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Introduction 

 Lithogeochemistry has been successfully applied to mineral 
exploration in deeply weathered terrains (e.g. Prendergast 
2007; Whitbread & Moore 2004).  Previously published 
studies have concentrated on the application to fresh rock 
but have used elements that are sufÞ ciently immobile for the 
outcomes to be applied at different levels of regolith proÞ le.  
A challenge for many exploration projects is to be consis-
tent in the logging of lithologies, particularly when these are 
weathered.  This article describes an ongoing case study from 
an exploration project in Mali, West Africa for the applica-
tion of lithological discriminators determined Þ rst in fresh 
rock and then applied to saprolite and soil material.  Robust 
classiÞ cation templates are constructed for the fresh, sap-
rolite and soil material and incorporated into a commercial 
software program so that the project team can rapidly classify 
new data.

Figure 1. Location of the Yanfolila Gold Project  in 

southwest Mali (backdrop is a digital elevation model 

for Africa).
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Indian Ocean

  
Yanfolila Gold Project 
 Gold Fields Ltd. is actively exploring in 
West Africa and one of their major projects is 
the Yanfolila Gold Project in Southwest Mali 
(Fig. 1).  The project includes two signiÞ cant 
deposits, Komana West and Komana East, 
and has a previously announced resource 
of 0.84 Moz.  This case study is focussed 
on Komana East.  The deposits are hosted 
in a volcano-sedimentary sequence that is 
part of a middle Proterozoic Birimian age 
greenstone belt.  The stratigraphy from west 
to east is basalt, sandstone and siltstone, 
intrusive dolerite and sandstone.  The miner-
alization is hosted in siltstones and intrusive 
dolerite and the style is typical of orogenic 
gold systems with gold associated with pyrite 
and albite/K-feldspar alteration.  Consistent 
logging of the main rock types is difÞ cult 
because of the intense weathering and strong 
hydrothermal alteration.  Even differentiat-
ing between basalt and sandstone/siltstone 
can be difÞ cult when the rocks are weathered 

- since even colour is not a reliable discrimination criterion.
 The project team was interested in determining if robust 
classiÞ cation templates could be established for the dis-
crimination of rock types in fresh samples that could then be 
applied to the weathered zone and then even to surface soil 
samples.  Furthermore there was particular interest in Þ nding 
out if any successful outcomes could be reproduced with data 
from a Þ eld portable XRF (pXRF) instrument. 
 For the fresh material, pulps of drill core samples at a 20 
m interval were submitted for multielement analysis using a 
4-acid digest followed by a combination of ICP-MS and ICP-
AES which allowed the detection of a wide range of elements 
at low detection limits (method ME-MS61 at ALS). With the 
data from the drill core, exploratory data analysis was carried 
out using the geochemical software ioGAS© in order to de-

https://doi.org/10.70499/SNRW2458



PAGE  2 NUMBER 156  EXPLORE

TABLE OF CONTENTS
Lithological Discrimination in Deeply Weathered Terrains

 Using Multielement Geochemistry � An Example from

 the Yanfolila Gold Project, Mali ...................................................... 1

President�s Message ............................................................................... 2

Student-industry Þ eld trip in Canada ................................................... 8

Obituary: Chris Gleeson ........................................................................ 9

Calendar of Events ................................................................................. 11

AAG Member News .............................................................................. 13

New AAG Members .............................................................................. 13

AAG Medals; Some revision of guidelines and simplication of

 nomination procedures ..................................................................... 15

2012 Student Paper Prize ....................................................................... 17

List of Advertisers .................................................................................. 19

continued on page 4

 In the past, there has been concern about 
the cumbersome process for awarding Gold 
and Silver Medals to deserving leaders in 
AAG.  The Chair of the Awards and Medals Committee, 
Paul Morris, has populated the committee with new members 
Eion Cameron, Pertti Sarala, and Chris Benn.  The new 
committee immediately charged forward and has streamlined 
the guidelines and procedures for nominating and ratifying 
candidates.  Following approval by AAG Council, the 
revised guidelines were emailed to AAG Fellows in May and 
forwarded to Beth McClenaghan and Jamil Sader for posting 
in EXPLORE and on the AAG website, respectively.  As 
one clariÞ cation, the Silver Medal, which was also known as 
the Past Presidents� Medal, is now simply called the Silver 
Medal.  Thank you to the Awards and Medals Committee 
for taking this on and completing the revisions in record 
time.  With the 2013 IAGS in Rotorua, New Zealand fast 
approaching, now is the time for AAG Fellows to nominate 
deserving individuals.  Please consider not only those from 
academia and government, but also industry leaders and 
geochemistry entrepreneurs.  Regular AAG Members should 
consider becoming Fellows so that they can become part of 
the nominating process.  The new guidelines are presented 
elsewhere in this issue of EXPLORE.
 Beth McClenaghan is in need of new ideas and 
articles for the EXPLORE newsletter for 2013.  What 
do readers want to read?  The ideas should also include 
recommendations of people to write the articles.  Please 
forward suggested topics and articles to Beth (beth.
mcclenaghan@nrcan-rncan.gc.ca).  Similarly Gwendy Hall, 
editor of AAG�s journal, mentioned at the June AAG 
Council meeting that the number of articles submitted for 
publication in Geochemistry: Exploration, Environment, and 

Analysis is decreasing.  AAG members are encouraged to 
Þ nd the time to write up and publish their work in GEEA.  
Submissions have slowed to a trickle.
 Finally, I want to congratulate Ravi Anand (CSIRO) 
for being the Association of Applied Geochemists� 
Distinguished Lecturer for 2013 and 2014.  The AAG 
Council is excited that Ravi has agreed to be our next 
Distinguished Lecturer.  We look forward to hearing Ravi�s 
talks in the coming months.  Ravi is planning a CSIRO-
funded round-the-world trip in February/March of 2013 that 
will be an excellent opportunity for the applied geochemistry 
community to hear his presentations.  Ravi will be in contact 
with AAG Councillors and Regional Councillors to inform 
them of his travel plans so they can help get the word out 
locally.  Ravi will be working with Jamil Sader to make sure 
the plans are on AAG�s website.  The following is a list of 
tentative presentations (subject to change):

 Understanding anomaly formation through 
transported cover: Þ eld and experimental 
approaches

 Regolith-landscape processes and evolution and 
their implications to mineral exploration

 Role of palaeoclimates, mineralogy and 
geochemistry in forming anomalies on interfaces 
in areas of deep basin cover�implications for 
exploration

 How supergene laterite gold deposits form�new 
insights into anomaly formation processes

 Global-scale comparison of laterite and ferricrete 
forming processes in deeply weathered terrains 
of world and its implications to geochemical 
exploration

 Origin of ferruginous pisoliths in terrestrial 
environments�success in mineral exploration and 
clues to life on Mars

Bob Eppinger

President 

President's Message

Lithological Discrimination in Deeply 
Weathered Terrains�    continued from page 1

termine the trace elements that were geochemically charac-
teristic of the main lithologies, i.e. basalt, siliclastic sediments 
and maÞ c schists.  Table 1 shows the elements that character-
ise the different lithologies. The main method of determina-
tion was to colour the sample plots according to lithology 
determined by the geologist and then construct bivariate 
plots of the more immobile elements such as Ti, Cr, and Zr.   
Spatially separate groupings for the different lithologies de-
termined from the geologists logging were achieved with the 
plots for Ti-Zr, Ti-Cr and Mn-Sr.  A Cr-Ti diagram produces 

Table 1. Elements that are elevated or depleted in the main 

lithologies (maÞ c schists, basalt, sandstones/siltstones) and 

those that are detectable by the pXRF.
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Lithological Discrimination in Deeply Weathered Terrains�    continued from page 2

particularly good discrimination of the main lithologies and 
further discrimination between sandstone and siltstones is 
achieved with the Sr-V plot. When sufÞ cient separation of 
lithologies on these diagrams was achieved, then templates 
could be created and used. The templates were then entered 
in a software program ioGAS© that is optimized for geo-
chemical data analysis (iogas.net/).
 Application of the Cr-Ti template is shown in Figure 2.   
Figure 2a shows the classiÞ cation according to the geologist's 
logging and then classiÞ ed using the Cr-Ti template (Fig. 2b).  

Figure 2a.  Cr- Ti 

classiÞ cation dia-

gram with samples 

coloured according 

to the geologists� 

logging.  

Figure 2b. The 

same classiÞ cation 

template as in 2a 

but with samples 

not classiÞ ed 

according to this 

template.

Figure 2c. Sr-V 

classiÞ cation 

diagram for just the 

samples classiÞ ed 

as sediments in the 

Cr-Ti diagram.

Figure 2d. Clas-

siÞ cation from the 

Cr-Ti and Sr-V 

templates plotted 

on the geological 

map produced from 

logging of drill core.

2c

2b

2a

Approximate 

pit outline � 

Komana East 

2d
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Black Shale
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Intermediate Intrusive

MaÞ c Intrusive

Basalt
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The sediments were  classiÞ ed into sandstone and siltstones 
using the Sr-V template, which is shown in Figure 2c.  The 
resulting classiÞ cation is plotted on the bedrock geology map 
which was produced from logging of the diamond drill core 
(Fig. 2d).  The classiÞ cation using geochemistry corresponds 
reasonably well with the geological interpretation and gives 
conÞ dence to the methodology.  
 The next stage was to determine if a similar outcome with 
the geochemical classiÞ cation could be achieved using the 
portable XRF instrument.  Portable Þ eld instrumentation is 
becoming more widely used and is a major change for how 
some Þ eldwork using exploration geochemistry is carried 
out.  The instrument is portable and provides results at the 
actual sample location or in the Þ eld camp quickly  � for 
example the project team in Mali is set up to analyze about 
200 sample pulps or sieved soil samples per day.
 Validation of the pXRF instrument and data are impor-
tant. Before using the instrument for characterisation work, 
the pXRF data were calibrated with lab or �real data�.  
Quality control protocols were also set up for the routine 
readings and these included using certiÞ ed standards.
 Pulps from Þ ve lines of drill holes across the northern part 
of Komana East were analysed using the pXRF.  The Cr-Ti 
template constructed from the laboratory data was modiÞ ed 
by using equivalent breaks on the probability plots for pXRF 
data.  Figure 3 shows the results, after classiÞ cation, with 

Lithological Discrimination in Deeply Weathered Terrains�    continued from page 4

Approximate 

pit outline � 

Komana East 

Figure 3. ClassiÞ cation of 

drill hole samples using a 

Cr-Ti template with data 

from a pXRF.

Basalt

MaÞ c schist
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basalts and maÞ c schists being correctly identiÞ ed.
 Use of the pXRF becomes even more useful in the weath-
ered environment.  There is moderate to deep weathering of 
up to ~50 m in the Yanfolila area.  The project uses angled 
air core drilling to obtain a consistent sample at blade refusal 
(which is usually 20-50 meters) and this is usually from the 
lower saprolite.  Geologists can Þ nd it difÞ cult to identify the 
primary bedrock lithology because of the intense weathering.  
 Samples from the bottom of the hole were sent to the labo-
ratory for analysis by the same analytical method described 
for the drill core.  Figure 4 shows the distribution of air core 

Lithological Discrimination in Deeply Weathered Terrains�    continued from page 5

Approximate 

pit outline � 

Komana East 



Figure 4. ClassiÞ cation of bottom of hole air samples (weath-

ered samples) laboratory data using the Cr-Ti template.  The 

samples are plotted on the geology map made by geologists from 

logging of drill core.

drilling for the Yanfolila project plotted on the district scale 
bedrock geology map.  These samples have been classiÞ ed 
with the Cr-Ti template constructed using fresh material 
using laboratory data and the results show that basalts and 
maÞ c schists are distinguished from the sediments.    
 As with the fresh material, the practical value of classiÞ ca-
tion templates can be signiÞ cant if the data from a portable 
XRF can be used.  Field portable XRF data of the district 
wide bottom of hole air core samples are not available, so 
bottom of hole samples from a line of air core holes that 
traverses from Komana West to East were analysed using a 
pXRF.  The results were classiÞ ed using the Cr-Ti plot that 
was used with p-XRF discrimination parameters for fresh 
material.  Figure 5 shows that sample classiÞ cation using 
pXRF data agrees with the district scale geological map.  
The results shown here and other work carried on classifying 
weathered samples from RC drilling using laboratory and 
pXRF data have given the project geologists conÞ dence in 
using lithogeochemical data to discriminate between rock 
types and has led to much improved consistency with the log-
ging.  The project team is now analysing all bottom of hole 

500 m

Figure 5. ClassiÞ cation of bottom 

of hole air samples (weathered 

samples) of pXRF data using the 

Cr-Ti template.  The samples are 

plotted on the district scale geology 

map made by geologists from log-

ging of drill core

air core samples from the weathered zone using the pXRF. 
  Soil sampling is used as a Þ rst pass exploration technique 
and also as a follow up technique for target deÞ nition.  While 
used primarily for the detection of Au and, in some cases, 
pathÞ nder elements such as As and W, the possibility of 
applying the classiÞ cation templates so as to characterise 
conceptually important basalt and other maÞ c lithologies was 
also investigated. 

500 m

Laboratory Data (4 acid, ICPMS)  Cr vs Ti for KE 

Course sediments
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Lithological Discrimination in Deeply Weathered Terrains�    continued from page 6

 The regolith in the Yanfolila area is a result of savan-
nah type climate and is made up of a lateritic duricrust or 
cuirasse plateau underlain by a thin mottled zone and then 
an upper and lower saprolite.  The landscape is formed by 
the scarp retreat and stripping through erosion of these 
distinct cuirasse plateaus which gives rise to erosional scarps 
and larger areas of proximally redistributed cuirasse mate-
rial.  With the exception of areas with depositional cover the 
regolith is thought to be relatively in situ.
 Komana East is covered by 200 m x 50 m soil samples and 
the locations are shown in Figure 6a.  Samples that cover the 
areas of transported cover (called the depositional regime on 
the regolith map) were considered to be ineffective and were 
removed from further consideration in this study.  ClassiÞ ca-
tion using results from the laboratory analysis was carried out 
using a published classiÞ cation plot for volcanic rocks using  
Ti-Zr (Hallberg 1984).  The results of this classiÞ cation plot-
ted on the district scale regolith map illustrate that a broad 
distinction can be made between the maÞ c and sedimentary 
sequences in the belt.   

Figure 6a. Location of soil samples plotted on top of regolith map Figure 6b. ClassiÞ cation of soil samples using Ti-Zr plot and 

laboratory data.  Samples that are from a depositional regime have been removed. Figure 6c. Results of the classiÞ cation plotted on 

the district scale geology map
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pit outline � 

Komana East 



continued on page 8
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Lithological Discrimination in Deeply Weathered Terrains�    continued from page 6

 This case history is an example from an exploration project 
in SW Mali showing how multielement geochemistry can 
be used to distinguish between different lithologies in fresh 
material and how this knowledge can be applied in the 
weathered environment and to a lesser extent with surface 
soil samples.  These methods are particularly useful where 
consistent identiÞ cation of the different lithologies by the 
project geologists is almost impossible.
 While there have been other examples of this approach 
described in the last few years, a new dimension has been 
added here by using a portable Þ eld instrument to achieve 
the same outcomes.  The exciting possibility is that the role 
of exploration geochemistry is expanding to the world of real 
time data and this is likely to signiÞ cantly change how explo-
ration work is carried out. 
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Student-industry Þ eld trip in Canada

 In an effort to attract more students into the mineral 
exploration industry, the Prospectors and Developers 
Association of Canada (PDAC) ran its sixth annual Student-
Industry Mineral Exploration Workshop (S-IMEW) from 
May 5 -18, 2012 in Sudbury. The top 26 post-secondary 
Canadian geoscience students were selected from across the 
country to participate in this workshop. Students participated 
in lectures, presentations and hands-on courses covering 
exploration techniques, mineral deposits, geophysics, 
geochemistry, environmental, health and safety and 
corporate social responsibility issues. Field trips to Timmins 
and Rouyn-Noranda, were included in the workshop, 
allowing students from across the country to see what these 
world-class mining regions have to offer. 
 Among the highlights of this program is �Geochemistry 
Day�, organized and taught by Association of Applied 
Geochemists members Stew Hamilton and Richard Dyer 
from the Ontario Geological Survey, Beth McClenaghan 
from the Geological Survey of Canada, and Noelle Shriver 
from Vale.  They introduced students to exploration 
geochemical techniques but the main focus of the day was to 
provide the students with hands-on experience that they were 
unlikely to have been exposed to in the University setting. 
To that end, students experienced lake sediment sampling 
Þ rst hand on boats out on Ramsey Lake in Sudbury. Beth 
then introduced the students to the microscopic world of 
indicator minerals and provided hands-on mineral picking 
using microscopes. Noelle took the students on a short Þ eld 
traverse to explore and review soil proÞ les and soil sampling 
that they would typically encounter in the glaciated terrain of 
Canada.
 The Þ eld trip was a great opportunity for students to see 
new parts of Canada, learn about the wide variety of career 
opportunities in mineral exploration, gain experience with 

Students learning to use lake sediment sampler as part of 

S-IMEW Geochemistry Day.

exploration techniques not typically taught to undergraduate 
students and experience some of the adventures of being a 
geoscientist.

S-IMEW Geochemical Team


