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Safety 



Papers 



Next week 

• No class—spring break 



Only 1 in 300 discoveries 
becomes a mine, says Louis 

James. But 92 out of 100 mines 
get built after a production 

decision is made #PDAC2017 

https://twitter.com/hashtag/PDAC2017?src=hash


Speaking about copper, Michael 
Schwartz, Market Research 
Manager at Teck Resources 

(NYSE:TECK), said that after 
2019, “there isn’t enough copper 
production in the pipeline to meet 

even the lowest-case demand 
scenario.” 

http://investingnews.com/stock-information/?symbol=TECK


McLemore, V.T., Smith, K.S., 
Russell, C.C., editors, 2014, 
Management Technologies for 
Metal Mining Influenced 
Water, volume 6: Sampling 
and monitoring for the mine 
life cycle: Society for Mining, 
Metallurgy, and Exploration, 
Inc., Littleton, CO. 







http://geoinfo.nmt.edu/publications/openfile/do
wnloads/500-599/523/ofr_523.pdf 



What is a sample? 



What is a sample? 

• Portion of a whole 
• Portion of a population 



Sample Collection 

 Completeness – the comparison between 
the amount of valid, or usable, data you 
originally planned to collect, versus how 
much you collected.  

 Comparability – the extent to which data 
can be compared between sample 
locations or periods of time within a 
project, or between projects.  

 Representativeness – the extent to which 
samples actually depict the true condition 
or population that you are evaluating 



McLemore et al. 2014 



What is a sampling 
and monitoring 

program? 



What is a sampling 
and monitoring 

program? 
• A sampling and monitoring program uses 

sample analyses to guide decision making, 
especially with respect to exploration, 
environmental monitoring and financial risks.  

• A sample is that portion of the population that is 
actually studied and used to characterize the 
population.  

 



• Sampling and monitoring plans 
document procedures for obtaining 
data of sufficient quality to ensure that 
the resulting samples and analytical 
data meet the goals and objectives of 
the program. 

• Data will be collected, reviewed, 
analyzed, and the need for additional 
data defined. 



Sampling and monitoring 
programs 

• Transparent 
• Involve the stakeholders 
• Document everything 
• Site-specific and avoid “cookie-cutter” 

approaches/techniques for all sites 
• Cost effective 
• Protect water quality 
• Comply with regulations 
• Address site specific goals 



PHILOSOPHY OF SAMPLING 
AND MONITORING  



PHILOSOPHY OF SAMPLING 
AND MONITORING  

• Sampling and monitoring programs 
should be designed to account for all 
aspects of the mine-life cycle.  

• All types of sampling media should be 
sampled at some point during the life 
of the mine, preferably in the initial 
stages. 

• Sampling and monitoring for closure 
begins with the exploration stage. 

• Context of samples must be defined. 









Case study—Bre-X 



The Bre-X scandal is reputably the most 
significant mining scam of modern times with 
losses said to be of the order of Can$6 billion.  
In brief, the scam seems to have been 
perpetrated by a small group of employees 
who, at an in-transit storage location, 
reopened bags containing samples and 
contaminated them with carefully weighed 
amounts of placer (flour) gold.  
Difficulties arose in 1996 in reproducing 
assays, leading to an auditing firm being 
employed to "verify" the assays.  



Bre-X timeline 
• 1989: David Walsh founded Bre-X Minerals Ltd. in 

1989 as a subsidiary of Bresea Resources Ltd. 
• 1993: Walsh bought a property in the middle of a jungle 

near the Busang River in Borneo, Indonesia. 
• 1994: Initial drill results were encouraging. 
• 1994: However, it was the project manager, Michael de 

Guzman, who was filing gold from his wedding ring and 
mixing the flakes in with the crushed core samples. 

• December 1996, Lehman Brothers Inc. recommended a 
buy on “the gold discovery of the century.” 

• Bre-X’s geologist implied 200 million oz of gold, worth 
over $240 billion in 2014 prices 



Bre-X timeline 
• 1996: Bre-X hits a snag with the Indonesian 

government, who claimed that Bre-X was not playing by 
the rules of the country. Bre-X’s exploration permits are 
revoked. 

• 1997: January fire at Busang destroys many of the 
sample records. 

• 1997: After many major miners express interest in Bre-
X, eventually a joint venture is reached that gives 
Indonesia 40% share, Bre-X 45%, and Freeport 
McMoRan a 15% share of interests. 

• 1997: Freeport begins due diligence on deposit and 
starts to twin holes that were already drilled. 



Bre-X timeline 

• 1997: Freeport reports “minor amounts of gold” in some 
holes, but not much else. 

• 1997: On his way to meet the Freeport due diligence 
team, de Guzman (geologist) mysteriously falls to his 
death 600 ft from a helicopter. Police rule it a suicide. 

• 1997: Shares of Bre-X crash. 
• 1997: Report confirms that there is no gold at Busang, 

and samples were tampered with. 









• Bre-X scandal changed the entire mining 
industry on how we sample, why we 
sample, and how we report sampling results  



 
 

WHY SAMPLE 
 



 
 

WHY SAMPLE 
 

• Exploration stage to locate economic mineral 
deposits, drill targets.  

• Development stage to determine reserves.  
• Production stage to maintain grade control. 
• Environmental monitoring, compliance.  
• To predict, model, and remediate ARD and other 

drainage problems associated with mine sites.  
• To determine how well the predictive models 

work and how effective the remediation methods 
are.  

• To address research questions to better understand 
processes 
 





Exploration 

• Generally looking for anomalies 
• Some value above background 
• Looking for anomalies in pathfinder 

elements 
• Looking for alteration halos 

 
WHAT IS A PATHFINDER ELEMENT? 



SAMPLING MEDIA 
A variety of sampling media 

can be tested  
– solid  
– liquid  
– air  
– biological  
– Other media 

 



How do you determine an anomaly? 



How do you determine an anomaly? 

• Knowledge of background 
– Regional survey 
– Published background values for various 

terrains or lithologies 
• Histograms or cumulative frequency plots 

of data 
• Pre-determined thresh hold 

– Mined grades 



EXAMPLE McGREGOR RANGE, 
FORT BLISS, NEW MEXICO 





Stream Sediments McGregor Range 



Stream Sediments McGregor Range 







McLemore et al. 2014 



COMPONENTS OF A SAMPLING PLAN 

• Define questions and objectives 
• Develop site conceptual models 
• Costs and potential consequences of not 

sampling 
• Identify types of data and information 

needed 
• Define confidence level and quantity of data 

required to answer questions 
• Design the sampling plan 

 



COMPONENTS—continued 

• Develop protocols 
• Conduct an orientation or pilot study 

before implementation 
• Conduct sampling plan  
• Analyze and manage data (interpretation)  
• Make decisions (risk management)  
• Educate and inform the parties involved 

 



1. DEFINE QUESTIONS AND OBJECTIVES  
• Identify sources, transport, and effects of potential 

contamination of soil and drainage quality.  
• Validate predicative models. 
• Validate mitigation/remediation/reclamation efforts. 
• Preventative and remediation monitoring. 
• Establish background or existing conditions. 
• Identify impacted areas vs. pristine areas. 
• Potential use of water in operations  
• Operational compliance monitoring. 
• Validate reclamation efforts 
• Identify markets and customer specifications 

 



Source-
pathway-

receptor risk 
diagram 

(modified from 
Smith and 

Huyck, 1999). 



2. DEVELOP SITE CONCEPTUAL MODELS  

Review existing data  
• Climatic data  
• Physical data  
• Geology  (mineralogy) 
• Hydrogeology (Surface-ground water interaction) 
• Mining history and impacts of mine workings 
• Biology 
• Other data available 
 

We suggest that a watershed or district 
approach be taken. 

 
 



Conceptual model showing the main sources of metal contaminants from 
massive sulfide deposits mined underground at Iron Mountain discharging from mine 
tunnel portals into Boulder Creek, a tributary of Spring Creek which is a tributary of the 
Sacramento River. Alpers et al. (2003) 



3. COSTS AND POTENTIAL 
CONSEQUENCES OF NOT SAMPLING  

• Avoid being data rich but information poor. 
• Public perceptions of risk. 
• Perceptions of chemicals associated with 

the mining industry, such as cyanide. 
• Some long-term and widespread 

environmental problems should be 
considered relatively high-risk even if the 
data on which the risk assessment is based 
are somewhat incomplete and uncertain. 



4. IDENTIFY TYPES OF DATA AND 
INFORMATION NEEDED  

• What sampling media (solid, liquid, 
biological/wetlands, air)? 

• What are sources, transport mechanisms, and 
receptors? 

• What other parameters must be monitored? 
• What type of sample is to be collected and is it 

representative of sampling? 
• What field measurements are required? 
• What is the feasibility of sampling? 



5. DEFINE CONFIDENCE LEVEL AND 
QUANTITY OF DATA REQUIRED TO 

ANSWER QUESTIONS 

• What is the confidence level needed? 
• How many samples are required to get the 

needed results? 
• What is the precision required? 

 



6. DESIGN THE SAMPLING PLAN  

• QA/QC  
• Data format 
• Safety issues (OSHA vs. MSHA vs. local, state vs. 

good neighbor/employer) 
• Sample location, number of samples, and 

frequency of sampling, proper labeling of samples 
(site specific) 

• What constituents or parameters are required for 
each media  



7. DEVELOP PROTOCOLS  
• Collection techniques  
• Sample collection 
• Observational field data  
• Modify sampling plan and deviations 
• Opportunistic sampling 
• Contamination 
• Handling/transport  
• Preservation and storage (from field to 

laboratory) 
 
 



7. DEVELOP PROTOCOLS—continued 

• Sample pre-treatment in the laboratory 
• Filtration  
• Sample preparation 
• Sample separation 
• Archival/storage 
• Analytical procedures and techniques 



Define the purpose, questions, and objectives.

Develop site conceptual models.

Evaluate the risks, consequences, and costs of 
not sampling and monitoring.

Identify the types, quantity, and quality of data 
and information needed.

Involve the 
stakeholders.

Define protocols and 
SOPs.

Develop the sampling and monitoring plan.

Impliment the sampling and monitoring plan 
(program implementation).

Conduct pilot 
study.

Manage and interpret data (data 
interpretation).

Decision making.





8. ORIENTATION OR PILOT STUDY 

• Clear understanding of target type 
• Understanding of surficial environments 
• Nature of dispersion from mineralized 

areas 
• Sample types available 
• Sample collection procedures 
• Sample size requirements 

 
 



8. ORIENTATION OR PILOT STUDY 

• Sample interval, depth, orientation, and 
density 

• Field observations required 
• Sample preparation procedures 
• Sample fraction for analyses 
• Geochemical suite for analyses 
• Data format for interpretation 



9. CONDUCT SAMPLING 
PLAN (PROGRAM 

IMPLEMENTATION) 
 

 
 



10. ANALYZE AND MANAGE DATA  

• Reporting data 
• Presentation of data 
• Interpretation 
• Data interpretation approaches 

– Statistical 
– Spatial 
– Geochemical 
– Geological 

 
 



10. ANALYZE AND MANAGE DATA—continued 

• Reporting and dissemination 
• What becomes of data (storage) 
• Common data formats 
• Use the data 
• Reliability and limitations of findings  
• Evaluate the data (statistics) 



Relational database in ACCESS 
that will ultimately be put on line 

with GIS capabilities 

 ACCESS is commercial software and 
this design can be used by others 

 metadata (supporting definitions of 
specific fields) can be inserted into the 
database 

 ACCESS is flexible and data can be 
easily added to the design 



GIS 

• Geologic Information System 
– Arc Map 
– Arc Catalog 



11. MAKE DECISIONS (RISK 
MANAGEMENT)  

 
 



12. Educate and inform the 
parties involved 



DATA VERTIFICATION 



“All analytical measurements 
are wrong: it’s just a question of 

how large the errors are, and 
whether they are acceptable” 

(Thompson, 1989).  



DEFINTIONS 
• Precision -- the degree of agreement among repeated measurements 

of the same characteristic. Precision is monitored by multiple analyses 
of many sample duplicates and internal standards.  

• Accuracy -- measures how close your results are to a true or expected 
value and can be determined by comparing your analysis of a standard 
or reference sample to its actual value. Analyzing certified standards 
as unknown samples and comparing with known certified values 
monitors accuracy.  

• Completeness -- the comparison between the amount of valid, or 
usable, data you originally planned to collect, versus how much you 
collected.  

• Comparability -- the extent to which data can be compared between 
sample locations or periods of time within a project, or between 
projects.  
 



The difference between precision and 
accuracy 



reproducibility, accuracy, and bias in sampling 
(modified from Pitard 1993) 





QUALITY CONTROL/QUALITY 
ASSURRANCE 

• QC is referred to a program designed to detect and 
measure the error associated with a measurement 
process. QC is the program that ensures that the data 
are acceptable.  

• QA is the program designed to verify the acceptability 
of the data using the data obtained from the QC 
program. QA provides the assurance that the data 
meets certain quality requirements with a specified 
level of confidence.  



QUALITY CONTROL/QUALITY 
ASSURRANCE 

• What is the purpose of your project? 
• What do you need the analyses for and how accurate 

should they be? 
• Where are the results going to be released or published? 
• What is the mineralogy? 
• What are appropriate certified standards (may need to 

develop lab standards)? 
• What are the detection limits (both upper and lower)? 

– Analytical errors vary from element to element, for 
different ranges of concentration, and different methods 

• Duplicate or more analyses of standards and unknowns 
verses duplicate runs of same sample 

 



QUALITY CONTROL/QUALITY ASSURRANCE 
• Analyze a separate set of standards rather than standards 

used for calibration 
• Send samples and standards to other laboratories 
• Establish written lab procedures 
• Are blanks and field blanks used and analyzed? 
• What are the custody procedures (collection date, 

preservation method, matrix, analytical procedures)? 
• Does the chemical analyses make geological sense? Is it 

consistent with the mineralogy and type of mineral 
deposit? 

• Sometimes there is more paper work than making sure the 
data is accurate 

• What do you do if there are problems with QA/QC? 
 



TYPES OF ERRORS  

• Systematic verses bias (constant, 
unintentional) 

• Random errors (unpredicted but 
nonsystematic errors, imprecise practices)  

• Gross or illegitimate errors (procedural 
mistakes) 

• Deliberate errors 
 



MEASUREMENT ERRORS 
 • Wrong sample 

• Wrong reading 
• Transposition or transcription errors 
• Wrong calibration 
• Peak overlap 
• Wrong method 
• Contamination 
• Losses 
• Inattention to details 
• Sampling problems 
• Instrument instability 
• Reagent control 
• Variability of blank 
• Operator skill 
• Sample variability 

 



Why do we need full chemical 
analyses on some solid samples? 
 Identification of lithology 
 Identification and abundance of mineral 

species 
 Identification, rank, and intensity of alteration 
 Prediction of composition of waters within 

rock piles 
 Chemical and mineralogical zonation of rock 

piles 
 Be able to compare, contrast, and coordinate 

all phases of the project with each other and 
with existing work (common thread) 
 



How much solid sample is needed 
for complete characterization? 

• Archive powder 250 
gr 

• Clay mineralogy 1 lb 
• DI leach 50 gr 
• ICP 50 gr 
• XRF 100 gr 
• XRD few gr 
• Particle size analyses 

2 lb to a bucket 
• Thin section fist size 

• UFA centrifuge 
analyses 500 gr 

• Pore water 
chemistry 5 kilos 

• Stable isotopes 
• Paste pH,  paste 

conductivity 25 gr 
• geotechnical ??? 
• TOTAL 15 lbs 

 



Standard Operating Procedures 

Develop SOPs prior to initiation of project 
SOPS should be written and changed to 

reflect changing procedures—only if 
procedures can be changed 

SOPs are a written record of procedures in 
use 

Everyone follows SOPs 











What methods to use in mineralogy? 



Electron microprobe studies 







Who can 
sample? 
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Histograms and box plots of uranium analyses for the Albuquerque quadrangle  
(McLemore, 2010). Lower figure explains the box plot. 



Interferences 



Summary 
• Data are only as good as the samples 

collected—what is the context of the sample 
• Sampling plans are key to provide good 

quality and repeatable data 
• Monitoring plans are vital to modern mine 

planning 
• Report errors or deviations from SOPs—life 

happens, don’t be afraid of admitting 
mistakes 

• Multiple hypotheses 
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