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PFTNA: A revolutionary 
technology

Article

Mr. Vincent Flahaut is Business Development Manager 
at Sodern and he is an author of a paper on PFTNA 
technology that was presented at the Seventh Sampling 
Conference in Bordeaux, France, in 2015. In very simple 
terms, a PFTNA detector is a tube that fires a neutron 
pulse that interacts with the surrounding material, in this 
case, a vertical bore hole. Surrounding atoms react by 
emitting characteristic gamma radiation, which is then 
measured using scintillation detectors that recognize 
the spectrum of those emissions, in order to identify the 
concentrations of each material. 
PFTNA technology clearly has the potential to introduce 
a new sampling standard, which does not require the 
extraction of material, or long periods between taking 
samples and receiving the results. Most of Sodern’s 
experience in implementing PFTNA detection has been 
at iron mines so far, because this technology responds 
well to metallic compounds in high concentrations, such 
as iron, but probably also nickel or copper. Mr. Flahaut 
explained, “For example, it would be much more difficult 
to use it in mining exploration for trace elements such as 
gold, platinum or other low concentration minerals. The 
most interesting aspect of this tool is its ability to provide 
highly representative measurements, because it saves 
taking many samples and it delivers fast results. It also 
delivers volumetric measurements, so samples need no 
preparation, and it can measure directly on site with the 
results being produced in real time.”

PFTNA stands for Pulsed Fast Thermal Neutron Activation. This tool has the potential to drastically and 
definitively change how we understand exploration and sample analysis. 

PFTNA equipment from Sodern mounted on a semi-autonomous truck developed 
by MPC 

The great weakness of current methods is 
that they do not examine a large volume of 
material. It is not just a matter of precision, 

but also the representativeness of those 
samples

Vincent Flahaut, Business Development Manager at Sodern
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Mr. Flahaut believes that the advantage of this technology 
is that it is simple and dramatic, as with any development 
that can revolutionize an industry, “The great weakness 
of current methods is that they do not examine a large 
volume of material. It is not just a matter of precision, but 
also the representativeness of those samples. We know 
that when samples contain errors, 90% of those errors are 
due to the sampling process. Whereas, this technology can 
change that forever, because it dramatically increases the 
representativeness of measurements. PFTNA measures 
the composition at depth, which means we can extract 
more detailed information about the profile of a deposit.”
This detection technology does not require sample 
extraction or handling and produces data in real time, 
without waiting for laboratory analysis. Furthermore, 
comparisons with other sampling methods are favorable.

PFTNA detection illustration

History, development, possibilities

Mr. Flahaut said, “Our tool was initially designed to measure 
the composition of materials in reverse circulation bore 
holes, not from diamond drilling. We have worked with 
BHP and CSIRO in Australia at iron mines. The problem 
with sampling from reverse circulation drilling is that it is 
difficult to operate and material is lost when the sample is 
retrieved. BHP’s initial request was to use our tool to avoid 
RC. When they were satisfied with the tool’s efficiency, 
they began using it as QAQC equipment, to cross-check 
the samples from RC. Drilling in Australia usually involves 
twinning, where RC and diamond drilling take place in 
parallel to confirm the geological models. BHP tried 
twinning with our tool to achieve this comparison. This 
was the first implementation, more than five years ago.” 

Así funciona la detección 
PFTNA.

https://chilexploregroup.cl
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Sodern and MPC Kinetic developed a semi-autonomous 
vehicle to transport the PFTNA equipment, which is 
capable of implementing the sensor on site in the 
shortest possible time. After all, Mr. Flahaut believes that 
being able to provide real-time information provides no 
benefit if it takes three hours to install the equipment. 
Mr. Flahaut and Sodern began developing this technology 
ten years ago. The road between the initial concept 
for the PFTNA tool and its implementation was long, 
as it required not only developing the methodology 
in conceptual terms, but also producing functional 
prototypes and finally a commercial model. The 
procedure’s effectiveness had to be demonstrated to 
the industry, Mr Flahaut believes, “Sampling methods 
have not changed for over a century, and all geologists 
and mining engineers learn these methods. Obviously, 
when a completely new approach arrives, this system 
needs to demonstrate that it compares favorably with 
traditional methods. We tested this technology during 
the first three or four years working with BHP until we 
were convinced within the company that we could obtain 
the same analysis, that the results were comparable with 
traditional sampling and laboratory analysis. That took a 
long time.”
Can you imagine a future where PFTNA technology will 
completely replace sampling as we know it today? Not 
necessarily, answers Mr. Flahaut. “I don’t believe that 
it will replace diamond drilling in the early stages of 
exploration, because drill cores are much more reliable, 
and the diameter of our tool is too big for a narrow bore 
hole. I believe that it can help replace RC twinning 
drilling as a QAQC tool. I believe that its main use will 
be in production at detonation sites or infill drilling to 

measure the composition of layers where detonations 
are planned over the next few days.” 

PFTNA in Chile

A tool with the potential to make accurate, volumetric, 
real-time measurements of high concentration metals 
sounds like something that could revolutionize copper 
mining, and Mr. Flahaut knows it, “In my opinion, this tool 
will be more valuable for copper mining than for iron. 
The main reason is that this real-time data improves the 
process, and discriminates between high-grade mineral 
and waste. A major concern of the mining industry at 
the moment is to avoid processing low-grade minerals, 
and the PFTNA tool can identify valuable minerals at 
an early stage, which saves a great deal of money and 
transport, and the end result from the extraction process 
will be consistent with the initial grade forecasts. 
Currently companies such as Rio Tinto, FNG or BHP 
believe that this tool changes the rules of the game for 
them at iron mines, and I believe that it can be even more 
revolutionary for copper mining. This is because copper’s 
heterogeneity and value are much greater than those of 
iron ore.
Sodern has only conducted one test in Chile so far, but is 
already preparing another field test, “We tested it years 
ago with BHP in Chile, and now we have a new project in 
progress with a company whose name I cannot disclose, 
to test the tool in a mine in northern Chile in mid 2021,” 
remarked Mr. Flahaut, without giving further information 
due to a confidentiality commitment. 
If the detection capability of the PFTNA tool is dependent 
on metal concentrations, then this would appear to 

We have a new project in progress with a company whose name I 
cannot disclose, to test the tool at a mine in northern Chile in mid 

2021

Vincent Flahaut, Business Development Manager at Sodern
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affect its performance, as copper grades are increasingly 
lower at each new deposit. But that is far from being 
the case, as Mr. Flahaut explains, “Our tool can detect 
copper concentrations down to about 0.02%. If the 

current copper cut-off grade is about 0.5%, then our tool 
can detect more accurate concentrations than copper’s 
current commercial value.” 

Comparison between PFTNA and sampling from diamond and reverse circulation drilling and iron ore detonation

The most interesting aspect of this tool is its ability to provide 
highly representative measurements, because it saves taking many 

samples and it delivers fast results.

Vincent Flahaut, Business Development Manager at Sodern
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An integrated future
Article

The latest Explore Congress was organized virtually by 
Chile Explore in November, where Liv Carroll, a geologist 
and Applied Mining Intelligence Director at Accenture, 
gave a presentation that focused on applying artificial 
intelligence to exploration. During her presentation she 
explained how information technologies create a value 
chain that begins with interrogating large datasets, then 
generates value by applying the predictive power of 
algorithms to exploration data, then continues with geo-
statistics and culminates in a final validation stage that 
enriches the process by reinforcing the learning capacity 
of the machine. 

She explained from London, “We have been working 
with the exploration team at a large mining company to 
assess how machine learning can be used to generate 
geological models, which proposes using a completely 
different approach compared to traditional methods.” 
“We examined ways to process data and then contrast it 
with the model generated using samples from a deposit. 
We then refined that model and performed a blind test 
with data from another deposit. We are applying machine 
learning at this company only to the drilling data, and 
we provide the model with various deterministic rules, 
which are basic exploration and geological parameters. 

An Accenture mission is to inspire future insights for all their markets. Its blueprint for the future of mining is 
the “connected mine”, an integration of technology, artificial intelligence and sustainability that could result 
in new operating standards. 

https://chilexploregroup.cl
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The machine then creates new datapoints that fill the 
information gaps left by excavations. The tool creates a 
data cloud using an algorithm, which we use to generate 
a 3D model in a similar manner to any other data set, 
to produce a solid that is then transferred to modeling 
software.” 
Accenture is working with another customer, which Liv 
cannot name due to a confidentiality reasons, on how 
to apply artificial intelligence to other stages of the 
exploration value chain, such as prospectivity analysis. 
They are exploring correlations between lithology and 
structure, to identify potential mineralizations.
This vision is only the beginning of a production chain that 
begins at the exploration stage and continues throughout 
the life of a mine, from the start of production to closure. 
Ms. Carroll recalls that at one of her presentations 
someone asked if technological developments could 
result in a swarm of drones that would automatically 
select and extract only useful minerals, thus minimizing 
intervention at the site. 
“That is still a long way off,” she said, “but mining is 
becoming more precise, so there will be less waste. We 
will not extract or process minerals that are not needed, so 
our water and energy consumption will be more efficient. 
New technology will allow deposits to be discovered that 
appear covered, and are still being explored. We would 
have had to drill many more holes if these tools had not 
been available.” 
This transformation is causing a radical change in mining 
culture. Mining is no longer considered a merely lucrative 
business with no other purpose than valuable metal and 
mineral extraction, but it is becoming a vital sector of 
human activity, and responsible for managing scarce 

resources for the benefit of all. Liv Carroll eloquently calls 
this “resource stewardship”, where the productive sector 
is responsible for safeguarding and distributing these 
resources. 
It all begins with integrating mines and using artificial 
intelligence, from exploration through to mine closure. 

What is connected mining? 

Imagine the following example. The data produced by 
grinding machinery sensors at a mine indicate excessive 
energy consumption, which makes grinding inefficient. 
An assessment of the situation indicates that the caliber 
of the mineral is not correct for the machinery, so the 
problem is not with the crusher, but with the detonation 
team. However, they are using a geological model that 
has not correctly identified the hardness of the rock. 
The problem in this hypothetical example could be rapidly 
resolved or perhaps never even arise, if each component 
of the mine’s productive value chain shared information in 
both workflow directions, and used artificial intelligence 
and machine learning to optimize the performance of 
each link in the chain, or even anticipate potential failures 
and identify improvements. 
Ms. Carroll explained, “The concept of connected mining 
is built on the latest developments in technology, 
including the Internet of Things, the cloud, mobile 
solutions, and more recently, data analysis and artificial 
intelligence. A connected mine is fully integrated. Each 
machine has sensors collecting information that is 
transmitted to a platform that shows employees what is 
happening in the mine almost in real time, and helps them 

Mining will become more precise, so there 
will be less waste. We will not extract or 
process minerals that are not needed, so our 
water and energy consumption will be more 
efficient.

Ms. Liv Carroll, geologist and Applied Mining Intelligence Director at 
Accenture

Mining is usually managed as a series of 
separate compartments, where each link in 

the production chain provides information to 
the next link, but with very little feedback.

Ms. Liv Carroll, geologist and Applied Mining Intelligence Director at 
Accenture
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to understand what is happening, why it is happening 
and what might happen. This concept encompasses 
situational awareness, diagnosis and predictive analysis. 
Mining is usually managed as a series of separate 
compartments, where each link in the production chain 
provides information to the next link, but with very little 
feedback.
Ms. Carroll’s optimism about the potential for integrating 
technology into the entire mining productive chain is 
contagious.  She added, “Tools are also being developed 
to process exploration data much faster. There are 

companies that focus on automating drilling equipment, 
to make these processes more efficient and safer, but 
the most important geoscientific aspect is how this 
drilling data is processed. I expect this to entail hyper-
spectral imaging and high-resolution images with auto-
logging,” She cannot imagine a future where drones are 
mining without human intervention, but she can imagine 
each mine becoming an efficient information chain that 
reduces risk, adds value and profitability, and minimizes 
environmental intervention. 

From data research to validation. The value flow from applying artificial intelligence to mining

A connected mine is fully integrated.

Ms. Liv Carroll, geologist and Applied Mining Intelligence Director at 
Accenture
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Artificial Intelligence: The Second 
Renaissance

Article

Learning machines and artificial intelligence will never replace a geologist’s intellect. Jean Philippe Paiement 
is very clear about this, and here he explains how the latest tools will require geologists to become computer 
professionals, and to develop new technological languages, in a similar manner to geniuses during the 
Renaissance who accumulated knowledge from several disciplines. 

Each new industrial revolution generates enthusiasm, 
but at the same time, resistance and mistrust. Artificial 
intelligence and learning machines are currently on 
everyone’s lips and have become a renovating trend 
within the industry that is attracting the attention of major 
players in mining worldwide. However, at the same time 
there are some who are raising their voices to say that a 
machine will never replace the expertise of a geologist, 
or to express their concern that technology will replace 
professionals. 
Jean Philippe Paiement explained, “There is a generational 
change taking place in the industry. New people are 

entering who are familiar with using algorithms, starting 
with social networks.”  He is a geologist and Global 
Consulting Director at Mira Geoscience, and he was 
a speaker at the latest Explore Congress, organized by 
Chile Explore. He said, “It’s already part of our daily lives. 
So they were the first to adopt this language. GIS was a 
completely new language twenty years ago, and now it is 
the industry standard.
I’m not trying to replace geologists, but to give them 
better tools to make quantitative decisions instead of 
qualitative decisions. The geologist’s work involves plenty 
of intuition.” He quoted the classic comparison between a 

Mineralization model in Curaçá, Brazil, developed by Mira Geoscience for ERO Copper

https://chilexploregroup.cl
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geologist and a detective, who has to reconstruct a crime 
scene using scattered fragments of information. Mr. 
Paiement has reassuring words for those who mistrust 
development, “The best question for someone who is 
scared of being replaced by technology is to ask them 
if they want to improve their decisions. Would you like a 
tool that helps you to concentrate on a job and eliminates 
the boring aspects?”
Who doesn’t. 
It has generated tremendous enthusiasm within the 
mining industry, but the great mining discovery directly 
related to machine learning remains to be seen. Mr. 
Paiement believes that the reasons for this are very 
simple, “I don’t believe that we have tackled the problem 
in the right way. Everyone wants to use machine 
learning to find the next big deposit, but that is a very 
difficult objective when exploration is just beginning. 
There are a lot of repetitive processes in the mining 
extraction chain that could benefit frommachine learning, 

from exploration right through to production, such as 
geochemical interpretation of exploration data. Also 
registering drill cores. Why use a team of geologists to 
index cores around the clock when they could be doing 
something more productive? Machine learning tools can 
add more value by focusing on small tasks, rather than 
trying to find the next Chuquicamata. I don’t think that is 
going to happen, at least not for a while. The smallest 
problems are the ripest fruit. They are easy for a machine 
to learn and the benefits are certain.” 

Two case studies. Monte Dore and Curaçá

Mr. Paiement mentions two successful machine learning 
case studies on the Mira Geoscience website: Monte 
Dore in Australia and Curaçá in Brazil. 
Mira worked with ERO Copper at Curaçá to achieve a 
better understanding of the deposit from the available 
data. GOCAD is a modeling tool developed by Mira that 

Image of the GOCAD 3D modeling program
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was used to combine the scarce available data and 
describe a Vermelhos-type deposit, which was decisive 
for the exploration campaign. 
At Monte Dore, Mira partnered with Hypercube, a company 
that develops technologies that perform multivariate 
analysis, to produce a predictive exploration map and a 
3D model that tested the predictive analytics. A map from 
statistical classification models was compared with the 
map generated by Hypercube based on a stochastic, non-
Euclidean approach. The comparison concluded that the 
Hypercube model produced fewer false positives than 
predictions based on the traditional approach. 
Both experiences demonstrated the value of processing 
geophysical data in a different manner to traditional 
approaches, using machine learning. Mr. Paiement said, 
“I have not used very sophisticated techniques in these 
cases, simply a clustering algorithm that gathers data 
into groups with similar chemistry. Instead of using 
individual thorium or uranium traces to interpret the 
data, we used the algorithm to detect areas that are 
radiometrically similar, then used this data to build a 
geological map. This forms the first layer, which is fairly 
superficial, but it is enough to distinguish between two 
clear areas of granite and sedimentary rock, which have 
very different radiometric profiles. Next we performed 
further clustering in order to detect changes in the mass 
balance. We wanted to identify the chemical profile of that 
group, so looked for changes in potassium, in order to 
detect an area with an IOCG profile that reveals a massive 
alteration, with traces of uranium and potassium.” 
The result was an automated alteration map for these 
elements, but grouped by lithology, rather than just a 
potassium map. “We use that alteration map to identify 
mineralization systems, but also the lithological map 
clusters are very useful for identifying mineralization.” 

Machines that play bad chess

Sometimes it’s funny to watch a game of chess between 
two artificial intelligences. They make strange moves that 
only superficially resemble those of a human player. So 
how can we prevent artificial intelligence from producing 

geological results that appear to be significant, but 
which are are in fact absurd and cannot be supported by 
geological analysis? 
Mr. Paiement’s answer is simple, “Only an expert can 
avoid that situation. It is not simply a case of giving a 
large volume of data to an algorithm expert and saying 
‘find me a deposit’. I’m sure that he will fail. The results 
only make sense when they have been examined by an 
expert who can evaluate the algorithm’s performance. 

Would you like a tool that helps you to 
concentrate on a job and eliminates the 

boring aspects?”

Jean Philippe Paiement, geologist and Global Consulting Director at Mira 
Geoscience

Comparison between traditional mapping and Hypercube mapping at Monte Dore, 
Australia 

https://chilexploregroup.cl
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Just as machines can learn to play chess by playing 
against another machine, artificial intelligences in mining 
can learn from other artificial intelligences. Mr. Paiement 
clarified, “Recently I have been working with Generative 
Adversarial Networks (GAN). These are pairs of neural 
networks that confront each other to produce a result. 
One is trained to distinguish between what is real and 
what is fake, and the other only produces data. Basically, 
one wants to produce something that the other can 
approve. Sometimes the machine produces something 
from the available data that is statistically plausible, 
but which does not make geological sense. Therefore, 
these tools must be evaluated. You can’t entirely trust a 
machine all the time.”  That’s why the geologist’s intellect 
is irreplaceable. 
In fact, the processes behind an artificial intelligence are 
not very different from those performed by the human 
brain. Mr. Paiement explained, “The only difference is 
that if you use software to build an interpretation of three 
information layers or more, it’s going to get difficult at 
some point. It’s hard for a human brain to see beyond three 
correlations. Machines are much better at performing 

what I call multidimensional spatial correlation, which 
identifies correlations between datasets that could be 
overlooked. The other advantageous feature of machines 
is they are not prejudiced. Human beings are prejudiced, 
lazy and tend to replicate models that they have already 
seen. Sometimes trying to apply previous experiences to 
a new deposit can result in errors, because this is not 
thinking outside the box. However, a machine only makes 
probabilistic and statistical decisions, without prejudice.” 
A future where geologists master the new tools provided 
by artificial intelligence may look very different from our 
present. Mr. Paiement’s said, “My dream is to be in a core 
shack where geologists wear augmented reality glasses 
that superimpose a layer of hyper-spectral data over 
what they are actually seeing. The geologist’s work is 
streamlined by providing more tools. Exploration drilling 
is still a little intuitive, and I think there is a lot to be gained 
there. Truck drivers and the detonation experts could 
also benefit from this technology. You could work more 
efficiently if you could distinguish in real time between 
what is valuable and what is waste. I believe we’re not 
that far from achieving that.”  

It is not simply a case of giving a large volume of data to an algorithm expert and 
saying ‘find me a deposit’

Jean Philippe Paiement, geologist and Global Consulting Director at Mira 
Geoscience.

You could work more efficiently if you could distinguish in real time between what is 
valuable and what is waste.

Jean Philippe Paiement, geologist and Global Consulting Director at Mira 
Geoscience.
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News

ARGENTINA

Silver Sands updates exploration status of its Virginia 
project

Map of the Virginia project’s diamond drill holes

The company continues with its initial exploration 
phase at this property in Santa Cruz province. The initial 
2,500 meter drilling program is currently concentrated 
on unexplored or barely explored epithermal silver 

veins. The campaign has already completed the 
first six holes totaling 1,019 meters in the Ely, Magi, 
Margarita, Martina Roxanne and Julia Sur structures 
and produced 734 samples for laboratory analysis. 

The project is an underground gold-silver mine in Santa 
Cruz province, where the first stage will concentrate on 
a high grade area within the currently known resources, 
which is located under and around an old open pit mine. 
Minerals extracted from Cap Oeste will be processed 
at the Martha plant, about 150 kilometers away. The 

ARGENTINA

Patagonia Gold obtains provisional permits to develop 
Cap Oeste

current measured resource estimate for Cap Oeste is 
3,400 tons containing 300 ounces of gold and 5,300 
ounces of silver, while the indicated resource estimate 
is 10 million tons containing 704 ounces of gold and 
21,448 ounces of silver. 

https://chilexploregroup.cl
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The company will continue with its 
sampling program, concentrating 
on geochemical anomaly areas in 
prospective magnetic structures 
containing high grade gold epithermal 
deposits. El Zanjón’s proximity to the 
Cerro Moro and Cerro Vanguardia gold 
systems leads the company to believe 
that the property contains a deposit with 
similar characteristics. El Zanjon is also 
50 kilometers southeast of Mia, a recent 
greenfield discovery by E2 Metals. 
Rugby has completed magnetometry 
and geochemical surface sampling 
at El Zanjon, which has identified ten 
geochemical anomaly areas ranging 
from 320m to 2800m. 

ARGENTINA

Rugby Mining announces El Zanjon exploration 
progress report

El Zanjón in Santa Cruz province

https://chilexploregroup.cl
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ARGENTINA

Sable Resources expands its share of the El Fierro 
project

Map of the current El Fierro project and the recent expansion in gray

The company has signed two acquisition 
agreements giving it the option to control 10 
additional mining concessions at the project 
in San Juan province, which increases its area 
from 6,000 ha to 46,391 ha. The new properties 
include several alteration areas that the company 
will explore over the next few months, and some 
surface samples revealed promising values of up 
to 3.67 g/t Au and 150 g/t Ag. 

Analysis results from three new areas identified at 
the project called Tatitu Kkollu norte and sur and 
Silverstrike South, included 1,380 g/t Ag, 2.44% Pb, 
0.83% Zn and 2.51% Cu from mine tailings samples, in 

BOLIVIA

New Pacific finds high grade gold and silver 
mineralization at its Silverstrike project

addition to 4.7m @ 14.76 g/t Au and 42m @ 1.02g/t Au. 
The campaign concluded with collecting 452 samples, 
and a new drilling campaign will be planned when the 
data has been fully interpreted.  

https://chilexploregroup.cl
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The company received all the results from laboratory 
analyses that it had already announced in August 
from diamond drilling samples on the property in 
La Paz district. Significant results include 48.9m @ 
0.42g/t Au, 35.49g/t Ag and 1.17% Zn, and 36m @ 
0.49 g/t Au, 15.46 g/t Ag and 0.54% Zn. The company 
announced that it will combine these results with 
geophysical data to design a second exploration 
campaign that should begin in the first half of 2021. 

The company confirmed the discovery of a 
second column near the Huayra Kasa plant. 
Drilling intersected about 180m of silicified 
and mineralized breccia between 151 
and 330m deep, which was the maximum 
drilling depth. Eloro estimates that the hole 
penetrated just over 50% of the breccia’s 
depth. The sample analyses are pending, but 
the company announced the drilling results 
from the southeast margin of the new column 
in 2019 as a comparison, which found 0.32 
g/t Au, 26.9 g/t Ag, 1.16% Pb and 0.01% Zn. 

BOLIVIA

Silver Elephant reveals first exploration results at El 
Triunfo

BOLIVIA

Eloro Resources announces discovery of 400m 
diameter breccia column in Iska Iska

Map of Bolivia and the border with Peru and Chile including the triangle formed by El 
Triunfo and the Sunawayo Malku-Khota and Pulacayo projects

The yellow circle on the map encloses the second breccia column found at Iska Iska
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The company revealed a 55% increase in gold 
contained in its indicated resources including 
mineral reserves totaling 770,231 tons at a 
grade of 10.9 g/t Au, for a total of 269,936 
ounces of gold. It also adjusted the value of gold 
in its probable reserves at the property in Mato 
Grosso, totaling 862,134 tons at a grade of 8.83 
g/t Au for a total of 244,650 ounces. Finally, a 
37% increase in gold in its inferred resources, 
with a 13% increase in grade. Ero Copper also 
published a new estimated life of the mine, 
which will produce 227,000 ounces of gold over 
six years. 

BRAZIL

Ero Copper updates NX Gold resources and reserves

BRAZIL

Meridian extends mineralization area at Cabaçal

NX Gold mining plant in Mato Grosso

The company announced that it is progressing 
with its program to identify new priority areas 
for future exploration campaigns of the 
volcanogenic massive sulphide (VMS) ore 
body, which was originally discovered at the 
Cabaçal mine by BP Minerals and Rio Tinto. 
Cabaçal was mined until 1990 and the report 
completed shortly before its closure by the 
Geology Department of Queens University, 
Ontario with data provided by Rio Tinto 
includes results such as 29.3 m @ 6.04% 
Cu, 3.10 g/t Au, 28.81 g/t Ag and 0.65% Zn, 
and 15.0 m @ 5.50% Cu, 1.31 g/t Au, 24.72 
g/t Ag and 1.20% Zn. It is precisely in these 
areas that Meridian will concentrate its next 
exploration campaign. 

Location of Cabaçal at Mato Grosso, Brazil
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CHILE

Marimaca Copper receives final permits for its 
exploration campaign

Marimaca magnetometry map

The company announced that 
Antofagasta’s Environmental Evaluation 
Commission has authorized drilling at 
the Marimaca project. The company can 
now build up to 365 drilling platforms 
over the next three years covering 
3,800 ha of highly prospective land. The 
campaign objectives include defining 
the surface geology and mapping the 
Mercedes target, extending exploration 
at the Cindy and Robles targets, and 
completing IP studies in the Marimaca 
sulphide area at the beginning of this 
month, to receive the results before the 
end of the year. The drilling campaign 
will begin during the first quarter of 
2021. 

CHILE

Filo Mining announces the start of the exploration 
campaign at Filo del Sol

The company began its 2020-2021 campaign in mid-
November with two drilling rigs and will add two more 
during December. The campaign will drill 8,000 meters 
by April next year, and Filo expects to extend the deposit 
several hundred meters to the north, as declared by 
Jamie Beck, the Company’s Chairman and CEO: The 

company will resume exploration with new distancing 
protocols, as exploration had to be suspended last 
March, due to the pandemic. The last exploration result 
at the beginning of the year found 73m @ 1.19% Cu and 
1.06 g/t Au. 
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CHILE

Chilean Metals begins exploration at its Tierra de Oro 
project

CHILE

Lithium Chile announces sampling results at its 
Carmona project

The company has identified 13 prospective areas on 
the 5,675 ha property located 75 km south of Copiapó. 
Chilean Metals used an IA-generated analysis by 
Windfall Geotek to define the target areas, which 

After completing two preliminary sampling series in September and 
October at the property in the El Indio gold belt, laboratory analyses 
found sample values in the range of 1.8 to 12.7g/t Au, 62 to 147 
g/t Ag and 1.8 to 4.1% Cu. The soil samples from the property are 
between 0.1 to 1.67 g/t Au, 2 to 9 g/t Ag and between 300 and 700 
ppm Cu. The October sampling defined a gold-silver-copper anomaly 
over an area of 0.8 km2, with chalcopyrite systems typical of other 
gold-silver-copper discoveries in Chile. 

compiled historical exploration data from the project, 
to define exploration targets based on data from known 
deposits. Chilean Metals expects to complete its 1,500 
m drilling campaign during December. 

Map of the copper anomalies at Tierra de Oro

Carmona rock sample
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Geological map of Inca Gold

Mapa de la primera campaña de exploración en Abriaqui

Inca Gold is 100 kilometers north of Copiapó in 
the II Region. It is a gold-silver project in the Inca 
de Oro mining district on the Paleocene belt. This is 
the same district where Santiago Metals’ San Pedro 
de Cachiyuyo and Codelco and PanAust’s Inca de 
Oro projects are located. Preliminary exploration 
of the Sandra target at the property confirmed 
an intermediate epithermal sulfidation system. 
Historical sampling by Newmont revealed high grade 
pulses in the mineralization system probably caused 
by repetitive reactivation of mineralized structures. 
Mirasol is planning to start the drilling campaign 
during the first quarter of 2021. 

The company completed the first four drill holes of the inaugural 
campaign at the property in Antioquia and announced the first 
laboratory results 0.70m @ 19.75 g/t Au and 58.8 g/t Ag, 2.60m 
@ 9.09 g/t Au and 6.3 g/t Ag, including 1.20m @ 14.81 g/t Au 
and 9.1 g/t Ag, and 0.39m @ 13.10 g/t Au and 19.7 g/t Ag. The 
company also found several additional mineralizations during 
exploration, and announced that these results were combined 
with surface sampling and samples from old mines to extend 
the minimum vertical range of veins with more than 20 g/t Au 
to more than 1 km. 

CHILE

Mirasol announces exploration program and targets 
for its Inca Gold project

COLOMBIA

Fénix Oro announces first drilling results in Abriaquí
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The company announced the first results from a 
campaign that continues to drill the Roberto Tovar 
and El Dorado targets at the project located north of 
Tolima, Colombia. Significant results include: 3.52m @ 
1.88 g/t Au, 636 g/t Ag, 0.32% Pb and 0.16% Zn, and 
1.10m @ 1.44 g/t Au, 242 g/t Ag, 0.23% Pb and 0.11% 

COLOMBIA

Outcrop Gold continues to explore Santa Ana

COLOMBIA

Caldas Gold extends Marmato mineralization 

The company announced new intersections in its 2020-
2021 exploration campaign that is still underway at the 
property in Caldas department, Colombia. The current 
drilling series aims to improve the characteristics of 
the high grade gold mineralization discovered in the 

New Area at the project, and to expand the main area. 
Significant results include 27.35m @ 2.62 g/t Au and 
0.8 g/t Ag in the main project area, and 24m @ 1.77 g/t 
Au and 0.7 g/t Ag in the recently discovered Fortaleza 
A and B areas. 

Zn. The company has confirmed that it also found a 
sulfuric vein 450m from the surface in the La Ivana 
sector, which is 240m deeper than the previous limit 
reached at La Ivana. Although laboratory analysis is 
pending, this finding has the potential to deepen the 
Santa Ana project. 

Cutting that describes the two drill holes in the Fortaleza sector of the Marmato project
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ECUADOR

Solaris extends the limits at Warintza Central

ECUADOR

Aurania reports extension of Tsenken N2 IOCG system

The company is executing its exploration 
campaign that includes drilling 40,000 
meters at the property in southeast 
Ecuador. Recent drilling on the project 
found 1,004m @ 0.59% Cu, 0.03% 
Mo, and 0.05 g/t Au, which extended 
the mineralization to a greater depth 
than previously described by previous 
drilling. Another drill hole found 918m 
@ 0.43% Cu, 0.01% Mo, and 0.04 g/t 
Au, and extends the mineralization 
southwestwards and downwards. 

Interpretation of the targets found during 
recent drilling at Aurania in Tsenken 2)
Three new drill holes totaling 645m 
establishes the anomaly continues 
between the Tsenken N2 and N3 areas 
of the Canadian mining company’s Lost 
Cities-Cutucu project. Both areas form a 
single IOCG target covering over 20 km2, 
according to Keith Barron, Chairman 
and CEO. The samples from this round 
of exploration contained native copper 
within the volcanic rock, and the 
laboratory results from these samples 
are still pending. 

Cutting showing recent drill holes at Warintza

Conceptual comparison of IOCG and porphyry distributions, with an interpretation of the targets found 
during recent drilling at Aurania in Tsenken 2

https://chilexploregroup.cl


23 © 2020 Chile Explore Report All Rights Reserved

December 2020 
Issue No. 94 

www.chilexploregroup.cl

Map of the location and sampled areas at Royal Gold’s Caribe discovery

NICARAGUA

Royal Gold MInerals announces follow-up campaign 
results at its Caribe Gold discovery

NICARAGUA

Calibre Mining announces exploration results at 
Pantheon

The company is performing follow-up drill 
holes after completing its surface survey at the 
property, which is part of an agreement between 
Royal Gold and Hemco Mineros Nicaragua, 
in the “golden triangle” in the northeast of 
the country. Caribe was discovered in 2018 
after identifying a previously undocumented 
surface geophysical anomaly. The company 
started initial exploration in the area in 2019 
and the follow-up campaign started in August 
this year, which produced positive results that 
include 74m @ 0.9 g/t Au, 14m @ 1.0 g/t Au, 
12m @ 1.0 g/t Au and 45m @ 1.0 g/t Au. 

The company is performing an infill drilling campaign 
to improve the description of Panteón, which is an 
underground deposit located 150 meters from the Santa 
Pancha mine in León department on the western coast 
of Nicaragua. Significant results include 3.9m @ 13.73 

g/t Au, 6.8m @ 28.41 g/t Au, 8.6m @ 4.86 g/t Au and 
4m @ 62.67 g/t Au. Exploration continues at Pantheon 
and the company plans to establish continuity between 
this mineralization system and Santa Pancha. 
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PERU

Camino announces exploration results and extends 
mineralization at Los Chapitos

The exploration campaign launched by the Canadian 
company last October produced results from its first 
four drill holes. Significant results include 92.1m @ 
0.52g/t Cu, 12m @ 0.39g/t Cu and 15.5m @ 0.35g/t 

Cu. Camino acquired the Los Chapitos project from 
Minas Andinas last September, which is located on the 
Peruvian coast, south of Arequipa province.

Panorama of Los Chapitos in southern Peru
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PERU

Chakana announces exploration results from the 
Paloma Oeste target at its Soledad project

The company is currently developing the third 
exploration phase at the property, which forms part 
of a 15,000-meter campaign that began in August this 
year. Significant results include 10.7m @ 7.25g/t Au, 
163.5g/t Ag and 10.2g/t Cu, and 16.3m @ 5.08g/t Au, 

109.3g/t Ag and 6.75g/t Cu. The Soledad project is 
located in the Ancash department, and forms part of 
the Miocene mineral belt. It contains high grade gold-
silver-copper mineralizations in tourmaline breccia 
columns.

A sample of Soledad’s heavily mineralized chaotic breccia

PERU

Regulus Resources suspends exploration at AntaKori
Peru is experiencing political instability these days, 
and the company received visits from neighboring 
communities who expressed their concerns about 
the environmental consequences of drilling at the 
property in the Yanacocha-Hualgayoc district in 

Cajamarca department. After this meeting, the 
company suspended the drilling it began in August in 
the northern area of the project, until it could meet with 
the interested parties and satisfy their demands in a 
constructive manner for everyone. 
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