you will use only two samples, as shown above, to
estimate a value for the block.

Even though the sample, that has a value of 10, is 1 metre from the block centroid, and the sample
that has a value of 20 is 3 metres from the block centroid, the two samples would be given the same
weight in this situation. This is because "anisotropic distances" are used in the calculation of the
weights, and not actual distances. Recall that you have indicated that there is a 3:1 anisotropy ratio
and the bearing of the major axis is 90 degrees. Samples oriented due north or south of the block,
such as the sample whose value is 10, will have their anisotropic distances calculated as the actual
distance (1, in this case) multiplied by the anisotropy ratio (3, in this case). Thus, the anisotropic
distance calculated for the sample whose value is 10 is:

Actual Distance x Anisotropy Ratio = Anisotropic Distance
1x3=3
This calculation is displayed in the following table for both samples:

Sample Value | Sample Bearing | Actual Distance | Anisotropy Factor | Anisotropic Distance | Weight

10 0 1 3 3 0.5

20 90 3 1 3 0.5
Because the anisotropic distances are the same, the weights for the points are the same. The
calculation of the block value is:

(10%0.5)+(20*0.5) =15

If the sample whose value is 10 is moved to a position at Y=3, X=0, and you again use a 3:1 anisotropy
ratio with the bearing of the major axis at 90 degrees (or 270 degrees), as shown below, the weights
assigned to both samples will change.
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The anisotropic distance of the sample whose value is 10 is now 9: Actual Distance (3) X Anisotropy
Ratio (3) = Anisotropic Distance (9). This calculation is displayed in the following table for both
samples.

I'E

i 18} 1} L
- [ 1 = V)

Sample Value | Sample Bearing | Actual Distance | Anisotropy Factor | Anisotropic Distance | Weight

10 0 3 3 9 0.25

20 90 3 1 3 0.75
The weights of the samples now change to take account of the new anisotropic distances. The
calculation of the block value is now:

(10*0.25)+(20*0.75)=17.5
Notice that the calculation of the weights here is only approximate to demonstrate the effects of

anisotropy. In actual practice, the geostatistical method you decide to use will affect the values of the
weights.

Assuming that our geologist has another opinion that "there is about 2 times more continuity
horizontally along strike than vertically (up and down) within the plane of the vein", you would say
that thereis a "2:1 anisotropy ratio" in the vertical YZ plane. In two dimensions, an ellipse represents
the line where weights are equal. In three dimensions, this shape is called an "ellipsoid". So now you
have a 3:1 anisotropy ratio in the horizontal XY plane, and a 2:1 anisotropy ratio in the vertical YZ
plane. You distinguish between these ratios by defining three axes for the ellipsoid:

Major axis

Semi-major axis

Minor axis

By definition, the major axis is the longest, the semi-major axis is the second longest, and the minor
axis is the shortest. Also, all three axes are mutually perpendicular to one another.
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Anisotropy Task: View an example of an isotropic sphere

Mapor

The ratio between the length of the major axis and the length of the semi-major axis is defined as the
MAJOR/SEMI-MAJOR ANISOTROPY RATIO. The ratio between the length of the major axis and the
length of the minor axis is defined as the MAJOR/MINOR ANISOTROPY RATIO.

When you perform an estimation, and want to use three-dimensional anisotropy, any samples
falling on the surface of the same ellipsoid will be given equal weight. In the example below, all
sample locations are on the surface of the same ellipsoid, and so, all the samples are all considered to
be the same anisotropic distance from the block centroid:

=25
ample Value =5
e Value =10

With the axes oriented as above, as well as a major/semi-major anisotropy ratio of 2, and a
major/minor anisotropy ratio of 3, the calculation of the weights for the data as shown is:

i Sample i Actual Anisotropy | Anisotropic i
Axis Sample Value A Sample Dip i ) Weight
Bearing Distance Factor Distance
Major 5 90 0 3 1 3 0.333
Semi-Major = 25 0 90 1.5 2 3 0.333
Minor 10 180 0 1 3 3 0.333

Because the anisotropic distances are the same, the weights for the points are the same. The
calculation of the block value is:

(5%0.333)+(25*0.333)+(10*0.333)=13.3333
Again, the sum of all the weights is 1.0 (assuming that 1/3 + 1/3 + 1/3 expressed as decimals equals 1):
0.333+0.333+0.333=0.999=1.0

If the distance from the block centroid to each sample is now the same, the weights will change. For
example, in the view below, the distance from each sample to the block centroid is now 3, but you
are still using the same anisotropy ellipsoid:
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Anisotropy Task: View an example of an isotropic sphere

Sample Value = 25

Sample Value = 5

atnple Value = 10

The calculation of the weights is as follows:

i Sample i Actual Anisotropy | Anisotropic i
Axis Sample Value i Sample Dip i i Weight
Bearing Distance Factor Distance
Major 5 90 0 3 1 3 0.74
Semi-Major = 25 0 90 3 2 6 0.18
Minor 10 180 0 3 3 9 0.08

The calculation of the block value is:
(5%0.74)+(25%*0.18)+(10 *0.08 ) = 9.0
Again, the sum of all the weights is 1.0 :
0.74+0.18+0.08=1.0

Ellipsoid visualiser

Using our previous example where you have a major/minor anisotropy ratio of 3, and a major/semi-
major anisotropy ratio of 2, you would get an ellipsoid, but you need to establish the orientation of
the ellipsoid. In Surpac, this can be accomplished in several different ways, including the "Surpac"
method. The examples which follow use the "Surpac" method, which encompasses the following
three terms:

Term Min | Max Description
Bearing of major axis 0 360  azimuth of major axis in XY plane
Plunge of major axis -90 90 dip above or below horizontal plane

Dip of semi-major axis  -90 = 90 rotation of semi-major axis around major axis
The Ellipsoid Visualiser is a tool which can assist you to understand the orientation of the anisotropy
ellipsoid. You will now use it to create several anisotropy ellipsoids, and save them as Surpac string
files.
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Anisotropy Task: Display anisotropy using the ellipsoid visualiser

Task: Display anisotropy using the ellipsoid visualiser

1. Choose Geostatistics > Ellipsoid visualiser.

& Ellipsoid Visualiser [
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Location - Y0
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@) Lo Aeoly || 3 cancel |

For each example below:

2. Enter the values of bearing, plunge, and dip.
3. Click and drag the image of the ellipsoid to rotate it.

Example #1:
You could use this ellipsoid to estimate gold values within a vertical vein that has strike: 90 degrees
and dip: 90 degrees.

Bearing of major axis 90
Plunge of major axis 0
Dip of semi-major axis -90

Major/semi-major anisotropy ratio = 2
Major/minor anisotropy ratio 3

Surpac™ 6.6.1 Page 42 of 238 Geostatistics



Anisotropy Task: Display anisotropy using the ellipsoid visualiser

Looking down on XY plane
3D View

major/minor anisotropy ratio: 3

'’

Looking north at XZ plane Looking west at YZ plane
major/semi-major anisotropy ratio: 2 dip of semi-major axis: 90
Fa |

Example #2:

This ellipsoid could be used to estimate values within a horizontal coal seam or other data from flat-
lying sedimentary rocks, where continuity within the seam is the same in the XY plane (major/semi-
major anisotropy ratio: 1), but the continuity is significantly less in the vertical direction.

Bearing of major axis
Plunge of major axis
Dip of semi-major axis

Major/semi-major anisotropy ratio

v », O O O

Major/minor anisotropy ratio
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Looking down on XY plane

3D View
major/semi-major anisotropy ratio: 1

5 1 i

Looking north at XZ plane Looking west at YZ plane

dip of semi-major axis: 0 major/minor anisotropy ratio: 5

Example #3:
This ellipsoid could be used to estimate values from a kimberlitic diatreme, or diamond-bearing
"pipe" type ore body, which plunges to the south at a dip of 60 degrees below the horizontal.

Bearing of major axis 180
Plunge of major axis -60
Dip of semi-major axis 0

Major/semi-major anisotropy ratio = 3

Major/minor anisotropy ratio 3
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Looking down on XY plane
3D View
major/semi-major anisotropy ratio: 3

Tifajor
Looking north at XZ plane Looking west at YZ plane
dip of semi-major axis: 0 major/minor anisotropy ratio: 3

Example #4:

This ellipsoid could be used to estimate values from an epithermal vein, with strike of 50 degrees and
dip to the southeast of 60 degrees below the horizontal, where continuity within the vein is the same
in all directions (major/semi-major anisotropy ratio: 1).

Bearing of major axis 50
Plunge of major axis 0
Dip of semi-major axis -60

Major/semi-major anisotropy ratio = 1

Major/minor anisotropy ratio 3
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3D View Looking down on XY plane

Looking north at XZ plane Looking west at YZ plane

ER=

-
H
[ b

Example #4(continued)
Looking horizontally along strike: az 50 degrees, dip 0 = Looking downdip: azimuth 140 degrees, dip -60

Note dip of semi-major axis is -60 degrees Note major axis is along strike, semi-major is downdip

major/semi-major anisotropy ratio: 1 major/minor anisotropy ratio: 3

Semi-major

Menu commands:
Select... to...
Geostatistics > Ellipsoid visualiser = view the ellipsoid.
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Variogram Concepts

Overview

An important aspect of performing any geostatistical evaluation is to understand how data values
change over distance and direction. Avariogram is a graphical tool which can be used to describe
these concepts.

You will learn about:

o basic variogram concepts

e variogram calculation

o theimpact of modifying the lag distance
o omnidirectional variograms

o directional variograms

Requirements
In order to understand this information, you should:

o be familiar with Surpac string files
o know how to run a Surpac macro
o understand basic statistical concepts such as mean and variance

Basic variogram concepts
Avariogram is a graph that compares differences between samples against distance:

Difference

Distance

Nugget

If you split a single sample, and send it to two different labs, very often you will get two different
values. Thus, at a sample separation distance of zero, there is some difference. This difference is
called the "nugget", also abbreviated as "c(0)". The nugget value is noted as a difference at a sample
separation distance of zero:
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Difference

I- Nugget

Distance

The term "nugget" comes from a situation that often occurs in coarse gold deposits where a sample
is split, and one half contains a gold nugget, while the other half does not contain any gold. The type
of deposit significantly influences the nugget. Gold deposits, with their uneven distribution of metal,
usually have a high nugget value. Iron ore deposits, with their fine grains and even distribution,
usually have a low nugget value.

Although differences between sample "splits" is often responsible for the nugget, human error can
also be a factor. Errors occur in sampling, in the lab, and during data entry. Any or all of these can
contribute to the nugget. Although these areas are beyond the scope of this tutorial, you should be
aware of them, and their impact on the nugget and subsequent geostatistical evaluations.

Sill

If you compare two samples that are some distance apart, you would expect the difference to be
greater than samples which are closer together. The portion of the graph of the variogram which
rises up and to the right of the nugget point, represents this situation.

At some point, the difference between the samples cannot get any greater. For example, the
maximum sample value minus the minimum sample value gives us the greatest difference between
samples. On the variogram, this maximum difference is displayed as the flat portion of the graph.

Two values describe the point at which the variogram reaches its maximum value — the silland the
range.

Sill

Difference

Distance

The sill (sometimes abbreviated as the letter "C"), as shown above, is the difference between the
maximum difference and the nugget. The term "nugget to sill ratio" is used to describe what
percentage of the "total sill" the nugget comprises, and is calculated as:

nugget to sill ratio = nugget / (nugget + sill)
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Range
The range is the distance at which the sill is attained.

Difference

Range

P |
Distance

The range (sometimes abbreviated as the letter "A") represents the maximum distance which sample
pairs can be said to have some relationship to their separation distance. Beyond the range, thereis
no relationship.

Variogram calculation

To calculate a variogram, a data set is grouped into "pairs", which are separated by a given distance,
or "lag". Then the following calculation is performed on all samples in each bin:

gammal(h) = sum of (difference between sample values) squared / 2 x number of pairs

To demonstrate this, you will use the following data. Assume that the values represent samples
taken at 1 metre intervals along a north —south line:

Iy
1m
5 |] 1\

2m
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To create the variogram graph of "Distance vs. Difference", you first decide upon a lag distance, or
"lag interval". You then group the data into sample pairs which fall into each lag interval. Forthe
first lag interval of 1, you get the data pairs of 3-3, 3-4, 4-6, and so on... The difference between the
two values is squared, and the sum of all squared distances is calculated:

lag=1
Pair | Pair Values | Difference | Squared difference
1 3-3 0 0
2 3-4 -1 1
3 4-6 -2 4
4 6-7 -1 1
5 7-5 2 4
6 5-5 0 0
7 5-3 2 4
sum: 14

gamma(h) = sum of squared differences /2 x number of pairs
=14/2x7
=1.0

Next, all samples separated by lag distances of 2 are paired off, and the calculation is performed
again:

Lag =2
Pair | Pair Values | Difference | Squared difference
1 3-4 -1 1
2 3-6 -3 9
3 4-7 -3 9
4 6-5 1 1
5 7-5 2 4
6 5-3 2 4
sum: 28

gammaf(h) = sum of squared differences / 2 x number of pair s
=28/ 2x6
=23

The results of lag distances of 3, 4, and 5 are below:

Lag =3

Pair | Pair Values | Difference | Squared difference
1 3-6 -3 9
2 3-7 -4 16
3 4-5 -1 1
4 6-5 1 1
5 7-3 4 16

sum: 43

gamma(h) =sum of squared differences / 2 x number of pairs
=43/2x5
=43
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Pair | Pair Values

1 3-7
2 3-5
3 4-5
4 6-3

Lag =4

Difference

sum:

Task: Display anisotropy using the ellipsoid visualiser

Squared difference
16

4
1

9
30

gamma(h) = sum of squared differences / 2 x number of pairs = 30/2x4 = 3.8

Pair | Pair Values

1 3-5
2 3-5
3 4-3

Lag =5

Difference

-2
-2
1

sum:

Squared difference
4

4
1
9

gammal(h) =sum of squared differences / 2 x number of pairs

=9/2x3
=15

All of the results and lag distances are then compiled:

A graph of the results looks like this:

ELLE e

gamma(h)

Lag

(distance)

1 1

2 2.3

3 4.3

4 3.8

5 1.5
[S—

(difference)

This graph of calculated gamma(h) values versus lag distance is called an "experimental variogram".
This is used to calculate the variogram displayed in the previous version - a "variogram model". The
variogram model can be described by a mathematical equation, and is subject to the interpretation
of the person who is analysing the data. A variogram model, as shown in the previous section, starts
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at a nugget, increases by the sill at a point defined by the range, then continues infinitely to the right
at the total sill value. A variogram model has been fit to the experimental variogram below:

LR

In this example, all relevant parameters of the model would be recorded:
Nugget: 0.2
Sill: 4.0
Range: 3.0
Nugget/Sill ratio =0.2 / (0.2+4.0) = 0.05

The effect of modifying the lag distance

Although the previous example generated a well-formed experimental variogram, often it is
necessary to modify the lag distance to obtain such a good-looking variogram. In the previous
example, a lag interval of 1 was used. The term "Lag=1" actually meant "all sample pairs whose
separation distance is between 0.001 and 1". "Lag=2" meant "all sample pairs whose separation
distance is between 1.001 and 2". "Lag=3" meant "all sample pairs whose separation distance is
between 2.001 and 3".

To demonstrate the effect of the value chosen for the lag, you will recalculate the variogram in the
previous example, but using a lag interval of 2. You will calculate three "lag bins":

Lag=2 sample pairs whose separation distance is between 0 and 2.
Lag=4 sample pairs whose separation distance is between 2.001 and 4.
Lag=6 sample pairs whose separation distance is between 4.001 and 6.

Here is the data again, representing samples taken at 1 metre intervals along a north —south line:
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1m

2m

For the 0-2 lag bin, you now get the following data pairs:

Lag =2
Pair | Pair Values | Difference | Squared difference
1 3-3 0 0
2 3-4 -1 1
3 3-4 -1 1
4 3-6 -3 9
5 4-6 -2 4
6 4-7 -3 9
7 6-7 -1 1
8 6-5 1 1
9 7-5 2 4
10 7-5 2 4
11 5-5 0 0
12 5-3 2 4
13 5-3 2 4
sum: 42

gammal(h) =sum of squared differences / 2 x number of pairs
=42/2x13
=16

For the 2-4 lag bin, you now get the following data pairs:
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Pair

O 00 N o u B W N P

3-6
3-7
3-7
3-5
4-5
4-5
6-5
6-3
7-3

Task: Display anisotropy using the ellipsoid visualiser

Lag =4
Pair Values | Difference | Squared difference
-3 9
-4 16
-4 16
-2 4
-1 1
-1 1
1 1
3 9
4 16
sum: 73

gamma(h) =sum of squared differences / 2 x number of pairs

Pair
1

2
3
4
5

3-5
3-5
3-5
4-3
3-3

=73/2x9
=4.1
Lag =6
Pair Values | Difference | Squared difference
-2 4
-2 4
-2 4
1 1
0 0
sum: 13

gamma(h) =sum of squared differences / 2 x number of pairs

=13/2x5
=13

All of the results and lag distances are then compiled and graphed:

Surpac™ 6.6.1

Lag gamma(h)
(distance) | (difference)
2 1.6
4 4.1
6 13
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O iff e e

Distance

Experimental variograms with lags of 1(solid) and 2(dashed)

Omnidirectional variograms

The variogram in the previous exercise was an example of a "directional" variogram. All samples used
were aligned north-south. Another type of variogram is known as an "omnidirectional variogram". In
this type, the pairs are selected based only on their separation distance, and not on the orientation
of the pairs.

The example below demonstrates how sample pairs would be selected for a data set. All samples are
on a 1x1 grid, and lag values of 1, 2, and 3 are used. The way in which the software determines pairs
is this:

1. Move to the first point.

2. Determine which other points in the data set are within the first lag tolerance distance
from this point, and add these pairs to the first "lag bin" (Lag=1).

3. Determine which points not selected are within the second lag tolerance distance from

this point, and add them to the second "lag bin" (Lag=2).

Repeat until all points have been put into a lag bin.

Move to the next point.

Remove the previous point from consideration.

Repeat steps 2 to 6 until all points have been considered.

Nowuss

In an omnidirectional variogram, the orientation of the sample pairs is irrelevant. For example,
sample pair 1-2 is oriented east-west, sample pair 1-4 is oriented north-south, and yet both pairs are
used for the "Lag=1" bin.
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n 7 Y |’
1 2 Bl 2 BlH £ =4
AR,
5 / 6 4 3 6 : 5
e 3 I/-Z\ 3 // 2 3
N O

Lag selection circles
Sample pairs selected for each lag in an omnidirectional variogram:

Lag=1 | Lag=2 | Lag=3

12
1-3
14
1-5
2-3
24 16
2-5
26 34
36
3-5
4-5
4-6
5-6

[# Note: The example here is two-dimensional. In three dimensions, the search from each point takes
the shape of a sphere.

Directional variograms

A directional variogram is one in which all sample pairs are oriented in a particular direction. In the
first example, all samples were alighed north-south. There was no other possible orientation for the
sample pairs to take, so the only variogram possible was a directional variogram.

However, in most data sets, there are many data pair orientations. In a directional variogram, the
software selects only those data pairs which are oriented in a particular manner, plus or minus some
angular tolerance. In Surpac, this angular tolerance is known as the spread.

The following example demonstrates how sample pairs are selected for a data set, using a northeast
—southwest orientation of 45 degrees, plus or minus a spread tolerance of 22.5 degrees either side of
that direction. Thus, if a sample pair is oriented between 22.5 and 67.5 degrees (or 202.5 and 247.5
degrees), it will be included in the calculation.

All samples are on a 1x1 grid, and lag values of 1, 2, and 3 are used. The way in which Surpac
determines pairs is shown below:

1. Move to the first point.

2. Determine which other points in the data set are within the first lag tolerance distance
from this point AND within the angular tolerances, and add these pairs to the first "lag
bin" (Lag=1).

3. Determine which points not yet selected are within the second lag tolerance distance
from this point AND within the angular tolerances, and add them to the second "lag bin"
(Lag=2).

4. Move to the next point.
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5. Remove the previous point from consideration.
6. Repeat steps 2 to 5 until all points have been considered.

In a directional variogram, the orientation of the sample pairs is important. For example, sample
pairs 1-2 and 1-4 are both within the first lag tolerance, but neither are within the angular tolerance of
45 degrees plus or minus 22.5 degrees. In fact, there are only three data pairs in the entire data set
which have an orientation that is within the defined limits. These are the data pairs: 2-4, 3-4, and 3-5.

10

/

Lag selection circles with directional tolerance search
Sample pairs selected for each lag for a directional variogram (orientation 45 +/- 22.5):

Lag=1 | Lag=2 | Lag=3
2-4
3-5

3-4

As you can see, using directional variograms reduces the number of sample pairs. As the tolerance
angle decreases, so does the number of pairs. If a tolerance angle is too small, the quality of the
experimental variogram may be reduced to the point that a model cannot be fitted with any
confidence. Ifthe tolerance angle is too large, the concept of a "directional” variogram could be
guestioned.

[ Note: The example here is two-dimensional. In three dimensions, the search from each point
takes the shape of a cone. Additionally, Surpac has the option to restrict the radius of the coneto a
maximum using a "spread limit". This has the effect of turning the search cone into a cylinder with
the radius of the spread limit.

Spread Limit

— Search Line

Search Window
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Calculating an experimental variogram

Overview

An experimental variogram is calculated from pairs of data points, which can be limited to points that
are aligned in a specific orientation (directional), or without limiting them to an orientation
(omnidirectional). The experimental variogram is used as the basis for creating a variogram model. In
order to create a variogram model, the experimental variogram must appear relatively smooth.
Adjusting the lag distance can help to create a smooth variogram. If the data contains outliers, or a
small number of data points, the experimental variogram can appear jagged, or "noisy". It often
takes several iterations and combinations of parameters to create experimental variograms that are
acceptable for modelling.

You will learn about:

o calculating omnidirectional and directional variograms
o changing the display
e savingavariogram

Requirements
In order to understand this information, you should:

o be familiar with Surpac string files

e know how to run a Surpac macro

o understand basic variogram concepts, such as nugget, sill, and lag

o understand the difference between omnidirectional and directional variograms

Task: Create and view experimental variograms
This you will calculate omnidirectional and directional variograms from the D1 field of the file gc_
zonel_cut130.str.

1. Choose Geostatistics > Variogram modelling.
2. ChooseFile > New > String file variogram.
3. Onthe Basictab, enter the information as shown.
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Variogram calculation E

Task: Create and view experimental variograms

Basic | Advanced

Location ac_zonel _cuk - | D figld |D1 - ]
Id range |130 Minimum value
Skring range Maximum value
Data Selection Windows
Searchtype & Cone
() Pyramid
Azimuth Flungs Spread Spread limit
1 Jo 0 a0 -
2 o 0 22,5 E|
3 |45 0 2.5
8
4 loo o Lo
Lag 4
Maximum distance |50
Qutpuk report file name  experimental_variogram -
Qukpuk repart file Format | nak - Surpac Moke File -
Display repart

[ o Apply ][ ¥ Cancel ]

[# Note: To calculate an omnidirectional variogram, set the Spread to 90.

Spread
(decimal degrees)

Spread limit

(distance)

4. Onthe Advanced tab, enter the information as shown, and click Apply.
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Advanced

Geographical Conskraints

Minimum:
e M A |
Maximurn:
A i A |
Lag slider

Minirmum 1.0

Maximum |20

Increment (0.1

Crass variography
Calculate cross-variogram
Secondary D field (D1 -

Minimum value

Maximum value

| o apply || 3 Cancel |

The omnidirectional variogram will appear on the first of four tabs.

© File Display View  Variogram  \Variogrammap  Help

EPTEEE S 8u "B A e §

0->0(%0) | 0->0(22.5) [0->45(22.5) [0->90(22.5) |  Variogram model g R x

| (NPT EEEEL -8
i

i Variogram maodel: Spherical
= Experimental variogram type: Mormalised
2 075
E
E o050 Mugget
(=]
0.25 Structure 1
Structure 2
000 e A A A A My KA M A P T A g S AR g R Ay
O & 10 15 20 25 30 35 4 4 so oruchred
distance
Variagram map g 8 x

=+ Mormal — Variance

&

5. Click each tab to display the variogram for that orientation.
6. Choose Display > Set axis limits.
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7. Enter the information as shown, and click Apply.

Define Variogram Axis Extents ﬁ

8. Choose Display > Di

Task: Create and view experimental variograms

-

Maximum lag distance |50

Maximum gammalh) [1.35

Minimum gammath) |0

=

[ @?Apply ][ o4 Cancel ]

A

splay / Hide lag intervals.

The lag intervals appear.

gammach)

O-=0(%0) [ 0->0(22.5) [0-»45({22.5) [ 0->90(22.5)
0 -> 0 (90)
1.25 -
100 — — bt
0.75
0.50 T
0.25 A
0.00 . . . . . . . . !
0O & 10 15 20 30 35 40 45 &0
distance

—+ Mormal — Variance

9. Right click anywhere on the variogram window, and then select Tile Windows.

gammaih)

0->0(90) | 0-=0(22.5) [ 0-=45(22.5) | 0->90(22.5)
0 -> 0 (90)
Properties...
Save as... “‘4—=|=-—g-____?1-_..-r_-lﬁ_——l-qi
Prirt...
Zoom In L
Zoom Out b
Auto Range b |20 30 35 40 45 50
Tile Windows distance
Tab Windows @I

All variograms will appear tiled.

Surpac™ 6.6.1

Page 61 0f238

Geostatistics



Calculating an experimental variogram

Task: Create and view experimental variograms

0->0(90) | 0->0(22.5) |
0 -> 0 {90) 0 >0 (22.5)

125 125
= 1o — = 100 = -
E-D?S E-D?S

[e1-"x] [ E-"x ]
E’DE E’DE

QL0 -+ oo -

o & 10 18 0 2% 30 35 40 45 ED o & 10 18 0 & 30 3™ 40 45 B0

s

|+Ncrn1'|al — "'."al'lal'u:e-l

s s

|—|— MNermal — "'."anal'bcel

0->45(22.5) |

0->90(22.5) |

0 -= 45 (22.5)

o 5 0

15 20 25 30 35 40 45 &0
e ance

|+Ncrn1'|al — "."anam:e-l

0 =90 (22.5)

/L j\_\l 1 L
(] =3 0 15 20 25 30 35 40 45 S0
s e

—+ Monmal — Ve

10. Change the lag by:

o clicking and dragging the lag slider.

o clicking the lag increment/decrement arrows on either side of the lag slider.
o pressing the right arrow or left arrow keys on the keyboard.
As you do any of the above, the variogram shape and the lag intervals will change.

: File Display ‘View Variogram Variogrammap Help

151 R W P S PE s el e 1 s = = e - L

0->0(225) |
0 =0 (236

@ - 0 {20
@ <= 0 (00

—

-
g -E:'g .:rf ———
E -

.
-

0 => 45 (22.5)
O - A (E R

Fa s
i B N

0-> 90 (22.5)

O = 00 (25}

I'.

|I.ME| I}

[I]-i.ﬂl

| EEEE - @6

Variogram miodel. Spharical
Experimental variggram type: Mormalised

Mugget
Structure 1
Structure 2
Structurs 3
Structure 4

Variagr am map o B X

PPl # ¢ o (e

[ Note: Changing the lag is one of the most common ways to attempt to get a "good

looking" variogram.

11.
12.
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Task: Create and view experimental variograms

Enter lag

==X

Lag 3.5

&

[ w4 Apply ][ 3¢ Cancel ]

13. Choose Display > Display / Hide lag intervals to remove the lag intervals.
14. Right click anywhere on any variogram chart, and select Tab Windows.

0->0(90) | 0->0(22.5) |
0 =0 (90) 0 =0 (22.5)
e el
% 1.00 +— Properties...
E 0.75
Sa 0.5 Save as...
0.25 )
e T N S S U N S| Print...
& 10 15 20 25 30 35 40 15 20 25 A 35 40 45 5O
distance Zoom In ] distance
|—|— Mommal ‘u'ananoal Foom Out b Momal ‘u'an.anoa|
0->45(22.5) | Auto Range b
0 = 45 (22.5) | Tile Windows =90 (22.5)
LIS Tab Windows
% 4. — — S " S— — — — x .
E 075 E 0.75 [
i 050 050 1 |
025 L35
O 0.00 e e e
(1] & 10 16 20 225 30 35 40 45 &I 1] 5 10 15 20 25 30 35 40 45 &I
distance distance
|—|— Nomial Vanancal —+ Maomnal Vanance
15. Select the tab labelled 0 -> 0 (90).
The omnidirectional variogram is displayed.
0->0(90) [ 0->0(225) [ 0->45(22.5) | 0->90(22.5) |
0 -> 0 (90)
- //\\ /\
1.00 "ﬁ\\\,..-—-"‘ ‘7'.'"""‘“.
~ ~Y
=
® 75 -
E
=
m
= 050
0.25 -
0.00 . . . ! . . ; ; |
o 5 10 15 20 25 30 as 40 45 50
distance
—+ Mormal — Variance

16. Select Display > All orientations chart
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All experimental variograms are displayed together.

O-=,. 0-=.0-=..0-=.. All arientations
0->0(90) All orientations
s A
g —f— sval |
E ik f ¥ E
E | F g
a 054 =]
sl
021 J h . . . g
LM [u] 5 10 15 20 25 a0 35 40 45
05 W #2853 5 844690 distance

distance S 0->0(90) +0->0(225 S 0->45(22.9)

17. Choose File > Save > Experimental variogram.
18. Enter the information as shown, and click Apply.

Save a Set of Experimental Variograms to a File ﬁ

Enter the Name of the Experimental Variogram File to Save

File name omni -

[ o Apply H 3 Cancel ]

e

19. Choose File > Close to exit the variogram modelling window.

[# Note: To see all of the steps performed in this task. run 2d_05a_experimental_variogram.tcl. You
need to click Apply on any forms presented.

Types of experimental variograms

Once an experimental variogram has been calculated, it can be transformed by several different
methods.

Task: Change the variogram type

1. Open omni.evg.
The Variogram Modelling window opens, and the normalised variogram is displayed.

0 >0 (90)

gammaclh)

L) [ ] p— —
T
= h = oh

[=]
[
h

[=]
[=]
=

0 5 10 15 20 25 30 35 40 45
distance

—+ Marmal variogram — Variance

2. Choose Variogram > Type.
3. Select Standard, and click Apply.

Surpac™ 6.6.1 Page 64 of 238 Geostatistics




Calculating an experimental variogram Task: Change the variogram type

4. Choose Variogram > Type.

5. Select Logarithmic, and click Apply.
¥ Note: Not only does the shape of the variogram change, but the gamma(h) values are
also modified. If the variance of the data was displayed, it is now removed.

6. Choose Variogram > Type.

7. Select General Relative, and click Apply.
[ Note: The shape in this case is identical to the normal variogram, but the gamma (h)
values are different. They have been divided by the value of the variance of the data set.

8. Choose Variogram > Type.

9. Select Pairwise Relative, and click Apply.
[ Note: The shape in this case is different to the normal and general relative, and the
gammal(h) values are different.

0 -> 0 (90) 0 ->0(90)
35
0 -
80 A '
< 50 ¥ o “‘-Fr v = 2.3
g 40 'Eﬂ.[l
@ 30 5 15
fa} o
20 10
10 0.5
0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 256 30 35 40 45
distance distance
|—|— Marmal variogram Yariance | |—|— Logarithmic variogram |
0 >0 (90) 0 -> 0 (90)
1.00
20
= — 0.78
£ 1.5 =
o =
= =
= £ 0.0
] m
fa] o
05 0.25
00 P 1
D 5 10 15 20 25 30 35 4 4 0 5 10 15 20 256 30 35 40 45
distance distance
—+ General Relative variogram —+ Pairwise Relative variogram

Logarithmic variogram

In this type of a variogram, logarithms of the raw data are used to calculate the experimental
variogram. Any negative or zero raw data values are first set to small positive values before a
logarithmic transformation is applied. If the distribution of your data is logarithmic, or near
logarithmic, and a reasonable fit cannot be obtained from a normal variogram, a logarithmic
variogram can potentially give a usable value which can be used for the range of a normal variogram.

General Relative variogram

In this type of a variogram, each gamma(h) is divided by the squared mean of all samples used to
estimate that gammalp(h).
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Calculating an experimental variogram Task: Change the variogram type

If local values within the population are affected by the local variance, a condition called a
“proportional effect” is said to exist. “Relative” variograms can be more useful than “normal”
variograms if a proportional effect exists.

Pairwise Relative variogram

In this type of variogram, the squared difference of each sample pair is divided by the square of the
mean of each sample pair. Similarly to the logarithmic variogram, units along the Y (gamma(h)) axis
have no meaning but the relative variograms may serve to identify ranges and structures

[# Note: The application of these types of variograms is an advanced topic. If you wish to obtain
more information on this, you should obtain instruction from a qualified geostatistical consultant.

[ Note: To see all of the steps performed in this task, run2d_05b_variogram_types.tcl. You need to
click Apply on any forms presented.

Menu commands:
Select... to...
Geostatistics > Variogram modelling open the Variogram Modelling Window.
From the Variogram Modelling Window:

Variogram > New string file variogram calculate one or more variograms.

Display > Set axis limits set the X and Y values of the variogram graph area.
Display > Lag intervals toggle the lag intervals on and off.

Variogram > Experimental variogram lag set the lag exactly.

create a new model and allows editing (click and drag the blue
Variogram > Model g &
dots).
File > Save > Experimental variogram and

create *.EVG and *.VGM files.
model
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Modelling a variogram Task: Open an experimental variogram and model

Modelling a variogram

Overview
There are a number of tools to help you model a variogram in Surpac.

You will learn about:

creating a best-fit variogram model
saving variogram data

modifying the lag

types of experimental variograms
types of variogram models
multiple structures

variogram modelling tips

Requirements
In order to understand this information, you should:

be familiar with Surpac string files

e know how to run a Surpac macro
» understand basic variogram concepts, such as nugget, sill, lag, and multiple structures

Task: Open an experimental variogram and model

1. Open omni.evg.
2. Practice using the lag slider.

Remember that the maximum, minimum, and incremental values are set on the

Advanced tab, and that the right and left arrow keys on your keyboard will increase and
decrease the lag by 0.1.

3.

Surpac™ 6.6.

P
Varicgram calculation

[ Basic | Advanced] Lag Slider

Geographical Constraints
Minimurm; o .
X ¥ Minimum Maximum
Maxirmurm: ‘ ‘
A i
Lag [4] | (] 35

Lag slider I I

Minimurm 0.1 ]

Ve | 10.0 Incremental adjustment
Increment 1.0

Choose Variogram > Model.
The model is displayed.
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Modelling a variogram Task: Open an experimental variogram and model

0 -> 0 (90)
75
/\( ol A 1

— L R = il % I —
- N/
E
E
gZﬁ'

o

] 5 10 15 =20 25 30 35 40 45
distance

—+ Mormal variogram —Yariance —Variogram Maodel

Yariogram Structures

The model displayed is a best-fit model to the experimental variogram data.

4. Click and drag either of the "variogram structures” (light blue dots) to change the shape

of the model.
5. Choose Display > Display / Hide number of pairs.

[ Note: You can ignore experimental data points with relatively low number of pairs.

6. Choose Variogram > Add structure.
7. Click and drag the "variogram structures" to fit the data as shown.

o
b

Display ‘iew “ariogram “ariogram map Help

=]

-

oo

= 8] M=t n -
=l 5 R S e e EE e = e e = R e e
_ 0-»0(%0) | 0-=0(22.5) (0-=45(22.5)(0->90(22.5) Variogram model
=
] -
0->01%0) =k
E 75 - 24522.3 - 1687 Yariogram model: Spherical
= 12 233 g23 185 40 | Experimental variogram type: Standard
= 22
£ 50 _ 7 sill
= Mugget 9.702661
S Structure 1 23.36105
Structure 2 41.05876
] : : ! : : : : ; :
O 5 10 15 20 325 30 35 40 45 Structure 3 -
distance Structure 4 -
—+ Mormal variogram — Yariance — Variogram Maodel Variogram map

[ Note: The variogram parameters are updated as you move the structures.

8. Choose Variogram > Report.
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Modelling a variogram Task: Open an experimental variogram and model

9. Enter the information as shown, and click Apply.

i~ N
Variogram model | 2 |
Madel Type: :Spherical v:
Mugget: 0.0000000
Structure Sill R ange
1 |0.350000 5.500
2 10.980000 15.000
3
4.
5
Report file name omni -
o Apply | [ 3¢ Cancel |
L™ ~

I”

[ Note: The sum of the nugget and all sill values equals the “total sill”.
The file omni.not is created in the current working directory.

10. ChooseFile > Save > Variogram model.
11. Enter the information as shown, and click Apply:

Save the Variogram Model to a File ﬁ

Enter the Mame of the Variogram Madel File ko Save

File name omni -

| o apply || 3 Cancel |

L

12. Choose File > Close to close the Variogram Modelling window.

To see all of the step performed in this task run 2d_06a_variogram_modelling.tcl.

Types of variogram models

Open omni.evg.

Open omni.vgm.

Choose Display > Set axis limits.

Enter the information as shown, and click Apply.

( |

Define Variogram Axis Extents | J

AN

Maximum lag distance |50

Maximum gammalh) 1.4

Minimurn gammath) |0

| o Apply || 3 Cancel |

i -

5. Choose Variogram > Variogram model type > Exponential.
6. Choose Variogram > Variogram model type > Gaussian.
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Modelling a variogram Task: Open an experimental variogram and model

7. Choose Variogram > Delete structure.
Choose Variogram > Variogram model type > Hole Effect.
Click and drag the structures as shown.

0 -> 0 (90) 0 -> 0 (90)
=+
1.25 1 \I\ 1.25 -
= .00 - et = 100 - oot el
E 075 £ 175 -
g (.50 g 1.50 -
=N o
0.25 |, .25 f
0.00 — : . . : . : .00 +—— : . . . . : : : !
0 & 10 15 20 25 30 35 0 & 10 15 20 25 30 35 40 43 &0
distance distance
—+ Maormal variogram Yariance —Mariogral| + Mormal variogram Yariance — Variogram Moclel
Variogram Structures Variogram Structures
Spherical Model Exponential Model
0->0(90) 0->0(90)
1.25 -
e = ——
= 1.00 - =) e
< = ~¢ \/
= 075 E
% (150 - @
=N =
1.25 -
n.oo +— . : : : i d : : ' . . H : : : !
O & 10 15 20 25 30 35 0 & 10 15 20 25 30 35 40 45 &0
distance distance

—+ Mormal variogram Variance — Variogral = Marmal variogram Yariance — Variogram Moclel

Wariogram Structures Wariogram Structures

Gaussian Model Hole Effect Model

10. ChooseFile > Close.

To see all of the steps in this task run 2d_06b_variogram_model_types.tcl.

Variogram modelling tips
Modelling a variogram is not an exact science. However, the following are some tips that might help
you:

e Tryto find the variogram that has the longest range and the lowest variability.

o Try to model the “trend”. One way to see the “trend” of the data is to create a vari-
ogram model, then drag the lag slider back and forth. The model should fit the data
reasonably well for a few different lags.

o Consider the geology of the domain. Does the model you come up with look reas-
onable for your data? Is the nugget effect high or low? Is the range approximately
what you expected? If not, perhaps you should reconsider the data domains.

o Search the Internet. There are many online resources with explanations of variograms,
variogram calculations, and results of particular data sets.

o Ask a consultant. Although they are usually not free, geostatistical consultants are per-
haps the best source of geostatistical advice.
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Modelling a variogram Task: Open an experimental variogram and model

Menu commands:
Select... to...
Geostatistics > Variogram modelling open the Variogram Modelling Window.
From the Variogram Modelling Window:
File > Open > Variogram open an existing variogram.
Variogram > Variogram model type > Exponential = create an exponential variogram model.
Variogram > Variogram model type > Gaussian create a gaussian variogram model.
Variogram > Delete structure remove a variogram model.
Variogram > Variogram model type > Hole Effect = create a model that accounts for hole effect.
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Variogram maps Task: Create a horizontal variogram map

Variogram maps

Overview

An important aspect of performing any geostatistical evaluation is to understand the anisotropy of
the data, or which direction has the longest continuity. It is also important to understand how the

data values change with regard to the direction with longest continuity, as well as in relation to the
two mutually perpendicular directions.

Avariogram map is a tool in Surpac that allows you to visualise anisotropy in a plane, and calculate
anisotropy ellipsoid parameters to use in estimation.

You will learn about the:
e primary variogram map

« secondary variogram map
o calculation of anisotropy ellipsoid parameters

Requirements
In order to understand this information, you should:

o be familiar with Surpac string files

o know how to calculate and model a variogram in Surpac

o understand the concept of an anisotropy ellipsoid

o understand the parameters that define an anisotropy ellipsoid

Primary variogram map
Task: Create a horizontal variogram map

1. Choose Geostatistics > Variogram modelling .
2. Choose Variogram map > New variogram map.
3. Enter the information as shown on the Basic tab.
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Variogram maps Task: Create a horizontal variogram map

i "

Variogram map calculation @
Basic | Advanced
Location qgc_zonel _cuk - D figld |D1 -
Id range |130 Minimum valus
Skring range Maximum value

Data Selection

Plane dip |O Searchiype @) Cone
Dip direction |0 Pyramid
Nurnber of variograms |16 - Spread |30
Angular incremant 22, Spread limit

Vertical spread

Vertical spread limit

Lag |10
Maximum distance |50
Oukput report: file name gec_zonel -
Qutput report file format | naotk - Surpac Mote File -
Display repark

lgl | o Apply || 3€Cancel |

The number of variograms selected will determine the angular increment. In our
example, 16 variograms will result in a 22.5 degree angular increment (360/16=22.5). If
the number of variograms was set to 36, you would get a 10 degree increment
(360/36=10).

The spread and spread limit parameters are the same as in normal variogram modelling.

The relationship between the angular increment and the spread angle should be
considered.

It could be considered unreasonable to define a spread tolerance anything greater than
half of the angular increment. For this data set, because of the small number of pairs, if a
11.25 degree spread were used (half of the 22.5 degree angular increment between
adjacent variograms), the number of data pairs would be so small that very few, if any
reasonable variograms would result. Aspread of 30 degrees is used for this data set to
ensure that enough samples are included to produce meaningful variograms.

Given that a spread of 30 degrees is used, you could argue that the number of variograms
should be reduced to minimise the “overlap” of the cones for adjacent variograms.
Although this is a reasonable argument, the resulting variograms would not be suitable
to use to use to visually determine anisotropy.

Itis up to you, based the data set you are working with,to determine the values you will
use to produce a usable variogram without over-smoothing your data. This is an
example of how geostatistics is an inexact science. Experience with a data set will usually
allow you to determine what combination of parameters will give an acceptable result.
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Variogram maps Task: Create a horizontal variogram map

In the bottom panel, the lag, maximum distance, and variogram report parameters are
specified, exactly as they are in variogram modelling. One thing you should consider is
that the maximum distance will be the radius of the variogram map. You might find that
you need to try a few variations of this value to get one that gives an adequate result.

4. Click the Advanced tab, enter the information as shown, and click Apply.

Variogram map calculation ﬁ

Geographical Constraints

Minirnurn:

i i Fid
Mazxirnurn:

i i Fid
Lag slider

Minirnum 1.0
Maximum 20.0

Increment 0.1

Treat negatives a5~ 7ERQES ) UNDEFINED @ MEGATIVES

Cross variography
Calculate cross-variogram [
Secondary D Field |D1 -
Minimum value

Maximum value

[ @Apply ][ & Cancel ]

L A

5. Right-click anywhere on the variogram, and select Tile Windows.
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Variogram maps Task: Create a horizontal variogram map

: Fie Display View Variogram Variogrammap Help

EPY s d 5880 D88 - ela=selo §

0-. [0-.. [0-.. [0~ [0 [0-.. [0-.. [0-.. ]  Variogram model g 8 X

0 ->0(30) EEEEEMEIE

™ Navigator

T _ﬁ.._q;___-l-——'"___""-.-k Variogram model: Spherical
‘E‘ 075 - Experimental variogram type: Mormalised
E . .
E oso i z i
= 035 Properties.
0.00 Save as...
5 10 15 M 25 W0 35 40 « -
distance Prirt...
=} Ed
+ Normal — Variance | Zoom In 2 @ 8
! Zoom 3
o ]+ &
Auto Range ¥ 1619
| TeeWndows |\
Tab Windows
00104
Plane dips 0.00 towards 0.0

6. Choose Display > Set axis limits.
7. Enter the information as shown, and click Apply.

i '
Define Variogram Axis Extents u

Maximum lag distance

Maximum gammath) [1.35

Mimimurn gammalh) |0

w | o Apply || 3¢ cCancel |

L A

The variograms are displayed.

Surpac™ 6.6.1 Page 75 0f 238 Geostatistics



Variogram maps Task: Determine 2D anisotropy

' Fie Display View \ariogram Variogrammap Help

sEFr‘HwﬁﬁEEJHJJdJ -]

Variogram model o 8 X

_E BT T T T wenm . I
== X | e - 88
2 ||| o I il ™ Warlogram model; Spherical
n * - Exparimental variogram type: Normalisad
0->.. 0->.. 0->.. 0->.. Mugget
[T 4112800 (T 1181500 Structure 1
AN : AN ! e | Structure 2
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L | o | — Variogram map o | X
| [ EE L)) 48 ¢ °
Ak
L.l
Qi

Plane dips 0.00 bowards 0.0

Task: Determine 2D anisotropy

In a 2D case, both the major and semi-major axes will lie in the plane of the primary variogram map.
The orientation of the major axis is chosen as the variogram which has the longest range for a given
sill value.

1. Move the lag slider back and forth, changing the colours in the variogram map to show
you areas of high and low variance .
The colour bar at the side of the variogram map shows you the range of variance for your
data. You will most likely see that throughout a range of lag values, there will be areas on
the variogram map which will be consistently high, and others which will be consistently
low. Using the example given above, the orientation of 45 degrees consistently displays
colours representing low variance.

Blue area Variaﬂce

showing low Scale
variance

Variogram map o =

FA2)P)e) § ¢ ° e

00001

Plane dips 0.00 towards 0.0
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Variogram maps Task: Determine 2D anisotropy

[ Note: You are looking for the lag that gives the lowest variance at the centre of the
variogram map.

2. After you have an idea of what appears to be the orientation of the longest range, use the
lag slider to improve the quality of the experimental variogram for that direction. In the
previous image, a lag distance of 4.3 resulted in a good variogram for the 45 degree ori-
entation.

[# Note: You are looking for the variogram with the longest range for the lowest sill.

3. Choose Variogram > Model.
This creates a variogram model for the chosen orientation.

4. Click and drag the model to fit the experimental variogram for that direction.
As shown below, fit a model to the 45 degree orientation.

: File  Desplay View Variogram Variogrammap Help

D e Lo . [ . 4 Y - e FE
PV 0 8880 " 88 -] e e
0->0(30) 0->22.5.. 0 - 45 (30) 0-»67.5.. Variogram madel g g
% teim TPTT Y o8 FLIT e g — —
2| o AAAL L aaadl A | EEEEE - EE
N L] s L Variogram model: Spherical
i ] o i = Experimental variogram type: Mormalised
T = e e v e v e e — Sill Ram;e
= —_ o —  —_— Mugget ]
0 -2 90 (30 0->112.. 0->135(.. 0-> 157.5.. Structura 1 08858763 11.729
1T ] [TE0IT [T ] 1o WA Structure 2 '
fof ot MY 1 b1 ALY ALY Structure 3
| | ) + i , i Structure 4
- — - faly Varicgram map g 8 X
e r— r—r—— e —— o — B — S — e
e e [ o e ) TH| | i ]
b2 2" |4 4" & &l
ol L

Lol
Plarne dips 0.00 bowards 0.0

5. Check that variogram model for all other orientations.
The major axis should be that variogram which has the lowest variance for the longest
distance. In this case, the variogram at the orientation of 22.5 degrees actually has a
longer range.

6. Ifanother orientation appears to have a longer range and a lower variance, modify the
model to fit that experimental variogram.
Modifying the lag distance for that orientation might help you get a better fit.

7. Modify the variogram for the orientation of 22.5, as shown below.
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Variogram maps Task: Determine 2D anisotropy

: Fie Display ‘iew Variogram Variogrammap Help
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Plane digs 0.00 towards 0.0

8. Repeat the previous two steps until you are satisfied that you have the orientation of the
major axis.

9. After you have defined a major axis, ask yourself, and others who are familiar with the
geology, if the orientation appears correct.
In this case, the orientation of 22.5 is a good match with the orientation of the ore zone
as shown below.

AT
i
Cre zone 1 !
B
Grade Control
T Samples
' L7 A
R R
4 [ |
£ o
£
| I 1 A
\ 1] A0
= [ Ore zone 2

For the ore zone #1, the bearing of the major axis is 22.5.

10. ChooseFile > Save > Experimental variogram and model
11. Enter the information as shown, and click Apply.
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Variogram maps Task: Determine 2D anisotropy

Save Variogram Iﬁ

Enter the Mame of the Variogram Files ko Save
Experimental variogram gcl30zone lmajor -
Variogram model igcl30zone1major -
|« Apply | [ 3¢ Cancel |
L A

As you can see, not only is the subject of variogram modelling a non-scientific process,
but the orientation of the major axis is also open to interpretation and debate.

The semi-major axis is in the same plane, and is perpendicular to the major axis. Thus,
the bearing of the semi-major axis for this data set is 22.5+90=112.5.

The anisotropy ratio is the range of the major axis / range of the semi-major axis for a
constant sill value.

The range of the major axis is displayed as 15.1 in the upper right corner of the variogram
modelling window.

You can determine the range of the semi-major axis for a variogram with only one
structureby changing the range to fit the variogram for the semi-major axis the while
keeping the sill the same.

12. Choose Variogram > Model.
13. Click and drag the variogram so that it fits the experimental variogram for bearing 112.5.
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Lol
Plane digs 0.00 towards 0.0

[ Note: The sill of the variogram is exactly the same, but the range is now 6.075.

Thus, the anisotropy ratio for zone 1is: 15.1/6.1=2.48.

Although this is not the purpose for which these functions were designed, this is the quickest means
of determining two dimensional anisotropy.
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Inverse distance estimation Task: Determine 2D anisotropy

Inverse distance estimation

Overview

An important end product of a geostatistical evaluation is a “model”, or a set of points in space which
contain estimated values. One of the methods for estimating values at points in a model is known as
inverse distance estimation.

You will learn about:

e comparing isotropic and anisotropic inverse distance estimation

o the steps to performing inverse distance estimation

o theimpact of power on inverse distance estimation

o howto implement anisotropy parameters from a primary variogram map

Requirements
In order to understand this information, you should:

o know how to display menu bars

o be familiar with Surpac string files

o know how to calculate and model a variogram in Surpac

o understand the concept of an anisotropy ellipsoid

o understand the parameters which define an anisotropy ellipsoid

Comparing isotropic and anisotropic inverse distance estimation

When you use inverse distance weighting to estimate values in a block model, the amount and
direction of anisotropy can have a significant impact on the end result. For example, the four models
shown below were created from the same data set, but different amounts and orientations of
anisotropy were used.
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Inverse distance estimation Task: Perform inverse distance estimation using isotropy

J

No Anisotropy 2:1 Anisotropy

(Isotropic) Azimuth 45

i‘l

+60

2:1 Anisotropy 5:1 Anisotropy
Azimuth 135 Azimuth 135

Task: Perform inverse distance estimation using isotropy

1. Open 4pointsl.strin Graphics.
2. Choose Display > Point > Markers.
3. Enter the information as shown, and click Apply.

|Draw Markers

Layer name |4pointsl.str -

String range

Seqg range
Seg pnk range
Desc field number di -
Text Alignment | < -
Position of text in segment g, Al paints () First point () Centroid
= [ o Aeply ] (3 cancel |

4. Choose Display > Point > Attributes.
5. Enter the information as shown, and click Apply.
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Inverse distance estimation Task: Perform inverse distance estimation using isotropy

- Y
Cirawing ﬁ

Draw Point attributes _ _
Layer name _4p|:|intsl sty - |

String range
Seqg range

Seg pnk range

Desc field number di -
Text Alignment :{ -
Position of text in segment g, Al paints () First point () Centraid
| Apply | | 3 Cancel |
L -

6. Choose Display > Hide strings > As lines.
7. Enter the information as shown, and click Apply.

i Y
Cirawing ﬁ

Erase Lines

Layer name :4p|:|intsl.5tr v:
String range
Seqg range
Seg pnk range
Desc field number d1

Text Alignment < -
Position of text in segment

[ o Apply ][ &% Cancel ]

L A

The points are displayed as follows.

+0 €0

b s

8. Right-click in the empty area to the right of the menus and choose Menus > Block
Model.
£ Note: All menu commands below here refer to the Block Model menu bar.
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Inverse distance estimation Task: Perform inverse distance estimation using isotropy

9. Open the model 20x20x1.mdl.
10. Choose Display > Clear model colours.
11. Choose Display > Display block model.
12. Enter the information as shown, and click Apply.

"~ ™
Draw block model e ]
Skyle View
i@ Blocks Clear constraints?
(7 Paint Cloud Remove slicing?
() Regularised Cloud Rescale?
Point Cloud Marker =
Dptions
g Marker Size
Include internal blocks?
[ J’ﬁpphr ] [ xﬂancel ]

L IR &

The model and data are displayed.

b s

13. Choose Estimation > Inverse distance.
14. Enter the information as shown, and click Apply on the following three forms.
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Inverse distance estimation Task: Perform inverse distance estimation using isotropy

Dt source specifications E
Data source bype BLIOCY, MODEL
@ STRING FRLE
(STRDING FILE
Location dpoinks -
Idrangs 1
Sringrangs 1

Fve Constn
1
Attribute bo Fll Drgcription Field Attrbote Hame dinisotrope: dist b0 nearest sample  Awerage anesokropes dist bo samplas
1 |sobropic 1 Iﬂ'-'\q_dstric: un_samg "
« m ¥
@) (o oy | [ 3 carcel ||

[# Note: The parameters Anisotropic dist to nearest sample, Average anisotropic dist
to samples, and Number of samples are optional. By filling in the form this way, you
specify that the data comes from string 1 of 4pointsl.str and that the calculated grade
will be stored in a block model attribute called isotropic.
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Inverse distance estimation

Task: Perform inverse distance estimation using isotropy

Search parameters

S

Searchtype (@ Elipsoid

Maximum vertical search d

Search Ellipsoid Specifications
Ellipsaid Orientation
Bearing |0

Plunge |0
Dip |0

¥
@R

() Ockank

Minimum number of samples to select

Maximum number of samples ko select

Maximum search radius

Constrain by drill hole?
Desc field

Maximum number af samples per drill hale

Anisotropy Ratios

majar | semi-major

Raotation Convention -Surpac ZX¥ LRL

15

999

istance 999

[C]
D202
15

1

major [ minor |1

X @Y

@L MR

Ellipsoid Visualiser ]

| o Apply || 3¢ cancel |

L

.

[# Note: By setting both anisotropy ratios to 1, isotropic estimation will be performed.

-

Inverse distance parameters

S

-

Inverse Distance Power |2

Kl
]
[l

Mumber of descretisation points
Include debug oukpuk?
Constrain interpolation?

Report file name

Farmat

20x20x1_id

.nat - Surpac Maoke File

L H i1

-

-

[ = Apply ][ 3¢ Cancel ]

L

15. Choose Display > Colour model by attribute.
16. Inthe Attribute to colour by firld, select isotropic, click Scan, then enter values for the

Ranges for colour selection of 30,70,5 and click Refresh.

Surpac™ 6.6.1 Page 85 0f 238

Geostatistics



Inverse distance estimation

Task: Perform inverse distance estimation using isotropy

17. Click Apply.
[ Block Colours

Deefoult Face
Def st Edge
Aatribube bo colour by | Hokrope:

Load stybes =i_styles:bm_colours.ssi »

Ruanges for colour selection |30,70,5
Colour Tranaition
Apply transition when scanning [

First colour
Lacst ol

Legend
Mumber of decimal places 2
Transpananty

Apply Tramsparency | s

Save stybes 7 7]

Q

(=0 Bl ol TN T L

-

[f Aovts | 26 Concel |

&

— A

Blocks are coloured based on the inverse distance squared estimate.

b

18. Choose Block Model > Close.

19. On the Exit block model form, click Save and exit, and then click Apply.

[# Note: To see all of the steps performed in this task:

1. Run 2d_04_anisotropy.tcl

2. Use the Macro playback button and select Slow motion playback to display each form.
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Inverse distance estimation Task: View the effect of increasing inverse distance power

Macro playback @

Enker the name of the macra file to playback
Filenams -
Continue on errors [
Slow motion playback [
Enable SCL debugging

Define arguments for macro
& Value

[ I A Y N

[ o Apply ][ 3¢ Cancel ]

Task: View the effect of increasing inverse distance power

1. Open and display model 20x20x1.mdl.

2. Choose Estimation > Inverse distance.

3. Enter the information on each form as in the previous task, except for the last form.
Instead of an Inverse Distance Power of 2, enter 3, and click Apply.

s '
Inverse distance parameters ﬁ

Inverse Distance Power |3

Mumber of descretisation poinks x| ¥i|q Zi
Include debug output? [
Constrain interpolation? [~
Repart: file name 20x20x1_id -
Farmak :.ncul: - Surpac Moke File -

| o apply || 3 Cancel |

e A

4. Display the model coloured by the isotropic attribute, as described in the previous task.
5. Repeat steps 2, 3, and 4 using inverse distance powers of 4 and 10.
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Inverse distance estimation Task: View the effect of increasing inverse distance power

th
i

Power of 2 Power of 3

th
th

Power of 4 Power of 10
6. Choose Block Model > Close.
7. On the Exit block model form, click Save and exit, and then click Apply.

[ Note: To see all of the steps performed in this task:

1. Run 2d_08a_id_power.tcl
2. Use the Macro playback button and select Slow motion playback to display each form.
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Inverse distance estimation Task: Perform inverse distance estimation on grade control data

Macro playback @
Enker the name of the macra file to playback
Filename -
Continue on errors [
Slow motion playback [
Enable SCL debugging

Define arguments for macro
& Value

[ I A Y N

[ o Apply ][ 3¢ Cancel ]

Task: Perform inverse distance estimation on grade control data

Click Reset graphics .

Open gc_zonel_cut130.str in Graphics.

Choose Display > Point > Markers.

Enter the information as shown, and click Apply.

( Drawing ﬁﬁ

Draw Markers _ _
Layer name |gc_zonel_cutl30,skr -

N e

String range
Seq range

Seqg pnt range

Desc figld number  d1 -
Text Alignment ::: v:
Pasition of text in segment G, Al paints ) First paint () Centraid
| Apply | [ 3¢ Cancel |
L &

5. Choose Display > Hide strings > As lines.
6. Enter the information as shown, and click Apply.
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Inverse distance estimation Task: Perform inverse distance estimation on grade control data

i Y
Cirawing ﬁ

Draw Markers

Layer name :gc_znnel_cutISU.str v:
String range
Seqg range
Seg pnk range
Desc field number di -
Text Alignment < -

Position of text in segment g, Al paints () First point () Centraid

[ o Apply ][ &% Cancel ]

L -y

7. Open gc130.mdl.
8. Choose Display > Display Block model.
9. Enter the information as shown, and click Apply.

i B’
Draw block model @

Skyle View
@) Blocks Clear constraints?
(71 Paint Cloud Remove slicing?

Rescale?
Paint Cloud Marker

(71 Regularised Cloud

*EOO

Options
; Marker Size 4

Include internal blocks? [

[ o Apply ][ ¥ Cancel ]

b -

10. Open gc_orezonel.con in Graphics.
11. Click Faces off%r .
The data and model are displayed.

.,
&
m

i
T
n

+4 4

T
¥
T
n
+
iy P
+
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Inverse distance estimation Task: Perform inverse distance estimation on grade control data

12. Choose Estimation > Inverse distance.

13. Enter the information as shown, and click Apply on the following four forms.
Data source bype | mL00xK MODEL
& STRING FLLE

(STRING FILE
Lotation go_tonal_out -
Idrange 130

String range | 1

Corstraindsta ||
Cave constrained sampls ponts?
Cutpult loc ation
Cwtput i numbser | 1

Attribute bo Fll Drgcription Field Attrbote Hame dinisotrope: dist b0 nearest sample  Awerage anesokropes dist bo samplas

1o a2 - I .

@ [ Aootv | [ 3 Cancel |

[ Note: The Anisotropic distance, Average anisotropic distance, and Number of
samples fields are optional.
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Inverse distance estimation

Search parameters

==

Searchtype (@) Elipsoid () Octant
Minimum number of samples to select |3

Maximum number of samples ko seleck |15

999
299

Maximum search radius

Maximum vertical search diskance

Task: Perform inverse distance estimation on grade control data

Ellipsoid Crientation

Constrain by drill hole?  [7]

Maximum nurmber of samples per drill hole |15

Search Ellipsoid Specifications

Bearing |22.5 majar | semi-major |2.48
Plunge |0 major [ minor | 2,48
Dip |0
Raotation Convention .5urpac I LRL - .
@ Z @ X Y X @y Fi
i@ L R L @R i@ L R

Desc field D2

Anisotropy Ratios

[ Ellipsoid Visualiser ]

[ o Apply ][ 4 Cancel ]

L

A

[# Note: The major axis and anisotropy ratios from the primary variogram map exercise
are used here. The major/minor ratio must be equal to or greater than the major/semi-

major ratio, even for 2D estimation.

o

Inverse distance parameters

=2

Inverse Distance Power

Mumber of descretisation points
Include debug oukput?
Constrain interpolation?

Report file name

Farmat

2

LU
[l
qcl30_id -

.not - Surpac Mote File -

| o Apply || 3¢ cCancel |

il 2
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Inverse distance estimation

Task: Perform inverse distance estimation on grade control data

[ Note: In order to restrict the blocks to the domain "Zone 1", you must select Constrain

interpolation.

lirger constrant: “
Lorrlrard curme -l‘ - o vole
Comtrant tyge | OOMETILAINT -
; Add | |3 Jescserae P iide 02 cezcngs com -
‘Coretraris fle GE_CREIDNEL.C0M - ; LX
ey [ [— ] % 5
o |
[ ]
i
k
e bl sty i L coen ard
Doretr st pombangtion
S constr et be -
) e ) [ mcn ||
14. Choose Display > Colour model by attribute.
15. Inthe Attribute to colour by field, select gold_id2, click Scan, and then for the Range for
colour selection enter 0,15,1 and click Refresh.
16. Click Apply.
[ Biock Colours
Load styles =i _styles:bm_colowrs. s = Raoad |
Biof okt Face -
Defsut Edge .
Attribute to colour by | gold_kd2 = | S
Ruanges for colour selection |0,15,1
Colour Trandition
Apply transition when scanning [
First colour
Lacst colour
Legend
Murber of decimal places 2
Transpananty
Apply Transparency ] %% 100%
T 0 oo
Savesties? [
17. Display the legend on the Legend tab.

Surpac™ 6.6.1

The data and model are displayed:
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Inverse distance estimation Task: Perform inverse distance estimation on grade control data

L.

18. Choose Attribute > View attributes for one block.
19. Click any block.

The value estimated for the block is displayed.

o

Block centroid

¥|7317.5 | M1687.5 | Zi3s |

Block: size

E | X5 | 20 |

Attribuke Walue

20. Click Apply.
21. Choose Block Model > Close.
22. Onthe Exit block model form, click Save and exit, and then click Apply.

[# Note: To see all of the steps performed in this task, run 2d_08b_inverse_distance.tcl.
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Ordinary kriging Task: Perform inverse distance estimation on grade control data
Ordinary kriging

Overview

An important end product of a geostatistical evaluation is a “model”, or a set of points in space which
contain estimated values. One of the methods for estimating values at points in a model is known as
ordinary kriging. The main advantage of ordinary kriging is that it uses a variogram in its estimation,
where inverse distance estimation does not.

|"

You will learn about:

o theimpact of the nugget effect
o theimpact of the range
o theimpact of block discretisation

Requirements
In order to understand this information, you should understand the following concepts:

e Surpac string files

e Surpacblock models

o isotropy and anisotropy

e anisotropy ellipsoid

o the parameters which define an anisotropy ellipsoid

Impact of the nugget

When you use ordinary kriging to estimate values in a block model, the relative percentage of the
nugget can have a significant impact on the end result. For example, the four models shown below
were created from the same data set, but different nugget effects were used.
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Ordinary kriging

Task: Perform ordinary kriging estimation using a zero nugget

zero nugget

25% nugget

50% nugget

100% nugget

Task: Perform ordinary kriging estimation using a zero nugget

1. Open 4pointsl.strin Graphics.

2. Choose Display > Point > Markers.
3. Enter the information as shown, and click Apply.

Paosition af text in segment

4poinks1.str

dl

-

5

4|

@) All paints () First point (*) Centraid

4. Choose Display > Point > Attributes.

[ o Aeply ] [ ¥ Cancel |

5. Enter the information as shown, and click Apply.
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Ordinary kriging Task: Perform ordinary kriging estimation using a zero nugget

- Y
Cirawing ﬁ

Draw Point attributes _ _
Layer name _4p|:|intsl sty - |

String range
Seqg range

Seg pnk range

Desc field number di -
Text Alignment :{ -
Position of text in segment g, Al paints () First point () Centraid
| Apply | | 3 Cancel |
L -

6. Choose Display > Hide strings > As lines.
7. Enter the information as shown, and click Apply.

i Y
Cirawing ﬁ

Erase Lines

Layer name :4p|:|intsl.5tr v:
String range
Seqg range
Seg pnk range
Desc field number d1

Text Alignment < -
Position of text in segment

[ o Apply ][ &% Cancel ]

L A

The points are displayed as follows.

+0 €0

b s

8. Right-click in the empty area to the right of the menus and choose Menus > Block
Model.
£ Note: All menu commands below here refer to the Block Model menu bar.
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Ordinary kriging Task: Perform ordinary kriging estimation using a zero nugget

9. Open the model 20x20x1.mdl.
10. Choose Display > Clear model colours.
11. Choose Display > Display block model.

12. Enter the information as shown, and click Apply.
s

-
Draw block model e ]
Skyle View
Blocks Clear constraints?
(7 Paint Cloud Remove slicing?
() Regularised Cloud Rescale?
Point Cloud Marker =
Dptions
g Marker Size
Include internal blocks?
[ J’ﬁpphr ] [ xﬂancel ]

L A

The model and data are displayed:

b s

13. Choose Estimation > Ordinary kriging.
14. Enter the information as shown, and click Apply, on each of the following five forms.

Select attribute to model u

Attribuke name }:Jk_zern_nugget - |

[ ey ] [ caned |
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Ordinary kriging

Task: Perform ordinary kriging estimation using a zero nugget

Estimation attributes

Anisotropic disk to nearest sample distance
Average anisotropic disk o samples avag_distance
Mumber of samples num_samp
Kriging variance krig_var
Block variance
Kriging efficiency
Mumber of negative weights
Lagrange mulkiplisr

Conditional bias slope

-

-

N |« Apply

][ J& Cancel ]

h LS

[£ Note: All parameters on this form are optional.

Surpac™ 6.6.1

-

Data source specifications

==

Data source bype g STRING FILE () BLOCK MODEL

STRIMG FILE BLOCK. MODEL
Location 4points - Madel name
Idrange |1 Attribuke

Skring range |1
D field |1

Constrain data [
Save constrained sample poinks?
Output location

Qutpuk id number |1

(7 ooty ] (3K cance |
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Ordinary kriging

L

Task: Perform ordinary kriging estimation using a zero nugget

-
Search parameters ﬁ

(@) Ellipsoid () Octant

Minimum number of samples to select |3

Maximum number of samples ko seleck |15

Maximum search radius 999

Maximum vertical search diskance 999

Maximum nurmber of samples per drill hole |15

Search Ellipsoid Specifications

Ellipsoid Crientation Anisobropy Ratios

Raotation Convention .5urpac I LRL - .

Constrain by drill hole?  [7]
Desc field D2

majar | semi-major |1

major [ minor |1

@X Oy X@Y Oz

L @R  @L R

Ellipsoid Visualiser ]

[ o Apply ][ ¥ Cancel ]

A

[# Note: By setting both anisotropy ratios to 1, an isotropic estimation will be performed.

Surpac™ 6.6.1
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Ordinary kriging

15.
16.

17.

Task: Perform ordinary kriging estimation using a zero nugget

Kriging parameters g
Variogram File name -
Variogram model  Spherical -
Ruobation Conmvention Surpac Z{Y LRL
Mumber of shruckuras |1
Structure Mugget Sl Range Bearing Plunge Dip Major[Semi  Major[Minor
1 1] 1 5 L] a0 a 1 1
F4 11 o o 0 Q 1 1
3 0 o o 0 (u} 1 1
4 a o o 0 a 1 1
S 0 o 0 0 Q 1 1
MNumber of descretisation points 4 ¥ 1 Z 1
Inchuds debug output [ Report: fils name ok_zero_nuggst -
Corstrain interpolation || Format | .not - Surpac Note File -
(7] Lo Aoply | | ¥ Cancel |

[£ Note: The "nugget" effect is the ratio of the nugget / (total of all sill data). In this case,
0/1=0nugget.

Choose Display > Colour model by attribute.
In the Attribute to colour by field, select ok_zero_nugget, and click Scan, then enter the

Ranges for colour selection of 30,70,5 and click Refresh.
Click Apply.

Block Colours ]

Load styles 5 styles:bm_colowrs.ssi » Rehoad | ‘ Colour Abbribute vakpss
Defoult Face -
Doef ot Edge -

Autribute bo colour by | ck_ers_nugget |
Rangss for colour selaction | 30,70,5

Colour Transiion

Apply lransition when scanming [
First colour
Larst godou

(=8 I ol TN T R

Legend
Mumber of decimal places 2

Transpanamncy
Apply Tramsparency = (% 100%
Save shies? [T

-

e

@ [ o foey | [ 3 Concel |

The model, as estimated by ordinary kriging using a zero nugget effect, is displayed.

Surpac™ 6.6.1
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Ordinary kriging Task: Perform ordinary kriging estimation using a zero nugget

L

18. Choose Block Model > Close.
19. On the Exit block model form, click Save and exit, and then click Apply.

To see all of the steps performed in this task:[{' Note:

1. Run 2d_09a_ordinary_kriging_nugget.tcl.
2. Use the Macro playback button and select Slow motion playback to display each form.

Enter the name of the macro file to playback

Filename | - |
Conkinue on errars
Slaw makion playback
Enable SCL debugging [ |

Define arguments For macro
&  WValue

L I O L N

|« Aeply | [ 3¢ cancel |

Effect of the range

When using ordinary kriging to estimate values in a block model, the range of the variogram relative
to sample spacing can have a significant impact on the end result.
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Ordinary kriging

Task: View the effect of the range

1. Openthe model 20x20x1.mdl.
2. Choose Estimation > Ordinary kriging.

Task: View the effect of the range

3. Enter the information on each form as in step 14 of the previous task, except for the last

form, where you enter a Range of 20, and click Apply.

i

Kriging parametess E
Variagram File name -
Variogram model | Spherical -
Ruobation Comvention Surpac Z(Y LRL
Mumber of structures |1
Structhure Mugget Sl Range Bearing Phunge Dip Major/Semi  Magjor Minar
1 1] 1 20 Iﬂ 0 o} 1 1
2 0 o o 0 0 1 1
3 IIJ o o 0 o 1
4 11 o o 0 0 1 1
S 0 o o 0 0 1
Number of descratisation points |y ¥ 1 2 1
Inchude debug output [ Report file name ok_zero_nugget
Constrain interpolation [ Farmat :.not-Sup-xMoteHe
[ Aoty ) (3K Concel |

4. Display the model coloured by the ok_zero_nugget attribute, as described in steps 15 to

17 of the previous task
5. Repeat steps 2, 3, and 4 using ranges of 10, 5, and 2.5.
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Ordinary kriging Task: View the effect of the range

Range =20 Range =10

(2x sample spacing) (1x sample spacing)

Range =5 Range =2.5

(0.5x sample spacing) (0.25x sample spacing)

£ Note: To see all of the steps performed in this task:

1. Run 2d_09b_ordinary_kriging_range.tcl.
2. Use the Macro playback button and select Slow motion playback to display each form.
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Ordinary kriging Task: View the effect of discretisation

Macro playback @
Enker the name of the macra file to playback
Filename
Continue on errors [
Slow motion playback [
Enable SCL debugging

Define arguments for macro
& Value

Em-ﬁmr\JH

[ o Apply ][ 4 Cancel ]

Effect of discretisation

When using ordinary kriging to estimate values in a block model, the number of discretisation points
can have a significant impact on kriging variance. Kriging variance is inversely proportional to the

guality of the estimate. That is, high kriging variance = low quality, and low kriging variance = higher
quality.

Task: View the effect of discretisation

1. Openthe model 20x20x1.mdl.

2. Choose Estimation > Ordinary kriging.

3. Enter the information on each form as for step 14 in the first task, except for the last form
where you enter Number of descretisation points as X:3Y:3Z:3, and click Apply.

Kriging paramaters et
Variogram file name
Variogram model | Spherical -
Robation Cormvention Surpac (Y LRL

Struchurs Nugget Sl Range Bearing Plunge Dip Major[Semi  MajorMinor
1 0 1 20 0 1] a0 1 1
3 1] 1] 0 0 i)
4 0 i i 1
5 0 i] i
Number of descretisation poinks | » |3 ¥ |3 rlk}
Inclhude debug output | ] Report file name ok_zero_nugget -
Constrain interpolation ]_; Farmat -
@ o Aoty | [ 9 Cancel |
4. Choose Display > Colour by Attribute.
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Ordinary kriging Task: View the effect of discretisation

5. Inthe Attribute to colour by field, select krig_var, and click Scan, then set the Range for
colour selection to 0,1,0.1, and click Refresh.

6. Click Apply.

[ Block Colours

Load styles =

7. Repeatsteps 2, 3, and 4 using discretisation of 1x1x1, 2x2x1 and 2x2x2.

1x1x1 2x2x1

- o o

2x2x2 3x3x3
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Ordinary kriging Task: Perform ordinary kriging estimation on grade control data

8. Choose Block model > Close.
9. On the Exit block model form, click Exit without save, and then click Apply.

10. Click Reset graphics.
[# Note: To see all of the steps performed in this task:

1. Run 2d_09c_descretisation.tcl.
2. Use the Macro playback button and select Slow motion playback to display each form.

i o)

Macro playback @

Enker the name of the macra file to playback

Filename -
Continue on errors [
Slow mation playback [
Enable SCL debugging

Define arguments for macro

£ Walus
1
2
3
q.
5
[ q{f-'.ﬁpply ][ o4 Cancel ]

Task: Perform ordinary kriging estimation on grade control data

1. Open gc_zonel_cutl30.str in Graphics.
2. Choose Display > Point > Markers.
3. Enter the information as shown, and click Apply.

( Drawing ﬁﬁ

Draw Markers _ _
Layer name _gc_znnel_cutlSU.str - |

Skring range
Seqg range

Seqg pnk range

Desc field number di -
Text Alignment :{ -
Position of text in segment g, Al paints () First point () Centraid
| Apply | | 3 Cancel |
L -

4. Choose Display > Hide strings > As lines.
5. Enter the information as shown, and click Apply.
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Ordinary kriging Task: Perform ordinary kriging estimation on grade control data

i Y
Drawing ﬁ

Erase Lines

Layer name :gc_znnel_cutISU.str v:
String range
Seqg range
Seg pnk range
Desc field number d1

Text Alignment < -
Position of text in segment

[ o Apply ][ &% Cancel ]

L ",
6. Open gcl30.mdl.
7. Open gc_orezonel.con in Graphics.
8. Choose Display > Block model.
9. Enter the information as shown, and click Apply.
i '
Draw block model ﬁ
Skyle View
(@) Blocks Clear constraints? [
1 Paint Cloud Remove slicing? [7]
() Regularised Cloud Rescale?
Point Cloud Marker  »
Opki
pHans Marker Size |4
Include internal blocks? [
o dpply | [ 3¢ Cancel |

L A

10. Click Faces off %r.
The data and model are displayed, as shown.

£
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T
H

n
+

+4 4

T
¥
T
n
+ "
iy P
+
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Ordinary kriging Task: Perform ordinary kriging estimation on grade control data

11. Choose Estimation > Ordinary Kriging.
12. Enter the information as shown, and click Apply, on each of the following six forms.

Select attribute to model ﬁ

Attribute name gaold_ok -

| o Apply || 3 Cancel |

( Estimation attributes | 2 .|1
Anisotropic dist to nearest sample -
Average anisotropic disk to samples -
Mumber of samples -
Kriging variance | krig_var -
Block variance -
Kriging efficiency -
Mumber of negative weights -
Lagrange multiplier -
Conditional bias slope -
[ @? Apply ] [ o4& Cancel ]

. J

[ Note: All parameters on this form are optional.
i '
Data source specifications M

Datasource bype g STRING FILE () BLOCK MODEL

STRIMG FILE BLOCE MODEL
Location gc_zonel _cuk - Madel name
Idrange |130 Attribuke

String range |1
D field |1

Constrain data [
Save constrained sample poinks?
Qukput location

Qutpuk id number |1

| o Apply || 3¢ Cancel |
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Ordinary kriging

Search parameters

Searchtype (@) Elipscid () Octant

Minimurn number of samples to select |3

Maximum number af samples ta select |15

Maximum search radius 999

Maximum vertical search diskance 999

Constrain by drill hole? [T
Desc field D2

Maximum number of samples per drill hole |15

Search Ellipsoid Specifications
Ellipsaid Orientation Anisotropy Ratios

Ellipsoid Visualiser ]

Bearing 22.5 majar | semi-major |2.48
Plunge |0 major | minar |2.48
Dip |0
Ratation Convention .5urpac ZXY¥ LRL - .
@z @ X Y X @y Z
@ L R L @R @ L R

[ o Apply ][ 3¢ Cancel ]

L

-

Task: Perform ordinary kriging estimation on grade control data

[# Note: The major axis and anisotropy ratios from the primary variogram map exercise
are used here. The major/minor ratio must be equal to or greater than the major/semi-

major ratio, even for 2D estimation.

Surpac™ 6.6.1 Page 110 0f 238

Geostatistics
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13.
14.

15.

Task: Perform ordinary kriging estimation on grade control data

Eriging parameters g
Variogram file name gcl30zonelmajor. vgm -
Variogram model | Spherical -
Ruobation Conmvention Surpac Z{Y LRL
humber of structures |1
Structure  Nugget <l Range Bearing Plunge Dip Major[Semi  Major[Minor
1 1] 0.991032 15.063 2.5 a0 a 2.48 2.48
F4 11 o 22.5 1] Q .48 2.48
3 0 o 225 1} (u} 2.48 2.48
4 a o 2.5 0 a 2.48 2.48
S 0 o 22.5 1] Q 2.48 2.498
MNumber of descretisation points |3 ¥ |3 L
Inchuds debug output [ Report: fils name ok -
Constrain interpolation [ Format | .nat - Surpac Mote File v
(o ooty ] [ 3 cancel |

e

A

[ Note: In order to restrict the blocks a domain of "Zone 1", the Constrain interpolation

box must be selected.

Comtrartnmme 0w Congtrsint vilos
Comtrart type | OOMETILAINT - -
' Add | |8 |coreeune fie: ruide 6 cofnongs Coni B
B
Coretraris Bl GE_CREIONEL.C0M - . —
e [ ! tlew ] — "
swthgen | =
r
L4
3
1
k
1 -
a m 13
W bl s sty i the sornts art
Loretr st pombangtion
S onetsng by -
L) [ oot | [ 3 e |

Choose Display > Colour model by attribute.

In the Attribute to colour by field, select gold_ok, and click Scan, then enter the Range
for colour selection of 0,15,1 and click Refresh.

Click Apply.
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Ordinary kriging

Task: Perform ordinary kriging estimation on grade control data

Block Codours

Defaukt Face
Default Edge
Aatribubs o colour bry | gold_sk:

-

-
1

Load styles si_styles:bm_colours.ssi »

Ranges For colour selaction (0,15, 1

Coloir Tranaisen

Apply lransition whan scanning [
First colour
Larst colour

Legend
Mumber of decimal places 2

Transpanamny
Apply Transparency = s

Save shyles? [T]

Q)

&

16. Display the legend on the Legend tab.
The data and model are displayed, as shown:

Legend =l

&1 DTMs and 3DM
® Strings
=@ oradecontrol130.md
B gold_ok
— [l undefined
— [ o.00->1.00
002200
Il 2.00->3.00
[l 3.00->4.00
— [ 4.00->5.00
5.00->6.00
6.00-> 7,00
7.00->8.00
8.00->9.00
9.00-> 10.00
10,00 -> 11.00
11,00 -> 12.00
12,00 -> 13.00
[l 13.00-> 14.00
B i:00->i5.00

17. Choose Attributes > View attributes for one block.

18. Click any block.

o %

M g e T O LS

ne

1

L.

The value estimated for the block is displayed. Any other attributes previously estimated

will also be displayed.
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Ordinary kriging Task: Colour the block model by kriging variance to show edge effect

i '
Block attributes ﬁ
Block centroid
¥|7322.5 ¥1687.5 2135
Block: size
¥|s Hs Z10
Atkribute Value
10 | _ikb#qgold#5.0000_frac 0.127673344 i
11 | jkb#gold#5.0000_valus 6.92581
12 | jlc#gold#1.0000 0.430205251
13 | jkc#gold#10,.0000 1
14 | jlc#gold#2.0000 0.650639836 b
15 | jkc#gold#s.0000 0.872326656 =
16 |gald_id2 2.79
17 |gold_ak 3.47 i
[ porly ) [ 3 Cancel |
L9 A
19. Click Apply.

20. Choose Block Model > Close.
21. On the Exit block model form, click Save and exit, and then click Apply.

[ Note: To see all of the steps performed in this task, run 2d_09d_ordinary_kriging.tcl.

Task: Colour the block model by kriging variance to show edge effect

1. Click Reset graphics .
2. Open gcl130.mdl.
3. Choose Display > Block model.
4. Enter the information as shown, and click Apply.
Craw block model | X |
Skyle View
@) Blocks Clear constraints? [
) Point Cloud Remove slicing? [
(") Regularised Cloud Rescale?
Paint Cloud Marker =
Dpti
PHEns Marker Size |4
Include internal blocks? [
(7 opty ] (3 Cance |

5. Choose Constraints > New graphical constraint.
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Ordinary kriging

6. Enter the information as shown, and click Apply.

Task: Colour the block model by kriging variance to show edge effect

linter constrenty.
Cafmtrart fures | 8 - i ko
Cortrant bype | COMSTRADNT -
- Add | |2 eormmrare pie: e o_ceeoces con
O
Constrants Bl GC_CREIDHE] D08 - ) —
ade 7 [ cem |
]
&
Satagan | —
44
B
1]
k
1
P
oo bz gty 1 the cormit ard
Carstrant gambination
Saree conglraink e -

[ ofeoh | [ 36icoce |

7. Choose Display > Colour model by attribute.

8. Inthe Attribute to colour by field, select krig_var, and click Scan, then set the Ranges for

colour selection to 0,1,0.1, and click Refresh.
9. Click Apply.

Block Codours

Load styles i _ctyles:bm_colowrs.sd = E
Defauk Face -
Defaut Edge -
Attribube bo colour bry | brig_var
Buanget For colour sedection |0.29,0.4,0.01

Colour Transition
Apply transkion when scanring [
First colour

Larst color

Legend
Mumber of decimal places 2

Transpanancy
Apply Tramsparency = % 100%

Save stykes? 7]

&

The model will display as follows.
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Ordinary kriging Task: Colour the block model by kriging variance to show edge effect

L.

10. Choose Attribute > View attributes for one block.

11. Select blocks at the outer edge of the model and then blocks internal to the model, to
compare the values for krig_var.

12. Press ESC.

13. Choose Block Model > Close.

[£ Note: To see all of the steps performed in this task run 2d_09e_edge_effect.tcl.
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Model validation Task: Comparing raw data to estimated values

Model validation

Overview
An important step in a geostatistical evaluation is to validate the model after it has been created.

You will learn about:

e comparing cross-sectional data with model values
o grade-tonnage curves from block model reports

« basic statistics of model values

o trend analysis

Requirements
In order to understand this information, you should understand the following concepts:

e Surpac string files

o Surpac block models

o isotropy and anisotropy
e anisotropy ellipsoid

o ordinary kriging

Comparing raw data to estimated values
One method of validating a model is to view cross-sections of it compared to other data.

Task: Comparing raw data to estimated values

1. Run 2d_10a_validation_section.tcl.

001 £.60 .06
.78
13
s =11
57 + .43
221 25 415
421
235
463
L x

.8

You want to ensure that the values in the model appear to be correct. In this example, this does
appear to be the correct where there is significant influence from high sample values due to the low
number of samples for kriging.
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Model validation Task: Create grade-tonnage curves

Grade-tonnage curves
Another means of validating a model is to report tonnes and grade and construct a grade-tonnage

curve.
Task: Create grade-tonnage curves

1. Run 2d_10b_grade_tonnage.tcl.
This macro performs block model reporting to create a *.csv file containing grade and

tonnage. A pre-defined *.xls file is displayed at the end with a graph of the grade-
tonnage curve.

2. Click Apply on each of the forms displayed.

Block model report format file ﬁ

Farmat File Mame | -
Oukput Report File Mame igcl30_grade_tonnage -
Cukput Repart File Format sV - Comma Separated (Spreadsheet) -

Repart TyPe G, Standard Report

(7 Multiple Percent Repaort

Indicator Kriged Model [
Madify Format
Constrain 7

[ ﬁ?.ﬁpply ][ o Cancel ]
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Model validation Task: Create grade-tonnage curves

Block model report

[#) Format headers?
[T Reryvn e with ero voluma?
Report volume sndborres b0 decimal places

Feport sitrbutes Displey?  Low ot Uppsr ot Wsight by Report Expression
2 Jos ok | @ [ s e *
Volume adustment Density adjstment
7] U volume acdhustment? 1) Mone )
At [_sbagoiden.c000_frac -l Owrbs | -]
@ Vaue =
etz o oUDIR
Group geometrically | Mone - — T——
L oo sk DA .

[ Fill oll eels for the group sitribute?

[7] Pivot compatible?
Pragigion 3 -
sittribute to shore partial percentages valies ®
@ o mmr | [ 3 camcel |
irter constrainks
muﬂ[ﬁ—‘ Coreta it veloes
hal [ aad | |8 feorsmmre P it o _coezoegn com o
Constrarts fle GC_CREZCNEL COH - =
vose 7 [ ow Lt
L]
mmaom ]
°
n
i
1
k
T .
Kl dd ¥
blacia partialy in the toestrant. [
© pration | |
Save conatrunt by | .

The file gc_130_grade_tonnage.csv is created.

The Grade-Tonnage curve is displayed.
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Model validation Task: Display block statistics of model values
1400 - Grade Tonnage curve

1200 1

1000 1

800 <+

600 1

400 1

200 1

0.00 -
a 10000 2000 30000 40000 30000 60000 F0000

[# Note: gc_130_grade_tonnage.xls has been prepared from the output data.
Basic statistics of model values
Basic statistics of the block model values is another way to validate the output from the model.

Task: Display block statistics of model values

1. Runthe macro 2d_10c_model_stats.tcl.
[ Note: This macro displays basic statistics on three block model parameters.

2. Click Apply on the three following forms.

i 4
Model Validation | 23 |

This macrao usies the Fallowing Menu commands to display basic skatistical infarmation about the madel,

1. Block maodel = Open | Mew (by opening a *.MOL File)
2. Attributes = Basic statistics

[ ey ] (K el
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Model validation Task: Display block statistics of model values

i [Fm————
Basic Statistics
Block size |5, 5, 10 -
|Minimum block percentage
Attribuke name Weight by mass  5G attribute
1 |gald_ok 0
2 |gald_id=z

Canstrain ?
Include Coordinate Graphs ?

[/ Apply_| [ 3 Cancel |

=)
Add | B | Doyt Pl intide OC_ORETOMEL -
B
o .
:
3
i
k
ll = I F-
() (s )|

Two histograms of the data are displayed.
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Model validation Task: Display block statistics of model values

gold_ok (raw) rguld_idE (raw) ]
gold_ok (raw)

12
11
10
@ 9
E g8
T
B &
I g
E 4
= 3
2
1
o
2 3 4 5 G 7 8 ] 10 11 12
class

B Frequency

gaold_ok I{raw)/ gold_jidZ (raw) ]
gold_id2 (raw)

125 1

100

75 1

&0

Mumber of Samples

25 1

class

B Frequency - Cumulative Frequency

3. Click Apply on the following form.

Hy plot ==

X Varisble gokd_ok w | ¥Varisble gokd_id2 vl
Transform |Mone x| Transform |Mans -
Constank (1 _ el L

Draw as () Lines (@ Markers

Q-Q plot _Ll _
Quantile type |100 _ |
Linear Regression ||

(o ) (R Coes |'
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Model validation

Task: Display block statistics of model values

A scatter plot of the inverse distance and ordinary kriged data is plotted with a line of
regression showing the correlation between the two data sets.

gold_ok (raw) gold_id2 [rﬂ'l'_ﬂ " gold_ok (raw) vs gold_id2 (raw)
gold_ok (raw) vs gold_id2 {raw)

125 1 l= a l. _‘-'
s " G '-

10.0 | ng " u 7 ]
- | 1| J‘
= 781 ey -
3 ne o} ewm, *%
s \

- - £. .bl‘ - [

25 1 " .H

2 3 4 5 [ T ] ] 10 11 12
gold_ok

m gold_ok (raw) vs gold_id2 {raw)

Linear Regression: gold_id2= 1.0895g0ld_ok + -0.6198, Correlation Coeflicient (= 0.9734, r squared= 0.9475

The validity of the result is determined by the degree of correlation between the two data
sets. In this case, the correlation is close to 1, so the results are considered valid.

4. Click Apply on the following form.

-
Statistic report w

@

L

Output Report File Name gcl 30_model
Oubput Report File Format  .csv - Comma Separated (Spreadshest)

Percentile range 0,100,10
Type percentils values andior percentils ranges separated by semicolons,

The simplest range specification for more than one vahee is of the form 1,50 meaning the
range 1 through 50 in increments of 1.

You may inchade a step size or mcrement, For exampls, 45,75,10 identifies the rangs of
values 45 to 75 with an mcrement of 10 (1. 45, 55, 65, 75).

Ranges where consecuttve values have iregular spacings are accomrmodated by
separating vahues in the range by semicolons. For example, 10;23;50;90.

Both uniform and non-unifioom ranges can be combined. For sxample:

10,90,10;95:97.5

[ o Aeply | [ 3€Cancel |

A report of the statistics is saved as a .csv file.
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Indicator estimation Task: Display block statistics of model values

Indicator estimation

Overview
Indicator estimation is a useful technique to use when:

¢ asingle geological domain contains two or more populations
o estimation blocks are much larger than mining blocks
o experimental variograms are extremely difficult to model due to small sample size

Indicator estimation is commonly performed using Multiple Indicator Kriging (MIK). MIK is
commonly shortened to "IK", or Indicator Kriging, despite the fact that this name is technically
incorrect. In accordance with common usage MIK will be referred to as IK throughout the rest of this
document.

IK produces a cumulative frequency function (CFF) for each block. After estimating the CFF, the
percent of a block above/below a given cutoff can be estimated, which can also be interpreted as the
percentage chance that the entire block is above or below a given cutoff.

Although there are advantages to using IK, the amount of work required before you begin
estimation is significantly greater than for other estimation methods, such as inverse distance or
ordinary kriging. This additional work is commonly cited as one reason not to perform IK. However,
for certain situations, such as a mixed populations, IK can be the best estimator, so the extra work is
accepted.

You will learn about:

o theindicator estimation process
o choosing indicator cutoffs
e indicator transformation

Requirements
In order to understand this information, you should be familiar with:

e Surpacstring files

e variograms

e variogram maps

o the concept of anisotropy
o ordinary kriging

The indicator estimation process
The most common steps to produce an indicator estimation in Surpac are:

1. Choose a series of cutoff values.

2. Useindicator variogram maps to determine anisotropy ellipsoid parameters for each
cutoff.

3. Create a block model.

4. Perform indicator kriging, using the cutoffs from step 1, and the anisotropy ellipsoid para-
meters from step 2, to create a Cumulative Frequency Function (CFF) for each block.

5. Use the CFF to calculate the overall block value, or percent of the block above or below a
given cutoff.

6. Report the grade and tonnage from the IK model.
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Indicator estimation Task: Choose indicator cutoffs from percentiles

Choosing indicator cutoffs

One method of selecting indicator cutoffs is to use data values which correspond to the deciles of the
data (10%, 20%, 30%, ... 90%), as well as some values near the high end of the cumulative frequency
to define the "upper tail" of the cumulative frequency function (95%, 97.5%, 99%). In practice, 10 to
15 cutoffs is quite common.

Alternatively, if you know what values will be used for classifying and reporting ore reserves, you can
use them as indicator cutoffs. For example, if you know material will be classified into waste, low
grade ore, high grade ore, you can use the cutoff values for each of those categories as indicator
cutoffs.

Task: Choose indicator cutoffs from percentiles
In this task, you will select cutoff values based on cumulative frequency values.

1. Choose Geostatistics > Basic statistics.
2. Choose File > Load data from string files.
3. Enter the information as shown, and click Apply.

i Ny
Basic statistics Lﬂ]

Basic | Advanced |

Location go_zonel_ -
Idrange 130

Skring range

Description Fields for Data

D Field Mame Minimum value Maximum value

1 o lgold s

Histogram Bins Include Coordinate Graphs? [
Mumber & |2p
Width g (1

[ c&?.ﬂpply ][ o Cancel ]

The histogram and cumulative frequency are displayed.
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Indicator estimation Task: Choose indicator cutoffs from percentiles

gold (raw)

Mumber of Samples

. ]

5 10 15 20 25 a0 35 40
class

B Frequency -= Cumulative Frequency

4. Choose Display > Histogram.
The histogram is displayed

gold (raw)
@ 20
=
E
G'-'g 15
5
T 10
=
:
= ]
o 'III - .I'II' i = |

5 10 15 20 25 30 as 40
class

5. ChooseFile > Save as > Image file.
6. Enter the information as shown, and click Apply.

i '
Image File Dump ﬁ

Charts to oukput :Current Chart. -

Filename histogram -

¥ Size (Piwels) 500
Y Size (Pixels) 500

[ o7 #oply_] [ 9§ Cancel |

L A

The image is saved in the current working directory.

7. Choose Statistics > Report.
8. Enter the information as shown, and click Apply.
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Indicator estimation Task: Choose indicator cutoffs from percentiles

[ Statistic report “1

Output Report File Name gc_zonel_1 30stats -
Output Report File Format .ot - Surpac Noke File v
Percentile range |0,90,10,97.5;99;100

Type percentile values and/or percentile ranges separated by semicolons.

The simplest range specification for more than one value is of the form 1,50
meaning the range 1 through 50 in increments of 1.

You may include a step size or increment. For example, 45,75,10 identifies the
range of values 45 to 75 with an increment of 10 (j.e. 45, 55, 65, 75).

Ranges where consecutive values have imegular spacings are accommaodated by
separating values in the range by semicolons. For example, 10:25,50;90.

Both uniform and non-uniform ranges can be combined. For example:
10,90,10;95;97.5

Group data [T

[ somy ) [ Carca )

L A

The file gc_zonel_130stats.not is created and displayed.
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Indicator estimation Task: Choose indicator cutoffs from percentiles

QUTENE Filensse: o Tonel_lI0sTaTs
STAtistics Report

File &€ Tonel 130,387
seri range a1
variabie gald
mMumber of samples BE
minimum value 0. 0A0000
Maximum value 43530000
ouped Dats
Mean e 9 H
Median 2. 650000
GeomeTric Mean 2.222684
wvariance E6. TR
Standard Deviaticn %. 304784
CoefTicient of variaticn 1. 455685
MOSEAT 1 ABDUE APTTREETIC MEan 0, 000000
MpSErT 2 ABDUE AriThmetic Mean EG. 570051
MoSErT 3 ADOUE AriThmeric Mean 1608, 510391
MomenT 4 ABOUE AriThmeric Mean SE094, 3EL9ET
Skewrieds 2. 244937
Muriosis T TE0I0L
Matural Log Mean 3. TSET16
Log variance 2. 947087
0.0 Percentile 1, D000
10.0 Percentile 0 170000
20.0 Percentile O ATDO00
0.0 Percentile 1. 160000
&0.0 Percentile 1. 850000
26.0 Percentile (median) 2. 650003
E0.0 Percentile 4. 225000
T0.0 Percentile . SO0000
&0.0 Percencile B. 650000
.0 Peroencile 23500000
#7.% Percentile L6, 825000
9.0 Percentile 42. 385000
100.0 Percentile 4.5 3000
TriSEan 3. 353750
Bimeight 3,.071914
2. 7TEEFL4
Alpha 0, 1E408T
sichel-t 9, 311568
mormal Histogram Tabulation
gold
Clasz From Class To Count Mean Freq 8 Cum Cownt Cum Mean Cum Freq 8 Dec Count Dec Mean Dec Freg ¥
0. 010000 1. DROOD0 2d 0. 357500 0,282 24 0. IETEON 28,2353 a5 €. 4590118 10, D00
4.010001 2. DROO00 11 1. 435455 0129 I8 Q.EFEIEE 41.A7ES &1 8. 302951 Tl.7E4T
2. 010000 3. OADODD k] Z.4144448 0. 106 44 1.047T727 Si.TE4T 50 A10.545E800 58.8235
. 010000 LR Lileiti] L3 3. 512000 D059 4% 1.199184 7. 6471 41 12.330732 48.2353
. 010000 5 DRLOODG kS LR L leiei] H.058% g4 1.571481 & 13.555556 42,3529
£.010650 6. DAOHGHG z L.51E8000 0029 L9 1.508533 Ei if.0f804% 36. 4706
6. 010000 7. 0L0000 4 B 43TEOD D047 63 2.19EF651 26 16.892692 355882
T 010000 B. OROGH0 3 T.438867 0. 038 BE 2. 43ral2s 23 18.793434 2L 8824
§.010000 9. 020000 3 6. 493333 0.00% GF I.6%0a2 1% 20.585265 22.5529
#.01 .0 1 L GI0000  O.032 o 2.THREST 16 23.852500 6. 8255
131.01 12, 020000 1 13.510000 0.022 T 3.91ER02 iF  33.7 A7 6471
12.01 15. 020000 2 12.430000  0.024 3 §.ATILTE 14 24602867 16. 4706
1§.010000 14, QROCOHY 1 1F.5E000 o023 74  F.F1PARD 12 6. GILEGET A4, 1376
15.010000 16, QROCO 1 15. 670000 o023 & F.454133 11 37.BI0000 2.1
22, 010000 33, QROCNH) 1 21.430000 0.042 TE 3.7I0132 i 3903001 A1, TEAT
23. 010000 I3, QRO000 1 23.500000  0.042 7 3.9 3 29.8561111 a0, 5882
23,010000 T4, QROOHD & 13390000 0,024 e & 30.803750 9. 4118
24, Q10000 5, DRO000 1 24,030000 0.042 B & 33.275000 7. 0588
26, Q10000 7, QROO0D 1 26, 640000  O.042 Bl §  35.112000 .BE24
27010000 28, DROOHY 1 27.7E0000 o0z Bz 4 37 . 230000 4, 7O
36. 010000 37, DROOHY 1 36, 450000 Lot B3 3 40.3BEEET 3.5394
A1.010000 42, DRO0HY 1 41, 180004 o.0dz B4 6.049LET 2  42.355000 2.3529
43, 010000 44, DROO00 1 43.530000 O.042 B85 6.433118 1 43.530000 1.1765

9. Close the Basic Statistics Window.

[ Note: To see all of the steps performed in this task, run 2d_02a_basic_statistics_histogram.tcl.
You can use the values associated with each of the specified percentiles as the cutoff values.

Cutoff number Cutoff value
0.17
0.47
1.16
1.88
2.65
4.22
5.90
8.65
22.5
27.2
38.82
42.36

O 00 N O U1 B W N -

=
= O

=
N
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Indicator estimation Task: Choose indicator cutoffs from ore classification grades

[# Note: It is not necessary to select a "top cutoff" that is above all data values. When you perform
indicator kriging (IK), you can specify a value which is assumed to be the mean value above the last
cutoff.

Task: Choose indicator cutoffs from ore classification grades
In this task, you will assume that before you begin creating an indicator estimation, you are provided
with the following information:

Ore Classification Grade (grams/Tonne)
Waste 0.00 to 1.00
Low Grade 1.01 to 2.50
Medium Grade 2.51to0 5.00
High Grade 5.01 to 10.00
Super High Grade above 10.00

Based on this information, you would choose four cutoffs:

Cutoff number Cutoff value
1 1.0
2 2.5
3 5.0
4 10.00

[# Note: These values will be used in subsequent tasks because of the small number of cutoffs.

Indicator transformation

After you have determined the value of each of the indicator cutoffs, Surpac transforms all data to a
value of one or zero for each cutoff, and then use the transformed values to perform a function. For
example, calculating an indicator variogram map or performing indicator kriging. Although Surpac
does this transformation for you, it is important to understand how an indicator transformation
works.

For each indicator value, a data point is transformed based on the following table:

If the data value is: Then the transformed value is:
less than or equal to the cutoff = 1
greater than the cutoff 0
Since all data points are either transformed to a value of zero or one, there are no outliers, and the
coefficient of variation is small. This means that indicator variograms can be more "well behaved"
than normal variograms for data sets that contain outliers or small numbers of data.

Task: Perform indicator transformation

1. Open ik_demo.strin Graphics.
2. Choose Display > Point > Markers.
3. Enter the information as shown, and click Apply.
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Indicator estimation

T

ask: Perform indicator transformation

L

Drawing

S

Draw Markers
Layer name

String range

Seqg range

Seg pnk range
Desc field number

Text Alignment
Position of text in segment

:ik_demn.str
di -
- =

i@ All points () First point

() Centroid

| =4 Apply

][ o Cancel ]

4. Choose Display > Point > Attributes.
5. Enter the information as shown, and click Apply.

-

L

Drawing

S

Draw Point attributes
Layer name

String range

Seqg range

Seg pnk range
Desc field number

Text Alignment
Position of text in segment

:ik:_demn.str
di -
- =

i@ All points () First point

() Centroid

| =4 Apply

][ o Cancel ]

6. Choose Display > Hide strings > As lines.
7. Enter the information as shown, and click Apply.

Surpac™ 6.6.1

-

Drawing

S

Erase Lines
Layer name

Skring range

Seqg range

Seqg pnk range
Desc field number

Text Alignment
Position of text in segment

:ik:_demn.str

dl

| =4 Apply

][ o Cancel ]
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Indicator estimation Task: Perform indicator transformation

_|_4

[ Note: The file contains four points, with D1 values of 0, 2, 4, and 9. These will be
transformed to 1 or O for each of the four grade classification cutoff values of 1, 2.5, 5, and
10.

8. Choose File tools > String maths.
9. Enter the information as shown, and click Apply:

String maths |
(Dusfires the Filas bo be processed
Lacation §_damo -
I range
(Difiren ths Fibet b0 b crmatind
Liscation i _bransform -
Shyireg 1ange Coneaheaint Fusded = Expreggion
I dz = M{d1>1,0,1) -
2 x] - R 250,10
¥ ™ B @501
4 s = WA 0,00}
: ! - L
5 =
E3 =
B =
) =
[T =
[T = -

10. Click Reset graphics .

11. Openik_transform.str.

12. Choose Display > Hide strings > As lines.

13. Enter the information as shown, and click Apply.
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Task: Perform indicator transformation

Drawing

S

Erase Lines _
Layer name _ik_transfu:urm.str

String range

Seqg range

Seg pnk range
Desc field number d1

Position of text in segment

Text Alignment < -

[ -@?Apply ][ o Cancel ]

L

14. Choose Display > Point > Markers.
15. Enter the information as shown, and click Apply.

-

Drawing

Draw Markers _
Layer name _ik_transfu:urm.str

String range
Seqg range
Seg pnk range

Desc field number di -

Position of text in segment ..&. Al points

Text Alignment < -

() First point ) Centroid

[ -@?Apply ][ o Cancel ]

L

16. Choose Display > Point > Attributes.

17. Enter the information as shown, and click Apply.

-

Drawing

S

Draw Point attributes _
Layer name _ik_transfu:urm.str

Skring range
Seqg range

Seqg pnk range

Text Alignment = -
Position of text in segment i@ Al paints

Desc field number di -

() First point ) Centroid

[ -@?Apply ][ o Cancel ]

L

18. Choose Display > Point > Attributes.

19. Enter the information as shown, and click Apply.
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Indicator estimation Task: Perform indicator transformation

( Drawing ﬁﬁ

Draw Point attributes _ _
Layer name _ik_transfu:urm.str -

String range
Seqg range

Seg pnk range

Desc field number d2 -
Text Alignment :{ -
Position of text in segment g, Al paints () First point () Centraid
| Apply | | 3 Cancel |

L

D1 values are displayed on the left of each point marker, and D2 values on the right.

D1 is the original data value
D2 is the transformation where =1=1 and =1=0

0-+1

90 210

440

10. Repeat steps 20 and 21, selecting a Desc field number of D3, then D4, and then D5.

Surpac™ 6.6.1 Page 132 0f 238 Geostatistics



Indicator estimation Task: Perform indicator transformation

D1 is the original data value
D2 is the transformation where <2 .5=1 and =2_.5=0

0+1

90 2+

440

D1 is the original data value
D2 is the transformation where <5=1 and =5=0

0+1

90 2+

4-+1
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Indicator estimation Task: Perform indicator estimation

D1 is the original data value
D2 is the transfarmation where <10=1 and =10=0

0+l

9+ 2+

4-+1

[# Note: To see all of the steps performed in this task, run 2d_11a_ik_transform.tcl.

Indicator estimation

Indicator kriging is used to estimate a cumulative frequency function and block value for a single
block from four samples, all equally spaced from the block centroid.

0+

9+ 2+

4+

Four cutoff values are chosen from ore classification grades.

Cutoff number Cutoff value
1 1.0
2 2.5
3 5.0
4 10.00

Isotropy is assumed for all cutoffs.

Task: Perform indicator estimation

1. Run 2d_11b_indicator_estimation.tcl.
2. Click Apply on each form presented.
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Add attrbuted
Atriba e Mame Type Decmals  Background Value Description | Expresson
1 Jeueoifs Fiost g L Frst cutodf = 1.0 =
2 |euradtz Flast ] 3 sezand cutadf = 3.0
3 ooty Fiest 3 5 Ehird cubeld = 5.0
A Jeuksita Ple.st 3 10 Finrth cutall = 10,0

peercenit of the: block: bl cubodfl 1
prercent of the block below cutoff2 3
peericent of the bl below cutall3 5
prarcent of Ehe bl below cutolf4 10

Attribube Hame Tipe
1 |averagem Euisted
2 |averagel2 Ealcuiated
3 |overagezs Eakculated
4 |averages Eslcuated
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Indicator estimation Task: Perform indicator estimation

Attribuke Yalue

1
2
3
4
S
5]
)
g

o

-2
suarfl
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Indicator variogram maps Task: Calculate anisotropy parameters for each cutoff

Indicator variogram maps

Overview

Indicator variogram maps are used in the same way as ordinary variogram maps to obtain
anisotropy ellipsoid parameters. When you create an indicator variogram map, the data is
transformed to indicator values based on the value of each cutoff. The entire process of determining
anisotropy ellipsoid parameters is repeated for each cutoff.

You will learn about using indicator variogram maps to determine anisotropy ellipsoid parameters
for a series of cutoffs

Requirements
In order to understand this information, you should:

o be familiar with Surpac string files
o know how to create and use variogram maps to obtain anisotropy ellipsoid parameters
o understand the concepts of anisotropy and ordinary kriging

Using indicator variogram maps
In order to create indicator variogram maps, you must have defined a set of cutoff values. To keep
the procedure simple, only four cutoffs are used in this exercise.

The end product of the process of using indicator variogram maps is to get anisotropy ellipsoid
parameters for indicator kriging. These parameters need to be documented for each cutoff.

Task: Calculate anisotropy parameters for each cutoff

1. Choose Block model > Geostatistics > Indicator variogram modelling.
2. Choose Variogram Map > New variogram map.
3. Onthe Basic tab, enter the information as shown.
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Indicator variogram maps Task: Calculate anisotropy parameters for each cutoff

i ™y
Indicater variogram map calculation u

Basic | Cutoffs |Advanced|

Location qc v| D field D1 -
Id range 130 Minimum value
Skring range Maximum value

Data Selection
Plane dip |0

Dip direction |0

Mumber of variograms |16 -
Angular increment 22,5
Spread |30

Spread limit

Lag |20

Maximum distance | 100

CQutpuk repart file name ik_vgmap -

Oukput report: file Formak | .not - Surpac Mote File -

Display repart [

(S ey ) (RG]

L A

4. Click the Cutoffs tab, and enter the information as shown.

i ™
Indicater varicgram map calculation u

- Cutoffs | Advanced

Cutaffs

2.5

10

(=T = TR = T T P Y T
m

—
=]

.1

[ F ey ) (R
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Indicator variogram maps

Task: Calculate anisotropy parameters for each cutoff

5. Click the Advanced tab, enter the information as shown, and click Apply.

-
Indicater varicgram map calculation

S

o Cutot| Advanced

Geographical Constraints

Minirnurn:
i ¥
Mairnurn:
i ul
Lag slider

Miriraurn | 1

Maximum |50

Increment (0.1

Treakt negatives as

() ZERCES () UNDEFINED (@) MEGATIVES

[ o Apply ][ 3¢ Cancel ]

L8

6. Right-click and choose Tile Windows.

7. Use the variogram map to identify the major axis for the first cutoff (1.000), as shown.
8. Use Variogram > Model to create a variogram for that orientation, and note the Range.
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PoFle Ditpley View  Viniogram  \Varogrammap  Helg
i ety il | A [+] w m o 1 o IF LS
S i [P P s P e = R g = T i
u [l 0->0030) | 7 0e» 215 (30 ) 0 =45 (3] i} 0 -»&7.5(30) Warage s frdel [
g e ol o '"’"“‘ EEEE o - &
0 E* = ia Eul Vanagram modet Sphenea
inl iu_ I Sill Range
i Mugges 04078747
) — o — Stucture 1 08508504 £0.105
IBFSEREEREER I!IIIIIIII'I I'I!'IIIIIIII I1IIIIIIIII Structure 2 - -
it o - e Structure
| — e — i if' e — EonE +1 — e — i = | — i — il Structure 4
1 impnkan |1 wgwiam 1 ko 1 rmpnkam Structure &
03[ | 011250 e :-m[n] B> 1575 (30)
130 [ B4 015 ] ME‘HI

NN r/f“ N

ElE) @ o (&S

EETTEIELIL. iitaaneanem iiasisetanm| deaseferena
[ ] [ ] ot e
1 ey — i i1—- s — ik + 1~ — gl [ —
1 wnlkam |1 i ) oo ||-:-qml.¢-

Flang dps 0.00 towpeds 00

9. Choose File > Save > Experimental variogram and model.
10. Enter the information as shown, and click Apply.

i |g'\

Save Varicgram
Enter the Mame of the Variogram Files ko Save
Experimental variogram cutoff10 -
Variogram model cutoff10 -

[ o7 Aply | [ 3¢ Cancel |

A

L%
11. Modify the variogram to best-fit the semi-major axis (keep the nugget and sill the same),
and note the range.
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| Fie Dapley View Variogram

Verigram map Help

Task: Calculate anisotropy parameters for each cutoff

+ i o | 1 - F - 1
] S I I s PE S = e P = P - L i
- 0=>0(30) 0=> 225 (30} Q> 45 (30} Q=2 &7.5(30) Variogram model & 8 X
Bl B k-1 B &
H{ = . N L. SN ' 7: = PSR =
< e fur—rn fu—i H"\‘ i, !'I&T Varogram modst Sphencal
Eu / l" i"' A Sil Range
i [ [ i Nugpel 04075747
Siiiereiinm| “iarenereed| Ciiareniiaes Grareiiiais el 099000 30000
- o — — Stucture 3
b By — s |1 — e — kol | — g — Errnibe 4 | — e — il Structura 4
| ek ¥ ¥ am ¥ g aim 0 mpnaim Struthie &
0-> 90/ [3) 0-> 1125 (30} 0 - 1% (30) 0 - 157.5 (30)
1B L] P15 P15 b2 1T5M
= A |7
i i 2yl fu—
it Hr'rl El /I 7 i '
III.‘r \\ l"' iu.‘ iu TrcSicaton v aricegr ien Mg & B o

-~ ———
EEEEREEN AR |
Aoy

u
fifgianiEnand
EL]

u
IBEEREERERNER
o

vy el 8 o (i

+ 1~ P —
| g

|+ 1 ~ e — oo
| g

= | — o —
1 rpnis

Roesults are in the File outoff10.evg
Fesults are in the Fle outoff 10, vgm

Plare dps 0.00 bowards 0.0

12. Calculate the anisotropy ratio (range of the major axis divided by the range of the semi-
major axis) for the first cutoff:

major/semi-major anisotropy ratio=60/30=2

13. Document the values as shown.
Major/Semi-Major

Cutoff Variogram Bearing i X
Anisotropy Ratio
1 cutoffl0.vgm 0 2.0
2.5
5
10
14. Use the cutoff selectorto display the variogram map for the next cutoff (2.5).
1.000 -
1.000
5.000
10.000

15. Use the variogram map to identify the major axis for the 2.5 cutoff, as shown.
16. Create a variogram for that orientation, and note the Range.

Surpac™ 6.6.1 Page 141 0f238

Geostatistics



Indicator variogram maps Task: Calculate anisotropy parameters for each cutoff

P Desplay \View Vicgrem  Valogamemsg  Help

et B80S -l e i

-3 0(30) o eszesa0) | | 7 o-mds() | T 0-2675(30) | Vrkprammoddd a B o
[} 1> 25 {1 ] [E1L e ] @[ﬁl@.ﬁ] = Ié]

1 Mavigator

Eut ! af ' %: i r Vatiogram model: Spherical
[u. fn| iu. I Sl Range

e

o " Hugget  D.2019116
ullllfl‘l'llt- ulllll‘i"lli AERITETENIE EIllllll"il‘i'l xa;; l":l‘i'ﬂf aﬁlﬂﬂ‘:_l
= = = e Sthure 3
|5 - wwn = s 15 - T = ikl & 4 e =ikl b 1w =ikl Easehune 4
|H-w'r|hl1 o g 1 wpaiam | prkam Eanscturg §
- %) orusmm| 7 a1 o s |
(B2 k] I H25PR (R3] [ B3 oL ]
g - : i :
it 1 | s
ur_‘__.-"’ B Incheator varSgr am mag a B x

ul‘ll’l’lll'lll.- u;1lll|l'lll" u;‘!l!lllllli E;‘llllll"ll“@@@aiﬂ#.u@

S e i

|15 — sy — o 4 15— e — ikl 43— e — gkl 41— e — ik
|Hrw|n}m o rgndam 1 wgrdaim 1 wrpnkaim

Results are in the file cuboffL0.eng

Resuits are in the file cutoff10.ngm

Flans dips 0,00 bpevards 0.0

17. Choose File > Save > Experimental variogram and model.
18. Enter the information as shown, and click Apply.

i ™
Save Varicgram g

Enter the Mame of the Variogram Files ko Save
Experimental variogram cutoff25 -
Variogram model cutoff25 -
[ penly ] [ 3K Cancel |
L &

19. Modify the variogram to best-fit the semi-major axis (keep the nugget and sill the same),
and note the range.
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 Fie Dipley ‘View Vaedogrem Verigrammap  Hel

] S = P

2 E S " S o - | ] e

Task: Calculate anisotropy parameters for each cutoff

0-» 0 (3] 0-» 225 (30} 0 ->45 (30} 0->67.5(30) Varigram moded @ 8 x
-
3 pm | ema [ e | eoe | aa@E - @
P Tal Tl i-.. il ‘“"\‘; %} ﬁg\i Varogeam modst Sphenca
" B . i Sill Ranpe
' 4
i i i i Mugg#l 02015116
irereiane Trreroneed) Taneneaes iarereeare (Gl 190613 35002
- - - — Structure 3 .
+ 1 — e — Wil + 14— i — i =[5 - irwre) — up s + [§ — i — i Siructure 4
| wiim ¥ e i ¥ opn ks 1 wopnias Structure &
0 -3 50 3] 0> 112.% (3] 0-> 135 (30) 0-3 157.5 {30)
b2 (EALrLE 150 L EAULE
al AN sl N 2 il
E.‘. ._.-(' I!:'J. L EI- ;' 1 {I. ] ]
o jo jul¢ 5...4 Trcaten v iricsgr ien mig @ 8 X
I tastteannm| risstsernuel ttseseisEd| 1i13iefenensm Eﬂﬂ@i##lﬁ.ﬂ
e e e ax
+ 2~ e — ikl + 15— o — ik = 15— — ks + 1§~ oy — oy | 305&
| e o | e ¥ o W oAl
Fiesults are in the Fle ostoff10,8vg o]
Results are in the Fle outolff 10, vgm
Fresults are in the Fle cutelf2S,avg
Rty ara in the fle cutalf 25, vom
I rEEE)

Flane dps 0.00 bowasrds 0.0

20. Calculate the anisotropy ratio (range of the major axis divided by the range of the semi-

major axis) for the first cutoff:

major/semi-

21. Document the values as shown.

major anisotropy ratio=75/25=3

Major/Semi-Major

Cutoff Variogram Bearing i X
Anisotropy Ratio

1 cutoffl0.vgm 0 2.0

2.5 cutoff25.vgm = 22.5 3.0

5

10

22. Use the cutoff selector to display the variogram map for the next cutoff (5.0).
23. Use the variogram map to identify the major axis for the 5.0 cutoff, as shown.
24. Create a variogram for that orientation, and note the Range.
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Indicator variogram maps Task: Calculate anisotropy parameters for each cutoff

 Fie Dipley ‘View Vadogem Verisgrammap  Hel

] e T P 2 1 e e e = R §

0 -0 (30) 0 -3 I35 (30} 0 - 45 (30} Q-=67.5{3) e ah el o RX
oy F 4 ¥
(£ 1> 250 I+& I>aim i i
§ —om -y (BEBE . - B
§ul t N ! iy J i | wanogram modet Sphanical
oji bl |
" B B Sin Range
i iy f s MNuggsl  0.3020746
ul'iajlii.llil uii:lililiil T I T IELLL | ultlllttl!ll Stucture 1 1104455 &7.999
i ET Y o clure 2 : -
Structure 3 ] =
+1 - e — gk +1 T — Eopnikl I"! e — gl BER L R o] Siructure 4
| wrraim s II o s i oo Structure &
- 50 [30) -3 1S (30} ) 0 -» 138 (30} 4 @-»157.5 ()
(1] R I 150 b 1T
-1 /}w_ K A —
i T i i gl I
nrzamag i ire i‘ i
| ] B Iraficabor wavicgram mig o 8 X
Ia I" L L]
— 0000 e
IBFEEREREN DR | IlII#*I!III
iy
T - e — s 1 W — ek
e ] | o
Foemuts are in the file outoff10.evg
Foesults are in the file outoff10.wgm
Results are in the Fle outoff 25, evg
Riesults are in tha Fla outoff 25, vom

Flang dps 000 towpeds 0.0

25. Choose File > Save > Experimental variogram and model.
26. Entertheinformation as shown, and click Apply.

i |g'\

Save Varicgram
Enter the Mame of the Variogram Files ko Save
Experimental variogram cutoffs0 -
Variogram model cutoffS0 -

[ o7 Aply | [ 3¢ Cancel |

A

L%
27. Modify the variogram to best-fit the semi-major axis (keep the nugget and sill the same),
and note the range.
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¢ File

: ﬁ’ﬂ"'ﬁ'ﬁ' :51:-:-:1

Display View Variogram  Vanogrammap | Mep

2 B H S S A ) -] ) cawm i

Task: Calculate anisotropy parameters for each cutoff

0 -5 0 {3) - 22.5 (3] -3 45 (30 0 - 87,5 (30} g e model g B X
b2 b5 bl ba@s - o
paa = - " EEEEg -3
£ / far 4 iu il §.1 7 Valiegram model Spharical
L Eu.- Eu ;_, 4 EC] Ranga
L] | ¢ Ll Huggat  D3020T4E
Tatewnetess Gtameseness| GtaEesetess| tiasetsiees 5'1'”"""'911 1100712 0048
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[E3 5] (B2t | [ER: Tk 1= 12500
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- \ - Y o - v
A g /\ S e || 7
b 7 nye i W4
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EEREEERUNE |
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EEEIIIELLE
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o

IBEEEEEENER |

I 2Pl 47 4 o° [

P e e ]
| ‘o

WY e - g i
| A

Wrn  EopnEds
| e

4 s = g

| 45D

e

Reguits are in the File ouboffi0uevg
Feguts are in the file ouboff10.wgm
Results are in the Al otoff2Soewg
Fagults are i the fils cutofF 2% vom
Flagults ara i the File ctofPR0Levg
Rty are i the file adofPSlvom

no

T 00360

Flars digs 0,00 towvarcs 0.0

28. Calculate the anisotropy ratio (range of the major axis divided by the range of the semi-
major axis) for the first cutoff:

major/semi-major anisotropy ratio =68 /30=2.3

29. Document the values as shown:.

Surpac™ 6.6.1

Cutoff

1
2.5
5
10
30. Use the cutoff selector to display the variogram map for the next cutoff (10.0).

31. Usethe variogram map to identify the major axis for the 10.0 cutoff, as shown.
32. Create a variogram for that orientation, and note the Range.

Variogram

cutoffl0.vgm 0
22.5
22.5

cutoff25.vgm
cutoff50.vgm
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Anisotropy Ratio
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Indicator variogram maps Task: Calculate anisotropy parameters for each cutoff

I Fie Oesplay View Viiogram \anogrammap Hep

o e P = P P = = P PR P L ) i

0->0(30) 0-»22.5{30) 0 -2 45 [30) 03 &7.5 (30} kg am model g B x
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[ES 5] [ L nﬁn (Bt ] (B mn
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= 1] e — o <+ B — rwnos — ‘wagasibo + B — farwor — i + 1 - lwos — g
1 it i wrgpndtam i weprltam e

Results are in the fibe cutoff L0 g
Results are in the file cutoffL0.vgm
Results are ini e il cutoff 25 evg
Rasuits are in e e cutoff 25, vom
Fagyiks are i Hee File cutcffS,evg
Basults are i the il cutoff50.wom

Flans dios 0.00 towvarncs 0.0

33. Choose File > Save > Experimental variogram and model.
34. Entertheinformation as shown, and click Apply.

i B
Save Varicgram E

Enter the Mame of the Variogram Files ko Save
Experimental variogram cukoff100 -
Variogram model cutaff100 -
| o Apply | [ X cCancel |
L o

35. Modify the variogram to best-fit the semi-major axis (keep the nugget and sill the same),
and note the range.
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Task: Calculate anisotropy parameters for each cutoff

File  Deaplay  Wibw  Uaiiorem  Vanogas map  Help
| Sl E PSS ™ 5 [ P o 7 e I Ml o [
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Fiasults are i the File cutofFIduewg
Fissuits are i the file oatoff 0L vgm
Rty are i the file adolflS.evg
Rty ane i the file cutaff25.vgm
Requits are im the Fils outoffS0uevg
Reguits ane i the File cutoffS0 wom
Resulks are in the flle oubofFI00.ewg
Results are in the file outofFI00 wgm

//'
N

Plane digs 0.00 towards 0.0

36. Calculate the anisotropy ratio (range of the major axis divided by the range of the semi-

major axis) for the first cutoff:
major/semi-major anisotropy ratio=67/32=2.1

37. Document the values, as shown.

Major/Semi-Major

Cutoff Variogram Bearing . .
Anisotropy Ratio

1 cutoff10.vgm 0 2.0

2.5 cutoff25.vgm 22,5 3.0

5 cutoff50.vgm 22.5 2.3

10 cutoff100.vgm O 2.1

[# Note: This exercise, with four cutoffs, demonstrates that the amount of work to obtain the
parameters necessary for performing indicator kriging of one attribute (gold, in this case) is equal to
four times the amount of work required to obtain the anisotropy parameters for ordinary kriging.
Normally, ten or more cutoffs are used. This means it requires ten or more times the amount of work
per attribute. Multiply this times the number of attributes per model, and can see that considerable
effort is required to derive all of the anisotropy ellipsoid parameters for all attributes in a model. This
extra work is a main reason why indicator kriging is not used for the majority of resource
estimations. If a data set contains multiple populations (as evidenced by a bimodal distribution),
which cannot be geographically separated, then indicator kriging is used because it is seen as a viable
alternative, despite the work involved.

Indicator kriging

Indicator kriging is ordinary kriging of indicator-transformed data values for each of several cutoffs.
The result of performing indicator kriging is a Cumulative Frequency Function (CFF), stored as
attributes in the block model. In this way, indicator kriging is not creating a single value for the entire
block, but rather describing the amount of material in the block above or below a given cutoff.
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You must have previously created and documented variogram models and anisotropy parameters,
such as as shown in the following table for this two-dimensional example.

Major/Semi-Major

Cutoff Variogram Bearing i i
Anisotropy Ratio

1 cutoff10.vgm 0 2.0

2.5 cutoff25.vgm 22.5 3.0

5 cutoff50.vgm 22.5 2.3

10 cutoff100.vgm 0 2.1

For a three-dimensional example, you would have one additional column for major/minor
anisotropy ratio.

Task: Perform indicator kriging

1. Choose Indicator kriging > Indicator kriging attribute ().
2. Enter the information as shown, and click Apply.

Select attribute to model @

Attribuke name gold -

| o Apply || 3 Cancel |

3. Choose Indicator kriging > Indicator kriging.
4. Enter the information as shown on each of the six following forms, and click Apply.

i !
Data source specifications ﬁ

Data source Lype g STRING FILE () BLOCK MODEL

STRIMG FILE BLOCK MODEL
Location gc_zonel_cuk - Madel name
Idrange |130 Attribuke

String range |1
D field |1

Constrain data [
Save constrained sample poinks?
Qutput location

Output id number |1

[ @?Apply ][ o4 Cancel ]
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Indicator variogram maps Task: Perform indicator kriging

P A
Ik s=arch and estimation parameters u

Searchtype (@) Elipsoid () Octant

Minimum number of samples to select |3

Maximum number of samples ko seleck |15

Maximum search radius 999

Maximum vertical search diskance 999

Constrain by drill hole?

Desc field D2 -

Maximum nurmber of samples per drill hole |15

Maximum nurmber of adjacent octants with no samples I:I

Mumber of descretisation paints ;(|3 | \(|3 | i |3 |

Include debug oukpuk Canstrain interpalation?

Report file name igc_ik - |

Format | .naot - Surpac Moke File - ]

[ Ellipsoid Visualiser ]

| o Apply || 3¢ cancel |

- y
Cortrartnime B Congtryint vilo
Cormtrant type | COMITRADG - -
' Add | |8 Jooramrant Fie: inude Gc_oeEnoees con -
B
Congtrants Ml GC_OREDONE| 0N - E —
e 7 [ owe | o L
L]
awthgen | ——
]
44
B
1]
k
1 -
« L= v
e bl sty i L coeni ard
Cantrant pombination
St constymnt b -
17 [ of sty | [ e ||
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Indicator variogram maps

Task: Perform indicator kriging

[F——
e
Cukaff Bearing Flunge Dip Semi ratio Minar ratio
1 1 [22.5 0 ] .2 k.2 =
2 |2 22,5 0 ] .S 5.5
3 |Is [22.5 0 ] 04,4 .4
4 110 22,5 0 ] E.8 5.8

| o Apply | | 3¢ Cancel |
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Indicator variogram maps Task: Perform indicator kriging

Ik vaniogram parameters g
Cuteff: 5.000
Wariogram file name cutoff3.wgm -
Model Type: | Spherical -

Struchure  Nugget sl Range Bearing Plunge Dip Major/Semi  Major[Miror
1 0.13 |I:|.12 55 2.5 i} a 4.4 4.4

2 225 [i] 0 4.4 4.4

3 2.5 0 0 4.4 4.4

4 22.5 [i] 0 4.4 4.4

5 225 [v} 0 4.4 4.4

[ o Apoly | [ € Cancel |

Ik vaniogram parameters “
Cuteff: 10.000
Wariogram file name cutoff4. vgm -
Model Type: | Spherical -

Structure  Nugget il Range Baaring Plunge Oip Major[Semi  Major[Minor

1 0.13 |I:|.12 55 2.5 I} a 5.8 5.8
2 22,5 0 0 5.8 5.8
3 22.5 0 0 5.8 5.8
4 22.5 0 0 5.8 5.8
5 2.5 0 o} 5.8 5.8

| o Aooly || 3 Cancel |

5. Choose Display > Display block model.
6. Enter the information as shown, and click Apply.

ra '
Draw block model [

Skyle View
@ Blocks

Clear constraints?

) Point Cloud Remove slicing?
(") Regularised Claud Rescale?

Point Cloud Marker »

Marker Size

Dptions

Include internal blocks?

[ qfﬂppl'y ][ xCancel ]

e

7. Open gc_orezonel.con in Graphics.
8. Choose Attributes > View attributes for one block.
9. Select a block, to see its attributes.
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Indicator variogram maps

Task: Calculate block values

-
Elock attributes ﬁ
Block centraid
Y|7332.5 X1697.5 Z135
Black: size
Y5 Mg 210
Attribuke Value
1 _ikc#gold#1.0000 0.439229793 &
2 | ikc#gold#10.0000 1
3 | jke#gold#2.0000 0.804896043
4 | ikc#gold#5.0000 1
S |gold_id=2 1.25
& |gold_ok 1.57
7 |krig_var 0.341
[ o Aonly | [ € Cancel |

L8

The Cumulative Frequency Function (CFF) values have been estimated. New attributes
have been created to store the CFF values, and are named _ikc#IKattributettcutoff. In the
image above, the value of 0.14 for the attribute _ikc#gold#5.0000 indicates that 14% of
the block is estimated to fall below the value of 5.0.

[# Note: To see all of the steps performed in this task, run 2d_11e_ik_cff.tcl

Task: Calculate block values

1. Choose Indicator kriging > Block value estimates
2. Enter the information as shown on each of the four following forms, and click Apply.
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Indicator variogram maps Task: Calculate block values

-
Ik block value estimates
il
Define the sample population
Location go_zonel_cuk -
IDrange 130

Skring range
Figld D1

Add | % [conerant P it GC_oEonEs Con
Cortrarts fle G5_CREIOHEL 0N - :
e 2 (S—— 4
:
f
2
h
]
1
k
0 -
Y| v
Wiewrs blocha artsaly in the corstraint [
Cantrant pombination | ]
Saree pongtrmnt be -
Lo [nfioeh ) (X conod |
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Indicator variogram maps Task: Calculate block values

i ™
Indicator class means u

From To Mean
1 |0.0000 1.0000 0.3613 =
2 |1.0000 2.0000 1.4355
3 |2.0000 5.0000 3.1837
4 |5.0000 10.0000 5.0281
S |10.0000 20,3593

Constrain? ||

| o Apply || 3€Cancel |

L A

3. On the Verify creation of file form, click Yes.
4. Choose Attributes View attributes for one block.
5. Select a block.
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Indicator variogram maps

. |

Task: Calculate block values

Block centraoid

¥/7327.5

| Migs2.5

| Zi3s |

Black size

Ys

E

| 210

Attribuke

1
2
3
4
S
5]
)
g

Surpac™ 6.6.1

Value

| %s

Attribuke

WValue
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Indicator variogram maps Task: Calculate block values

The block values have been calculated. Two new attributes have been created for each
cutoff.

_ikb#lKattribute#cutoff_frac - the fraction of the block above the cutoff
_ikb#lKattribute#cutoff_value - the average grade of the block above that cutoff.
In addition, two other attributes are created.

_ikb#lKattribute#0.0000_frac - this will always be 1.00 = 100% of the block
_ikb#lKattribute#0.0000_value - the average grade of the entire block.

In the image above, the value of 13.45 for the attribute _ikb#gold#0.0000 indicates that
the average grade of the entire block is 13.45.

7. Click Cancel.

Choose Display > Colour model by attribute.

9. Inthe Attribute to colour by field, select gold_ok, click Scan, for the Ranges for colour
selectiontype 0,15,1 and click Refresh.

Click Apply.

o

10.

Block Colours

Load styles =i _styles:bm_colowrs.ssi =

Surpac™ 6.6.1

Defak Edge - §
Aatribute ba colour by | gold_ok -
Ruangss for colour selaction .CI,]S.l
Colour Transition
Apply transiion when scanning [
Frst coour LRSI
Last cobour 2o
Legend 0 =
Mumber of decimal places 2 r=0.57 gm=1.00 b=0.00 5.0 -> 10.00
= r=0.86 g=1.00 b=0.00 10,00 -> 11.00
foply Trapmency [ 0% — =100 gu0.88 b=0.00  (11.00-> 12.00
L L R | 2.00->13.00
Save shdes 7 [ 3.00 -> 14,00
4.00-> 15.00 -
(7)

[ Aooly | [ 3 Concel |

11. Display the legend on the Legend tab.
The data and model are displayed, as shown.
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Indicator variogram maps Task: Report tonnes and grade for an indicator kriged (1K) model

Lagend
|7 Legends a
main graphics layer
= ik_damo. ste
i S5i_internal_variogr am_map_swa
* ssi_internal_variogram_map_decoration_swa
@ gradecontrol130.md

= gold_ok

Lnedefined
0.00 -> 1.00
1.00 - 2.00
200 -= 3.00
3.00 -=> .00
4.00 -> 5.00
5.00-> 6.00
5.00->7.00
7.00 -= 8.00
5.00 -> 5.00
9.00 -> 10.00
10,00 -» 11.00
11,00 -> 12.00
12.00 -> 13.00
13.00 -> 14.00
14.00 -> 15.00

L]
a
x

12. Choose Block Model > Close, and click Yes.
Task: Report tonnes and grade for an indicator kriged (IK) model

1. Choose Block model > Report.
2. Enter the information as shown on each of the five following forms, and click Apply.

' '
Block model report format file u
Format File Mame -
Cukpuk Repart: File Mame ik_repaort -
Oukput Report File Format | .not - Surpac Mote File -

Repart Type g, Standard Repart

(7 Multiplz Percent Report

Indicatar Kriged Model

Madify Format
Constrain ?
IK model attributes Value between cutoffs
(@) Cumulative frequency and average grade between cutoffs i@ From string file
(") Grade and konnage for each cukaff (71 Mean value

| o Apply || 3¢ Cancel |
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Indicator variogram maps Task: Report tonnes and grade for an indicator kriged (1K) model

i '
Ik block value estimates u

Define the sample population

Location go_zonel_cuk -

IDrange 130
Skring range
Figld |D1 -

Constrain?

| o Amply | [ ¥ Cancel |

. A
i '
Select cutoff attributes u
Cutaff Mame
GoldCutaff
IKC Cutaff mean
1 |ZERO o 0.36 -
2 | jkc#gold#1.0000 1 1.44
3 | _ikc#gold#2.0000 o 5.18
4 | jkc#gold#5.0000 5 5.93
5 | ikc#gold#10.0000 10 20.36
8
[ oply ] [ 3¢ Cancel |
L% A
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Indicator variogram maps

| Biock model report

Task: Report tonnes and grade for an indicator kriged (IK) model

[#) Format headers?
[T Reryvn e with ero voluma?

Report volume sndborres b0 decimal places
Feport sitrbutes Displey?  Low ot Uppsr ot Wsight by Report Expression
o | soaposoorsie | @ [N e -
Volume adistment IDenakty adjstment
7] U volume acdhustment? 1) Mone
At [_sbagoiden.c000_frac -l ) A -
@ Vaue =
Geomatric grouping
Groug geometsicaly None - Grouping atbibubes Mumeric renge
1| o, 0000 value ;25109 -
[ Fill oll eels for the group sitribute?
[ Pivot compatibie?
D Use partial percentages?
Frecsion 3
sittribute to shore partial percentages valies
7 [ o e | [ 3 comcel |
lirder congtrant:
Cortrarinmme B - Congtryint vilo
e e [ a ] Ciorats it Pl i 0,_CSETOMELCON -

Constrarts fle GC_CREZCNEL COH -
Tnaide ]

o : |

o fou (Ol == ||~ |0

Save constant b |

=

The block model report opens in your default text editor.
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Indicator variogram maps Task: Report tonnes and grade for an indicator kriged (IK) model

Block model report

Constraints used
d. INSIDE COMSTRAINT GC_OREZONEL

Keep blocks partially in the constraint : False

Ikb#gold#0. 0000 vValue Attribute Vvolume Tonnes Average Grade
"""""" 0.0 -> 1.0 _ikb#gold#0.0000_value 0 0  0.000
1.0 -»= 2.0 _ikb#gold#0.0000_value 3250 6500 1.497

2.0 -> 5.0 _ikb#gold#0.0000_value 10250 20500 3.238

5.0 -= 10.0 _ikb#gold#0.0000_wvalue 12500 25000 7.101

10.0 -= 999.0 _ikb#gold0.0000_value 5000 10000 11.438
""""" Grand Total _ikb#gold#0.0000_value 31000 62000  5.936

[ Note: To see all of the steps performed in this task, run 2d_11g_ik_report.tcl. You need
to click Apply on any forms presented.
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Conditional simulation Task: Perform a normal scores transformation

Conditional simulation

Overview

Conditional Simulation is an advanced geostatistical technique. It is useful for assessing risk
associated with an estimate. Other estimation methods, such as inverse distance weighting and
ordinary kriging have a tendency to "smooth" data values. In general, the standard deviation and
coefficient of variation of the block values estimated with these techniques will be less than for the
data set that was used to perform the estimate. The histogram of the estimated blocks will have a
higher minimum value and a lower maximum value than the histogram of the data.

Conditional simulation theory attempts to create a set of block estimates which is conditioned to
simulate the histogram and other basic statistical parameters of the input data.

You will learn about:

¢ normalscores transformation
o conditional simulation estimation

Requirements
In order to understand this information, you should:

o be familiar with Surpac string files and block models
o know how to create and use variogram maps
o understand the concepts of anisotropy and kriging

Normal scores transformation
Conditional simulation requires the maximum sill of the variogram to be 1.0. This is achievable by
first performing a normal scores transformation of the data.

Task: Perform a normal scores transformation

1. Open gc_zonel_130.str in Graphics.
2. Choose Display > Hide strings > As lines.
3. Enter the information as shown, and click Apply.

( Drawing ﬁﬁ

Erase Lines

Layer name :gc_znnel_ISU.str v:
Skring range
Seqg range
Seq pnt range
Desc field number d1

Text Alignment | < -
Position of text in segment

[ o Apply H X Cancel ]

L o

4. Choose Display > Point > Markers.
5. Enter the information as shown, and click Apply.
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Conditional simulation

Task: Perform a normal scores transformation

Drawing

S

Draw Markers
Layer name

String range

Seqg range

Seg pnk range
Desc field number

Text Alignment
Position of text in segment

:gc_znnel_l 30.skr

dl -
" —

i@ All points () First point () Centroid

| =4 Apply

][ o Cancel ]

L

6. Choose Display > Point > Attributes.
7. Enter the information as shown, and click Apply.

-
Drawing

S

Draw Point attributes
Layer name

String range

Seqg range

Seg pnk range
Desc field number

Text Alignment
Position of text in segment

:gc_znnel_l 30.skr

di -
< -
i@ All points () First point () Centroid
[ ci?.ﬂ.pply ][ o Cancel ]

L

8. The D1 values are displayed.
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Conditional simulation Task: Perform a normal scores transformation

78 48 4720

0. [ 3R 55

.73 6581872

.24 H 812

+ 3BBER0I60.00
+ 622 4 TsHP2d
0.0f; .69 6745224
ca b

.21 43 58 5354 25
€M HE AR AR |5
.11 22 = SH2T

£ 29558 8 1. 02
.16 36459093

4.7/ [RRRF0.07
€27

+5 T 92 53 52

. 064008
« 3255

9. Choose Estimation > GSLIB > Normal score transformation (nscore).
10. Enter the information as shown on the two tabs of the following form, and click Apply.

G5B interface: Mormal score transformation (nscore) ﬁ

Files | Transformation

Input location gc_zonel _ -
ID number | 130
Skring range |1
D-field | D1 v
weight | -
Minimum |-1E+21

Maximurn | 1IE+21

Cukput location ige_zonel_nscore_ -

Clean up
[ @;Apply ][ o Cancel ]

Surpac™ 6.6.1 Page 163 of 238 Geostatistics



Conditional simulation Task: Perform a normal scores transformation

i ™
G5LE interface: Mormal score transformation (nscorg) ﬁ

Files | Transformation

Smaooth the distribution [

| o Apply || 3¢ Cancel |

L A

11. Open gc_zonel_nscore_130.str in Graphics.
12. Choose Display > Hide strings > As lines.
13. Enter the information as shown, and click Apply.

e ™
Dirawing ﬁ

Erase Lines
Layer name |gc_zonel_nscore_130.skr -

Skring range
Seg range
Seq pnt range
Desc field number d1
Text Alignment ::: -
Position af text in segment

| o Apply || 3¢ cCancel |

L A

14. Choose Display > Point > Attributes.
15. Enter the information as shown, and click Apply.

e ™
Dirawing ﬁ

Draw Point attributes
Layer name |gc_zonel_nscore_130.skr -

Skring range
Seqg range

Seq pnt range

Desc Figld number d3 -
Text Alignment :::- -
Position of text in segment G, Al paints () First paint () Centraid
[ ci? Apply ] [ & Cancel ]
L ",
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Conditional simulation Task: Perform a normal scores transformation

The D3 values are displayed.

-0 7O BT RSER AR ST 20

- .26 |ESRNREREF B a5

RN Ry

(ORI 5l 2iig o
0. EPEM%MM
-2 SIP%Q _-.' X

| TSTIG-WL’E\&-E I |
e PR RN Gl e R 2 |

o 39323&@2@3&@% 25

-D 5244-}%1% Eﬂﬂ ESH 93
- 0,78 0 B DO M T D 07
-I 049I3-EI 27

. 205'3'1'841%-9 08

ﬁ -0 QIRAER0 FPES
X

The D1 values in the output file are the same as the input data, and the D3 field contains
the normal score transformed data.

16. Choose Geostatistics > Basic statistics.
17. Choose File > Load data from string files.
18. Enter the information as shown on each tab of the following form, and click Apply.
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Conditional simulation Task: Perform a normal scores transformation

e —
e S

Basic Advanced

Location gc_zonel_nscors_
Idrange |130
String range |1

Description Fields for Data
D Field

e )

Basic Advanced |

Geographical Constraints
Mirdmum:

X M A |

Maxirmum:

X M A

Treat negatives 35 7ep0FS () UNDEFINED (@) NEGATIVES

19. Choose Display > Histogram.
20. Choose Display > Normal distribution curve.
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Conditional simulation Task: Perform a normal scores transformation

NormalScoreTransform (raw)

- 4 a4 a4 a4 A
O = k) W Bk th @

Mumber of Samples

O = k) Wk h @ = I m

-25 -2.0 -1.5 -1.0 -0.5 [ Jx] 0.5 1.0 1.5 20 25
class

¥ Frequency — Marmal Distribution

The histogram of the normal scores transformed data is very close to a normal
distribution.

21. Choose Statistics > Report.
22. Entertheinformation as shown, and click Apply.

Statistic report “
Output Report File Name el 30_nscore -

Output Report File Format .ot - Surpac Noke File v
Percentile range _n.m. 10

Type percentile values andfor percentile ranges sspamted by semicolons.

The siriplest range specification for more than one value is of the form 1,50 meaning the
range 1 through 50 in increments of 1.

You may inchade a step size or mcrement, For example, 45,75,10 identifies the rangs of
values 45 to 75 with an increment of 10 (i.e. 45, 55, 65, 75).

Ranges where consecuttve values have iregular spacings are accomrmodated by
separating vahies in the range by semicolons. For example, 10;25;50:90.

Both uniform and non-unifiorm ranges can be combined. For sxample:

10,90,10;95;97.5

Group data [T

(o ooy ) (3 Concel

L y

23. Choose File > Close.

[# Note: To see all of the steps in this task, run 2d_12a_nscore.tcl. You need to click Apply on any
forms presented.
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Conditional simulation Task: Calculate anisotropy parameters for normal score transformed data

Task: Calculate anisotropy parameters for normal score transformed data

1. Choose Geostatistics > Variogram modelling.
2. Choose Variogram Map > New variogram map.
3. Enter the information as shown and click Apply.

i ™y
Variogram map calculation ﬁ
Basic | Advanced

Location gc_zonel_nscore_ DField |D3 -
Id range 130 Minimum value
Skring range Maximum value

Data Selection
Plane dip |0

Dip direction |0
Mumber of variograms :15 v:
Angular increment 22,5
Spread |30
Spread limit

Lag |12
Maximum distance | 100
CQutpuk report file name  primary_variogram_map -

Oukput report file Format .nak - Surpac Mote File -

Display repart [

[ @Apply ][ J& Cancel ]

L A

4. Right-click and choose Tile Windows.
5. Use the variogram map to identify the major axis, as shown.
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Conditional simulation Task: Calculate anisotropy parameters for normal score transformed data

: Fie Display \iew Voriogram Variogremmap Help
15] 5 Nes P PE e e P R e i
. 0->0(30) ; Qe 22.5{.._ ; D*}ﬁm]_ . ﬂﬂ?ﬁ?.'ﬁiﬂ]}_ Variogeam model a 8 =
im rensm peEm EL-ITY :
' 1 P |'.: P l:: T I \‘\_ EEEE S -
| : ) = ! wil” WVariogram model Spherical
i 5 - Exparimanial vaniogram typa: Mormalised

——— e sill Range
1 e mm e e [— — ] Mugget 0.550336
Structure 1 04515018 37.061
0 -> 30 (33) OS] 0- 135 (30) 01575 | Thutiure o - -
(T Y [ER 10 1 LEg: ] ] 1210500 Structure 3
!_: i [ N iA I | Stucture 4
i e i wf i ur’ ¥ Struciurg 5
= :\:hq—- Ta e s = M a .:\'_T'—- o T ‘-}'_'-
s [ = (= VAT A map o 8 X
PR —=——— ] | S | = ——
| o s # g e ! D | s

Pt ¢ o (alle)

/

Plame dps 0.00 towards 0.0

6. ChooseFile > Save > Experimental variogram and model
7. Enter the information as shown, and click Apply.

i '
Save Variogram u

Enter the Mame of the Variogram Files to Save
Experimental variogram gcl30nscore -
Variogram model gcl30nscaore -
[ powly ] [ 3K Cance |
L9 &

8. Modify the variogram to fit it to the variogram for the semi-major axis (keep the nugget
and sill the same), and note the range.
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Conditional simulation Task: Perform conditional simulation using SGSIM

: Fie Display \iew Voriogram Variogremmap Help

EPY R S8 E S e s " 28 - =)) s o M

0= 0(30) Su->225(. 0= 45(30) 0 ->57.5(30) Variogram model & 8 X
LEd 1= ] LEg Ll ] LEL [ ] LELf ] ) — — -
57 ~ET SIET = EEEEg - 88
o 1= - —,

n - 5 - q S - 7 s 5 = -y ] = = = = = \-'an-:u;ram modal Epnerlcal
e —— e ——— Exparimantal variogram type: Normalisad
——— — — — sill Rangs

0 - 50 (30) 0-»1125.. 0 - 135 (30} 0-»1575.. Mugpet 0.550336

L emim temm tamrinn Structure 1 04499623 10.056

e T f-— e s Shructure 1 - -
bl = = Structure 3
MTE o =omom e == o) e o =oeom| o= o= ghuduna d
o —mpmmn | f——————— =i | = | Structure 5

| Variegram map g B X

Resits are in the file gol 2nsooe.evg - —
Resulls are in the fils g1 20nscone. vom E]E]ii] ¢ [ﬂ,é}
4 [y

Plame dps D.Dﬂtnﬁa 0.0

9. You must document the following information for use in the conditional simulation func-

tion (SGSIM).
SGSIM Parameter Description Value
Anglel Bearing of major axis 22.5
Nugget Nugget of major axis variogram 0.45
Cc Sill of major axis variogram 0.55
hMax range of major axis variogram 37
hMin range of semi-major axis variogram = 10
Vert range of minor axis variogram 10(=hMin)

Task: Perform conditional simulation using SGSIM

1. Run 2d_12c_create_sim_model.tcl to create (or recreate) the model gc_130sim-
ulation.mdl and constraints sim_orezonel.con and sim_orezone2.con.

2. Open gc_130simulation.mdl.

Choose Display > Display block model.

4. Enter the information as shown, and click Apply.

w

i ™y
Draw block model g
Skyle View
@ Blocks Clear constraints? [
(") Paint Cloud Remove slicing? [
(") Regularised Cloud Rescale?
Point Cloud Marker =
Options
g Marker Size 4
Include internal blocks? [
[ ' Apply ] [ 3¢ Cancel ]
w A
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Conditional simulation Task: Perform conditional simulation using SGSIM

5. Choose Constraints > New graphical constraint.
6. Enter the information as shown, and click Apply.

linger constranty “
Comtrart ame B CondEais wiloss
Coitrart bpe | COMETRAINT =
- 8| Coremyart Fie: ruide S14_OREDOME] COM -
O
Corstrants e SM_CREIONEL CON - . —
Traide [ oo ] L
]
L]
Satagan | =
44
n
-
k
= -
1 m [
e e oy i Hhe coreis st
Coretrant pombnation
Sares ooyt be -
(7] [ ooty | [ 3 caredl ||

The constrained model is displayed.

L.

7. Choose Estimation > GSLIB > Sequential Gaussian simulation (sgsim / postsim).
8. Enter the information as shown on the five tabs of this form, and the Enter constraints
form, and click Apply.
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Conditional simulation Task: Perform conditional simulation using SGSIM

Tnput

Location g¢_gont1_ -
Number 130
1
Ot -

m

~1E+21
1E+21

Hieed

Mumbar of raskrations 3 ]

Seed 36310259 [ anerate sead |
Corstran interpalation _m

Debug fie. debug -
Debug bevel | nee (0] =
Clean up
(7] o Apty | [ 3 cancdl |
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Conditional simulation Task: Perform conditional simulation using SGSIM

.
GSLIB interface: Sequential Gaussian simulation (sgsim / postsim) e

Files| Transformation | Simulation Options | Variograms | Post Processing|

Transformation
Transformed [
Tail inkerpolation | extrapolation for back transformation
Min data value |0 Lower tail Linear interpolation (1) vl [0
Max data value |0 _wal.’ﬂ LLheui'tcrpolatiun{]] w1

Smooth the distribution [

i [ Aowly ) (3K Concel ]
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Conditional simulation

Task: Perform conditional simulation using SGSIM

-
GSUE interface: Sequential Gaussian simulation (sgsim / postsim) ﬁ

Simulation parameters

Kriging type :Ordinar\y' kriging (1)

Maximum samples per ockant |0
Mumber of simulated nodes to use |12
Mulkiple grid search

Mumber of multiple grid refinements |3
Assign datato nodes [

Minimurm samples ko simulate a block: |4

Maximum samples to simulate a black |8

hiMax RMin
Search radius 999 Q99
Anglel Anglez

Search angles 22.5
X ¥

Size of covariance lookup table |3 3

| Files | Transformation | Simulation Options | Yariograms I Post Prncessing|

Verk

999
Angle3

0
Z

3

[ @?Apply ][ J& Cancel ]
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Conditional simulation

Task: Perform conditional simulation using SGSIM

GSLE interface: Sequential Gaussian simulation (sgsim / postsim)

ot |

Files | Transformation | Simulation Options  Variograms | post Processing

Variograms

et [0.45
sl 1.0

Typa Cc hMax hiMin Vert Anglel

|1 |spherical (1) bss b7 10 ho k2.5

Angle2
p

Angle3

d

(7wt ) (3o |

GSLIB interface: Sequential Gaussian simulation (sgsim / pastsim)

=)

Files | Transformation | Simulation Options | Variograms | Post Processing

Output bype
Output type | E-type estimate (1) -
Estimate !:ludc_esl:imte -

(7 oy ) (3K Garcl ]
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Conditional simulation

Task: Perform conditional simulation using SGSIM

Kooy bichs partsally in the oorgtrant
Coretr st pombinahion
Saree congkrank ke

7)

iinter constrants -
ot it w ks
Cofmtrart i B = N X
Coritrant bge | COMITRADNT - r !
Add 8 | Coratyant Fie: iride SIM_OREDONE COM =
B
Corstraris fle SIM_CREIONEL 00N — |
e [ Claw == .
2 |
Z |
Swt Agsn T'
— .
B

o desly || 3 Cancel

9. On the Verify creating of file form, click Yes.
10. Choose Attributes > View attributes for one block.

11. Select a block.

-

Block attributes

Block centraoid
¥|7317.5 X1677.5 Z135
Black: size
Y5 FART]
Attribuke Value
1 |block_estimate 15.64 o
2 |realizationl 1435667
3 |realization2 16.831026
4 |realization3 15.740965
[y ) [ K conce |
e

A

Three new attributes have been created to store each of the simulation realizations, using
the name specified on the Files tab (Output - Estimation). In this example, the name
"realization" was used. In addition, a block value estimate (E-type estimate) has been
calculated and is stored in the attribute block_estimate . The attribute must exist prior
to running SGSIM. The E-type estimate is the average of all realizations.

12. Click Apply.

13. Choose Block model > Save.
14. Choose Block model > Close.
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Conditional simulation Task: Display conditional simulation results

[# Note: To see each of the steps performed in this task, run 2d_12d_conditional_simulation.tcl .

Task: Display conditional simulation results

1. Open gc_simulation_completed.mdl.
2. Choose Display > Display block model.
3. Enter the information as shown, and click Apply.

i B!
Draw block model ﬁ

Shyle View
@ Hlocks Clear constraints? [
(7 Paint Cloud Remove slicing? [
(") Regularised Cloud Rescale?
Paint Cloud Marker =
Options
P Marker Size |4
Include internal blocks? [
| o Apply || 3¢ Cancel |
L

4. Choose Constraints > New graphical constraint.
5. Enter the information as shown, and click Apply.

linter constrants —_——
Cortrart name (B o Congrpint vilom
Cortrart bype | COMITRAINT = e
L add | | & |cormrant il ride SIM_OREDONEL COM =

51

Corstrants fle SPM_CREIONEL CON -
e [ | Clem
Hwt AgEn

=l [e]- |

-]

Kooy bichs partsally i the oorgtrant
‘Canetrant pombsnation
Saree congkrsnk ke

The constrained model is displayed.
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Conditional simulation Task: Display conditional simulation results

L.

6. Choose Display > Colour model by attribute.
7. Inthe Attribute to colour by field, select realization1, and click Scan, for the Range for
colour selection type 0,15;999 and click Refresh.

8. Click Apply.
Block Colours et
Load styles 5i_shyles:bm_colowrs S5 = Radoad | ‘ Codoaur Abbribute vakpss
Deefault Face -
Default Edge -
Attribute o colour by reakr ation] = | Sen
Ruanges for colour selaction |1,15;999
Colour Transiion
Apply transiion when scanning  [7]
First colour
Larsk codour
Legend

Mumber of decimal places 2

11.00 -> 12.00

Transpanancy
Apply Trarsparency l ) 100% 12,00 > 13.00
T 0 o0 o0 2.00-> 14.00
Save styles? [ 4.00 - 15.00
5.00 - 929,00 =
[ o mowiy | (3 concel |

e o

9. Display the legend on the Legend tab.
The data and model are displayed, as shown.
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Conditional simulation Task: Reporttonnes and grade for a conditional simulation model

Legend a g

I Legends -
0 s5i_internal _variogram_map_swa
ssi_internal _variogram_map_decoration_sw.
main graphics layer
| DTM's and 30M's

88

1}
ol JcRc
[ .

g

i

1.00 ->2.00
2,00 -> 3,00
3.00 ->4.00
| 4.00 - 5.00
Bl s5.00->6.00
| 6.00->7.00
7.00 -> 8.00
8.00 ->9.00
9.00 -> 10,00
10.00 -> 11.00
11.00->12.00
12,00 -> 13.00
13.00 -» 14.00
14.00 -> 15.00 I—;x

15.00 -> 999.00

| m | »

10. Repeat the display for realization2, realization3, and block_estimate.
realizationl realization2 realization3 block_estimate

11

11. Choose Block Model > Close.

Task: Report tonnes and grade for a conditional simulation model

1. Open gc_simulation_completed.mdl.
2. Choose Block model > Report.
3. Enter the information as shown on each of the following forms, and click Apply.
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Conditional simulation Task: Report tonnes and grade for a conditional simulation model

- [ o]
Block model repart format ﬁli-‘

Format Filz Mame -
Oukput Report File Mame realizationl -
Cuktput Repart: File Format | .csv - Comma Separated (Spreadsheet) -

Repart Type i@ Standard Report

(7 Multiple Percent Repaort

Indicator Kriged Model
Modify Format [ ]
Constrain ?

|« Apply | [ 3¢ cancel |

L5 —

Ep—— e\ -— C)

Report description

|4 Format headers?
[T Remyvn e with 2ero voluma?
Peport volume snd bornes £0 | dacimal places =

Rsport abtrbubes Displary?  Lowi cut Uppssr cut Wheight by Report Exprespsinn

5 rton |0 [ e -

Ve adpstment IDensity adistment
] Use volume sdistment? 1) Mone
AtEribute ’m_m _1 ) digribute v-_
- & Value 2
Geamatric groupng
Group gecmatrically Ihme - - & " —
1 |restamicnt B,15;9% -

[ Fill ol gy For tha grou aktribube?

D Preot compuabible®
U= partial percent sges?
Precesion 3 v
Attribate by store partial percentsge values w
7] (o doey | [ 3 Comcel |
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Conditional simulation Task: Reporttonnes and grade for a conditional simulation model

iinter constrants “
Cofmtrart i B = b ikt
Comtrart bype  OOMITRAINT -
8| Coremyart Fie: ruide S14_OREDOME] COM -
B
‘Constramis fle SM_OREIONEL CON - —
[ Clew :
rade [ | - 5
]
®
mataoan | ——
44
n
1]
k
T N
1 m [
Weer biechs rtaly i the sorotyart
Caretrard pombingtion
Saree ponsty ek by -
(7] [ o doely | [ 3 el |

4. Repeat the block model report for each realization.
5. When you are finished, combine the *.csv files into one *.xIs file.
6. Open SGSIM_grade_tonnage.xls as an example of the combined reports.

Grade Tonnage curves for SG5IM realizations

1aa0

1600

1400

1X00 7

== il 5 inA]
=8 real pationd

L = pealinaond

6o0 <
400 +
100 =

aee

[# Note: To see each of the steps performed in this task, run 2d_12f simulation_report.tcl.
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3D Case Study: Ore Reserve Task: Reporttonnes and grade for a conditional simulation model

3D Case Study: Ore Reserve

Overview

This is a sample project which presents many geostatistical concepts in a common workflow in
Surpac. There are many different types of deposits and the techniques demonstrated here may or
may not be relevant to you.

The concepts presented here use a three dimensional data set representing an area of grade control.
You should have gone through the two dimensional case in order to understand all of the concepts

here.

1975E
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Domains

Domains
Task: View domain

1. Open all_composites2.str in Graphics.

2. Choose Display > Hide everything.

3. Choose Display > Point > Markers.

4. Enter the information as shown, and click Apply.

Task: View domain

-
Drawing

Draw Markers
Layer name

Skring range

.all_cumpcusiteszstr -

Seq range
Seq pnt range
Desc field number di -
Text Alignment :-:: -
Pasition of text in segment @ All points ()

First point (7 Centroid

[ o Apply ][ ¢ Cancel ]

L

5. Choose Display > 3D grid.
6. Enter the information as shown, and click Apply.

e

Draw a Grid

Grid Parameters

Grid Line Interval

¥ Direction: (5o, 000 1

Label Fraquency

X Direction: sg.000 1

Z Direction: 50,000 !

Grid Planas

XY Plan

7 Sectian

¥ Long Section

:BEI'D'N - .
_Eehind
:Nﬂne -

@

| o poply | [ 3 Concel |

L

7. Rotate the data in Graphics as shown.
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Domains

Task: View domain

The points in this string file represent 2 metre downhole composites of all gold values for
all drillholes. The D1 field contains the composited value for gold, and have been used to
classify the points into different strings.

String

o b W NP

7

D1

< 1.000

1-1.999
2-2.999
3-3.999
4-4.999
5-5.999
>= 6.000

8. With all_composites2.str still displayed on the screen, open ore_solid1.dtm.
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Domains Task: View domain

This solid represents a single domain. Only composites that fall inside this domain should
be used to estimate blocks inside the domain.
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Create composites Task: Create composites within a domain

Create composites

You create composites to allow data from drillholes of different sample lengths to be compared. For
example, to be able to use both exploration and diamond drilling data. Composites are artificial
divisions of the drillholes to a particular sample length, with the grade for the sample being
calculated using the actual sample values.

Task: Create composites within a domain
The domain ore_solid1l.dtm represents an ore zone known as the QV1 zone. In this task you will
extract composites only inside the QV1 domain.

1. Run 01_create_downhole_composites.tcl.
2. After reading the text on the first form, click Apply.
Create downhole composites ﬁ

A geostatistical analysis of data in & drilhole dstabass genaerally starts with compositing & sample value within & given geological zone.

In this example, we will be creating 2 meter downhole composites within the Qv geclogical code.

(7] [ Aopty | | 3 Concel |

e A

The Create downhole composites form is displayed by choosing Database > Composite >
Downhole.

A composite length of 2 metres has been selected. The selection of a composite length is
important, but the explanation of how to determine the correct composite length is
beyond the scope of this tutorial. You might want to consider the opinion of a
geostatistical consultant to determine the optimal composite length for your data set.

3. After viewing the following form, click Apply.
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Create composites

Task: Create composites within a domain

Composite downhaole

S5

Define the string file to craate

ID number |2
String |1

Compaosite length |2
[Minimum % of sample to be included |50
Defina the zone selaction method () NO SELECTION
@ MULTIPLE ZONES
() ZOME FROM TO
Diute negative samples ||
Table name sample
Fields to be composited Optional weighting fields
Field Mame Field Mame

1 Jgod all o]

Location ;;nld_cmp vl

Determine composite lzngth by | Fiwed length -

-

(F Aoply_) [ € Concel |

L

On the next form, the character field rock has been set up in the geology table, which is
an interval table. The text “QV1” has been inserted into the field rock for every interval of

a drillhole which is inside ore_solid1.dtm.

4. After viewing the form, click Apply.

P

Define the geclogy zones gw
TABLE FIELD SPECIFICATION
1 Ii;teuhgy » fock Vi -
Inkercept from | Intercept to gg9
[ Aeply ] [ € Cancel ]

L

5. After reading the text on the following form, click Apply.
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Create composites Task: Create composites within a domain

( Create downhole composites E

2 mater downlhols compasitas have basn crasted within the QW1 rock bype, and are stored in the D1 Field in gold_comp2. str,

String 1 conkaing composibes where 5096 to 100% of the 2m length contained a gold value.
String 2 conkains composibes where less than 50% of the 2m length contained a gold value.

Either or both of these strings may be used For Further geostatistical analysis. Inthis example, we will use bath strings.

@) o Aeply | [ 3¢ Cancel |

e A

You will see an east-west section of the database and the composites which were created.

JTEm
Rt 1]
oy 60
L1
JEEm
aT
Raxin ]
STED
[Tl Tl2h
A365
L2130 (] ?!g%'.:_-ll
A5 ’

a7

z
100
L X BECR ooso

Menu commands:
Select... to...

Database > Composite > Downhole = perform downhole compositing.
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Basic Statistics Task: Displaying histograms

Basic Statistics

Overview

One of the important preliminary steps in performing a geostatistical evaluation is to understand the
statistical properties of the data. Two characteristics which can potentially reduce the quality of your
estimations are bimodalism and outliers. A histogram can be used to identify whether either of these

conditions are present in your data.

You will learn about:

¢ histograms
o bimodal distributions
o creating a histogram

Requirements
In order to understand this information, you should:

o be familiar with Surpac string files
o know howto run a Surpac macro

Task: Displaying histograms
1. Runthe macro 02_basic_statistics.tcl.

2. Read the text on the first form, and click Apply.
| e o |

Basic statinkics should be perf ormed bafore varogram modaling for & coupls of ressons;

1. The thape of the hestogram can be used to detarmns F & detribution i bmadal (has teo Fumps]

IF the Fastosgriam shows 8 bemodal destribaation, the data shoukd be anahvied graphecally to See I & can ba physicaly sagregated inbo twd separabe toned, IF 40, axch
fores thould be madelad separ sl

2. Tha gualty of axperment ol v arisgrams and subseguent blsck madal sqbimataond are denditihns bo sutiens {relativehy largs valuss),

Cucber v slues. should Be cul o remanved prioe ba variogram modeling or blodk model estimation. The vk used o cut or remave sukbers can be caltulsted from

i rmation i B Badic StatEERY rapart,

@ (o et ] [ 38 corcel |

3. Review the settings on the Basic statistics form, and click Apply .
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Basic Statistics Task: Displaying histograms

e e |

Location gold_comp vl
Idrange |2
String range | 1,2

Description Fields for Data
D Field Mame Minimurm value Maximurm value

Histoaram Bins  Include Coordinate Graphs? &

(o7 Aoty ] [ Cancel |

L &

A histogram and a line representing the cumulative frequency is displayed. The
cumulative frequency is an accumulation of the values of all previous histogram bins.
4. Review the settings on the Statistic report form, and click Apply.

ook [

Gold (raw)

R - e

htitic report ot m

Douigu Bauort i Hammar 10
plafze Bugoe® Pl Format  rof « Suroac Rote Pl -
Fetodincoge 5 TR TR

T praratin adu aatid freiealde pungen mepasated by ieema i

T mplett g i o e Y i vt o 5 T e L g T
gy 1 theagh 50 i mcrements of 1

Yo mary mchucks & e 1w o et For e, 48,700 chrattfn e s of
e ) 4 T i et of 1 (L6 o5, 55, 2, 7

Fiabugei i bt b %00+l M i i g e i et By
TR B gy Hmsee For emempie J0CTH S

ot wnciorm 4l moe- wralorm: ey <i. 1 omtrmed. o amempis

T LLELECE Bl
- wropdea [
0 o [ ol bt || 3 cwad |
— —_— — —
o — — — . — .
TA A8 T8 108 128 B0 ATH 00 ZIS M8 T8 00 328 MO W8 400 AX8 4850 478 S8 825 S50 ATA 00 18
clams
|'|-' —l 5 I

5. Read the text below on the following form, and click Apply.

r '
Basic statistics u

As you can see from the histogram, this distribution is not bimodal.
The basic skatistics report will be displayed next,

Mote the values of the mean, standard deviation, and percentiles.

[ 4 Apply ][ 3¢ Cancel ]
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Basic Statistics Task: Displaying histograms

The output report raw_gold.not is displayed in your default text editor. This report
contains several output statistics, including the specified percentiles. You will refer to this
report in the next section of this tutorial.

output Filename: ram_golid
Statistics Report

File Gold CompZ.str
Firing range 1,2
variable Gold
wumber of samples 338
wirisum value G. FRO0H0
MRS VT e &R 450000

ungrouged Data
Mean 3. 828476
Median 24 130000
Geometric Mean 2.533744
Wariance 46. 672186
Srandard Deviation 6. B31T04
coefficient of variagion 1, TE4445
Mament 1 ABGUT AriERmelic Mean Q, QU000
Moment 2 About Arithmeiic Mean 46, 672186
Moment 3 About Arithmetic Mean 1870, 710266
Moment 4 About Arithmetic Mean S0362. 5308844
SEwTiESE £. 867044
L4118 {-1 4.1 41, 453169
WETUFE] L& Mean i, 9359658
Log Variamce 0, 5001486
25.0 Percentile 1. 657500
£0.0 Percentile [median) 2. 120000
5.0 Percentile B 29TEE0
#0.0 Percentile 5. 130000
5.0 Percentile 9., 269000
95,0 Percentile 44, 112500
Trimean 2.29B838
Biwmedght 2.234T705
MATy Q. Fo4TO5
Alpha =Q. PTG
Fighel=g B, 150600

wormal Wistogram Tabulation
Gold

Class From Class To Count MeEan Freq ¥ Cum Coumt Cum Meam Cum Freg 8 Dec Count Dec Mzam Dec Freg
0. 750000 1. 7EOOOD ar 1.558800 0.2%0 ar 26. 9552 11 B.EIBATE 100, 0000
e T BOOOG o - 7 RROO0 idd 2155034 a, 564 arw LT g 3l ] 4, B353a7 Th. 0446
- 7 I000 3. 7 R0000 4B 3. 166TRT 0,143 i T T8, TOLE ile T.BF4051 34, G160
3. 730000 &, 730000 L] 4, 194958 .07 231 E6,.B657 BE 10, 821549 0. 2985
i, TFI0000 5. 730000 14 509454 [ M 305 91,0448 Ak 14, 436052 13,1343
£ . 730000 . 730000 B 6. 167500 0. 048 211 52.8358 30 1B. 795460 B.9552
. PEO0O0 7. FEOOOL -4 Toi5B400 0. 021 3iB 54, 5254 4 J4.952450 T. 1642

16, FRO000 1i. PEOGOOD 2 11.0900040 . 008 0] 5. 0234 i¥ 2B.93TE4T E.0748
12730000 13. 7E0000 2 Q. 009 L] BE. 2179 18 10.384333 4.4776
1F. 730000 14, 7EO00D 42 14,.352%09 ., 006 3% F7.004% 13 34, 5%6EHT 3.5631
17730000 15. TIQ000 i LB, 435000 @, 903 336 FT. 3034 ig 3E6. 685500 23651
24, TIONOD  I5.7I0000 1 5, 3590000 0,002 327 37,6119 F  4Q,913333 2. EBER
29, TIOHE 30. T30 1 30.355000 0,003 328 97 A0 & 4Z.BEEITEOD 2.38581
0. TIOOD  31. TIO0O0 1 30. 750000 0. 03 339 58, 2090 T dd.639ZBE 2. B36
FE.TIO00 36 TIO0OD I = [ tel Y 231 S8, BOGD & 4E6.954167 1.7910
9. FROLSG 40, PESOOD i b 230004 .00 533 F%, 1045 & B2 404350 i.1848
47 _TRIO000 48, PROOOO 1 48000000 2 0.00F B3R 0, 2080 FoORE. S80000 o. B9EE
ST.TIQ000  SE. 7 R00O0 1 BT, BR000 Q9,008 334 9, TO1S Ol e L] 0. 5970
B2.TIQDOD  63. TED0DOD 1 &3, 490000 0,008 335 100, D000 1 B3, 450000 0. 19585
i1/1
Menu commands:
Select... to...

Geostatistics > Basic statistics open the Statistics Window.
From the Statistics Window:
File > Load data from string files create a histogram.

Statistics > Report create a report.
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Outliers Task: Removing outliers

Outliers

Overview
Outliers are data values outside the range of most of the data within one domain. If left in the data
set, outliers can cause problems with variograms, and can reduce the quality of estimations.

You will learn about:

e outliers
o how to remove outliers
o Selection of a cutoff value

Requirements
In order to understand this information, you should:

o be familiar with Surpac string files
e know howto run a Surpac macro

Outliers

An “outlier” is a statistical term for a data value which is relatively distant from the majority of all
other values in the data set. For example, in the following data set, the number 236 would be
considered to be an outlier:

1355888236

Outliers can cause problems with the calculation of variograms. Additionally, if used in an
estimation, outliers can cause an unrealistic results. One technique used to reduce the impact of
outliers is to apply a “cutoff” to them. In the example above, the value of 236 could be “cut”, or
changed to a value of 9.

13558889

Another alternative is to remove the outlier value(s).

Removing outliers

Looking back to the histogram of gold_comp2.str, as well as the output report, you can see that the
majority of the data is grouped between values of 0 and 10 grams per tonne. You can also see that
there are several outlier values above 10 grams per tonne.

Task: Removing outliers

1. Run 03_cut_outliers.tcl.
2. After reading text on the first form, click Apply.
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Outliers

Task: Removing outliers

Lt outers et
Variograms and subs it ok el e diwe Eo oubbers [relstiesly large walues ), One metiod of dealing with thess data ane bo reduce, or 'nut’ them bo some
lesser wale. The walus used ba oub cuthers can be debermired by ore of several methods. includng:

1. The uoper It of & geven Sonfdencs inberval
2. i igrwer pesrcantiba
3. Ban arbeitr arily choen value

[ Ehis s memple, wer vl umas Bhe wslus which defines the upper it off 5 95% confidercs inberval

A arfulared Plerval o i eibmated range of viludd mPach n By b3 nelud § gheen pirdentags of e dalh vilubd. Snce B corfdencs riterv il il baded on s dits Bland, £ H
upahl wheare there 5 ek or no knowledos of the deposit, The caloulstion For the upper bt of 3 95% confidence inbarval (£1) s:
S5 O] = ez + (1.5 standard devistion]

For thes date set, mean = LECH and standad devistion = 6.831
950 O = 3828 + [1.96 ™ 6.8X1}
5% Ol = 17217

For simplcity, we vl i Bhe nearest inbeger walie of 17 o oul Hee outher dats.
s stated abowve, other mathods can be used by selact the cuther cutoff, pach as 8 percentile, or an arbiltranly chopen walue,

A peroantis i that dats vihes ot which & given paroantage of ol sifwr dats values [l below. Afry given pergentie vl could be selected i the suther cutolf, fuch ag the i,
Sth, or Sith parcentie, Secal e Following percentls valaes ware green in e bass @atnbcs report;

Soth Perosntis: 5120

Sth Percentis:  9.280

rith Parcenkle; 44,112

An arbsir arly crersen value hased on Inssledge of the depoilt and sample methods nay S b used. For example, I park of an one 2one his been mned, informatan from
orincla contral samples and raconcliation studses my prowids 5 good e of whist Bhe macrum mired biock: walis will b, [F the daposit hag not yet been mined, nformation from
sl daposks may be useful in debermining the outher cutoff

Whataver mathod in chaan, viluss in b description fisld in 8 tiring fila <an Ba ot sith the yse of TTR MATHE

7] Lo ooty ] [ 3 Caret |

STR MATHS is invoked by selecting File tools > String maths.

This form prompts you to enter the name of the input and output files, as well as an
expression. Prior to viewing this form, the macro has opened gold_comp2.str and saved
it as gold_cut17.str.

The D1 field will receive the result of the expression:
iif(d1>17,17,d1)

This expression can be reworded as:

If the initial value of d1is greater than 17,

then set the value of d1 equal to 17,

else leave the value of d1 as it was initially.

After viewing the form, click Apply.
f String rmaths g

Define the Files to be processed
Location gobkd_out -
1D rangs |17

D thea Filas ko b crasbed
Location gold_cut -

String range Constrant Field = Expression

1 1 = f{di»17,07,41) |
i 2 | 1 I

(7) [ ey (38 Gl

In order to validate the output from STR MATHS, you will analyse the data in the Basic
Statistics window. Again, you run this function by selecting Geostatistics > Basic
statistics.

Next, the macro will choose File> Load data from string files, and the form below is
displayed. Notice that gold_cutl7.str is the file being analysed.

4. After viewing the form, click Apply.
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Task: Removing outliers

[ Basic statistics |

o advanced

Outliers

Location igold_cut v
Idrange |17
String range 1,2
Description Fields for Data
D Field

Marne
1 |1 F‘*‘ -

Minimurm value Maximurm value

Histogram Bins  Include Coordinate Graphs? F
Number = 29

Width g, 1

(F 2owy) (3K Concel )

L

Next, a histogram and a line representing the cumulative frequency is displayed. Notice
that the maximum data value is now 17.

Then, the macro selects Statistics > Report. The Statistics report form prompts you to
enter the name of an output report, the report format, and a range of percentiles which
will be written to the report.

5. After viewing the form, click Apply.

ok (15

Gold (raw)

p— —
| [ vy S ——y— |
gt Buagecrt P Frmea Pt - frgei bt i =
Pt e T,
S e asiiln b sadior e vt resgen srpeaied o o

T gy mag rpofy s o mow Sen o v 8 e Form LA peasng fle
o | theagh ' B mcmmente of 1

T T N . T e T 4
a8 2 T o o 12 0, 1, 2, 75

Famgrs o s ot 10 i b el wy g s s mmemnted by
g i =t g by sl P amegls WS M0

Hamarof Samphis

Borl o o] s wbors et o e cbnd Ton tmp

[LE_B L Rt

o s [1] |
[+] ol o] [ 3 cwca |

|- Femmenncy —= Canrwlsleee | ieguesncy

6. After reading the following form, click Apply.

Surpac™ 6.6.1 Page 194 of 238 Geostatistics



Outliers

Task: Removing outliers

=)

@

Thee D1 Fiald in the fle gold_cuk17 .5ty contans the D1 vakies From gold_comp2.str,
As displayed by this histogram, you can see that the maximum value is 17.000.
The D1 Field in gobd_cut 17.str will now be used For all subssquent variography anabysis, as wel as black model #stimation

| Apply | [ 3¢ Cancel |

y

The output report gold_cutl7.not contains several output statistics, including the
specified percentiles. This file is created in the directory, but not displayed by the macro.
You can open it if you want to verify that the maximum value is 17.

SuTput Filengme:

File

gold_cuti?
STATISTICS REport

Gold Cutlr.str

String range
variable

wumber of samples

Mimimum value
Mawimum value

1,2
aold

0. ¥ IO
1F. SO0

ungrouged Data

MgEN F. 181744
Mg an o 10000
GegmEtric Mean . 4TEIFT
var{ ance 9, BL3IE9S
standard Deviation 3. 132666
coefficient of variation 0. 984575
Moment 1 About Arithmetic Mean 0. G000
Moment 2 ABOUT Arithmetic Mzan 5. 813599
Moment 3 AbOUEC ArithmeTic Mean 6. 571421
MOmENT 4 ABOUE AriThmeTic Mean 1295, J0E259
SHEwTHES 3. 199827
KUrEests 13, 457150
RAtural Lag Mean 0, ST00S
Log Variance 0.392231
5.0 Percentile 1. 657500
50.0 Percentile (median) 2. 120000
5.0 Percentile 3. 237850
Trimean 2. 258838
Fiwaight 2. 284708
A 9, TRTOE
Alpha =0, 73756
Fichel-t 3, 051461
Mormal Histogram Tabwlation
Gald
Class From class To Count Mean
O P 3000 1. FRO000 a7 1. 358804 9. 2%
1. 7 E0000 2. THOO00 132 2.155034 0. 5is
2.750000 B, 7ROO00 48 J.16ETEZ  0.148
B. 7 ROO00 4, T I000 a4 4, 194966 2,973
4. 7 ROQ00 5. TROO00 i4 § . pPAEG4 Q.043
5.7I0000 6, TIO000 & B 167500 0,018
6. 730000 7. 730000 7 7.198400 0,021
1. 730000 11, TI0000 2 11095000 0,006
12. 730030 13, 730000 3 13040000 0 Ol
13.730030 14.730000 2 14.252500 0. DG
16. 730030 17. 730000 pLi ) 0,030

Menu commands:

Surpac™ 6.6.1

Select...

Geostatistics > Basic statistics

Freq % Cum Count

9 1.358304 28,9552
1% 1.802143 65,3751
267 I.04T4GE T, 7015
402 I.324682 &, 85T
0 1.356313 F1. 0448
311 2.479841 92,6358
318 2.534809 34,9254
320 2.588310 95,5224
323 2.685385 96,4179
325 2.TEG5ET 37,0449
335 B.1E1Ta4 100, 0000

171

to...

Cum Mean Cum Freq ¥ Dec Count

Dec Mean Dec Freq ¥

33 B.iBiT44 100 . G050
238 3. 32ada2 T1.0448
116 E.TEENNS B4 626
65 T.8IR446 20 28R
434 ®.E1I0TE 13.1343
30 11.573627 5. 9552
4 12.925158 7. 1642
17 15.283135 5.0746
A5 A5.B41EET 4. 4776
12 16542083 3,582
0 2.9851

open the Statistics window.

From the Statistics Window:

File > Load data from string files
Statistics > Report
File tools > String maths

create a histogram.
create a report.
invoke STR MATHS.
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Variogram maps Task: View variogram map dip plane

Variogram maps

Overview

An important aspect of performing any geostatistical evaluation is to understand the anisotropy of
the data, or which direction has the longest continuity. it is also important to understand how data
values change with regard to the direction of longest continuity, as well as the two mutually
perpendicular directions.

Avariogram map is a tool within Surpac, which allows you to visualise anisotropy in a plane.
Additionally, you can use variogram maps to define the anisotropy ellipsoid. These concepts are
explained through the following:

e primary variogram map
e secondary variogram map
o calculation of anisotropy ellipsoid parameters

Requirements
In order to understand this information, you should:

o be familiar with Surpac string files

e know how to calculate and model a variogram in Surpac

o understand the concept of an anisotropy ellipsoid

o understand the parameters which define an anisotropy ellipsoid

Task: View variogram map dip plane

1. Run 05_data_geometry.tcl.
2. After reading the text on the first form, click Apply.
[ Diata gecmetry and anisatropy W

Prige b0 performing & gecstatistical estimabion of block model blocks, & 5 important to detenmine i there i an orentation of the data where there is more
cortimuty than any other,

OF Eheare i i partioular orientstion of grestest continuity, an Botropic condition is said bo axist, IF, howaver, théra 5 an crisntation which has graster
cerkinuty than al others, an anisotropic condition i said to exist,

The determination of motropy o sresotropy 5 performed by companing the ranges of varograms in 3 variely of crientations.
A variogram mag ks 8 bool wihech can be used to determine the presence of anisobrogy For 8 given plane.  The selection of the crientation of this plane can be

deatarmirad by Mﬂmvﬂﬂhﬂw Zof oontanng e dats ponts. [n it axampls, the dats sre contamad in & ver-byps ore 1ons,
which can be represented a5 a plane.  This plane will be used as the first, or primary varnogram map.

1) [ o dooty | [ Mol |

3. After reading the text on the second form, click Apply.

Gaglsgsts bypically dafine the oriantsticn of & plansr fasture, sudh 82 & ver-byps ore 2one with the barms 'shile’ and 'dip’. Thasa barms bypic aly cont sin
nornumarnc information, such as: Strike: Morth 15 degrees Eask, Dig: 40 degrees to the Northeest',

Thee: Follgwing ramens; valses ane required Lo define a plane for o viriogram mag:

Do (=90 to +-90) and Dip draction (0 ke 359)

For axamgsle, & plane dafined as ‘Striking N15E, Dipping 40 degress ba the NW could be defined in Supac s sither:

Dip: -40 Dip drection: 255

gw-tﬂ Do chrection: 105

A sicld model of the ore zone, coloured by Z, and two briangles, representing the two methods of defining the planes sbove wil be dsplayved.

Thee walees of Dip: +40 Dip direction: 105 will be used in this exampls,

@ (o) (e )|
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Variogram maps Task: Calculate the primary variogram map

The data is displayed in Graphics.

Task: Calculate the primary variogram map

1. Run 06_primary_variogram_map.tcl.
You will see:

e avariogram map displayed in three dimensions

« aform displayed
After reading the text the Primary variogram map form, move the form to the side so
that you can see the image in Graphics.

=
~=JCaution: Do NOT click Apply yet.

( Primary vanogram mag -ﬂ

A wargram map is 8 set of expermentsl varograms, caloulsted ot regular snguisr increments, coloured by gammadh) values.
For tha purpase of this demcrmtration, i is important bo undenstand & couple of basic concepts,
There: are bno variogram maps:

1)) Thes prirnary viariogram mag wil cont s ths major Ko,
2 Thea ssc g ey vawiodgr &m sap & perpandicular bo the major s, 5nd contars the semi-maior and minor Sxes,

The primary wanogram map, with Dp: +40 Dip deedtion: 105 has been deaplayed by this macro in the main graphecs windiow.

The oriertiation of the mador axis in this case has been selected a5 8 plheh’ or rake angle’ of 15 degrees from the horizontal strike of the wariogr am mag
plans,

This drection wis sebected based on an inberpestation that the rangs of the vanogram ot ths orsentation was longer than the range of any other vanogrsm
o b plans.

By aspects of geostatistics are not an exact soence. The inberpretation of variogram data, and the selection of the orientation of the drection of
i ¢ onbinuly i dones here B demortrate the geost atistical functionality swadabie.

AFter thes Form, Ehe tha varicgr am modaling Form will be presanted, Oncs you &PPLY that Form, & will Ealos & Faw minutas Bo caloulata the vanogr am mag.
‘While & is processing, you may dick oni bhis window bo review the data, or resd the reference manusl page.

@ (Ao ] [ came |

The primary variogram is displayed in Graphics.
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Task: Calculate the primary variogram map

ir A iramtinn

J900R

oy 1R

0% din A \

By definition, the primary variogram map will contain the major axis of the anisotropy
ellipsoid. The semi-major axis could lie within the plane of the primary variogram map,
but it does not have to be located on this plane.

2. After you have viewed the primary variogram map, move the form back into view and
click Apply.
The macro now opens the Variogram modelling window by choosing Geostatistics >
Variogram modelling. It then displays the Variogram map calculation form by choosing
Variogram map > New variogram map.

Surpac™ 6.6.1
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Variogram maps Task: Calculate the primary variogram map

i "

Variogram map calculation @
Basic | Advanced
Location qgaold_cuk - D figld |D1 -
Idrange |17 Minimum valus
Skring range Maximum value

Data Selection

Plane dip |40 Searchiype @) Cone
Dip direction 105 Pyramid
Nurnber of variograms |24 - Spread |30

Angular increment 15 Spread limit

Vertical spread

Vertical spread limit

Lag 100
Maximurm distance 300
Oukput report: file name  primary_variogram_map -
Qutput report file format | naotk - Surpac Mote File -
Display repark

lgl | o Apply || 3¢ Cancel |

In the top panel, string file information (Location, ID, string range) is defined using the
same parameters as in variogram calculation.

In the middle panel, the plane containing the primary variogram map is defined. You are
using: Dip: +40 and Dip direction: 105.

This same plane could be defined using a dip of -40 and a dip direction of 285.

The number of variograms selected will determine the angular increment. In our
example, 24 variograms will result in a 15 degree angular increment (360/24=15). If the
number of variograms was set to 36, you would get a 10 degree increment (360/36=10).

The spread and spread limit parameters are the same as in normal variogram modelling.

The relationship between the angular increment and the spread angle should be
considered.

It could be considered unreasonable to define a spread tolerance anything greater than
half of the angular increment. For this data set, because of the small number of pairs, ifa
7.5 degree spread were used (half of the 15 degree angular increment between adjacent
variograms), the number of data pairs would be so small that very few, if any reasonable
variograms would result. A spread of 30 degrees is used for this data set to ensure that
enough samples are included to produce meaningful variograms.

Given that a spread of 30 degrees is used, you could argue that the number of
variograms should be reduced to minimise the “overlap” of the cones for adjacent
variograms. Although this is a reasonable argument, the resulting variograms would not
be suitable to use to use to visually determine anisotropy
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Variogram maps Task: Calculate the primary variogram map

Itis up to you, based on the data set you are working with,to determine the values you
will use to produce a usable variogram without over-smoothing your data. This is an
example of how geostatistics is an inexact science. Experience with a data set will usually
allow you to determine what combination of parameters will give an acceptable result.

In the bottom panel, the lag, maximum distance, and variogram report parameters are
specified, exactly as they are in variogram modelling. One thing you should consider is
that the maximum distance will be the radius of the variogram map. You might find that
you need to try a few variations of this value to get one that gives an adequate result.

3. Click the Advanced tab.
You will see that the fields here are identical to those on the Advanced tab of the

variogram calculation form.

i '
Variogram map calculation ﬁ

| Basic | Advanced ;

Geographical Constraints

Minirnurn:
i i Fid
Mazxirnurn:
i i Fid
Lag slider

Minirnum | 10,0

Maximum |100.0

Increment (10,0

Treat negatives a5~ 7ERQES ) UNDEFINED @ MEGATIVES

Cross variography
Calculate cross-variogram [
Secondary D Field |D1 -
Minimum value

Maximum value

[ qfnpply ][ & Cancel ]

L A

4. After viewing the form, click Apply.
5. Read the text on the second form, then click Apply.
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Variogram maps Task: Calculate the primary variogram map

[ Primary variogram map “

DO NOT MODIFY ANY WINDOWS OR. DATA DISPLAVED.

Thee metixk macra, 07 _secondary _variooram_map.bel, must be run after this, and depaendd on tha varkogram modaeling window pressnted 5 & 8 - da pot
chose the wariogram modeling window or make any modifications to the: dats dsplayed.

Thee primary vanogram mag, with Dip: +40 Dip drection: 105 s now displaved. Addiionally, the variogram map has been saved as the Ffile
prmnary_vaniogram_mag] . DTM, and & displayed in the man oraphics window. Dt has been coloured by gammah) values, which are steced in the DI fisld
You may want bo review and rotate the datas there before procesding with the next macro.

The waricgram map currently displaved sppears to be Incomplete’, or has ‘missing’ data. There is actually nothing wrong - the 'missing’ parts of the
WArKOCr BT map are dimply wivere no date paird sxist Bt that distance and arient ation.

Thes ariertation of the major nxis has besn selacted as 8 ‘plichy’ or ‘rakos angle’ of 15 degress from the horizonkal strile of the variogram sap plans.

This direction wad Selected baged on an intenpretation that the rangs of the varisgram at this crisntation wad longer than the range of by other varogram
on this plane. &5 previously stabed, mberpretations of geostatstical data are perfomed here only bo demonstrate the functionality of the software.
Altarnate nbarprat abiord My ba dessed mone appnogriste.

Thes function Fils - Save - Exparinsntal varograes (SAVE EXP V5] has bean used b save the s major_axs, &g, 1t possble b review the sxperiment sl
warggram data by opening this file.

Adeibionaly, The Function File - Save - Varogram moded (SAVE VG MODEL) has been used to save the file major_asis. vgm. When the experimental
wirisgram data it deplived, B o possbls be review the vangr am modsl by apening this s,

@ | o desty | [ 3 cancel |

You will see the variogram map, as well as the variogram for the orientation displayed on
the variogram map.

6. Click the tab to display the orientation as shown.
: Fie Display View Variogram Variogrammap Help

1= F‘i “"ﬂ"dta] EﬁJEJ#"jﬂﬁ_l EEE]

o _IJ |4:|- |¢._ n- Variagram miodel o 8 X

0”13“1 EEEEEMEIE

0z 1.00 W Variogram model: Spherical
= % 0.75 - Experimental variogram type: Mormalised
E . .
E 080 .| | > >
= 0.25 1 Properties...
0.00 Save as...
0 5 10 15 3 25 30 3 40 4
destance Prird._..
=} s
~+ Normal — Variance | Zoom In » o ®
zemos 2 |4 o il
Autto Range [TAE
Tab Windows )
001
Plane dips 0.00 towards 0.0

The purpose of the primary variogram map is to determine the orientation of the major
axis. As described previously, by definition, the major axis lies within the primary
variogram map. The example given here is based upon the premise that you, as a
geologist know that the orientation of the major axis will lie somewhere in this dipping
plane for this dataset. For a horizontal seam deposit, the orientation of the primary
variogram map would be horizontal.
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Variogram maps Task: Calculate the primary variogram map

Task: Select the variogram orientation for the longest range of a given sill value
The idea is to select the variogram orientation which has the longest range for a given sill value. The
lag slider can help you:

1.

10.

Use the lag slider to alert you to areas of high and low variance on the variogram map. In
other words, move the lag slider back and forth, and watch the colours on the variogram
map change.

You will most likely see that throughout a range of lag values, there will be areas on the
variogram map which will be consistently high, and others which will be consistently low.
Using the example given above, note that the orientation of 15 degrees above the
horizontal (on the left) will consistently display colours on the low end of the variance
values, as represented by the legend to the right.

Once you have an idea of what may appear to be the orientation of the longest range,
click the tab for that orientation so that the black line on the variogram matches that dir-
ection.

Now use the lag slider to improve the quality of the experimental variogram for that
direction.

After you have an acceptable variogram, create a variogram model for that orientation.
The major axis should be that variogram which has the lowest variance for the longest
distance.

If another orientation appears to have a longer range and a lower variance, modify the
model to fit that experimental variogram. Modifying the lag distance for that orientation
may help you get a better fit.

Repeat the previous two steps until you are satisfied that you have the orientation of the
major axis.

After you have ascertained a major axis, ask yourself and others who are familiar with the
geology if the orientation appears correct.

As you can see, not only is the subject of variogram modelling a non-scientific process,
but the orientation of the major axis is also open to interpretation and debate.

After you have determined the orientation of the major axis, you must inform the
software of your selection.

Choose Variogram map > Select direction of maximum continuity.

In the variogram map viewport, click and drag the red line to your selected orientation,
then release.

Aform is displayed, indicating the relative orientation of your selection, as a value
between 0 and 180. You will probably need to change this value to fit your desired
orientation.

[# Note: This is a free rotation, and you are not forced to select a precise orientation of
any of the variogram directions. This can be useful if you have found two adjacent
orientations which are equally valid — you can set the direction of maximum continuity to
midway between these two directions.

Enter direction of maximum continuity I&

angle 105

l.jé'? Apply || & Cancel |

Click Apply to enter the value.
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11. Choose File > Save > Experimental variogram and model to save both the variogram
and the variogram model.

Task: Calculate the secondary variogram map

1. Run 07_secondary_variogram_map.tcl.
[ Note: If you want to know the steps to perform this task manually see Task: Use the

Secondary Variogram Map to Define the Semi-Major Axis at the end of this topic.

2. After reading the text on the following form, click Apply.
Secondary vanogram map “

A SOy v aragr am map will niow be crested,
Thes sebactiad draction of maximum continuly in the sacondary viriogrm map i the semi-majer axi,

Thes rrinsse scis will be in the plans of the sacondary wariogram map, perpendcullr b the semi-major ads, The orientation of the minor sxis 5 subomsticaly
calculated based on the orientation of the semi-major axis - no user iInput is reguired,

& DT of the secondary variogram map has been deplaved in graphics.  Chck on the main window bo reveew this data. Mote that the: semi-major aus, in this
Ease, i Pk contaned in the plans of the prmary vanogram map, sthough i could hinse besn.

Orice yiou RPPLY this form, it wll bake & Few minutes bo caloulshe the sacondary vanogram mag. Wihis i i processing, you can réview the secondany
Warogram map in the main window o read the reference manual pages on variogram maps.

Lo Aety | | 3 Cancel |

The secondary variogram map, and the selected orientations of all axes, are displayed in

Graphics.
*i
'f
Er EMI-Major axis
"
i”
itz
Kk
M1 i hfajor 4xis
9
]
al, - TR =
i == ra = ,""
ra r. s ra -
= = "
z
' J

3. After reading the text on the following form, click Apply.
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Variogram maps Task: Calculate ellipsoid parameters with a macro

Secondary vanogram map

DO NOT MOOIFY ANY WINDOWS OR DATA DISPLAYED,

The raxck macre, 08 _anisobrogy_slipsssd bel, must be run alter this, and depands on the varisgram medeling window prasented as & i - do not doss the
wariogram modeling window or make anry modfications bo the data dsplayed.

Thee secondary wariogeam map has been caloulabed, and o drection of maximum continuity has been identified,  This orientation & the semb-major axis. ||

Thes: minece accis i5 also in the plane of the secondary vanicgram map, and &5 perpendiculer to the semi-major sxis, The onentation of the minor ais s
sutomaticaly caloulated based on the orient stion of the semi-major Sods - o uSer input i requined.

The secondary wariogram map has been crested perpandiculsr to the primary variogram map [Dip: +40 Dip direction: 105) and papendicular bo ithe major
s, The pecondary varicgram map has the onentation of:

Dip: <8042 Dip drection: 26.5
wihich i the same a5:
Dip: B0.42 D dwrection: 206.5

Additiorally, the waricgram map has been saved s the fils secondary_variogras_map1.0TM, and is displayed in the masn graphics vandow, Tt has been
coloured by gammiath] values, which are stored inthe D1 field. Yow may want to review and rotate the data there before proceeding with the: next macro.
Again, missing’ daka in afry varigram magp 5 3 result of lack of data pairs st certain distances and orientations,

[ his cass, the semi-major axi has besn selacted ot an orsentation dightly different ko the dip of the primary varisgram map, 1F the arkent stion of the

semi-majcr s was sgrificantly diferent than the primary vanogram map, & may be worth recaloulating the primary wariogram map ot an orkent stion which
arcompansas both the magor and sesi-major axes &5 detarmined hare,

| o Aeoly | | 3¢ cancel |

e

[ Note: The same steps used to select the direction of maximum continuity for the
primary variogram map have been used to select the direction of maximum continuity for
the secondary variogram map.

4. Click the tab to display the orientation as shown.
: Fie Display View Varogram Variogrammap Help

(PR X880 D88 -l o

| el .| .| B>l | Varogrammodel g R X
[T ey B e
R eEsEe -
- = - i U= F I | Variogram model: Spherical
Bl s eas| e s = d| " ve s s Y e a5 Experimental variogram type: Normalised
0->.. | 0->.. | 0->.. | 0->.. | Mugget
BN 111800 110N 1153 Structure 1
5 AN 5 AN o I e | Structure 2
f= =1y N - H"“*._ i;: Structure 3
. b i \ i , va
] | TR EE| T LI variogrammap a8 X

FEPS) #E ¢ @S

Qe
Plane dips 0.00 towards 0.0

Anisotropy ellipsoid parameters
Task: Calculate ellipsoid parameters with a macro

1. Run 08_anisotropy_ellipsoid.tcl.
2. After reading the text on the first form, click Apply.
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e TS O W =

!TM b BreSatrORe Fatiod e Cainulated snd deapleved in the uppes nght viewpart.
"'F]

¥ e contruaty of e data i Bhe tarme in ol Srection, an iectnag’ condition i gadiBs exit. Inother wirdh, ithe muor, sami-mior, and minar acoet wouldl all ke the tams cortinulty,
Hirniraer,, i B Sernanats afion, o Bresctrops:’ cordition axiily, S there i vanabls oontruly.

At wsritiorend [ evanirsly, the ma0r e 5 the orisntstion which represents the gresbest continuity, By defindion, the sem-major mis B the ssoond-iegest messure of Lontraty, andthe
e gk i Ehe smalept, For Bilock modil estimation, & & necesseny be knos the strength of the maior axis 85 comparsd be She sirength of the other bwo swes, The orentstion of the thres
axen, on sl gs B strength of the conbiruty relative Bothe cther swes i describad by an 'smisctropy elipposd

Thet it f the eontruty Sk the mr Sam o dompar ed b5 i contruty of B Serm-mates o since oed By the fabwing tes terma:

Tt Fsor 0 SEPA-FRAM0T BNRSOLTODY 1800
Tie Por o e anisoby ogry s

Thrta ratiot are caloulatedd by somparning tha bength of the ranget of the varegrams slong ssch aus,

1} The Fursction Estract > lnnunﬂ': fowmed, and the waraar e daty and the waragr s moded Lo e majer gos 5 deplaved,

2} The Mast variogram’ Punction s p dats for tre semi-major aois & presented
lbl'hrrlqnfhw—krmwh-bd!h#ﬂwh”nhwrﬂﬂvimd’hvrw-ﬂdd‘-!hﬁwmﬂ The lag dstance may be
rclifeid B3 mpr creg Bhi GuillEy of the virsdgram.

A} Thi e b3 dimimine Sealeoiy S cakiulated i

Tt bttt thie vt of that warieel s et o et S ot | Thoc bt o thie et off Pt veiuinlf i e i bt SR B
51 Thee Mt s o Funcion B s orwesd 080, o the Sepermant sl vanddy o9 dabs for the wened 5s B esented
) et iy shap 3, ithe pange of the varcar sm i graphecsly modiesd bo matoh Bhe dats For She marce s [the ruget srd sl valuss of tre variogrem model sre Padd corstantl. The lag distance
ey b mcsifiad o improres the gualty of Bra variogram,
T Tha mader ba mingr snictrogy rato 5 caloulated s
T bt of tha riarus of the vareeyr ars el o (e majer i | The leregrh of the rarges of Hhes v arm mediel For M mareer i

3. After reading the text on the following form, click Apply.

Anicnvogy clipsod B 9 W -

1'h-tnru--w—dmnnufuwhut—um:dhmhﬂdum-#-hh-qurnu dwved Fily - Opans " chel (RECALL W MODEL | bt
by smed b ey i mader o v arkgram model

Tre Tt warsgy 50 Puncion sl e g ormesd, B0 thes & apesrend ol s o 5% (0.8 Fow The farv-raaor Sars will b [ cpertad, Shone) mch e muior A s Snogr 59 ol

After this, Bres macrn will mosdify the rangs of Bre variogram {normally ithis & done graphicaly by Bhe uper | to maich the dat s for the semi-muajor oo [the rugget and sl values of B
waricgram madel For the maor axm arg held contant].

i this b dhre, the Sk t Sem-male SrEctIoey ot il be cakulited a5
T bt of ithee: ringes oF b warisgr mes. el fior thes major s | Thes bength of the anges of Hres vawisgrams model For e semi-maior mos
Thiy pripctrogy et vl Be deplyved in the upper right vigwpart,

@ [ M cames ||

The secondary variogram map, and the selected orientations of all axes are displayed.

4. After reading the text on the following form, click Apply.

That rimraer olf thes wirriogr m bk been mucfsed bo match th data for the pems-major aais, Bole that e rugget and wll vilues of the wariogram model e held cormt it

Thes rirugess o the wiriosgriem mesdels For the rajor and semismaor aues are used fo caiculate Ehe the major b semismajor anisoleogy £ati:
Thie barugihy of Ehee range of the vaniogrsm model for Bre e s | Thee length of the range of e varniogram modsl for the semqmajor sos
I this e ample, the length of the ranges of the varogrem models sre:
Majer aaig: 1£8
Semi-major axiv: 39
Thew ol carg, theh Mulijor b0 ebm-maior Musolrogry raticn: 168 | ¥W= 1.7
This sresslropy Fati S daplayved i e uppsr night veswport.

Follgwing this, the Meat vanogram’ furchion sl be performed, and the sxpesriment sl wariogram dats For Bre minor suis will e presantesd, siong with the curment vanogram modsl.
Theg majer | mirer ariscdrogy ratio vl g Calculabed in they £ marrsr.

) Cofltest ] [ X corcel |

5. When the next form is displayed, click and drag it out of the way so that you can view the
variogram modelled for the minor axis.
6. After reading the text on the following form, click Apply.
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Variogram maps Task: Calculate ellipsoid parameters with a macro

Anisatropy eliproid L= ]

Ther ot wiriogr ' (Wi MEXT) Furction fas Been performed, andthe expermmental v arogrsm data For the mingr mt hae been presented, long with te sem-major o

] (€ cmes |

variogram model. The lag distance has besn changed o improve e guality of Hhe varogram,

The rarage of the wariogrsm has been modFed to matoh the dats For the minor xos. Note Ehat the ragquirement of mosnt sining the same rugost and ol vslss of Hhe varicgram
st e nok slae B very goad Rt of the wariogrem inths cos. Dets urh B thes (@ esents 5 chalenge Far inberpret sbion

The rarges of the variogrem models For the major and minos awes sre used b caloulsbe the the maior Bo minoe snisotropy rsbo;
The bangth of the rangs of the varicgram model for the mator s | Thes length of the range of the variogram modsl for the minor ses
Irs this g, s length of th rinsges of the viriogr e sdadels i
Major aois: 158
Mirer per- 33
Thewef e, the major bo minor snsotrapry rabis B2 168 [ 32 =50
This arisctropy ratio i depleyed in the uppsr right viewport.
The rexut step i bo dabarmine the prisnt stbion of Ehe anisotropy eliposd, in terms of Surpac’s rokation convention,

Thar Fursction Creste srwmotrogy elipsod report’ mill be used to do the.

7. After reading the text on the following form, click Apply.

L

Anisotropy ellipsoid . ==

Mow that we have obtained all of the information balow, we are ready to procesd with block model sstimation:

Anisotropy elipsoid orientation (Surpac convention):
Bearing: 206.6

Plunge: -9.6

Dip: 45

Major axis variogram parameters:
Co (nuggat): 0.2

Cisil] : 0.8

Af(range] : 168.0

Major to semi-major anisotropy ratio: 1.7
Major to minor anisotropy ratio: 5.1

| [ 2oy ) (K G |

You will see the ellipsoid displayed in Graphics.
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Variogram maps Task: Calculate ellipsoid parameters manually

eIi-Major axia

Task: Calculate ellipsoid parameters manually

Choose Variogram map > Secondary variogram map.
Choose Variogram map > Extract variograms along axes.
Choose File > Open > Variogram model.

Enter the information as shown, and click Apply.

r '
Recall a Variogram Model [

Enter the Mame of the Variogram Model File ko Open

El

File name hajnr_axis.vgm - |

| o Apply || 3 Cancel |

L A

The variogram model is displayed.
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Variogram maps Task: Calculate ellipsoid parameters manually

: Fie Display View Varogram Variogrammap  Help

PP e EE E "B E S e ) ]

major: -9,.57658 -, cami-major: 44,20, [minor: 44.207 -> . Variogram model g R X

§ ' major: -9.57658 -> 206.599 (30) EE5EE Y -

Variogram modal: Spharical

il E 0.75 - Experimental variogram type: Mormmalised
m
E o504 il Range
= MNugget 02
L Structure 1 08 168.000
0.00 Structure 2 - -
o £0 100 150 200 250 Structure 3
distance Structure 4
—+ Mormal variogram — Variance — Variogram Model Variogram mag g 8 =

. & Variogram Structures ___ ﬁﬂ_

Bearing 2065395
Plunge -9.5766
Dip -44 9997

Anisotropy factors
major / semi-rmajor 1.700
major f minor 5100

Modelling principal directions.

5. Click the semi-major tab.
6. Click and drag the variogram structure to the left, until the model matches the exper-
imental variogram, as shown.

: Fie Display View Varogram Variogrammap Help

E PV I8 8 "8 o - )t

major: -9.57658 -, sami-major: 44.20,. minor: 44,207 -> .. Variogram model a B X
oy | ; I |
g semi-major: 44.207 -> 126.045 (30) = -
|
1.00 : Variogram modal: Spharical
D.- = o7s o Expernimental variogram type: Mormalised
= 0.
E S Range
g Nugget 02
025 Structure 1 08 168.000
0.00 Structure 2 - -
o 50 100 150 200 250 Structurs 3 -
distance Structure 4 .
=+ Mormal vaniogram — Varance — Variogram Model Variogram mag a 8 x

® Variogram Structures + & E

Bearing 2065995
Plunge -9.5766
Dip -44 3997

Anisotropy factors
major | semi-major 1.977
major fminor 1.000

Modeling principal directions.

[# Note: The major/semi-major anisotropy ratio changes as you move the model.

7. Click the minor tab.
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Variogram maps Task: Calculate ellipsoid parameters manually

8. Click and drag the variogram structure to the left, until the model matches the exper-
imental variogram, as shown.

: File Display View Variogram Variogrammap Help

E PVl 880" 288 o - )T o

major: -9,57658 -., [sami-major: 44,20, minor: 44.207 -3 ., Variogram midel o 8 X
o - - [ Il [ il
§ minor: 44.207 -> 287.154 (30) E8EES - 88
2 | Variogram moadeal: Spherical
L] E 15 Exparimental variogram type: Mormalised
(i)
E yol il Rangs
E Mugget 0.2
il 1.8 Structure 1 08 168.000
o . ) \ ) \ Structure 2 - -
"o 50 100 150 200 250 Structure 3 . .
distance Structure 4 . .
=+ Mormal variegram — Variance — Variogram Model Variogram mag o B X

Variogram Structures @@ #"' ‘Fi

Bearing 206 5395
Plunge -9.5766
Dip -44.9997

Anisotropy factors
major / semi-rajor 1.977
major f minor 8.930

Modeling principal directions.

[¥ Note: The major/semi-major anisotropy ratio changes as you move the model.

9. Choose Variogram Map > Create anisotropy ellipsoid report.
10. Enter the information as shown, and click Apply.

- o
Anisctropy ellipscid report u

Oukput report: file name anisotropy_ellipsoid_report -

Qutput report File Format .nat - Surpac Maote File |

[ o4 Apply H ¥ Cancel ]

L

11. Ifthefile exists, the Confirm File Replace form appears. Click Yes.
12. Choose Variogram Map > Ellipsoid visualiser.
13. Enter the information as shown, and click Save Now.
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Task: Calculate ellipsoid parameters manually

Variogram maps

@ Ellipsoid Visualiser

Anisotropy Ratios Orienkation
Max Search Radius |169.95 Bearing 206.5¢
Major/Semi-Major |1.706 | Plnge -9.576

Major Minor |.0,037 Dip |-44.99
Axes of Rotation
‘Surpac 2XY LRL v
First Ay Second Axis Third Axis
@Z @X O X @Y O 2

lst Rotation  2nd Rotation  3rd Rotation

@L MR L @R @®L MR
View

Current View: Plan

Create String File StungFleOign
§ arances
Location *m - ¥ 7000 . _
D 123 x 2000 elezinle I 2
Elipsoid Detai

Save Now Z (100

14. Click Apply.
15. In the main Surpac main window, choose Display > Hide grid.

16. Open ellipsoid123.str in Graphics.
It should resemble the previous ellipsoid created by the macro.
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Variogram maps Task: Use the primary variogram map to define the major axis

17.

EMNI-MAjor aXis

In the Variogram modelling window, choose File > Close.

Steps for using variogram maps to create anisotropy ellipsoid parameters
In summary, here are the complete set of steps to obtain all of the anisotropy ellipsoid parameters:

Task: Use the primary variogram map to define the major axis

P wnNeE

10.

Choose Geostatistics > Variogram modelling to open the Variogram modelling window.
Choose Variogram map > New variogram map.

Enter the variogram map parameters and click Apply.

Use the lag slider to show you areas of high and low variance on the variogram map. That
is, move the lag slider back and forth, and watch the colours on the variogram map
change. You will most likely see that throughout a range of lag values, there will be areas
on the variogram map which will be consistently high, and others which will be con-
sistently low. Using the example given above, note that the orientation of 15 degrees
above the horizontal (on the left) will consistently display colours on the low end of the
variance values, as represented by the legend to the right, and that very small lag values
are usually not useful.

Once you have an idea of what appears to be the orientation of the longest range, select
the variogram tab that represents that orientation.

Use the lag slider to improve the quality of the experimental variogram for that direction.
Create a variogram model for that orientation.

Look at the model on all other orientations. The major axis should be that variogram
which has the lowest variance for the longest distance.

If another orientation appears to have a longer range and a lower variance than your cur-
rent model, modify the model to fit that experimental variogram.

Repeat the previous two steps until you are satisfied that you have the orientation of the
major axis. Choose File > Save > Variogram model to save a variogram (*.vgm) for this
orientation. Saving this is optional, but can be helpful in a future step.
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Variogram maps Task: Use the secondary variogram map to Ddfine the semi-major axis

11. Choose Variogram map > Select direction of maximum continuity.

12. Click and drag the red line on the variogram map until it is aligned with the orientation of
the major axis.

13. Choose Variogram map > Save DTM. This is an optional step, but can help you to dis-
play the orientation of the primary variogram map in three dimensions in Graphics.

Task: Use the secondary variogram map to Ddfine the semi-major axis

1. Choose Variogram map > Secondary Variogram map. The direction of maximum con-
tinuity (the red line) will display as the intersection of the primary and secondary vari-
ogram maps. The orientation of this line should be relatively close to what will become
the semi-major axis.

2. Select a variogram to rotate the black line on the variogram map to that direction.

3. Now use the lag slider to improve the quality of the experimental variogram for that dir-
ection.

4. Create a variogram model for this orientation, which will become the semi-major axis.
You can choose Display > Display/Hide variance to show the data variance (often used
as the total sill).

5. Look at the model on all other orientations. The semi-major axis should be that vari-
ogram which has the lowest variance for the longest distance.

6. Ifanother orientation appears to have a longer range and a lower variance than your cur-
rent model, modify the model to fit that experimental variogram.

7. Repeat the previous two steps until you are satisfied that you have the orientation of the
semi-major axis.

8. Choose Variogram map > Select direction of maximum continuity.

9. Click and drag the red line on the variogram map until it is aligned with the orientation of
maximum continuity.

10. Choose Variogram map > Save DTM. This is an optional step, but can help you to dis-
play the orientation of the secondary variogram map in three dimensions in Graphics.

Task: Create and view anisotropy ellipsoid parameters

1. Choose Variogram map> Extract variograms along axes.

2. Choose File> Open > Variogram model to display the variogram model for the major
axis. If you did not previously save a variogram model, create a variogram to fit the major
axis.

3. Ensurethat the variogram for the semi-major axis is either the same as, or to the left of,
the variogram model for the major axis. You might need to use the lag slider to improve
the quality of the variogram. By definition, the range of the major axis must be equal to,
or longer than, the range of the semi-major axis for a given sill.

4. Ifthevariogram representing the semi-major axis is to the right of the model for the
major axis, you need to start again. The current semi-major axis is a more likely can-
didate for the orientation of the major axis.

5. Ensure that the variogram for the minor axis is either the same as, or to the left of the vari-
ogram model for the semi-major axis. You might need to use the lag slider to improve
the quality of the variogram. By definition, the range of the semi-major axis must be
equal to, or longer than, the range of the minor axis for a given sill.

6. Ifthe variogram representing the minor axis is to the right of the model for the semi-
major axis, you need to go back to the secondary variogram map. The current minor axis
is a more likely candidate for the orientation of the semi-major axis.
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Variogram maps Task: Create and view anisotropy ellipsoid parameters

10.

11.

12.
13.

£ Note: It is often difficult or impossible to interpret the experimental variogram for the
minor direction. If you cannot get a visually acceptable minor variogram, but you do
have good quality variograms for the major and semi-major axes, you can choose to
continue. Then you can determine the ratio for the minor axis based on other factors,
such as geometry.

View the semi-major axis. Modify the lag if required to improve the quality of the exper-
imental variogram.

Click and drag the sill/range marker to the left until the variogram model matches the
experimental variogram for the semi-major axis.

[# Note: You will not be able to modify either the nugget or the sill - only the range is
changed to calculate the anisotropy ratio.

View the minor axis. Modify the lag if required to improve the quality of the experimental
variogram.

Click and drag the sill/range marker to the left until the variogram model matches the
experimental variogram for the minor axis.

[ Note: It is often difficult or impossible to interpret the experimental variogram for the
minor direction. If you cannot get a visually acceptable minor variogram, but you do
have good quality variograms for the major and semi-major axes, you can choose to
modify the range until the ratio for the minor axis is equal to some value you have chosen
based on other factors, such as geometry.

Choose Variogram map > Create anisotropy ellipsoid report. This report contains val-
ues for the orientation of the anisotropy ellipsoid, as well as the major/semi-major and
major/minor anisotropy ratios.

Choose Variogram map > Ellipsoid visualiser. You can view or save the ellipsoid.
Choose File > Close to exit the Variogram modelling window.
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Create a 3D block model Task: Create a 3D block model

Create a 3D block model

Overview
This covers the basics of creating a block model, and adding attributes, which you must do before
performing an estimation.

Requirements
In order to understand this information, you should understand the following concepts:

e Surpac menubars

o Surpac string files

o Surpac block models

o isotropy and anisotropy

e anisotropy ellipsoid

o the parameters which define an anisotropy ellipsoid

Task: Create a 3D block model

1. Right-click in the blank area next to the menus, and choose Profiles > block_model.
2. Run _09_create_block_model.tcl.
3. Read the information on the first form, and click Apply.

Create block model g

Mext, a block model will be created and constrained to those blocks which are entirely or partially within
ore_solidl .dtm, currenthy displayed in graphics,

Since the concepts of creating and constraining a block model are available in a separate tutorial, these poinks
will nak be coverad here.

@ 7 orty ) (3 Cancel |

L

4. Read theinformation on the second form, and click Apply.

Create block model |

The Following attributes will be used to compare the effect of applying an snisotropic search elipsold against using an sotropic search:
1) anksctrope;_briged_gold - the estimated value using the major axis variogram model and the anisotropy elipsold previoushy determined
2) isotropic_kriged_gokd - the estimated value using the major acds vaniogram model and an isotropk: search

) aniso_so_dif - The diference between the values: anisotropic_uiged _gold - isotropic_lriged_gold

4) gvl_partisl_percent - & value betwasn 0 and | which represents the percent age of ithe block cont ained within the QW1 ore rone - ore_sold] . dtm

Review, but do not modify the values on the next Form and press APPLY.

7) (o Acely | [ 3¢ Comcel |

5. View the Add attributes form, and then click Apply.
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Create a 3D block model

L 0 N o

10.

Task: Create a 3D block model

fdd attributes —ry
Altributs Hame Type Dacmals  Baclkgrounsd Vakes Description | Expression
1 | arisctrope:_briged_gold flaat 4 =
2 |isobropic_lriged _gold Float B
3 |ariso_iso_of € slculsted B {anisotropic_tiged_gold-isotropc_briged_gold
4 qvl _partial_percent Float B
o 13
P —_— =
(@ [ of docty | [ 3 Cancel ||

The modelis displayed.

Choose Block model > Close.
Click Reset graphics .
Open geostats_example.mdl.

Choose Display > Display block model.

Enter the information as shown, and click Apply.

s

Draw block model

(7 Paint Cloud

Options

(") Regularised Cloud

Include internal blocks? [

View
Clear constraints?
Remave slicing?

Rescale?
Paint Cloud Marlker

oo

Marker Size

—_

[ -;i?.ﬂ.pply ][ o Cancel ]

L%

11. Open qvi.con in Graphics.
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Ordinary kriging Task: Perform ordinary kriging estimation on a 3D block model
Ordinary kriging

Overview

An important end product of a geostatistical evaluation is a “model”, or a set of points in space which
contain estimated values. One of the methods for estimating values at points in a model is known as
ordinary kriging.

Requirements
In order to understand this information, you should understand the following concepts:

o Surpac menubars

o Surpac string files

e Surpac block models

« isotropy and anisotropy

« anisotropy ellipsoid

o the parameters which define an anisotropy ellipsoid

Task: Perform ordinary kriging estimation on a 3D block model

1. Run_10_ordinary_kriging.tcl.
[ Note: This macro selects the menu command Block model > Estimation > Ordinary
kriging.

2. Read theinformation on the first form, and click Apply.

Ordinary kriging e

Ordinary kriging will now be performed to estimate values using an anisotropic search. Six Forms wil be presented.
The first Form is used ko enter the name of the attribute {anisotropic_briged_gold) bo receive the estimated value,

The second form allows you bo optionally name new or existing attributes to receive values for:

- anisokropic distance From the black cenkroid to the nearesk daka point

- awerage anisobropic distance from the block centroid to all data points wsed in the estimation of the black
= number of samples used in the estimation of the block

- Black kriging variancs

(These attributes will not be used in this examgple. )

The third form is where the string file, string number(s) and description field containing the data is entered.
In this case, we will use the D1 values from strings 1 and 2 of gold_out17.str

The vales from the anisobropy elipsoid report are entered on the fourth Form,

The fifth form allows you to open a variogram parameter file (major_axis.vgm).
|| Daing this inserts the variogram values of nugget, sil, and range into the Form.

The sixkh Form displays the constraink which is used to limit the blocks which receive estimated values,

Review the information presented on each form and press APPLY. Do not modify any values,

(o Apply ] [ 3 Cancel |

h A

3. View and click Apply on each of the six following forms.

Select attnibute to model u

Attribuke name anisokropic_kriged_gold - |

[ = Apply ][ 3¢ Cancel ]
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Ordinary kriging Task: Perform ordinary kriging estimation on a 3D block model

( Estimation attributes uw
Anisotropic disk to nearest sample -
Average anisotropic disk ko samples -
Mumber of samples -
Kriging wariance -
Block variance -
Kriging efficiency -
Mumber of negative weights -
Lagrange mulkiplisr -
Conditional bias slope -
[ @P Apply ] [ x Cancel ]
L5 A

i '
Data source specifications B

Data source bype g &

LE () BLOCK MODEL

STRIMG FILE BLOCK. MODEL
Location igold_cut - Madel name
Idrange |17 Attribuke

Skring range |1,2

D field |1

Constrain data

Save constrained sample poinks?

1 O

Output location -

Qutpuk id number |1

(7 ooty ] (3K cance |
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Ordinary kriging

Surpac™ 6.6.1

Task: Perform ordinary kriging estimation on a 3D block model

-
Search parameters ﬁ

Search bype

Minimum number of samples to select |3

Maximum number of samples ko select |10

Maximum search radius 99999

Maximum vertical search distance 99999

Constrain by drill hole?  [7]
Desc field d2

Maximum nurmber of samples per drill hole |15

Search Ellipsoid Specifications

Ellipsoid Crientation Anisobropy Ratios

Bearing |22.5 majar | semi-major 1.7
Plunge |0 major [ minor (5.1
Dip |0
Raotation Convention EurpacZXYLRL v.
@z @x Y L@y z
@L (R L @R @L R

[ Ellipsoid Visualiser ]

[ Aeply ] [ 9€ Cancel |
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Ordinary kriging Task: Perform ordinary kriging estimation on a 3D block model

ol el el el L B e B LGl e L

The model is displayed.
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Ordinary kriging Task: Perform ordinary kriging estimation on a 3D block model

4. Read theinformation on the following form, and click Apply.

- B
Crdinary kriging E

Qrdinary kriging will now be performed ko estimate values using an isatropic search.
This is done on the fourth Form, where the anisatropy ratios are both setto 1:
major[semi-major = 1

majarfminar = 1

Maoke that an the fifth Form, the variogram model is the same as before.

Review the information presented on each form and press APPLY. Da not madify any values,

[ 7 #enly_] [ 3€ Cancel |

L A

5. View and click Apply on each of the six following forms.

Select attribute to model M

Attribuke name isatropic_kriged_gaold -

[ = Apply H ¥ Cancel ]
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Ordinary kriging Task: Perform ordinary kriging estimation on a 3D block model

( Estimation attributes uw
Anisotropic disk to nearest sample -
Average anisotropic disk ko samples -
Mumber of samples -
Kriging wariance -
Block variance -
Kriging efficiency -
Mumber of negative weights -
Lagrange mulkiplisr -
Conditional bias slope -
[ @P Apply ] [ x Cancel ]
L5 A

i '
Data source specifications B

Data source bype g &

LE () BLOCK MODEL

STRIMG FILE BLOCK. MODEL
Location igold_cut - Madel name
Idrange |17 Attribuke

Skring range |1,2

D field |1

Constrain data

Save constrained sample poinks?

1 O

Output location -

Qutpuk id number |1

(7 ooty ] (3K cance |
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Ordinary kriging

Surpac™ 6.6.1

Task: Perform ordinary kriging estimation on a 3D block model

-
Search parameters ﬁ

Search bype

Minimum number of samples to select |3

Maximum number of samples ko select |10

Maximum search radius 99999

Maximum vertical search distance 99999

Constrain by drill hole?  [7]
Desc field D2

Maximum nurmber of samples per drill hole |15

Search Ellipsoid Specifications

Ellipsoid Crientation Anisobropy Ratios

Bearing |22.5 majar | semi-major |1
Plunge |0 major [ minor |1
Dip |0
Raotation Convention EurpacZXYLRL v.
@ z @x ¥ X@Y Oz
@L R L @R  @L (R

[ Ellipsoid Visualiser ]

[ Aeply ] [ 9€ Cancel |
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Ordinary kriging Task: Perform ordinary kriging estimation on a 3D block model

ol el el el L B e B LGl e L

The model is displayed.
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Ordinary kriging Task: Perform ordinary kriging estimation on a 3D block model

EENE NN
|_”:||!|! ™

- EnmN
_ ENEENEEREg ANy BE
el 1 1] [

== [ 1] |
L ol I_':ZII:ID

6. Choose Block model > Save.
7. Choose Block model > Close.

Surpac™ 6.6.1 Page 224 of 238 Geostatistics



Partial percentage calculation Task: Calculate a partial percentage value for blocks within a 3D solid model

Partial percentage calculation

Overview
This chapter covers the basics of applying a partial percentage calculation to a block model. This is an
optional step, and is effective if you choose not to use sub-blocking.

Requirements
In order to understand this information, you should understand the following concepts:

e Surpacsolid models
e Surpacblock models

Task: Calculate a partial percentage value for blocks within a 3D solid model

1. Click Reset graphics .

2. Open geostats_example.mdl.

3. Choose Display > Display block model.

4. Enter the information as shown, and click Apply.

i B’
Draw block model ﬁ

Shyle View
@ Blocks Clear constraints?
(1 Paint Cloud Remove slicing?

Rescale?

(") Regularised Claud
Paint Cloud Marker

oOOoO

Options

—_

Marker Size
Include internal blocks? [

[ @?Apply ][ o Cancel ]

L A

5. Open qvl.con in Graphics.
6. Choose Estimation > Partial Percentage.
7. Enter the information as shown, and click Apply.
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i B

Block Model Partial Percentage Calculation ﬁ
Caonstraint ko apply 30M -
Attribute to calculate :qvljartialjercent v:
Precision |3 -

Inkersecting salids may give an incorreck result
3DM file ore_saolid -
Idrange |1

Inside
Optional fields
Object range

Trisolation range

Save partial percent as file? [

[ = Apply ][ 3¢ Cancel ]

L A

8. Choose Block model > Save.
9. Choose Block model > Close.

[ Note: To see all of the steps performed in this task, run _11_partial_percentage.tcl.
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Model Validation

Overview
An important step in a geostatistical evaluation is to validate the model after it has been created.
There are several means of validation:

e comparing cross-sectional data with model values
o grade-tonnage curves from block model reports

o basic statistics of model values

o trend analysis

Requirements
In order to understand this information, you should understand the following concepts:

o Surpac menu bars

o Surpac string files

e Surpacblock models

« isotropy and anisotropy
« anisotropy ellipsoid

o ordinary kriging

Comparing cross-sectional data with a model
One method of validating a model is to view cross-sections of it compared to other data.

Task: Comparing cross-sectional data with a model

1. Run _15a_display_partial_percent.tcl.
This macro will display a cross-section of a 3D solid, and the calculated partial percentage

of blocks inside the solid.
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You want to ensure that the values in the model appear to be correct. Inthe example,
this does appear to be correct. Blocks entirely within the model have a partial percent
value of 1.00 and blocks partially within the model have a partial percentage value
between 0 and 1.00.

2. Run _15b_display_blocks&composites.tcl.
This macro will display a cross-section of a 3D solid, raw and composited drillhole data, as

well as kriged values of blocks inside the solid.
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Again, you want to check that block values and model values appear to be correct.

Grade-tonnage curves

Another means of validating a model is to report tonnes and grade and construct a grade-tonnage
curve.

Task: Create grade-tonnage curves

1. Run_16a_bm_report.tcl.
This macro will perform block model reporting to create a *.csv file containing grade and
tonnes. A pre-defined *.xls file is displayed at the end with a graph of the grade-tonnage
curve.

2. View, and then click Apply on each of the three following forms.
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The file grade_tonnage.xls has been prepared with a graph of the output data.

3. Open grade_tonnage.xls.

Basic statistics of model values
Basic statistics of the block model values is another way to validate the output from the model.

Task: Display basic statistics of model values

1. Run_12_bm_basic_stats.tcl.
This macro will display basic statistics on three block model parameters.

2. Select the check boxes on the Basic statistics form as shown, and click Apply.
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You will see a histogram of the data displayed.
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3. ChooseFile > Close.

Trend analysis
You can also analyse the trends in the data to validate the output from the model.

Task: Display trend analysis

1. Run_16b_export_centroids.tcl.
2. View, and then click Apply on both of the following forms.
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When the data has been exported, you will see the data in Graphics.

3. Runthe macro _16¢c_bm_vs_composites.tcl.
This macro performs the function Geostatistics > Trend analysis. There are two tabs on

the Trend analysis form.

The main tab contains the names of the file(s) to be analysed.
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4. Click the Co-ordinate Constraints tab to view the range of coordinate values.
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[ Note: In this case, you want to compare the downhole composite values against the
block centroids for a range of northings.

5. View the form, and then click Apply.
The previously prepared file bm_vs_composites.xls contains the data and a graph.

Open bm_vs_composites.xls.
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Trend analysis can be used to identify regions where block model estimations might be
different to the composited data.

Surpac™ 6.6.1 Page 235 0f 238 Geostatistics



Block size analysis Task: Display trend analysis

Block size analysis

Overview

An important end product of a geostatistical evaluation is a “model”, or a set of points in space which
contain estimated values. The points are representative of the centroid of a block of material. The
determination of the spacing between these points, or the block size is often a critical factor in a
geostatistical estimation. By evaluating two parameters derived from ordinary kriging, you can
determine the optimal block size. The ultimate selection of the block size, however, may be based
on other factors, such as minimum mining width.

You will learn about:

o debugging output from ordinary kriging
 using kriging efficiency and conditional bias slope
« block site selection

Requirements
In order to understand this information, you should be familiar with:

o Surpac string files

e Surpac block models

e isotropy and anisotropy
« anisotropy ellipsoid

o ordinary kriging

Debug output from ordinary kriging
When using ordinary kriging to estimate values in a block model, the debug output will contain two
parameters which you can use in the analysis of block size.

1. Run kriging_debug.tcl.
This macro:

1. creates a block model

2. performs ordinary kriging within a constraint to estimate a value for a single
block

3. uses debug outputin the report file

The output file, block_size.not is displayed. Near the bottom of the file, you will see the following
parameters:

Estimated grade: 4.452
Kriging variance: 0.250
Twice std. dev.: 1.000
Block variance: 0.907
Kriging efficiency: 0.724
Slope of regression: 0.112
Lagrange multiplier: 0.053
Conditional bias slope: 0.930
The values of kriging efficiency and conditional bias slope are used in analysing block size.
Block variance — kriging variance
Kriging Efficiency = block variance

Block variance — kriging variance + | lagrange multiplier |
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Conditional Bias Slope = Block variance — kriging variance + 2x | lagrange multiplier |

Using kriging efficiency and conditional bias slope

Ideally, both the kriging efficiency and the conditional bias slope should have a value of 1.00. In
practice, this is impossible, but what you can do is compare the values of these two parameters for a
variety of block sizes.

To do this in Surpac, you would perform the following procedure for a set of block sizes:

1. SelecttheX, Y, and Z coordinates of a location where you wish to perform the analysis.

2. SelecttheX, Y, and Z block dimensions.

3. Create a block model using an origin such that the coordinates of the centroid of the first
block in the model are the same as the coordinates in step 1.

4. Perform ordinary kriging within a constraint to estimate a value for the first block.

Ensure “debug output” option is used in the report file .

6. Note the values for kriging efficiency and conditional bias slope in the debug file.

v

For example, using the data from the kriging_debug.tcl example:

o coordinates to perform the analysis: Y=7340 X=1660 Z=110
o block dimensions: Y=10 X=10Z=10

o block model origin: Y=7335 X=1655 Z=105

o ordinary kriging within constraint: Y< 7345, X<1665, 2<115
o debug output selected

o output file: block_size.not contained:

Estimated grade: 4.452
Kriging variance: 0.250
Twice std. dev.: 1.000

Block variance: 0.907
Kriging efficiency: 0.724
Slope of regression: 0.112
Lagrange multiplier: 0.053
Conditional bias slope: 0.930

Given these same data in step 1, here are some examples for different block sizes. In each example,
the coordinates of the centroid will be the same.

Coordinates to perform the analysis: Y=7340 X=1660 Z=110

o block dimensions: Y=10 X=5Z=5

e block model origin: Y=7335 X=1657.5 Z=107.5

o ordinary kriging within constraint: Y< 7345., X<1662.5, Z<112.5
o block dimensions: Y=5X=5Z7=2

e block model origin: Y=7337.5 X=1657.5 Z=109

« ordinary kriging within constraint: Y< 7342., X<1662.5, Z<111

o block dimensions: Y=2 X=2 Z=2

o block model origin: Y=7339 X=1659 Z=109

« ordinary kriging within constraint: Y< 7341., X<1661, Z<111

Block site selection
If your data is fairly regular, as is the case with the string file gold_cut17.str, you would want to
choose a location which is in the middle of the data.

For example, using the block site location and string file data used in the kriging_debug.tcl example:
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+ + +

+ + 5
+ 4+ + +
+ + +

+ +

However, if there were one or more clusters within the data, you should perform the study at each of
several locations, each representative of different types of data clustering. This is because the kriging
efficiency and conditional bias slope are determined by block size and sample locations near the
block. For example, you may want to choose several locations as demonstrated in the following list:

area representative of average sample spacing
within or near cluster #1

within or near cluster #2

within or near cluster #3

within or near cluster ...

ukhwnN e

Kriging efficiency and conditional bias slope are not dependent upon sample values, but are related
to block size, sample locations, and variogram parameters.

After you have determined an optimal block size, you can use the procedure described here to
compare other factors, such as maximum number of samples, search radius, and discretisation
points.
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