Grade Block Models

________________________________________________________________________

GRADE BLOCK MODELS

INTRODUCTION

Methods for kriging/inverse distance grade interpolation available in Gemcom are:

· ordinary kriging

· single indicator kriging

· multiple indicator kriging to a single model

· multiple indicator kriging to multiple models

· Inverse distance methods (true weighting)

· Inverse distance methods (anisotropic weighting).

Grade interpolation involving kriging or inverse distance methods requires the definition of a kriging profile. Users should already have a good understanding of kriging and interpolation principles before attempting grade interpolation. Semi-variogram analysis of each of the data sets should be performed in order to identify parameters such as range, nugget, sill, etc.

STEPS TO FOLLOW FOR ASSIGNING GRADES TO BLOCK MODELS 

1) Preparing an extraction file containing grades and optionally rock codes

2) Defining kriging profiles which contain the following:

· Sample search parameters

· Filtering parameters

· Variogram parameters

· Target Rock Codes

· Domains

· Trace block selection

· Kriging/Inverse distance parameters

· Output Destination for results

3) Running kriging routine

4) Viewing and checking results




1) Preparing Extraction Files

Grade values (composites0 are extracted from the drillhole workspace in extraction file (*.mex) format. These files are normally saved I the \GCDB??\EXTRACT sub-directory.

A typical extraction file is shown below. The 'real' column contains the grades to be used for kriging, the 'integer' column contains the rock codes and the 'character- string' field contains the hole-id.

[image: image1.png]Northing Easting Elevation  Real Value  Int Value  String
8935.30 10683. 60 133.90 0.1100 10 pEL
8935.30 10683. 60 432.90 0.1500 10 pHL
8935.30 10683. 60 431,90 0.3800 10 pHL
8935.30 10683. 60 430.90 0.6200 10 pHL
8935.30 10683. 60 429.90 0.5000 20 DHL
8935.30 10683. 60 428.90 0.5500 20 DHL
8935.30 10683. 60 427.90 0.3800 20 DHL
8935.30 10683. 60 426.90 0.0200 20 DHL
8954.79 10650.00 435.38 0.4000 10 pH10
8954.79 10650.00 434.38 0.6500 10 pH10
8954.79 10650.00 433.38 0.6700 10 pH10
595479 10€90.00 43238 1. e400 10 pHIiO



Rock codes are optional. However, if all grades are extracted into one big file and only certain ones are to be used for kriging into different rock domains, then a rock code is essential. This way you can set up target and sample rock codes in the kriging profile, so that it only certain grades for individual rock codes are used. Otherwise you can separate differnet grades relating to different rock groups into separate files, one for each rock code..See the section on sample and target rock groups for more information on how to use this to your advantage.

Hole-ID's are also optional, but come in handy if you are restricting the sample search to a maximum per hole. The program checks the Hole-ID field for obtaining this information.

2) Defining a kriging profile
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To create a kriging profile select the BLOCK/INTERPOLATE/Define Kriging Profile menu options as shown below: 


The Kriging Profile Editor will then be displayed. It has 9 tabs along the top with which the user can define the following kriging parameters. These are tabled below.

TAB
DESCRIPTION

General
· defines kriging profile name and description 

· display options while kriging

Sample Search Parameters
· anisotropy search volume methods and ranges

· maximum samples per hole to use

Filtering Parameters
· limits on sample data values and locations 

· how to handle duplicate samples.

Variograms
· semi-variogram component models and anisotropy parameters for sample weighting.

Target and Sample rock codes
· block model initialisation options

· target rock codes and matching sample rockcodes (contained in extraction file).

Target Block Domains
· specifies rows, columns and levels or selected/not selected blocks to be kriged.

Trace Blocks
· identify up to 20 trace blocks to track the kriging process

· choose to report corss-validation results

Kriging Methods/IK parameters
· interpolation methods 

· defining bins for indicator kriging

Out put Destination
· specifies the files and models to which data is written
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To ADD a new kriging profile, click on the ADD button and enter a new kriging profile name, then enter the parameters under each tab. To edit an existing profile, highlight the name on the list, then edit the parameters and save. 

Note !! When using the SAVE AS option, don’t forget to check/change the Control file name to match the new profile name.

General

Add a comment, control file name (.krg). While kriging you can choose the display the extraction file points and estimated blocks for each bench as it is being kriged. These will be displayed using the selected colour profile. You can define the distance above and below the bench for extracted point display. (see the previous diagram). 
Tick the "Load Data from Control file" option if you wish to load profile parameters from another kriging control file.

Sample Search Parameters

Define sample search parameters:

Select the search anisotropy (or no rotation) to be used. The search anisotropy is normally the orientation of the axis of the ellipsoid that best defines the direction of geologic continuity of the deposit. Input the search ranges along the axes of the ellipsoid, and if necessary a high grade transition. A high grade transition would typically be a "cap grade" level or threshold value above which more restricted ranges are applied,
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For more information regarding ellipsoids and anisotropy refer to chapter 6, vol 3 of the Gemcom manual which covers Interpolation and kriging.


Filtering Parameters
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Enter a comment describing any filters applied. Apply a cut grade value if required, and enter and grade or location data filters. 

Duplicate values. Detect but do not fix will give you info about duplicate samples in the detailed report file Detect and attempt to fix by moving will change the coordinates of duplicate samples to a very large value so that the duplicate samples won’t be inside any user specified search radius.  Thus they will not be a problem.  The user MUST still check these warnings and sort them out for reliable results.

Variograms
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Select the component (nugget effect, spherical, etc.) and enter the sill value, ranges and anisotropy for sample weighting. These selections will likely be influenced by the shapes of the experimental semi-variograms generated from the sample data. For kriging methods, at least 2 components (eg, nugget effect and spherical) must be defined. 

Note: if you are choosing an inverse distance method, at least one "dummy" component (eg. Nugget effect) must be defined, with a sill value of 0.01 for example and a search range greater than zero. These are "dummy" values and will be ignored by choosing an inverse distance method for krigin later on under the 'kriging' tab. An example is shown below. Notice that component 2 is not used.
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Target Rock and Sample Rock Codes
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Select the Access Option:

· overwrite completely will update the whole block model

· update selected rock codes will only look at blocks that have the rock code(s) specified under the target

· '0' grades only will update block with zero values only. This is useful when performing a "2nd pass" run with a larger search radius (eg, to define 

· proven/probable reserves).

The target rock code is the rock code in the block model which is considered for interpolation. Eg. In the example above, grades will be calculated only for blocks that have rock codes 10 and 20 assigned to them.

The sample rock code refers to the rock code of each sample located in the integer field of the extraction file to be used for interpolation. In the example above, samples with an integer value of 10,11 and 12 in the extraction file will be used to interpolate blocks of rockcode 10. 

If samples in the extraction file are NOT labelled with an integer rock code, then leave as zero. All samples within the extraction file will then be used for interpolation.

Finally the extraction file path and file name is required (note the browse buttons). Select the variogram to be used for each individual target rock code.

Target block domain

Choose the block model geometric limits to be included in the interpolation. You can choose some or all levels, rows or columns, or else choose to krige only blocks that are selected or not selected.

TIP: it is a good idea to perhaps choose one level only and test the kriging results for this level first. You can then come back and edit the blockl domain for all levels, rows and columns and re-run. This will savea lot of time if problems are encountered.
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Check the FLAG MODEL to krige only into,blocks which contain data tha meets or exceeds a user defined threshold criteria. eg.  you may wish to krige only blocks which contain a density value greater than 2.5.
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Trace blocks

Trace blocks are cells strategically located within the model project area for which the sytem will graphically display the search ellipsoid during the kriging run, and report sample weights, kriging results, etc, at the end of the run. Printed results for these blocks should be checked.

The search ellipsoids created will be automatically saved as polylines and tie lines which can be loaded for visual inspection. A solid representing the ellipsoid can also be created from these files. The files are anisoplt.dat and anisoplt.tie 

A sample trace block report and an ellipsoid showing all samples selected inside its range are shown below:
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Kriging Methods and Parameters

The parameters displayed under this tab depends on what type or kriging method has 
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been selected. 

A few examples for the various methods are shown below:
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Minimum samples indicated the number of grade values that must fall within the search ellipsoid in order to interpolate a given block. If  for example, minimum samples equals 2 and only one value is encountered within the search radious, the block is not re-assigned and remains at the default value.

Maximum samples indicates that if more grade values than the maximum (12) entered fall within the search ellipsoid, only the closest 12 samples will be used for interpolating and assigning grade to a given block.

Block variances 
Variance by level is NOT recommended for a seam geometry as blocks will have different heights along the seam. If you have different bench heights for a regular block model, then you should choose this option. If all levels are of the same height, then you can choose either 'variance by level' or 'constant variance" and enter the bench height. If you choose a constant variance, it will be re-computed for every new rock code where every different rock type has a different variogram.

Negative weights converts negative weights to 0 and rescales the other weights so that the overall sum of weights remains 1. This is recommended for indicator kriging.

Block subdivision in XYZ directions for calculations of block variance and the variances between point and block for block kriging

No. of SMU's per block can be entered for single IK or MIK to a single model.

For further details see Chapter 11, vol3 of the Gemcom manual on the Block Menu.


Output Destinations

Finally, we now must specify what data is to be written and to where as in what files and block models.

Enter the block model folders to where the grades are to be written, If you have created generic models to store variances and IK probabilities, choose the appropriate folders from the picklist. 
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Data can also be written to special models for the following:

· number of points used for estimate

· number of points inside search
· number of octants
· grade below IK cut-off

· dilution (only applies when using SMU correction)

· actual distance to closest point or

· anistropic distance to closest point
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 see below:
Other output should be checked if you want results written to an ASCII file for cross-validation purposes.

DON'T FORGET TO SAVE THE KRIGING PROFILE

3) Running The Kriging /Inverse Distance Routine
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There are 2 ways run a kriging/inverse distance routine. You can interpolate one block model ot choose to run multiple kriging control files at once. Choose either method from the BLOCK/INTERPOLATE menu as shown below:

Kriging/ Inverse Distance Estimation

[image: image22.png]Trace Blocks ¥ Use Cross Validation

Use oftwo or three trace blacks is & Only on Selected Rock Types
strangly recommended for verifiation of

e s £~ All Samples in the first extraction

file
Column:  Pow.  Level

1-25  1-17  1-10 Effective black dimensions

Colurnn [Row__[Level Essting 4000
i i i 3 2| Northing 6.250
2 1 1 7 —
Elevation 2500
Trace sample ID numbers for cross
validafion
Sarnple Number
i 5 =
2 55

3 7





· enter the correct kriging control file (*.krg), you can use the browse button.

· You can choose to krige only a specified set of blocks as a test if you like. If you check this box, you then have to click on the 'select blocks' button and select the blocks (see directions at end of this section).

· Tick check profile if you wish only to verify the kriging profile parameters.

· You can also choose to minimize the dialogue box when kriging and whether or not you want ro redraw the graphical area after each level is kriged.

· Choose 'start' to begin kriging.

Selecting test blocks
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Click on the ADD button to manually enter the row, column and levels or else click on the select more button to click on the blocks displayed. Click blocks with the left nouse button to select, and when finished click the right button and the blocks selected will be displayed. Press OK to complete.
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4) Viewing  And Checking Results
When the krigig process is finished, you should view the results by selecting the "View Report" , "View Trace" and "View Result" buttons. These results are also written to files as listed.  

The VIEW REPORT details are stored in a file called *.LIS . The kriging profile name is used as the prefix. It contains a detailed summary of kriging parameters, sample statistics and results for the trace blocks. Cross-validation trace data is found at the end.

The VIEW TRACE details are stored in a *.TRO file and contains the data attributes and kriging parameters for each trace block. Read the section under 'Trace blocks' for a brief description if required.

The VIEW RESULTS button displays a summary of sample and grade information for each target rock code. If you opted for jack-knifing, cross-validation results including the correlation will appear in the lower left box.
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Kriging/Inverse Distance in Batch Mode:
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You can choose to run multiple kriging control files at once if required. You must define at least one kriging profile before choosing this command,

Select all control files (*.krg) to run by browsing with the "Add File" key. Set additional kriging controls and batch run controls then press start.

Upon completion of batch kriging, the Kriging Result dialogue box will appear. The number of successful and failed runs will appear in the upper frame.


NOTES:

The tabs are accessed with these arrow keys:


























You may enter a separate set of search ranges for a high grade population. Enter the grade above which you choose to limit search parameters, or enter zero to disable.  Enter the new X Y and Z search range distances for ranges 1,2 and 3. 











Enter the max. no. of samples to use from a single drillhole. Enter zero to disable.


Note: Hole _id is read from the character field in the extraction file. View your extraction file to check that HOLE-ID's are able to be distinguished from one another with the 6 character length limit.





Click on the component to edit or display the associated parameters in the bottom screen. 





Dummy set up for inverse distance methods.





Trace block report for a trace block 








Search ellipsoid displayed while kriging





Solid ellipse created showing samples used for trace block calc.





Data attributes of each sample used to krige the trace block.
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