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Project Value Preposition 

Create a more accurate recovery block model based on 10-element drillhole assays.Main objective

I. Increase mill recovery by identifying low recovery blocks and then keeping 
them out of the mill.

II. Increase mill-throughput by sorting uneconomic & economic trans ore and 
milling the latter.

Value Preposition



Questions We Need to Answer

How accurate is the Fe/S baseline model?

Are the issues in recovery modelling coming from element modelling (kriging) or recovery 
mapping (equations)?

How much can Stratum’s SATS technology improve on the recovery mapping?
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Metrics

We evaluate modelling error by looking at 2020-2021 reconciliation test drillholes. To calculate the individual element error’s influence 
on overall modelling error we construct a recovery estimations using the equations based on i) test drillhole assays ii) modelled 
elements and calculate the deviation between the two estimations.

Types of Errors

a) Average Recovery Deviation (ARD)
Average deviation between the modelling grade and assayed grade recovery estimation.  This is the best indicator on how good the
model is.  Where N = all test drillholes :

b) Median Recovery Deviation (MRD)
This is the median deviation between the modelling grade and assayed grade recovery estimation. The value of the metric is to
estimate how accurate the modelling is for the average sample. Where N = all test drillholes :



𝑖=1

𝑁≅8000
𝑎𝑏𝑠 [𝑅(𝑡𝑒𝑠𝑡 𝑎𝑠𝑠𝑎𝑦 𝑖) − 𝑅(𝑀 𝑡𝑟𝑎𝑖𝑛 𝑑𝑎𝑡𝑎 𝑖)

𝑁

I. Modelling Error Drillholes → Blocks  

II. Mapping Error Blocks → Recovery 

Key metrics:  

The modelling 
function (i.e kriging) 
is referred to as M(X) 
while the recovery 
function (i.e
equations) are 
referred to as R(X).

𝑆𝑜𝑟𝑡 𝑎𝑏𝑠[𝑅(𝑎𝑠𝑠𝑎𝑦 𝑖) − 𝑅(𝑀 𝑡𝑟𝑎𝑖𝑛 𝑑𝑎𝑡𝑎 𝑖) ∀𝑖, 𝑖 ∈ 𝑠𝑎𝑚𝑝𝑙𝑒𝑠] 𝑁/ 2



Metrics

I. Modelling Error Drillholes → Blocks  

We evaluate mapping error by looking at the 2021 geochem leach pulp sample leach test. 215 samples were measured for recovery (by 
tracking Au head/tail grade), 215 samples for head Mo grade, 135 samples for head Ca grade.

Types of Errors

II. Mapping Error Blocks → Recovery 

Key metrics:  

a) Average Recovery <Deviation (ARD)
This is the average deviation between the recovery estimation and real recovery. 
This is the best indicator on how good the mapper is.  Where: N = all test drillholes



𝑖=1

215
𝑎𝑏𝑠[𝑅(𝑎𝑠𝑠𝑎𝑦 𝑖) − 𝑇𝑅 𝑖]

𝑁

b) Actual Recovery where Predicted Recovery = 40-80% (R|PR ∈ [.4,.8])
Average actual recovery in samples predicted as 40-80% recovery. This is a metric 
that evaluates what will be the expected recovery when mining areas in the 
transitory recovery region. 

𝑖=1

𝑅 𝑎𝑠𝑠𝑎𝑦 𝑖 ∈ [.4,.8])
𝑇𝑅 𝑖

𝑁

c) Median Recovery Deviation (MRD)
This is the median deviation between the modelling grade and assayed grade 
recovery estimation. The value of the metric is to estimate how accurate the 
modelling is for the average sample. Where N = all test drillholes :

d) R^2
Chi-square. What is the goodness of fit between predicted and actual recovery. A measure of squared deviation that is useful for accompanying a 
visual predicted vs actual recovery graph. Should not be a metric for comparing models as it tends to heavily reward models that predict gaussian 
distributions which recovery does not follow.

𝑆𝑜𝑟𝑡 𝑎𝑏𝑠[𝑅(𝑎𝑠𝑠𝑎𝑦 𝑖) − 𝑇𝑅 𝑖 ∀𝑖, 𝑖 ∈ 𝑠𝑎𝑚𝑝𝑙𝑒𝑠] 𝑁 / 2

𝑇𝑅 = 𝑇𝑟𝑢𝑒 𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦



(1) How accurate is the Fe/S 
baseline model? 



Baseline Model

If S > 0.4 | Fe/S > 10: 
Recovery = min(0.92, (Au-0.156)/Au)

If S > 0.4 & 3 < Fe/S > 10:
Recovery = min(0.85, (Au-0.156)/Au)

If S > 0.4 & Fe/S < 3: 
Tail Grade = max(0.78*Au - 0.17*Fe/S, 0.157)

If S > 0.4 | Fe/S > 10: 
Recovery = min(0.92, (Au-0.156)/Au)

If S > 0.4 & 3 < Fe/S > 10: 
Recovery = min(0.85, (Au-0.156)/Au)

If S > 0.4 & Fe/S < 3: 
Recovery = 1 - max(0.78*Au - 0.17*Fe/S, 0.157)/Au

Original
Output 

Standardized

For simplicity, we convert the equations so we are exclusively modelling recovery in all cases.

Bounds of [0,1] is applied for all recovery estimations.



Baseline Model Performance

If S > 0.4 | Fe/S > 10: Recovery = min(0.92, (Au-0.156)/Au)
If S > 0.4 & 3 < Fe/S > 10: Recovery = min(0.85, (Au-0.156)/Au)
If S > 0.4 & Fe/S < 3: Recovery = 1 - max(0.78*Au - 0.17*Fe/S, 0.157)/Au

Recovery Relationship

Modelling Error

ARD

MRD

0.282

0.202

Mapping Error

ARD

R|PR∈ [.4,.8]

0.144

50.3%

MRD

R^2

0.102

0.817



(2) Are the issues in recovery modelling coming from 
element modelling or recovery mapping?



Summary

Where is Error in Recovery Estimation Coming From?

0.282 (66.2%) 0.144 (33.8%)

Modelling Error Mapping Error

0.202 (66.4%) 0.102 (33.6%)

Modelling Error Mapping Error

ARD
(average recovery deviation)

MRD
(median recovery deviation)

Is modelling M(X) or mapping R(X) causing deviations between estimated and real recovery?
(kriging) (equations)

▪ Recovery error is driven by both errors, 66% modelling and 34% mapping error.

▪ Modelling error is larger but is typically harder to reduce. It is likely especially large as recovery equations are getting 
trapped in impossible ratios as Au, Fe, S modelled independently.



3. How much can Stratum’s SATS technology 
improve on the recovery mapping?



Feature Engineering

▪ The first step is to identify which features to use as input into the model.

▪ Based on earlier work, we expect S, Fe, Sb, Ag to have the biggest impact on recovery.

▪ However, the leach test only assayed S, Fe, Au, Mo, Ca, As, Pb so we only include these features (referred to as Elements) 
and their associated ratio features (i.e Fe/S), squared features (i.e S^2).

All features are normalized (S-mean(S))/(std(S). NaNs are filled with mean value of assay.

S/X
∀ X ∈ Elements, 

X ≠ S

Fe/X
∀ X ∈ Elements, 

X ≠ Fe

Au/X
∀ X ∈ Elements, 

X ≠ Au

Mo/X
∀ X ∈ Elements, 

X ≠ Mo

Ca/X
∀ X ∈ Elements, 

X ≠ Ca

Pb/X
∀ X ∈ Elements, 

X ≠ Pb

As/X
∀ X ∈ Elements, 

X ≠ S

S Fe Au Mo Ca As Pb

S2 Fe2 Au2 Mo2 Ca2 As2 Pb2

S/X Fe/X Au/X Mo/X Ca/X As/XPb/X



We then identify the best linear models that predict recovery using 1,2, & 3 features.

Linear Models

▪ Linear models are a useful starting point for any mapping function.

▪ Recovery is fit to a function A*F where F represents a subset of features.

▪ The primary advantage of linear models over models with hard boundaries is that they are well equipped to handle 
impossible element ratios that may arise from using modelled grade as input.

A = (𝑎0 , 𝑎1 ..., 𝑎𝑛 ) optimized through Nelder–Mead 

𝒂𝟎 + 𝒂𝟏𝒇𝟏 + 𝒂𝟐𝒇𝟐+... +𝒂𝒏𝒇𝒏 where 𝑓𝑖 is a feature, 𝑎𝑖 is a free parameter



S-Only Model

Standard Form: Recovery = -0.473*Snorm + 0.217 S2
norm + 0.606

Expanded Form: Recovery = -0.218*S + 0.0147*S2 + 0.968

Recovery Relationship

Modelling Error

ARD

MRD

0.203

0.132

Mapping Error

ARD

R|PR∈ [.4,.8]

0.143

50.0%

MRD

R^2

0.095

0.794



Best 1-Feature Linear Model (S/Fe)

Standard Form: Recovery = -0.300*(S/Fe)norm + 0.607
Expanded Form: Recovery = -0.702*(S/Fe) + 0.962

Recovery Relationship

Modelling Error

ARD

MRD

0.216

0.129

Mapping Error

ARD

R|PR∈ [.4,.8]

0.126

55.3%

MRD

R^2

0.091

0.847



Best 2-Feature Linear Model (S/Fe, Au/As)

Standard Form: Recovery =-0.308*(S/Fe)norm + 0.0278*(Au/As)norm + 0.604
Expanded Form: Recovery =-0.721*(S/Fe) + 5.25*(Au/As) + 0.946

Recovery Relationship

Modelling Error

ARD

MRD

0.223

0.133

Mapping Error

ARD

R|PR∈ [.4,.8]

0.122

54.2%

MRD

R^2

0.087

0.855



Best 3-Feature Linear Model (S/Fe, Au/As, S/Ca)

Standard Form: Recovery =-0.301*(S/Fe)norm + 0.0567*(Au/As)norm + 0.126*(S/Ca)norm + 0.619
Expanded Form: Recovery =-0.706*(S/Fe) + 10.7*(Au/As) + 0.0103*(S/Ca) + 0.753

Recovery Relationship

Modelling Error

ARD

MRD

0.264*

0.209*

Mapping Error

ARD

R|PR∈ [.4,.8]

0.114

54.7%

MRD

R^2

0.070

0.866

*No calcium assays in 2020-2021 which caused most of 
modelling increase relative to 2-feature



Stratum SATS Forest

▪ Stratum’s SATS Forest is a proprietary resource 
modelling-specific adaption of the Random Forest 
machine learning technique.

▪ Random Forest excels in learning complex multi-
feature patterns from limited tabular data.

▪ Stratum adapts the standard Random Forest 
technique by allowing two-way information 
exchange between modelling & mapping to reduce 
occurrence of impossible feature ratios. 

Average of all predictions 

Assay Input

Prediction 1 Prediction 2 Prediction n 

Tree 1 Tree 2 Tree n

Random Forest Prediction

Random Forest 
Architecture



Stratum SATS Forest

Varies but typically first boundary S/Fe, then one of (S2 , S/Au, Au/As, S/As).
Decision trees vary significantly after first 2 decisions.

Structure of Decision Trees

Modelling Error

ARD

MRD

0.164

0.117

Mapping Error

ARD

R|PR∈ [.4,.8]

0.077

59.9%

MRD

R^2

0.047

0.946



Average Recovery Deviation (ARD) by Model

0.282 0.144 

Modelling Error Mapping Error

Baseline

Linear 1-Feature
(S/Fe)

0.216 (-23%) 0.126 (-13%)

Modelling Error Mapping Error

0.223 (-21%) 0.122 (-15%)

Modelling Error Mapping Error

Linear 2-Feature
(Fe/S, Au/As)

Linear 3-Feature
(Fe/S, Au/As, S/Ca)

0.264* (-6%) 0.114 (-21%) 

Modelling Error Mapping Error

Linear S-Only
(S, S2)

0.203 (-28%) 0.143 (0%)

SATS Forest 0.164 (-42%) 0.077 (-47%) 

Modelling Error Mapping Error

▪ SATS Forest has a 47% mapping error reduction over baseline. S-Only & baseline same mapping error.

▪ The large modelling error in baseline arises i) sensitivity to impossible ratios that arise from each element being modelled 
independently ii) high sensitivity to inaccurate Au grade prediction in the low grade O/T regions. For example: if Fe/S > 3, 
assay Au=0.4g/T, modelled Au=0.2g/T, an error of 0.2g/T causes a 39% recovery swing.

Modelling Error Mapping Error

*No calcium assays in 2020-2021 which caused most of modelling increase relative to 2-feature



Median Recovery Deviation (MRD) by Model

0.202 0.102

Modelling Error Mapping Error

Baseline

Linear 1-Feature
(S/Fe)

0.129 (-36%) 0.091 (-11%)

Modelling Error Mapping Error

0.133 (-34%) 0.087 (-15%)

Modelling Error Mapping Error

Linear 2-Feature
(Fe/S, Au/As)

Linear 3-Feature
(Fe/S, Au/As, S/Ca)

0.209* (+4%) 0.070 (-31%)

Modelling Error Mapping Error

Linear S-Only
(S, S2)

0.132 (-35%) 0.095 (-7%)

SATS Forest 0.117 (-42%) 0.047(-54%)

Modelling Error Mapping Error

▪ SATS Forest has a 54% mapping error reduction over baseline. S-Only model has a 7% mapping error reduction.

▪ Even though all models use kriging for modelling, there is a 42% modelling error improvement. This is because SATS 
Forest relies less on any individual feature and instead averages several different results together which smooths out 
some modelling error while baseline model is very sensitive to changes in specific ratios.

Modelling Error Mapping Error

*No calcium assays in 2020-2021 which caused most of modelling increase relative to 2-feature



Regression Plot: SATS Forest vs Baseline

SATS Forest (R2=0.945) Baseline (R2=0.817)



Recovery Mapping Summary

10% higher absolute recovery (50% vs 
60%) at mill when mining areas predicted 
from assay to be 40-80% recovery.

47% less mapping error by leveraging 
multi-element patterns in recovery 
mapping. 

I.

42% less modelling error due to reduced 
reliance on any one grade, ratio, or 
boundary.

II.
71% less blocks (34% vs 10%) where 
recovery difference between 
modelled/assayed grade exceeds 40%.



LOW RISK   – HIGH YIELD   – AI DRIVEN


