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Executive Summary

This report analyses recently published' revisions to Lithium Reserves,
analyses realistic Lithium Carbonate production potential from existing
and future Lithium resources and discusses major factors of increasing
importance in the development of future Lithium production for the
Automotive Industry.

Our main conclusions are as follows:

1. This report confirms our previous assessment? that realistically
achievable Lithium Carbonate production will be sufficient for only a
small fraction of future PHEV and EV global market requirements, that
demand from the portable electronics sector will absorb much of the
planned production increases in the next decade and that other battery
technologies that use unconstrained resources should be developed for
the mass automotive market.

2. This report shows that the major economically recoverable Lithium Brine
Reserves are lower than previously estimated at only 4 million tonnes of
Lithium.

3. This report confirms that mass production of Lithium Carbonate is not
environmentally sound, it will cause irreparable ecological damage to
ecosystems that should be protected and that Lilon propulsion is
incompatible with the notion of the “Green Car”.

4. This report confirms that the highly focused geographical concentration
of Lithium production will exacerbate the already strained geopolitical
relations between Latin America and the USA.

The recent paper “An Abundance of Lithium” catalogues numerous
Lithium deposits. It includes a wide spectrum of deposits in which the
concentration of Lithium varies from a low of 8 ppm to 3,000 ppm or
more in some parts of the Andes. Total Global Lithium Reserves of 28
million tonnes are postulated in comparison with a Reserve Base
estimated by the USGS to be 11 million tonnes.

1. An Abundance of Lithium, Whitepaper, RK Evans, 2008

2. The Trouble with Lithium: Implications of Future PHEV Production for Lithium
Demand, MIR, 2006.
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Executive Summary

The document is not useful for the industrial and strategic planning
purposes of the battery and automotive industries. It confounds
geological Lithium deposits of all grades and types with economically
viable Reserves that can be realistically exploited and relied upon as a
dependable source of sustainable supply by the mass production scale
of the automotive industry. Many of the deposits catalogued cannot be
considered to be actual or potential Lithium Reserves. They would have
higher production costs and lower production rates than the South
American and Chinese brine deposits, coupled with unproven and
heretofore undeveloped processes.

All such nebulous resources were excluded from our previous analysis
“The Trouble with Lithium” for these reasons. In fact, more thorough
consideration of the Salar de Atacama and Salar de Uyuni show that
global recoverable Lithium reserves are only in the order of 4 million
tonnes.

We cite the opening lines of the Handbook of Lithium and Natural
Calcium by Donald Garrett®:

“Lithium is a comparatively rare element, although it is found in many
rocks and some brines, but always in very low concentrations. There
are a fairly large number of both lithium mineral and brine deposits but
only comparatively a few of them are of actual or potential commercial
value. Many are very small, others are too low in grade”.

This statement summarises the nature of Lithium deposits. A simple
catalogue of geological Lithium deposits cannot be used to estimate
realistic potential and achievable Lithium production. In the present
report, we analyse the main Lithium Reserves, Reserve Bases as well
as the major deposits that are not of economic value to illustrate the
potential Lithium Carbonate production that could realistically be
expected over the next 12 years.

It is our conclusion that total Chemical Grade Lithium Carbonate
production is unlikely to exceed 200,000 tonnes per year before 2015.

Production of high purity (99.95%) Battery Grade Lithium Carbonate as
required for Electric Vehicles will be significantly lower.

If existing demand from the portable electronics sector for 99.95%
Lithium Carbonate continues to grow at the current rate of 25% per
annum, by 2015 if optimum production increases occur, there will be
only 30,000 tonnes of Chemical Grade Lithium Carbonate available to
the Automotive Industry (including from Chinese sources). This would
be sufficient for less than 1.5 million GM Volt type vehicles worldwide.

3. Handbook of Lithium and Natural Calcium, Donald E. Garrett, Academic Press,
2004
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Current Production
Resources

21 The Lithium Triangle

Some 70 percent of the world’s economic Lithium deposits (Reserve
Base) are found in one small location on the Earth - the Lithium Triangle
where the borders of Chile, Bolivia and Argentina meet. It is bounded by
the 3 Salars of the Salar de Atacama, the Salar de Uyuni and the Salar
de Hombre Muerto.

FIGURE 1

THE LITHIUM TRIANGLE
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Current Production Resources

The Lithium Triangle has sides of approximately 360km, 280km and
560km in length. Within this tiny area is located over 70% of the world’s
Lithium Resources. Exports from all three countries will pass through
the Chilean port of Antofagasta. The cities of Potosi, Salta and
Antofagasta will become the tri-partite Lithium capitals of the world if the
automotive industry attempts to base its forthcoming propulsion
revolution on Lilon battery technology alone.

2.2 Salar de Atacama

The Salar de Atacama is the highest quality Lithium deposit in the world.
As a brine source, extraction is much less expensive and less energy
intensive than from hard rock minerals. The concentration of Lithium in
the brine is the highest in the world and the rate of natural evaporation in
the Atacama Desert is the highest in the world. In absolute size the
Salar de Atacama is the second largest single deposit but is the largest
deposit, larger than the Salar de Uyuni, in terms of its economically
recoverable Lithium content.

FIGURE 2

SALAR DE ATACAMA

In 1978, the Lithium content (Reserve Base) of the Salar de Atacama
was estimated to be 2.2MT to 60m depth*. The USGS estimate the
Lithium Reserve Base in the Salar to be 3MT. The Chilean state mining
company CORFO estimate the Reserve Base in the Salar at 4.5MT of
Lithium metal, some 50% higher than the USGS estimate. In a recent
paper [Evans 2008] the Chilean mining company SQM state that the
Lithium reserves in the Salar de Atacama are 6.9MT based on a depth
of 200 metres into the Salar. SQM’s concession extends to a depth of
40m.

The following graph shows how estimates of the Salar’s Lithium content
have increased.

4. Lithium Reserves and Resources, RK Evans, Energy, Vol. 3, No. 3, 1978
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Salar de Atacama

FIGURE 3

HISTORY OF RESOURCE REVISIONS - SALAR DE ATACAMA
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Geological Structure

To understand how much useful brine containing Lithium there is in the
Salar de Atacama, we will look at its geological structure.

A salt lake bed consists of dried out Sodium Chloride or Common Salt.
This forms a solid deposit called Halite or more commonly Rock Salt.
The top of this halite body near the surface is relatively porous and
permeable to water flow - it forms an aquifer through which flows the
brine containing Lithium and other useful minerals (potassium, boron,
magnesium). Further down into the halite body, millennia of cementation
from precipitation of salts by earlier brine flows and compaction block up
the pores and the halite rock becomes more and more impermeable and
solid. This means that the useful brine, containing Lithium and other
soluble salts, is only located in the top 40 metres of the dried salt bed at
the most. A thin crust of salt then forms above this top layer of liquid and
liquid containing rock salt.

© Meridian International Research 2008 5




Current Production Resources

FIGURE 4

SCHEMATIC CROSS SECTION THROUGH SALAR DE ATACAMA
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Seismic surveys of the Salar de Atacama carried out in the 1970s
showed that the highest porosity extends to a depth of 20 - 25m with
some additional lower porosity halite down to 35m. Below this depth,
salt cores show complete recrystallisation of the halite into a solid mass,
devoid of any pores®. This means there is no Lithium to extract below
the current pumping depth, only solid rock salt. Only the upper 30m has
high transmissivity, i.e. only in this region can brine flow relatively freely
to refill the areas from where it is pumped out.

o Below the current extraction depth of 30 metres, there is no Lithium
in the Salar de Atacama.

While the Salar de Atacama has a total surface area of 3500km?, it's
central Halite Nucleus is 1000 - 1400km? in area. The main area of
commercial importance in the Salar is the top 15m-30m layer beneath
the surface crust of this Nucleus. Below this top 30m layer, the nucleus
is solid rock salt down to 600m and even 900m in places.

The contour map below® (Figure 5) shows the lines of equal Lithium
concentration (Isopachs) in the Salar and the Nucleus.

The contour map shows that the distribution of Lithium is far from
homogeneous. The southern half of the lake bed demonstrates a
Lithium concentration of 1000 - 1500ppm. The area of highest
concentration where production is currently located lies in a very small
area on the southern shore approximately 100km? in extent. The
contour lines go up to 4000ppm, within which concentrations as high as
7000ppm have been found. The 4000ppm area is about 8km? in extent;
the 3000ppm area is some 20km? in extent and the 2000ppm area is
about 80km? around that.

5. Industrial Minerals and Rocks, P604, JE Kogel, Blackwell, 2006
6. Idem, P605
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Salar de Atacama

FIGURE 5

SALAR DE ATACAMA - LITHIUM CONCENTRATION CONTOURS
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e The Epicentre of World Lithium Production and Resources is an area
of some 8km? - 30km? in extent.

In the very central 8km? region, assuming 10% porosity (CORFO figure)
and a brine depth of 40m, a Lithium concentration [Li] of 4000ppm and a
brine specific gravity of 1.2g/cc, the total Lithium resource in place in the
1970s before production commenced would have been approximately
150,000 tonnes or 820,000 tonnes of Li,CO5 equivalent. The 20km?
region at 3000ppm would have contained 288,000 tonnes of Lithium or
1.5MT of Li,CO5 equivalent.

e The Epicentre of the Salar de Atacama in which the Lithium
concentration exceeds 3,000ppm is 30km? in area by 35 metres
deep.

e Before Lithium Production commenced this Epicentre held some
450,000 tonnes of Lithium metal.

SCL commenced Lithium Carbonate production from this resource in
1984 with a capacity of 13,000 tpy. SQM commenced production in
December 1996 with a capacity of 18,000 tpy. We estimate that Total
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Current Production Resources

Lithium Carbonate Equivalent (LCE) production from the Salar de
Atacama to date is in the order of 500,000 tonnes.

TABLE 1

ESTIMATED LITHIUM CARBONATE (LCE) PRODUCTION TO DATE -
SALAR DE ATACAMA (tonnes)?

Year SCL SQM Total
1984 - 1996 100,000 -

1997 14,500 9,000

1998 14,500 18,000
1999 14,500 18,000
2000 14,500 19,000
2001 14,500 21,000
2002 16,330 22,000
2003 16,330 24,000
2004 16,330 26,000
2005 16,330 28,000
2006 22,000 28,000
2007 22,000 32,000

TOTAL 280,000 245,000 525,000

a. 1kT of Li = 5.28kT LCE

Therefore about 100,000 tonnes or some 20% of the Lithium metal in
the central epicentre of the highest grade Lithium deposit in the world
has already been extracted - and possibly 5/8ths of the very best
deposit at over 4,000ppm within this.

SQM are currently engaged in expanding Li,CO5 capacity at their plant
in the port of Antofagasta by 50% to 48,000 tpy. This may require
accessing areas of the salar of lower Lithium concentration. As
production is increased, resources of lower grade will have to be
brought into operation, requiring increasing amounts of resources for a
diminishing return.

It can be seen that expanding production much beyond 100,000 tpy of
Li,CO5; would require covering an extensive area of the salar with
production wells, pipelines and evaporation ponds. The environmental
damage to a unique ecosystem and area of natural beauty that has
remained undisturbed for millennia would be substantial.

It is well known to halite geologists that the porosity of halite decreases
very quickly with increasing depth - it decreases exponentially. This
means that the volume of free space within the Rock Salt or halite
deposit of NaCl decreases exponentially - at double the depth, the free
space or pores available to hold the Lithium containing brine will have
decreased by four - at triple the depth, reduced by a factor of nine and
so on. There is a very definite limit to the depth from which the brine can
be pumped out and this limit is about 40 metres in the case of the
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Salar de Atacama

Atacama. SQM'’s wells operate at about 30m depth and 40m is the
depth to which their concession extends.

It can be seen that SQM’s concession only extends to 40m depth for a
very good reason: below that depth the Halite Body is solid rock salt
devoid of Lithium or other useful minerals.

All the minerals of interest are only in the fluid intrusions in the pores in
the upper 35m of the halite body - not in the halite itself.

The impermeability of rock salt is well known. Oil and Gas are often
found beneath salt domes and salt caverns have been proposed for
storing sequestered CO,. In fact, the salt core samples from the Salar
de Atacama referred to above were taken by an oil drilling company.

Production cannot be increased by drilling deeper into the increasingly
solid nucleus of the Salar - this would in fact decrease production.
Production can only be increased by expanding driling and well
installations over a greater surface area of the salar.

Therefore only the upper surface liquid layer can be considered, up to
35m deep. In 1978, Evans estimated the Lithium content in the SQM
concession to be 2.2MT to 60m depth. The USGS estimate is 3MT and
the Chilean state mining company CORFO estimate is 4.5MT. The latest
claim, based on a 200m depth, is 6.9MT. Therefore there has been
100% reserve base inflation since the late 1970s with little justification.

As shown above, extracting Lithium from 200m depth is impossible.
Much below the current exploitation depth of 30m the halite or rock salt
becomes completely solid Sodium Chloride with no liquid brine in it at all
and therefore no useful minerals to extract. The claim of 6.9MT to 200m
depth fails to take this into account and is therefore a gross
exaggeration. CORFO calculated an effective porosity of 10% for the
upper 30m of the Salar de Atacama nucleus but this did not include the
southern area where it is very low’, between 0.43% and 5.25%. This is
the area with the highest Lithium concentration. The mean effective
porosity of the Salar de Atacama in the upper 40m of SQM’s 820km?
claim area was estimated by the UK consulting geologist firm
Hydrotechnica to be 4.4%. If so, this would reduce the central Epicentre
Lithium content from 450,000 tonnes to 200,000 tonnes and would
mean some 50% of the Lithium in this central area has already been
extracted.

¢ [f the porosity in the top layer of the Atacama in the Southern Area is
only 4.4% as estimated by Hydrotechnica and not 10% as claimed by
CORFO, then Before Lithium Production commenced this Epicentre
contained some 200,000 tonnes of Lithium.

¢ 50% of this would already have been extracted since 1984.

7. Garrett, 2004, Op. Cit.
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Given that Evans’ original 1978 Lithium Resource estimate for the SQM
concession was 2.2MT to a depth of 60m and 40m is the maximum
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