
A  " R E A L I T Y  C H E C K "

In mining, metallurgical balance or material balance is used 

to accurately determine production yields, evaluate process 

efficiency, and identify unaccounted-for losses. For a CFO, the 

balance is the only mechanism that proves the "Paper Wealth" 

(the geological model) has been converted into "Liquid 

Wealth" (sellable product). The balance techniques used, old 

or new, are based on mathematically equating the inflow and 

outflow of specific components at a balance point. 

A robust balance allows accurate evaluation of this Work-

in-Progress (WIP) and ensures that the reported production 

aligns with the physical reality of the tailings and concentrate. 

From an operational standpoint, the balance acts as an 

early warning system for "invisible losses." In large-scale 

processing, a 1% recovery drop or a malfunctioning sensor 

can erode millions in Net Present Value (NPV) before it is even 

noticed. Effective balancing detects these anomalies, allowing 

for immediate intervention. 

T H E  T R A N S I T I O N  T O W A R D  S M A R T  M E T A L L U R G I C A L  B A L A N C I N G  R E P R E S E N T S  A 
F U N D A M E N T A L  S H I F T  I N  H O W  T H E  M I N I N G  I N D U S T R Y  P E R C E I V E S  I T S  O W N  D A T A .

1

The Shift Toward Dynamic 
Metallurgical Balance

https://eclipsedatainnovations.com/
https://eclipsedatainnovations.com/


T H E  C U R R E N T  G A P S :  W H E R E 
T R A D I T I O N A L  M E T H O D S  C O M E  S H O R T

For all the sophistication that modern mining operations 

can bring to bear, many still reconcile billions of dollars in 

production value using tools and methods that are not ideal 

for the complexity they are being asked to handle.

The "Silo" Problem: Geologic vs. Metallurgical 

Disconnect

There is a profound disconnect between the Geological 

Block Model and Plant Performance Data. Geologists often 

categorize ore by grade or lithology, while metallurgists care 

more about grindability, mineral associations, and reagent 

consumption. Because these two datasets rarely "talk" to each 

other, the plant regularly encounters ore that meets grade 

specifications but fails to recover properly due to unexpected 

mineralogical characteristics.

Deterministic Rigidity: The Flaw of Averages

Traditional deterministic approaches rely on static averages 

that ignore the reality of ore heterogeneity. When a model 

assumes a flat 90% recovery, but the actual ore body varies 

between 75% and 95%, the financial projections become 

inherently unreliable. This rigidity fails to account for the "tail 

risks" that can lead to significant quarterly earnings misses.

Pseudo linearity and Data Merging 

A common mistake in traditional analysis is merging data 

across different plants or shifts. This practice creates pseudo 

linearity by smoothing out the granular fluctuations that 

define real world operations. When variability is removed, 

the resulting models appear falsely linear, which limits 

their capacity to capture the actual operational complexity 

required for an accurate balance.

The Challenge of Drift Detection 

Mining environments are dynamic, yet many metallurgical 

models remain static. Without continuous monitoring for 

process changes, shifting plant behavior can cause predictive 

models to become stale. This lack of drift detection or 

monitoring changes in the operation leads to inaccurate 

future predictions because the model is still operating on 

old assumptions while the physical reality of the plant has 

evolved. Furthermore, even the most advanced "Smart 

Balances" are vulnerable to the "garbage in, garbage out" 

principle. Complete and accurate data requires continual 

review and all subsequent analysis is futile if critical data is 

omitted or invalid.

T H E  P O S S I B L E  S O L U T I O N S :  A  M U L T I -
D I S C I P L I N A R Y  A P P R O A C H

To address the structural failures of traditional methods, 

the industry is shifting toward a more integrated and 

technologically advanced framework. Using machine learning 

techniques, operation records can be trained to predict 

outcomes under uncertainties. Automating a lot of these 

tasks also means that the model can be made more dynamic, 

updating as the new operational data comes in. 

Overcoming Deterministic Rigidity: Dynamic and 

Stochastic Simulation 

Replacing static spreadsheets with Discrete Event Simulation 

(DES) can allow for a dynamic view of the production cycle. 

These simulations account for the variability and randomness 

inherent in mining operations. Moreover, by moving away 

from fixed averages, management can visualize a range of 

probable outcomes and build a metallurgical balance that is 

resilient to the natural fluctuations of a complex orebody.

Solving The Linearity and Distribution Trap: Hybrid 

Modeling 

Hybrid modeling that uses simulation along with machine 

learning, provides a sophisticated way to handle complex 

plant data. By combining the reliability of physics-

based formulas with the pattern recognition of machine 

learning, these models maintain the integrity of daily data 

distributions.

T H E  C A S E  F O R  I N N O V A T I V E 
T E C H N O L O G Y

The solutions outlined above – dynamic simulation, hybrid 

modelling, real-time reconciliation – represent a significant 

leap forward in how the industry can manage metallurgical 

complexity. But their value depends entirely on whether 

they can be deployed practically, at scale, and by the people 
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closest to the operation. This is where most technology 

implementations have historically fallen short: the capability 

exists, but accessing it requires specialist knowledge, lengthy 

configuration, and ongoing technical support that many sites 

simply don’t have.

SourceOne®, Eclipse’s advanced knowledge system, is 

built to close that gap. By combining a knowledge graph 

architecture with an AI-powered Machine User Interface, it 

brings the full analytical toolkit – predictive models, discrete 

event simulations, hybrid balancing frameworks – into an 

environment that operational and business users can easily 

navigate. Intelligence is there when it is needed, grounded in 

real operational data, and accessible to the people who need 

to act on it.

And as the technical demands of modern mineral processing 

continue to grow, that accessibility becomes increasingly 

critical. The transition from manual oversight to more 

autonomous systems, knowledge systems are no longer 

optional; they are the only practical path to a metallurgical 

balance that can keep pace with the complexity of a modern 

operation. SourceOne provides the computational power and 

the usability to make that transition real.

A Thousand Variables, One System

Modern flotation and leaching circuits are influenced by over 

1000 variables. Human-led spreadsheets are fundamentally 

limited by their inability to process these multidimensional 

relationships simultaneously. SourceOne, however, can digest 

massive datasets in real time, identifying subtle correlations 

that dictate recovery rates which a manual auditor would 

likely overlook. 

From History to Strategy

SourceOne's predictive capabilities extend well beyond 

the current shift. By analyzing exploration data alongside 

historical plant performance, it can forecast how ore from 

future mining blocks will behave in the plant, before a single 

blast has been fired. Engineers can use this foresight to 

redesign reagent schemes or adjust mill configurations years 

in advance, transforming the metallurgical balance from a 

historical record into a long-term strategic roadmap for cash 

flow stability.

Critically, this is an AI that can be trusted. Where large 

language models risk generating plausible but incorrect 

answers, SourceOne's knowledge graph architecture ensures 

every response is anchored to actual operational data. The 

result is an AI interface that does not hallucinate; it reasons 

from connected, site-specific knowledge, delivering answers 

that are both intelligent and verifiably accurate.

Continuous Reconciliation

In traditional operations, metallurgical balance reports can 

lag reality by days or weeks, long enough for significant 

losses to go undetected and unaddressed. By enabling 

real-time data reconciliation that closes the loop every hour, 

SourceOne gives operations a continuously updated view of 

plant performance. Advanced algorithms can automatically 

detect sensor drift or instrumentation errors, adjusting raw 

data to satisfy the physical laws of mass conservation. By 

closing the balance loop continuously, operations can identify 

and rectify mineral losses immediately, ensuring the integrity 

of the metallurgical statement is maintained throughout the 

entire production cycle.

C O N C L U S I O N :  T H E  S T R A T E G I C 
I M P E R A T I V E

The transition toward smart metallurgical balancing 

represents a fundamental shift in how the mining industry 

perceives its own data. Traditional, reactive methods that rely 

on monthly spreadsheets and historical hindsight are simply 

unable to protect margins in a volatile global market.

A major challenge in applying these newer techniques 

in mining today is that many operations lack a unified, 

end-to-end system for building, validating, deploying, 

and maintaining models. In many cases, ML efforts are 

fragmented; models are built externally or by a small 

technical team, and results are shared through disconnected 

reports that are hard to operate. This creates gaps in 

collaboration, slows iteration, and increases risk when 

models drift or processes change. SourceOne addresses these 

inadequacies by providing a centralized system where mining 

teams can manage the entire ML model lifecycle in-house, 

from data preparation and feature engineering to training, 

monitoring, drift detection, and ongoing refinement. Because 
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it supports both no-code workflows and AI-assisted model 

development through tools like SourceOne AI Assistant, it 

empowers metallurgists, engineers, and site teams and not 

just data scientists to participate in continuous improvement. 

Just as importantly, SourceOne creates more channels for 

collaboration by making models, assumptions, and outputs 

transparent and shareable across departments, enabling 

faster feedback loops between operations, technical teams, 

and management, and ultimately increasing adoption and 

trust in AI-driven decisions.
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