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Rare Earth Deposits: A Simple Means of Comparative Evaluation

R a re Ea r t h D e p o s i t s : A S i m p l e
Means of Comparative Evaluation
After overwhelming feedback from both our
previous articles on rare earth deposits, I decided to make this a trilogy and address some
more of the many comments received from our
newsletter subscribers. Moreover, I would like to
take a step back and explain, on a more comparative level, how I arrived at Commerce Resources
Corp.’s Ashram Deposit as my top pick for success in the rare earth element (REE) space.
Herein, I have ranked 15 REE deposits that are
well-known in the space and/or subject to our
reader’s comments. This rating is based on 6 criteria of evaluation (discussed below) and largely
subjective in nature as there is no precise way
to compare multiple REE projects in a definitive
manner. As such, I have based my ranking on a
comparison of deposit attributes, and on discussions with experts in the REE space. Please take
this ranking as a guide that is subject to change
based on a project’s internal developments.
A listing of these 15 projects and their ranking can
be found in Table 1 at the end of this article as well
as a detailed project attribute listing in Table 2.
Commerce Resources Corp.’s Ashram Deposit is at
the top of my list due to its proven REE mineralogy and demonstrated mineral processing (>40%
TREO mineral concentrate achieved), good grade,
high tonnage, well-balanced REO distribution focused on the CREEs (critical rare earth elements),
favourable economics, good jurisdiction, and
a reasonable infrastructure development plan.
I consider the Ashram Deposit to be the most
balanced of any REE deposit in development, an
overall quality I feel will be critical to the successful advancement of the project. Therefore, the
Ashram Deposit receives the highest score of 27
points out of a possible total of 33.
However, before we begin our detailing of ‘The
Criteria’, allow me to mention some macro fundamentals first.
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Anyone looking into the REE space in-depth may
come to the same conclusion that this industry
is more complicated than typical commodities
like gold, silver, copper, or iron ore. Although the
overall market is less than 200,000 tonnes of total
rare earth oxide (TREO) per year, the need is critical in just about every facet of our technological
(‘high-tech’, ‘clean-tech’) savvy lives, and therefore, is important to understand.
Regarding the comparison of REEs to other commodities, one aspect that never seems to be discussed is, what effect would a new producer in
the REE space likely have on the overall supply
picture, and on the other projects in the sector?
A new copper or gold mine, for example, will increase global mine production by a relatively
small amount, percentage-wise, and thus, have a
negligible effect on the commodity price. However, a new REE mine which produces 20,000 tonnes
REO/year, for example, could add ~10% to global
production. This relatively large increase in supply
will clearly have a negative impact on REE prices,
unless the market is undersupplied with that specific element(s). This factor is also then exacerbated by the specificity of whatever the new REE
producer is producing.
This is the reason that an assessment of a deposit’s REE distribution is needed; which is to say that
depending upon how many and which element(s)
a project is enriched in, will determine whether
or not the project is still economic after another
project begins production in one or more of the
same element(s).
Correspondingly, this is also the reason that REE
deposits cannot decrease their unit costs of production through large increases in mine output,
as opposed to porphyry copper deposits for example. Large increases in mine output would cause
even larger increases in supply, further increasing
negative pressures on REE prices.
The fundamentals of light rare earth elements
(LREEs), heavy rare earth elements (HREEs), and
critical rare earth elements (CREEs), with respect
to supply/demand, are further discussed under
the criteria of ‘REE Distribution’ as noted below.
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THE CRITERIA
The vast majority of present production is from
China (>90%), and no major non-Chinese operations have existed in recent years with the exception of Molycorp Inc. (Molycorp), and to some degree Lynas Corp. (Lynas). The REEs are not like iron
ore, gold, or copper deposits where the metrics
are easier to understand and comparative evaluation is more straightforward. There are factors
that are comparative between all mining projects,
but there are several additional factors that are
specific to REEs and that play a dominant role in a
comparative evaluation.
Thus, this article will endeavour to layout some
basic metrics and criteria for comparative evaluation of any REE deposit for the retail or institutional investor.
As with any commodity, basic criteria exist for
evaluating a project’s potential and comparing to
one’s peers. For an REE project, a simple method
of evaluation may follow the logic of assessing
the following criteria in order of decreasing importance:
1. Mineralogy, Mineral Processing, and Metallurgy
Does the primary REE mineral(s) have a history of
processing/recovery (present or past), and has a
>30% TREO mineral concentrate been achieved?
2. Tonnage and Grade
Is there sufficient tonnage present with appreciable grade to support a reasonable mine-life
and production scenario? Is there a consistency
of mineralization in terms of TREO grade, as well
as ore and gangue mineralogy?
3. REE Distribution
Is there a favourable and balanced REE distribution present and dominated by the 5 critical rare
earth elements (CREE) that are in the highest demand, yet shortest supply; namely, neodymium
(Nd), europium (Eu), terbium (Tb), dysprosium
(Dy), and yttrium (Y)?
4. Economics
Has an economic evaluation been completed on
the project and were the findings robust based
on demonstrated data results and reasonable assumptions?
www.rockstone-research.com

5. Infrastructure
Is the project reasonably close to power, water,
and road access and/or is its infrastructure development plan practical?
6. Jurisdiction
Is the deposit located in a favourable jurisdiction?
If a project ranks highly in all these criteria (i.e.
well-balanced across each), then it is immediately
at the forefront of the space, at least to my way
of judgement.

1. MINERALOGY, MINERAL PROCESSING,
AND METALLURGY
Mineralogy, and subsequent costs of mineral
processing and metallurgy, will either stop you
in your tracks or allow you to move forward and
advance your REE project. This is the paramount
criteria in assessing if a REE project has a reasonable chance of success.
As has been discussed in detail in our last articles,
simple mineralogy (REE bearing and gangue
minerals), and relatively low-cost demonstrated
mineral processing and metallurgy is the foundation of success.
All currently producing hard rock REE deposits
utilize a minimum 30% TREO mineral concentrate to operate (see following bubble charts).
This not only requires a deposit that is amenable
to low-cost physical upgrading to a mineral concentrate of sufficient grade, but also that the REEbearing minerals present in the deposit contain
high concentrations of REEs in their structure.
For example, if the REE mineral in a deposit contains only 10% TREO in its structure, it would
be impossible to produce a 30% TREO mineral
concentrate, even if the concentration process
was perfect. It is important to understand that
there are very few minerals that contain these
high concentrations of REEs; the chief ones being monazite, bastnaesite, and xenotime, which
are the same minerals that dominate commercial
processing from hard rock deposits today, and
historically.
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It is also important to note that in many REE deposits, often more than one REE mineral contributes
to a deposit’s TREO grade. In these cases, all of
these minerals have to be separated to achieve an
acceptable REE recovery and concentrate grade.
However, they often do not all behave the same
during physical processing. This is complicated
further if co-products are also targeted (e.g. Nb,
Ta, Zr). This is a fundamental reason why simple
mineralogy is essential, if you have this then it is
just easier, and cheaper, to separate and upgrade
the ore to a mineral concentrate.
A good example of co-products complicating a
flow-sheet is illustrated by Quest Rare Minerals
Ltd.’s (Quest) recent release of a Preliminary Economic Assessment (PEA) on April 9, 2014, on the
B-Zone that now replaces the Feasibility Study released on December 6, 2013.
I think Quest recognised that their project description (scenario) needed a very material revision for the project to be advanced; that being,
production of a mineral concentrate. Although
the PEA itself only lists design criteria essentially with limited actual test data, it is clear that
Quest has made some improvements by achieving a mineral concentrate of about ~2.5% at reasonable recoveries I calculate (about a 2.5 times
upgrade). However, in order to achieve this, the
process flow-sheet had to be dramatically simplified by treating previous considered co-products
(Nb and Zr) as waste, illustrating how a flowsheet can be detrimentally complicated through
co-products that require different process flowsheets than the REE minerals. It is not easy to take
a step back after so much effort has gone into to
a mineral process flow-sheet, and I give Quest
credit for starting anew in an attempt to simplify.
In the end, I am far more interested in investing in
a company that has simple mineralogy as this will
more likely equate to simple processing.
Examples of deposits with complex or simple REE
mineralogy are outlined in Table 2 at the end of
this article. The B-Zone Deposit (Quest), Nechalacho Deposit (Avalon Rare Metals Inc.) and Bokan Mountain Deposit (Ucore Rare Metals Inc.)
are good examples of complex, unusual, and unproven REE mineralogy, which leads to exceedingly difficult mineral processing and metallurgy.
Now this does not mean that these companies
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will not succeed, it simply means that, for them
to do so, the road ahead may be long, arduous,
and more difficult than in comparison to peers
that have simple and well-known mineralogy and
that have demonstrated low-cost metallurgical
successes, first and foremost the Ashram Deposit
(Commerce Resources Corp.), the Steenkampskraal Deposit (Great Western Minerals Group Ltd.),
and the Lofdal Deposit (Namibia Rare Earths Inc.).
We can also divide REE deposits into groups
based on whether the host rock type has been
a historic producing source of REEs or not. Apart
from placer beach sands and the South China ionabsorption type clay deposits, only carbonatites
have provided any significant source of REEs to
the market so far.
I would like to comment further on this last statement with a quick note on the loparite mine(s)
of the Kola Peninsula (Russia) and the Kutessay
II Mine (Kyrgyzstan). I am not aware of any project in development that hosts loparite (REE, Ta,
Nb) as its ore mineral and Kutessay II is a pastproducing polymetallic mine (Pb, Mo, Ag, Bi) with
REEs; a very unusual occurrence that had little
impact on the world market during its mine-life
(approximately 22,000 tonnes REO produced over
33 years). Neither of these occurrences are/were
pure REE mines and arguably could not sustain
(Kamasurt) or have sustained (Kutessay II) themselves without government subsidization or without the economic benefit of the other non-REE
commodities present.
With respect to carbonatite laterites, this host
deposit type illustrates that favourable REE mineralogy is only the first step, as it must also be
demonstrated that it can be economically separated from the host rock with an acceptable recovery.
This is evidenced by the technical difficulties of
Lynas trying to put the high-grade, world-class
Mount Weld Central Lanthanide Deposit into production, a carbonatite laterite, which has not yet
approached the targeted production capacity.
The subsequent series of bubble charts illustrate
how vitally important it is for an REE exploration
and development company to fulfill the following
prerequisites:
4
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1) A mineral concentrate of appreciable grade
(ideally >30% TREO as is achieved by current hard
rock producers).
2) A deposit type that has been a source of historic production.
3) A primary REE mineralogy that has dominated
commercially processing historically, and proven to
be easily broken down to release the contained REE.
As is clearly evident, the number of companies
that fulfill these prerequisites is limited.
Bottom-line:
Simple, proven mineralogy that is amenable to
low-cost mineral processing is the path of least
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resistance to production. From an economic
perspective, there are far less unknowns in
the processing requirements and costs involving proven minerals when compared to those
that have never been commercially processed
before. Sooner or later, the market will realize
that complex mineralogy, along with unproven
mineral processing and metallurgy, face significant challenges in terms of costs, which may
turn out to be the cause of death of most REE
development projects that many still consider
promising.
For this criterion, the Ashram and Steenkampskraal deposits score the highest with a considerable gap following. The B-Zone and RoundTop deposits score the lowest as they have not
produced a viable mineral concentrate.
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2. TONNAGE & GRADE
If an REE deposit has the ‘right’ mineralogy, then
it’s best to next take a look at its currently defined tonnage potential, associated grade, and
potential by-product credits. If the tonnage is too
low, providing only a limited mine-life or yearly
production potential, then everything else is irrelevant, including metallurgy, as the project could
only supply the market for a limited time which
may outweigh the capital expenditure to bring the
mine into production. If the grade is too low, then
tonnage may not matter as the project would be
very sensitive to decreases in commodity prices
or cost increases.
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Under either situation, the project would have
much difficulty being financed and provide too
little to the market over a limited time for any
meaningful impact, regardless of how easy the
mineral processing may be. The deposit is then
forever limited to a ‘band-aid’ effect and would be
far from a meaningful long-term supply solution.
Do not be misled by reading what appears to be
a “reasonable mine-life” for a project. This is all
a function of the throughput per day (tonnes or
ore processed per day) and relates directly to the
volume of REO produced per year; lowering annual REO production would extend the mine-life.
In the end, low-tonnage, short mine-life projects
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will have a difficult time achieving production, let
alone having a material contribution to the market in the medium and long-term, I would argue.
Therefore, if one of these deposits were to get
into production it would not prevent a larger player, which might make a meaningful market contribution, from getting into production as well.
The Steenkampskraal Deposit of Great Western
Minerals Group Ltd. (GWG) is the best example of
a deposit with a top-notch grade; but, with far too
little tonnage to ever make a meaningful contribution to the market. The Bokan Mountain Deposit
of Ucore Rare Metals Inc. is another example of
a deposit with small tonnage, and relatively low
grade, and is further burdened with complex mineralogy that has never been commercially processed. The Round-Top Deposit of Texas Rare Earth
Resources Corp. is a prime example of a hard rock
deposit with a large tonnage but a grade (around
0.06% TREO) that is lower than even some South
China clay REE deposits. Coupled with its highly
unusual ““REE” mineralogy, unconventional REE
processing approach, and high total CAPEX (capital expenditure), this project faces considerable
challenges, if you ask me.
Some may argue that low-tonnage operations
with lower CAPEX may be first to be mined, and
thus, first to achieve cash flow to fund new acquisitions. However, in reality this is very unlikely to
occur as cash flow will be funneled back into the
operation as sustaining CAPEX, OPEX (operating
expenditure), and moreover, to paying back the
debt that brought them into production. If Lynas
has taught us anything, it is that achieving production is tremendously difficult for some deposits, let alone achieving full-scale production.
Another important aspect of REE deposit evaluation is the consistency of the mineralization in
terms of grade, as well as ore and gangue mineralogy. This metric is critical to keeping costs in
line and unknowns to a minimum. Inconsistency
is a detrimental attribute to have in a deposit that
is being mined as it adds unknowns that can be
very costly, in that processing may have to be altered to accommodate these differences. Potential partners or off-takers look for one main thing
in developing an REE project into a mine, and that
is ‘simplicity’. The more simple a deposit is, the
more predictable the mining and the processing is
www.rockstone-research.com
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and, most importantly, the more predictable the
economics are. Such information is often hidden
deep in the project disclosure; however, it is crucial in evaluating an REE deposit.
One may argue that ore blending may be used to
overcome non-uniform mineralization; however,
this is an extra processing step that may present
additional problems if the mineralization varies
too widely. Therefore, it is best to be minimized
or avoided.
Finally, tonnage and grade must be evaluated
with REE distribution for a complete picture of
any deposit’s production scenario. A deposit’s
REE distribution is discussed in detail as the next
criteria as it is also a critical attribute on its own.
However, in terms of production scenario and absolute grade, this is determined by TREO grade
multiplied by the REE distributions and summed
together. When this is done, it becomes clear that
Ashram’s MHREO Zone boasts a higher Dy grade
(155 ppm Dy2O3 measured + indicated resources)
than Kipawa (147 ppm Dy2O3 mineral reserves),
and would produce more Dy per year than Bokan
Mountain (106 tonnes vs 81 tonnes Dy2O3).
Bottom-line:
In the end, tonnage and grade are arguably the
main factors that determine a long-term production scenario. Thus, although deposits like
Steenkampskraal, Bokan Mountain, Lofdal, and
Kipawa are trying hard to extend their resources/reserves into a reasonable mine-life, they are
limited to how much actual REO they can produce per annum for a significant period of time
to justify the high CAPEX such a project typically
requires.
Finally, consistency in grade and mineralogy (ore
and gangue) will add considerably to the simplicity of production and, in turn, economics.
For this criterion, the Ashram and Ngualla deposits score the highest with Steenkampskraal,
Lofdal, Round-Top, and Bokan Mountain deposits
scoring the lowest. For Steenkampskraal, the highgrade is dwarfed by the extremely low tonnage
(<1 million tonnes) and vice versa, the Round-Top
tonnage is dwarfed by the extremely low grade
(~0.06% TREO).
8

Rare Earth Deposits: A Simple Means of Comparative Evaluation

3. REE DISTRIBUTION
Assuming that a project has proven mineralogy,
has demonstrated low-cost mineral processing
and metallurgy, and has a sufficient tonnage and
grade to allow for a reasonable mine-life and production scenario, then REE distribution is the next
criteria to evaluate.
REE distribution is defined as the proportion of
each REE relative to all the REEs combined (15 elements in total, namely La through Lu plus Y) and
is commonly quoted as LREE (La, Ce, Pr, Nd, Sm,
Eu, Gd) and HREE (Tb, Dy, Ho, Er, Tm, Yb, Lu, + Y).
It is commonly thought that deposits with a distribution more enriched in the HREEs are more
valuable than those enriched in the LREEs. This
is because traditional evaluators of the REE space
have given higher evaluations to HREE deposits,
as these heavy elements (specifically Tb, Dy, and
Y) are in short supply. Additionally, it has been
argued that an increase in production of these
heavy elements will not cause the same negative pressure on prices as the potential increased
production of Ce and La, for example; which, one
could argue, may be in oversupply at the present
time and increased production via a new producer
could put serious downward pressure on prices.
However, an evaluation focused on only the
HREEs (Tb, Dy, and Y) is incomplete as it inherently ignores the 2 LREEs, Nd and Eu, that are also
in short supply. Following the lead of the US Department of Energy, industry has categorized the
short supply LREEs and HREEs (Nd, Eu, Tb, Dy, and
Y) as the critical rare earth elements (CREEs).
Therefore, the importance of an REE distribution
is best represented by enrichment in the CREEs,
i.e. those REEs in the shortest supply, yet highest
demand (Nd, Eu, Tb, Dy, and Y). Thus, when evaluating a deposit’s REE distribution, one should
focus on the CREEs and not the HREEs, and moreover, on the balance across the CREEs so as not to
be entirely weighted in only one or two.
For example: Nd (an LREE) is anticipated to be
24% of the overall REE market demand by 2015
(Roskill 2011), and is currently a larger market
than all the HREEs combined. Furthermore, Eu
(also an LREE) has the highest dollar value per kg
of any REE. This is one reason why Commerce’s
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Ashram Deposit is at the top of my list, because
it has a well-balanced distribution that hosts
significant Nd and Eu, as well as appreciable
amounts of Tb, Dy, and Y. This means a more
balanced weighting of the primary pay elements (CREEs) that act as an internal hedge to
a price drop of one or more of those elements
(see our previous article “Knocking out misleading statements in the REE space” for more details on this argumentation).
Thus, an important factor in the evaluation of
potential new REE producers is the ratio of the
basket price of CREE/tonne of ore to TREE/tonne
of ore (i.e. $/kg CREE divided by $/kg TREE). The
more the relative value of the CREE to the total
REE basket price, the less effect the increase in
supply will have on the realized REE price. However, this does not distinguish the weighting
(i.e. distribution) of each CREE amongst themselves, and therefore, should not be evaluated
independently.
Bottom-line:
When it comes to REE distribution, the CREE
distribution is a better evaluation metric compared to the HREE distribution. However, for
REE distribution to matter at all, it must be
coupled with other demonstrated criteria required to advance the project, potentially to
production. If the deposit has unproven mineralogy and metallurgy the road is exceedingly
difficult and perhaps insurmountable. Moreover, if the project has insufficient tonnage
and grade to merit a reasonable production
scenario, then the deposit ’s REE distribution
becomes irrelevant, no matter how favourable.
For this criterion, I argue the Nechalacho Deposit scores the highest with the most wellbalanced CREE distribution with Ashram close
behind and on par with the B-Zone, Norra Kärr,
Bokan Mountain, and Kipawa; yet the latter 4
being very low in Nd and Eu and overly weighted in Ty, Dy, and Y. The Montviel and Ngualla
deposits score the lowest.
Of all of these deposits, Ashram is the only one
with proven REE minerals, demonstrated mineral processing, and a deposit type that has produced REEs historically and still does today.
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4. ECONOMICS
You could ask why economics are not the first criteria to be looked at when evaluating an REE deposit. This is a valid question as, in all cases, evaluation comes down to the overall economics of the
project in relation to the product to be produced.
That being said, I have intentionally focussed on
the individual fundamentals of a project (“The
Criteria”) that underpin the overall economic picture, and as having outlined these, it now leads us
to a more practical discussion of economics.
It is important to note that most REE projects do
not have their economics well constrained, or under control, even at the Feasibility level. No entity has built and operated a sizable REE mine in
quite some time, so costs are still more of a question mark than not – and especially for those with
host rock types and ore minerals that have never
been commercially processed before. Therefore,
attention should be used when evaluating the
economics of a project with the focus directed at
the attributes that would allow for costs to be minimised. For example, underground versus openpit (strip ratio?) mining, simple versus complex
mineral processing, which all relates directly to
infrastructure and consumable requirements, etc.
Let’s discuss in more detail.
There are 3 basic levels of evaluation; Preliminary Economic Assessment (PEA), Preliminary
Feasibility Study (PFS), and Feasibility Study (FS).
Each stage serves to further de-risk the project
through increasing levels of scrutiny and study. A
PEA evaluates the potential of economic viability,
whereas the PFS and FS stages indicate if the project is actually economically viable under a base
case scenario. Deliverables include Internal Rate
of Return (IRR), Net Present Value (NPV), and payback. These, in turn, are essentially snapshots in
time of a valuation, and subject to internal massage via the pricing applied to the pay elements
(REEs), i.e. the ‘REE Price Deck’ (a price deck is an
assumption on the future price of a commodity;
similar to a forecast but intended more for internal use than to be made public).
There is wide variability in REE price decks used in
these economic studies, making direct economic
project comparison difficult. Therefore, at the end
of the day, it may be best to simply note strong
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economics when derived from conservative price
decks, or to compare projects by using identical
price decks.
The CAPEX and OPEX of a project always need to
be put into context with respect to the production
scenario (tonnage and mine-life). Further, OPEX
needs to be considered with respect to the endproduct produced, and similarly CAPEX as well.
This is because companies planning on going to
separated oxide end-products will have a considerably higher CAPEX and OPEX relative to their
peers that are choosing to just go to an intermediate end-product (e.g. mixed REO, mixed REC etc.).
This is the result of additional processing facilities, extra technical staff, and extra consumables
to achieve the more refined end-products. However, a more refined product, such as individually
separated REOs, will provide higher revenues and
may be the incentive to commit to such separation challenges. Essentially, it is a pure economic
decision whether to sell a mixed REO, toll separate, or construct and operate an REE separation
facility.
One economic aspect that is commonly overlooked is ‘sustaining CAPEX’. CAPEX is really expressed in 3 ways: ‘initial’ (capital required to attain production), ‘sustaining’ (capital required to
remain in production over the mine-life, including
production ramp-ups), and ‘total’ (initial capital +
sustaining capital).
Often the CAPEX quoted by companies is the initial CAPEX as this is what will bring the deposit
into production. This is a fair reasoning for quoting this number above the others as initial production yields cash flow that can be used to cover
sustaining CAPEX. However, often a review of sustaining CAPEX in conjunction with initial CAPEX
will illustrate a much clearer picture of the project’s financeability and economic robustness over
time.
Let’s take Texas Rare Earth’s Round-Top Deposit
as an example. Their updated PEA, released in December 2013, lists a relatively low initial CAPEX
of $292 million, but with a whopping $553 million in sustaining CAPEX, bringing the total CAPEX
to $845 million. This sustaining CAPEX is nearly
double the initial CAPEX needed to get into production. I interpret 2 main reasons for this. First,
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the company may have decided to defer the majority of the capital expenditures until free cash
flow is achieved yielding a lower initial CAPEX for
start-up (this is also a method of increasing the
NPV); and/or second, the mine is simply a capital intensive operation, i.e. relatively complicated
operation, requiring large levels of cash infusions
to remain operational. Either way, this project is
modeled to require far more capital than most
may realize and is why a good comparative evaluation puts this into perspective.
Quest is another example of a project with a relatively large sustaining CAPEX ($529 million) compared to its initial CAPEX ($1.63 billion). With a
total CAPEX of $2.16 billion over the life-of-mine,
a capital intensive operation is illustrated. I believe that this is a result of one fundamental issue: complex mineralogy resulting in very difficult
mineral processing and metallurgy. Quest’s BZone Deposit has many positive attributes including a good REE distribution, great tonnage, good
jurisdiction, and acceptable grade; however, all
these attributes have to be weighed against CAPEX and OPEX in the end, because without financing, production cannot occur.
Several projects outlined in Table 2 (e.g. Norra
Kärr, Bokan Mountain, Steenkampskraal, and
Ngualla) may be noted as having relatively high
sustaining CAPEX compared to initial CAPEX. This
may either be a result of deferring start-up capital, through possibly incorporating a ramp-up in
production over time, or capital intensive operations above basic operating costs.
It is also important to ask if a project with a relatively low CAPEX has a reasonable mine-life and
production scenario. Many projects that are anticipated to be on the lower end for CAPEX requirements are also the same projects that have
a limited mine-life and low production scenario,
and thus, likely to have a limited contribution to
the market.
Finally, I wish to comment on the economics
of my top pick in the REE space, Commerce Resources Corp.’s Ashram Deposit. Although only a
PEA has been released, it has detailed compellingly robust economics at a sizable production
scenario. Commerce has chosen to quote its total CAPEX ($763 million) and not its initial CAPEX
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($728 million), perhaps as this approach further
highlights the project’s overall robustness that
is second-to-none in my judgement. At only $35
million, the sustaining CAPEX for Ashram is the
lowest of any REE project (listed above in Table
2) and is clearly among the lowest in the entire
REE space. This relates to Ashram’s simple and
straightforward nature (mining methods, consistency in mineralization, mineral processing,
etc.).
Bottom-line:
In the REE space, simple mining methods coupled with consistent, well-known mineralogy,
mineralization, and grade equates to a far more
reasonable mining project to advance in terms of
CAPEX and OPEX requirements (assuming technical challenges have been overcome; in most cases CAPEX will be the main factor for determining if a project may enter production). Finally,
economics should never be ignored; however, it
must always be evaluated with perspective and
in context. Moreover, when evaluating one must
relate the various CAPEX costs (initial, sustaining, and total), and the OPEX in relation to the
end-product produced.
For this criterion, the Norra Kärr Deposit scores
the highest with positive economics using a relatively conservative price deck, whereas the Ashram and Bear Lodge deposits follow closely behind. The Nechalacho and B-Zone deposits score
the lowest with the B-Zone having the highest CAPEX of any project in our ranking.

5. INFRASTRUCTURE
All projects in development will require some
form of additional infrastructure to attain production. This may include power, water, transportation (road/port), as well as processing and
accommodation facilities. Therefore, infrastructure requirements for a project of any commodity, including those in the REE space, should not
be ignored as they cannot be avoided.
In most cases, if the project is strong enough based
on its fundamental attributes, regardless of the
commodity, then infrastructure limitations may
be overcome through increased CAPEX and OPEX.
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This is a balance that needs to be assessed on a
project by project basis as more often than not,
the most promising deposits are not located near
ready infrastructure (i.e. power, road access, water, port, etc.).
Typically, the most capital intensive part of any
REE project is the mineral processing and hydromet infrastructure. Therefore, it is an important aspect to evaluate which deposits will have
simpler processing requirements as those are the
ones likely to have lower capital costs in that regards. However, it is clear that projects closer
to the required base infrastructure (power, water, and transportation) will benefit from a lower
CAPEX in that particular area. Projects that lack
some of those base infrastructure needs may still
be advanced economically if a practical and reasonable development plan is outlined.
For example, Commerce’s Ashram Deposit requires a road of approximately 165-185 km and a
relatively small docking facility. This is not ideal;
however, their development plan is simple, practical, and reasonable with CAPEX partially offset
by the simplicity of the mining methods and mineral processing; resulting in smaller, lower cost
facilities required at the mine site. Commerce
does not try to hide any of these costs through
‘wishful thinking’ of Government financial support. Instead, they chose to assume 100% of the
construction and maintenance costs for the road
in their PEA. I consider this a truly conservative
approach as the Government, and exploration
companies operating in the area, will almost certainly provide financial support for construction
and/or maintenance. This is because the route
would make the region much more accessible for
exploration, and much more attractive for developing other projects into mines, and because it
also forms part of “Plan Nord”, the Quebec Government’s northern development plan that coincides with some of Commerce’s infrastructure
requirements.
In addition, the region where Ashram is located is
host to a large number of promising exploration
projects. This puts added pressure on the Quebec
Government to collaborate with operators in the
area to advance development of the entire region, as outlined in Plan Nord, as this would benefit greatly many projects in addition to Ashram.
www.rockstone-research.com
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Bottom-line:
Mineral processing, metallurgical, and related
facilities are often the most capital intensive
part of an REE project. However, projects close
to base infrastructure (power, water, transportation) will benefit from a lower CAPEX in that
area. It is also important to assess a project’s
infrastructure requirement in relation to their
overall location, but perhaps more importantly,
how practical and reasonable the projects infrastructure development plan is. At the end of the
day, it is always better to be close to good infrastructure than not; however, this is rarely the
decisive factor in an REE projects evaluation.
For this criterion, the Ashram Deposit ranks
low, although it does have a reasonable infrastructure development plan that may benefit
from the potential of Plan Nord. The Norra Kärr
and Bear Lodge deposits rank the highest with
well-established infrastructure in close proximity. The Nechalacho Deposit ranks the lowest as
their infrastructure plan remains unclear due to
modifications to their project scenario after the
release of their FS.

6. JURISDICTION
If an REE deposit has successfully navigated the
first 5 criteria of evaluation, then I suggest a
macro view of jurisdiction be considered next.
Not all mining jurisdictions are equal, and although many may be navigated successfully in
due course, several are downright project killers.
However, as most exploration companies wisely
aim to stay away from difficult jurisdictions, the
issue is generally not a big one, and if so, is typically easy to identify early on.
Probably one of the easiest guides available to
the general public is the Fraser Institute’s “Annual Survey of Mining Companies” that ranks
global mining jurisdictions based on feedback
from the mining and exploration industry. The
Fraser Institute takes into account a number of
policy factors including social acceptability, permitting, skilled workforce, legal system, environmental regulation, tax regime, etc. and is widely
accepted by the industry as a good measure of
“mining friendliness”. Most projects are doing
12
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okay in this category although in general, Africa,
South America, and Asia are more difficult jurisdictions than North America, Australia, and parts
of Europe.

1. It is proprietary technology and in the REE
space that typically means you have no alternative, and that puts you at a large disadvantage out
of the gate.

The situations of Stans Energy Corp.’s Kutessay II
Project in the Kyrgyz Republic (last at #112/112
in the 2013 Fraser ranking) and Pacific Wildcat
Resources Corp.’s Mrima Hill Project in Kenya
(#79/112 in the 2013 Fraser ranking) illustrate
that being located in a favourable jurisdiction
should not be ignored.

2. Free flow electrophoresis is the name of the
general technique being used here, even if the
current variance is “proprietary”, and owned by
Geomega and the operator Dr. Pouya Hajiani. It
is generally thought that electrophoresis is an
expensive technique and so, as all things come
down to costs, it will be of interest to see exactly
what the costs of this process might be.

Bottom-line:
Jurisdiction matters in terms of revenue/profit
from production (tax regime, etc.), approval time
to production (permitting, etc.), and ownership
of the basic mineral and mining rights (administration, etc.). For any project, regardless of commodity, it is worth understanding the risks.
For this criterion, all projects in our ranking are
located in jurisdictions that should allow for advancement to production, albeit at differing levels of “red-tape”. Of note are the Nechalacho and
B-Zone deposits, both of which cross 2 independent jurisdictions in their project scenarios, adding a level of bureaucracy that may increase time
to production and subsequent costs.
The Ashram Deposit is located in Quebec and is
considered a very favourable jurisdiction, ranking
equivalent to Bokan Mountain (Alaska), Kipawa
(Quebec), and Geomega (Quebec).

A SIDE NOTE ON ‘PROPRIETARY TECHNOLOGY’
In the REE space, the word ‘proprietary’ is typically code for “a forced, unconventional route of
mineral processing and metallurgy”. In my opinion, this represents a large red flag and I best advise investors to at least proceed with caution.
Given the material change in stock price related
to the proprietary REE separation technology recently disclosed by Geomega Resources Inc. (see
new releases dated January 15 and February 25,
2014), I would like to break down exactly what
this news really means in my opinion:

www.rockstone-research.com

3. Test results are based on synthetic mixtures
using only a couple REEs, meaning only an ideal mixture is being tested as opposed to actual
mineralized material from a deposit. Further, as
only a couple REEs are in the synthetic mixture
tested, it means the rest of the REEs (that would
naturally be present as well) have theoretically already been removed (i.e. partial REE separation is
inferred to be required prior).
4. Prototype laboratory equipment is used,
which means that it is not only bench scale but
a larger scale is not even possible at this point as
the equipment does not exist (prototype = time
to develop into commercial scale use). Therefore,
this technology could not be included in an economic study until it is developed and GeoMega
has stated it will not be included in its PEA base
case (sees news release dated January 15, 2014).
5. This final point may be the “coup de grâce”, in
that if this technique does work (i.e. a process
that is effective and economic), there is a significant potential that it will be licenced and proven successful when applied to other ore bodies.
Simply put, it really makes no sense at all to suggest that this specific ore body (Montviel) is the
only feed stock that would benefit from this technique. As such, this may then make the process,
as it applies to Geomega, moot. Thus, all that has
been done is to detail a technique that will arguably work better and more economically with any
deposit that has higher grades, better distribution
and larger tonnage.
In conclusion, this technology will most likely not
aid in the development of Geomega’s Montviel Deposit. Although the technology could potentially
13
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benefit the entire REE space, this would likely be
decades away, and the question is raised why after all Montviel – and not other, better deposits –
will use this technology first. In other words: This
may be a breakthrough in technology; however, it
is likely decades away from being commercialized
– if even possible at all.
Further, several readers have commented on why
the Montviel Deposit, located in Quebec, with access via logging roads, has not been discussed in
our past series of articles on the REE space. No
doubt, the Montviel Deposit in an interesting deposit with several positive attributes; however, it
is not far-advanced with no economic studies yet
completed. Although appreciable Nb is present,
it is also an LREE enriched deposit with what appears to be a heavy component separate from the
main ore body without a defined resource, and is
thus best described as only an occurrence. Until
a PEA is completed, the implications of the considerable overburden present over the deposit
remain unclear, and further, it remains to be seen
how the unusual REE mineralogy will process. Additional information on Geomega can be seen in
the above bubble charts, as well as Table 1 and 2.

CONCLUSION
As is evidenced above, the evaluation of an REE
development project is more complicated than
evaluations of projects in more “typical” commodities.
The simple lack of expertise in the space, due to
the small number of producing mines globally,
coupled with the up to 15 pay elements + coproducts (each with their own supply-demand
fundamentals) and misconceptions about what
are the most important factors to be considered –
accompanied with “excellent” marketing and the
significant variance in the REE price decks used
– makes comparative evaluations a truly daunting
task unless put into the proper context.
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All this being said, no single criteria should be taken solely on its own when evaluating the merits
of any particular REE deposit, as there exists an
interdependency that should not be ignored.
The ideal deposit will have favourable attributes
in each criteria (i.e. well-balanced) of mineralogy, tonnage, grade, REE distribution, economics, jurisdiction, and infrastructure; and although
an ‘ideal’ deposit may not exist in the REE space,
there are some promising candidates in the space.
Commerce Resources Corp.’s Ashram Deposit
sticks out clearly as the best candidate to me,
and is thus my top pick in the entire REE space at
this point of time and, as laid out above, in the
foreseeable future.
Below is a summary ranking (Table 1) of the 15
REE deposits evaluated herein, with a detailed attribute breakdown outlined in Table 2 following.
As discussed earlier, these rankings are largely
subjective, and based on qualitative data through
the criteria discussed herein.
I invite our readers to review in detail Tables 1
and 2, and other available information, and arrive
at your own conclusions accordingly.
However, it is clear to me that Commerce Resources’
Ashram Deposit is the most well-balanced of any
REE project and is thus by far the most attractive
REE investment opportunity in the space, which
is also thanks to the market for not (yet) having
recognized it.

In a space that is so poorly understood and so
technically challenging it is essential to stick to a
simple method of comparison that relies on tangible data and historically proven methods.

www.rockstone-research.com
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TABLE 1: A SUMMARY RANKING OF THE REE DEPOSITS EVALUATED HEREIN
CRITERIA OF EVALUATION
(Score out of 10)

(Score out of 8)

(Score out of 6)

(Score out of 4)

(Score out of 3)

(Score out of 2)

Minerals, Mineral Processing, and
Metallurgy

Tonnage and Grade
(Production Scenario)

REE Distribution

Economics

Infrastructure

Jurisdiction

High tonnage,
modest grade,
open-pit (very low strip)

Well-balanced CREO
(modest HREO)

PEA - modest CAPEX,
low OPEX,
high NPV

Reasonable
development plan,
(+Plan Nord)

(3)

(1)

PFS - high total CAPEX,
modest OPEX,
modest NPV

Good access

Rank

Company (Deposit)

1

Commerce Resources Corp.
(Ashram)

Carbonatite, proven REE minerals,
high grade (>40% TREO) mineral concentrate

Peak Resources Ltd.
(Ngualla)

Carbonatite (laterite), proven REE minerals,
low grade mineral concentrate

Frontier Rare Earths Ltd.
(Zandkopsdrift)

Carbonatite (laterite), proven REE minerals,
very low grade mineral concentrate

Rare Element Resources Ltd.
(Bear Lodge)

Carbonatite, proven REE minerals (zonedependent), very low grade mineral concentrate

Tasman Metals Ltd.
(Norra Kärr)

Peralkaline/Granitoid, unproven REE minerals,
extremely low grade mineral concentrate

Great Western Minerals Group Ltd.
(Steenkampskraal)

Hydrothermal/vein, proven REE minerals,
high grade (>40% TREO) mineral concentrate

Greenland Minerals and Energy Ltd.
(Kvanefjeld)

Peralkaline/Granitoid, unproven REE minerals,
low grade mineral concentrate

Arafura Resources Ltd.
(Nolans Bore)

Hydrothermal/vein, unproven REE minerals,
very low grade mineral concentrate

Matamec Exploration Inc.
(Kipawa)

Peralkaline/Granitoid, unproven REE minerals,
extremely low grade mineral concentrate

Namibia Rare Earths Inc.
(Lofdal)

Hydrothermal/vein, proven REE minerals,
low-modest grade mineral concentrate

Quest Rare Minerals Ltd.
(B-Zone)

Peralkaline/Granitoid, unproven REE minerals,
extremely low grade mineral concentrate

Avalon Rare Metals Inc.
(Nechalacho)

Peralkaline/Granitoid, unproven REE minerals,
very low grade mineral concentrate

Ucore Rare Metals Inc.
(Bokan Mountain -Dotson Zone)

Peralkaline/Granitoid, unproven REE minerals,
extremely low grade mineral concentrate

Texas Rare Earth Resources Corp.
(Round-top)

Rhyolite, unproven "REE" minerals,
whole ore processing (no mineral concentrate)

Geomega Resources Inc.
(Montviel)

Carbonatite, unproven REE minerals,
extremely low grade mineral concentrate

2
3
4
5
6
7
8
9
(1)

10

11
12

13
14
15(1)

(10)

(4)

(3)

(3)

(0.5)

(8)

(3)

(2)

(0.5)

(4.5)

(0.5)

(1)

(1)

(0)**

(1)

(7)
High tonnage,
high grade,
open-pit (modest strip)

(8)
Modest tonnage,
modest grade,
open-pit (modest strip)

(6.5)
Modest tonnage,
high grade,
open-pit (high strip)

(4)
High tonnage,
very low grade,
open-pit (low strip)

(2.5)
Extremely low tonnage,
high grade,
underground

(0)*
High tonnage,
low grade,
open-pit (low-modest strip)

(5)
Modest tonnage,
modest grade,
open-pit (high strip)

(5)
low-modest tonnage,
very low grade,
open-pit (low strip)

(2)
Very-low tonnage,
very low grade,
mining method unknown

(1)
High tonnage,
low grade,
open-pit (low strip)

(5)
Modest tonnage (Basal Zone),
modest grade,
underground

(3)
Very-low tonnage,
very low grade,
underground

(0.5)
High tonnage,
extremely low grade,
open-pit (? Strip)

(0)**
High tonnage,
modest grade,
mining method unknown

(2)

(1) Lofdal and Montviel are only at the resource stage (i.e. no economics evaluated so ranking may improve)
* Lack of tonnage (<<1 million tonnes) may preclude this deposit from ranking
** Mineralogy and extremely low grade (~0.06% TREO) may preclude this deposit from ranking

(4.5)
Low CREO
(very low HREO)

(1)
Well-balanced CREO
(modest HREO)

(4)
Modest CREO
(low HREO)

(2)
High HREO
(low Nd, Eu)

(5)
Modest CREO
(very low Eu)

(3)
Modest HREO
(low Nd, extremely low Eu)

(3)
Modest CREO
(low HREO)

(2)
High HREO
(low Nd, Eu)

(5)
High HREO
(extremely low Nd, high Eu)

(4)
High HREO
(low Nd, extremely low Eu)

(4.5)
Well-balanced CREO
(modest-high HREO)

(6)
Well-balanced CREO,
(high HREO)

(5)
High HREO
(very low Nd, Eu)

(3)
Low CREO
(very low HREO)

(1)

(2.5)
PEA - modest-high CAPEX,
high OPEX,
high NPV

(2)
PFS - low CAPEX,
high OPEX,
modest NPV

(3)
PEA - low CAPEX,
modest OPEX,
high NPV

(4)
PEA - low CAPEX,
modest OPEX,
modest NPV

(2.5)
PFS - high CAPEX,
low OPEX,
high NPV

(2)
PFS - high CAPEX,
high OPEX,
high NPV

(1)
FS - low CAPEX,
low-modest OPEX,
low NPV

(1.5)
N/A

(0)
PEA - very high CAPEX,
high OPEX,
high NPV

(0.5)
FS - high CAPEX,
high OPEX,
modest NPV

(0.5)
PEA - low CAPEX,
modest OPEX,
modest NPV

(2)
PEA - modest CAPEX,
low OPEX,
high NPV

(3)

(2.5)

Good
(Quebec)

(1.5)
Caution
(Tanzania)

(0.5)

Good access,
major water issue

Caution
(South Africa)

(2)

(0.5)

Well-established

Great
(Wyoming)

(3)
Well-established

(3)

(2)
Great
(Sweden)

(2)

Good access,
water issues

Caution
(South Africa)

(2.5)

(0.5)

Reasonable
development plan

Good, U issue
(Greenland)

(1.5)

(1)

Good access

Two Jurisdictions
(Australia - NT, SA)

(2.5)
Good access

(2.5)

(1.5)
Good
(Quebec)

(1.5)

Good access,
water issue?

Caution
(Namibia)

(2)

(1)

Reasonable
development plan

Two Jurisdictions
(Quebec, Labrador)

(1)

(1)

Not well defined
(in flux)

Two Jurisdictions
(Northwest
Territories, Louisiana)

(0.5)

Good
(Alaska)

(1.5)

(1.5)

Well-established

Good
(Texas)

N/A

Good access

(0)

(2.5)

27.0

18.5

18.0

17.0

17.0

16.5

15.5

14.0

13.0

12.5

12.5

12.0

(1)

Reasonable
development plan

(3)

Total Score

(1)
Good
(Quebec)

(1.5)

Disclosure: The summary information and rankings noted in Table 1 are based on the author’s
interpretation of publically disclosed information, and his subsequent opinion.
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10.0

8.0

TABLE 2: ATTRIBUTE COMPARISON OF THE REE DEPOSITS EVALUATED HEREIN

Company Name

MINE ATTRIBUTES
MINERAL PROCESSING AND METALLURGY

Matamec
Exploration Inc.

Namibia Rare
Earths Inc.

Quest Rare
Minerals Ltd.

Avalon Rare
Metals Inc.

Ucore Rare
Metals Inc.

Texas Rare Earth
Resources Corp

Geomega
Resources Inc.

FRO (TSX)

RES (TSX)

TSM (TSX-V)

GWG (TSX-V)

GGG (ASX)

ARU (ASX)

MAT (TSX-V)

NRE (TSX-V)

QRM (TSX)

AVL (TSX)

UCU (TSX-V)

TRER (OTCQX)

GMA (TSX-V)

Zandkopsdrift

Bear Lodge

Norra Kärr

Steenkampskraal

Kvanefjeld

Nolans Bore

Kipawa

Lofdal

B Zone

Nechalacho

Bokan Mtn.
(Dotson Zone)

Round Top

Montviel

Canada (QC)
(#21, Fraser Institute)

Tanzania
(#62, Fraser Institute)

South Africa
(#64, Fraser Institute)

USA (WY)
(#5, Fraser Institute)

Sweden
(#1, Fraser Institute)

South Africa
(#64, Fraser Institute)

Greenland
(#23, Fraser Institute)

Australia (NT, SA)
(#13, #11, Fraser Institute)

Canada (QC)
(#21, Fraser Institute)

Namibia
(#34, Fraser Institute)

Canada (QC, NL)
(#21, #9, Fraser Institute)

Canada (NWT), USA (LA)
(#29, #NA Fraser Institute)

USA (AK)
(#22, Fraser Institute)

USA (TX)
(#NA, Fraser Institute)

Canada (QC)
(#21, Fraser Institute)

Requires ~165-185 km
road, dock, boat

Road access
(requires ~80 km of
upgrades)

Good access, requires
desalination plant

Access to established
infrastructure

Access to established
infrastructure

Existing mine infrastructure,
water may be issue

High north, some local
infrastructure, 7 km to
tidewater, U mining still issue

10 km from highway

Access by network of
logging roads

Good road access,
water supply issue?

Requires ~168 km road,
port, boat, QC+NL
jurisdiction

Requires barging ~170 km,
3 facility sites, etc.

Remote island,
adjacent deep water
access

Road access with railway
~5 km away

Access by network of
logging roads

Carbonatite

Carbonatite
(Laterite)

Carbonatite
(Laterite)

Carbonatite

Peralkaline/
Granitoid

Hydrothermal/
Vein

Peralkaline/
Granitoid

Hydrothermal/
Vein

Peralkaline/
Granitoid

Hydrothermal/
Vein

Peralkaline/
Granitoid

Peralkaline/
Granitoid

Peralkaline/
Granitoid

Rhyolite Intrusion

Carbonatite

Open-pit
(0.19:1 strip ratio)

Open-pit
(2.23:1 strip ratio)

Open-pit
(8.7:1 strip ratio)

Open-pit
(0.85:1 strip ratio)

Underground

Open-pit
(1.1:1 strip ratio)

Open-pit
(5.7:1 strip ratio)

Open-pit
(0.94:1 strip ratio)

n/a

Open-pit
(0.92:1 strip ratio)

Underground

Underground

Open-pit
(?:1 strip ratio)

n/a

4,000 t/d

~900 t/d
(330,407 t/yr)

~3,500 t/d
(1.0 Mt/yr)

885 t/d

4,100 t/d

165 t/d

~20,000 t/d
(7.2 Mt/yr)

~4,000 t/d
(1.5 Mt/yr)

3,650 t/d

n/a

~9,611 t/d
(2.6 Mt/yr)

2,000 t/d

1,500 t/d

20,000 t/d

n/a

350

?

288 (process plant)
365 (seperation plant)

360

365

?

?

?

361 (mine)
365 (mill)

n/a

270

365

360

365

n/a

25 yrs

58 yrs

20 yrs

19 yrs

40 yrs

12 yrs
(including tailings)

33 yrs

20-22 yrs

15.2 yrs (incl. 0.5 yrs for
stockpile reclaiming)

n/a

30 yrs
(24 yrs mining + 6 yrs
stockpiles)

20 yrs

11 yrs

20 yrs

n/a

(1)

Deposit Type
Mining Method
Mined Ore Processed Per Day
Operating Days Per Year

(2)

REE Mineralogy (Primary)

REE Mineralogy (Secondary)

Primary REE Mineral(s) Dominate
Commercial Processing
(Present/Past)
Mineral Concentrate or
Whole Ore Processing
Able to Produce Mineral
Concentrate of >30% TREO
Currency
Level of Study Completed
Standard of Disclosure
Pre-tax NPV (Discount Rate)
Pre-tax IRR

Open-pit
(3:1 strip ratio)

YES

YES

YES

YES

Potentially

NO

YES

YES

NO

n/a

YES

YES

NO

YES

n/a

1.8%

4.5%

2.89%

3.6%

0.6%

12.8%

1.2%

2.60%

0.4%

0.6%

0.9%

1.7%

0.5%

0.06%

1.45%

One dominant

One Dominant

One Dominant

Zone Dependent

One dominent

One Dominant

One Dominant

Several

Several

One Dominant

Many

Many

Many

Many

Several

Monazite (97%)

Bastnaesite-ParasiteSynchesite (Oxide and OxideCarbonate Zones), Ancylite
(Unoxidized and Transitional
zones)

Eudialyte (>75%)

Monazite (91%)

Steenstrupine

Fluorapatite > Allanite

Eudialyte (60%)

Xenotime

Kainosite, Gerenite,
Gadolinite, Gittensite

Allanite, Zircon

Zircon (29%), Allanite
(21%)

Fluorite (Yttrofluorite,
Cerofluorite, Yttrocerite)

Haunghoite, Cebaite

Catapleiite (<25%)

Alanite, Xenotime

Vitusite, Britholite

Monazite, Crandallite,
Bastnaesite, others

Mosandrite (25%),
Britholite (15%)

Aeschynite (Y) with
minor Bastnaesite,
Parisite, Synchysite,
Monazite

Unclear (Allanite?)

Monazite, Synchysite,
Fergusonite, Bastnaesite

Cerite, Kainosite, REECa-Y silicate, Limoriite(Y), Y-Fe-Ca-REE
silicate, Th (U)
Mineral, Synchysite(Y), Bastnaesite,
Xenotime,
Fergusonite,
Monazite, Pyrochlore,
Ti-Y-Fe-REE oxide

Five others in unknown
amounts

Qaqarssukite

Monazite (>85%)

Bastnaesite

Bastnaesite, Xenotime,
Aeschynite (trace)

Monazite (trace),
Cerianite (trace)

Crandallite

Monazite, Cerianite (Oxide
and Oxide-Carbonate
Zones), BastnaesiteParisite-Synchesite and
Monazite (Unoxidized and
Transitional zones)

YES

YES

YES

Zone Dependent

NO

YES

NO

NO

NO

YES

NO

NO

NO

NO

NO

Mineral Concentrate
(43.7% TREO)

Mineral Concentrate
(16.9% TREO)

Mineral Concentrate
(7.8% TREO)

Mineral Concentrate
(5.7% TREO)

Mineral Concentrate
(1.9% TREO)

Mineral Concentrate
(41% TREO)

Mineral Concentrate
(15.4% TREO)

Mineral Concentrate
(5.6% TREO)

Mineral Concentrate
(0.8% TREO)

Mineral Concentrate
(19.8% TREO)

Mineral Concentrate
(~2.4% TREO)

Mineral Concentrate
(7.1% TREO)

Mineral Concentrate
(1.3% TREO)

Whole Ore

Mineral Concentrate
(2.1% TREO)

YES (40+%)

NO

NO

NO

NO

YES (40+%)

NO

NO

NO

NO

NO

NO

NO

NO

NO

CAD

USD

USD

USD

USD

CAD

USD

AUD

CAD

-

CAD

CAD

USD

USD

-

PEA
(Q2 2012)

FS
(Q1, 2014)

PEA
(Q1 2012)

PFS
(Q2 2012)

PEA
(Q3 2013)

PEA
(Q4 2012)

PFS
(Q2 2012)

PFS + Qtrly Updates
(Q4 2007)

FS
(Q3 2013)

Resource

PEA
(Q2 2014)

FS
(Q2 2013)

PEA
(Q4 2012)

PEA
(Q4 2013)

Resource

NI 43-101

JORC

NI 43-101

NI 43-101

NI 43-101

NI 43-101

JORC

JORC

NI 43-101

NI 43-101

NI 43-101

NI 43-101

NI 43-101

NI 43-101

NI 43-101

$2,318 M (10%)

$1,351 M (10%)

$4,340 M (11%)

$ 1,271 M (10%)

$1,905 M (8%)

$855 M (10%)

$4,631 M (10%)

$4,324 M
(10%, after tax)

$260 M (10%)

n/a

$1,416 M (10%)

$1,351 M (10%)

$577 M (10%)

$1,474 M (10%)

n/a

44%

41%

58%

48%

53%

66%

32%

30% (after tax)

22%

n/a

20%

23%

43%

69%

n/a

Pre-tax Payback Period

2.3 yrs

~3 yrs

2 yrs

2.1 yrs

2.3 yrs

2.5 yrs

3 - 4 yrs

4 yrs

3.9 yrs

n/a

5 yrs

6.3 yrs

2.3 yrs

1.5 yrs

n/a

CAPEX (Initial)

$728 M

$367.1 M

$1,079 M

$334 M

$266.0 M

$186 M

$1,535 M

$1,504 - ≥$1,912 M

$374.4 M

n/a

$1,631 M

$1,453 M

$221 M

$292 M

n/a

CAPEX (Sustaining)

ECONOMICS

Arafura Resources
Ltd.

Ngualla

# of REE Mineral
Associations/Contributions

CAPEX (Total)
OPEX
$/kg TREO
(3)

Greenland Minerals
and Energy Ltd.

PEK (ASX)

Approximate Grade (TREO)

BASKET PRICE

Great Western
Minerals Group
Ltd.

Ashram

Mine-Life

$35 M

$870 M?
($15 M /yr over LOM)

?

$70 M

$217.1 M

$126 M

?

?

$37.7 M

n/a

$529 M

$122 M

$145 M

$553 M

n/a

$763 M

$1237.1 M?

>$1,079 M

$404 M

$483.1 M

$312 M

≥$1,535 M

$1,504 - ≥$1,912 M

$412.1 M

n/a

$2,160 M

$1,575 M

$366 M

$845 M

n/a

$95/t
($8/kg REO produced)

($12/kg REO produced)

$253/t
($13/kg REO Produced)

$194/t

$51/t
($11/kg REO produced)

$145/t
($13/kg REO produced)

$55/t ?
($8/kg REO produced)

~$227-$274/t
($17-21/kg REO produced)

$59/t
($22/kg REO produced)

n/a

$232/t
($34/kg REO produced)

$362/t

$123/t

$15/t

n/a

$38 (MHREO)
$30 (Main)

$27

$33

$33

$52

$32

$28

$32

$47

$75

$49 (Enriched)
$44 (Granite)

$46 (Basal)
$38 (Upper)

$52

$50

$27

(4)

$27 (MHREO)

($/kg CREO) / ($/kg TREO)
(Expressed as a %)

71% (MHREO)

$/kg CREO

$19 (Main)
64% (Main)

$16

$23

$22

$44

$20

$18

$20

$39

$71

$42 (Enriched)
$36 (Granite)

$26 (Upper)

$44

$45

$16

60%

68%

66%

86%

65%

65%

63%

82%

95%

86% (Enriched)
81% (Granite)

77% (Basal)
70% (Upper)

$36 (Basal)

84%

91%

59%
$22

$/kg LREO(5)

$22 (MHREO)
$21 (Main)

$21

$20

$22

$13

$22

$18

$25

$16

$3

$12 (Enriched)
$15 (Granite)

$21 (Basal)
$23 (Upper)

$16

$7

$/kg MREO

(6)

$9 (MHREO)
$5 (Ashram)

$4

$7

$7

$5

$2

$2

$4

$5

$11

$3 (Enriched)
$3 (Granite)

$7 (Basal)
$6 (Upper)

$5

$1

$4

$/kg HREO

(7)

$7 (MHREO)
$3 (Ashram)

$1

$6

$3

$33

$7

$9

$3

$26

$60

$34 (Enriched)
$26 (Granite)

$19 (Basal)
$9 (Upper)

$31

$41

$1

Separated REO

Mixed REC

1. Mixed REC
2. Zr concentrate

n/a

Separated REO

1. Enriched Zr concentrate
(Zr, Ta, Nb, HREO)
2. Separated REO

Separated REO

Product(s) to be Produced

Light

Tasman Metals
Ltd.

CCE (TSX-V)

Tonnage for Additional Mine-life

PRODUCTION

Rare Element
Resources Ltd.

Stock Ticker

Logistics/Infrastructure

Middle

Frontier Rare
Earths Ltd.

Deposit Name
Jurisdiction

Heavy

Peak Resources
Commerce
Resources Corp.
Ltd.

Average Estimated Life-of-mine
Production
(Expressed in REO tonnes/year)
La Oxide (t/yr)
Ce Oxide (t/yr)
Pr Oxide (t/yr)
Nd Oxide (t/yr)
Sm Oxide (t/yr)
Eu Oxide (t/yr)
Gd Oxide (t/yr)
Tb Oxide (t/yr)
Dy Oxide (t/yr)
Ho Oxide (t/yr)
Er Oxide (t/yr)
Tm Oxide (t/yr)
Yb Oxide (t/yr)
Lu Oxide (t/yr)
Y Oxide (t/yr)
FINAL RANK

Mixed REC or REO

1. Nd-Pr oxide
2. Mixed MREO+HREO
3. La
4. Ce

Separated and Mixed REO

1. Uranium Oxide
2. HREO hydroxide
3. Mixed REC
4. LREE carbonate
5. Zinc sulphide concentrate

1. Ce Oxide
2. La Oxide
3. Didymium (Nd+Pr Oxide)
4. Mixed HREO (Tb-Y)
5. Mixed MREO (Sm, Eu, Gd)
6. Gypsum?, U oxide?,
Phosphate?

1. HREE chloride
concentrate
2. LREO concentrate

1. Mixed REC (La-Gd)
2. Separated HREO (TbLu+Y)

n/a

16,852 t/yr

~10,000 t/yr

20,000 t/yr

9,433 t/yr

6,637 t/yr

4,680 t/yr

40,800 t/yr

20,000 t/yr
(upon ramp-up)

3,653 t/yr

n/a

~10,423 t/yr

9,286 t/yr

1828 t/yr

~3,325 t/yr

n/a

4'144

3'042

5'083

not disclosed

668

993

not disclosed

not disclosed

523

n/a

1'287

1'381

183

97

n/a

8'833

not disclosed

1503

2131

not disclosed

1'018

7'717
820

4'542

not disclosed

n/a

2'975

3'024

554

366

n/a

910

not disclosed

191

243

not disclosed

not disclosed

127

n/a

331

381

68.9

58

n/a

3'154

not disclosed

755

837

not disclosed

not disclosed

469

n/a

1'145

1'529

267

166

n/a

395

462

not disclosed

199

130

not disclosed

not disclosed

110

n/a

281

343

70

64

n/a

96

118

not disclosed

25

2

not disclosed

not disclosed

14

n/a

16

48

7

1

n/a

236

288

not disclosed

211

84

not disclosed

not disclosed

112

n/a

283

353

71

53

26

34

not disclosed

42

10

not disclosed

not disclosed

21

n/a

63

59

12

22

n/a

106

154

not disclosed

283

43

not disclosed

not disclosed

141

n/a

419

324

81

198

n/a

not disclosed

2'872

2'240

245

not disclosed

56

not disclosed

180

not disclosed

25

not disclosed

31

n/a

92

60

14

50

n/a

not disclosed

not disclosed

95

n/a

277

161

35

218

n/a

27

not disclosed

not disclosed

14

n/a

42

22

4

41

n/a

not disclosed

not disclosed

9

n/a

35

18

2

49

n/a

2307

180

not disclosed

not disclosed

890

n/a

2'928

1'454

435

1'645

n/a

5

6*

7

8

9

10

11

12

13

14**

15

~90

150

not disclosed

25

440

814

not disclosed

3

4

not disclosed

1

2

167

not disclosed

not disclosed

79

n/a

250

130

23

346

Disclosure: All information presented is sourced from each company’s public disclosure and, as such, must be reviewed and signed-off by a Qualified Person, or equivalent, at the time of such disclosure. Specific attention has been given to Technical
Reports (resource, PEA, PFS, FS) of the relevant Standard for Disclosure (e.g. 43-101, JORC). Subsequent news release disclosure regarding modification to the project description (i.e. scenario) has typically not been incorporated, unless data is unavailable
otherwise, as the affect(s) on economics and overall production scenario are generally not disclosed. www.rockstone-research.com
(1) Fraser Institute Annual Survey of Mining Companies (2013)
(2) Total Rare Earth Oxide (TREO) = Ce 2 O3 + La 2 O3 + Pr2 O3 + Nd2 O3 + Eu2 O3 + Sm2 O3 + Gd2 O3 + Tb2 O3 + Dy2 O3 + Ho2 O3 + Er2 O3 + Tm2 O3 + Yb2 O3 + Lu2 O3 + Y2 O3
(3) Based on December 2013 REO prices with Basket Price sourced from Technology Metals Research, LLC (http://www.techmetalsresearch.com/)
(4) Critical Rare Earth Oxide (CREO) = Nd2 O3 + Eu2 O3 + Tb2 O3 + Dy2 O3 + Y2 O5
(5) Light Rare Earth Oxide (TREO) = Ce 2 O3 + La 2 O3 + Pr2 O3 + Nd2 O3
(6) Middle Rare Earth Oxide (TREO) = Eu2 O3 + Sm2 O3 + Gd2 O3
(7) Heavy Rare Earth Oxide (TREO) = Tb2 O3 + Dy2 O3 + Ho2 O3 + Er2 O3 + Tm2 O3 + Yb2 O3 + Lu2 O3 + Y2 O3

n/a

Note: Lofdal and Montviel are only at the resource stage (i.e. no economics evaluated so ranking may improve)
* Lack of tonnage (<<1 million tonnes) may preclude this deposit from ranking
** Mineralogy and extremely low grade (~0.06% TREO) may preclude this deposit from ranking

n/a
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01/17/2014

Direct link to live chart
(15 min. delayed):
http://scharts.
co/1eXc6Vt

Direct link to
live chart
(15 min. delayed):
http://scharts.
co/1eXbG1o

www.rockstone-research.com
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DISCLAIMER & FURTHER INFORMATION

01/17/2014

On March 20, 2014, Commerce Resources Corp. announced the start of a winter drill program at the Ashram Deposit in Quebec:
“The six to eight week drill program will include 1,000 to 1,500 metres of drilling targeting the Ashram Rare Earth Deposit.
Drilling will focus on infill holes over Centre Pond in order to increase the confidence level of existing resources from the current inferred category to the indicated and/or measured categories. It is anticipated that the current winter drill program will
be sufficient to fully define the heavy rare earth enrichment of the Middle and Heavy Rare Earth Element Oxide („MHREO“)
Zone at the indicated or measured level, although this cannot be confirmed until a resource update is completed. The MHREO
Zone is a unique section of the Ashram Deposit in that it has significant enrichment in the middle and heavy rare earth oxides, it is central to the overall deposit, it extends from surface to depths exceeding 178 metres, and is therefore anticipated
that this material will be the focus of early development activities. The winter drill program follows the successful 2013 drill
campaign at the Ashram Deposit that targeted land based holes, in which, additional rare earth mineralization was intersected where waste had been modelled in the current resource and where high grade zones of up to 2.48% Total Rare Earth
Oxide (“TREO“) were intersected (see news release dated January 10, 2014).The Ashram Deposit has currently, based on 57
holes and 16,868 metres drilled, a measured and indicated resource of 29.3 million tonnes at 1.90% TREO and an inferred resource of 219.8 million tonnes at 1.88% TREO (see news release dated May 24, 2012) entitled Commerce Resources Corp. Reports Robust Economics from Preliminary Economic Assessment for the Ashram Rare Earth Element Deposit, Northern Quebec.“

www.rockstone-research.com
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DISCLAIMER & FURTHER INFORMATION

01/17/2014

Disclaimer and Information on Forward Looking Statements:
All statements in this report, other than statements of historical fact should be considered
forward-looking statements. Much of this report is comprised of statements of projection. Statements in this report that are forward looking include that rare earth element prices are expected
to rebound; that Commerce Resources Corp. can and will start developing its projects into a
mine; that exploration has or will discover a mineable deposit. These statements involve known
and unknown risks, uncertainties and other factors that may cause actual results or events to
differ materially from those anticipated in these forward-looking statements. Risks and uncertainties respecting mineral exploration companies are generally disclosed in the annual financial
or other filing documents of Commerce Resources Corp. and similar companies as filed with the
relevant securities commissions, and should be reviewed by any reader of this report. In addition, with respect to Commerce Resources Corp., a number of risks relate to any statement of
projection or forward statements, including among other risks: the receipt of all necessary approvals; the ability to conclude a transaction to build the mine; uncertainty of future production, capital expenditures and other costs; financing and additional capital requirements for
exploration, development and construction of a mine; the receipt in a timely fashion of further
permitting for its projects; legislative, political, social or economic developments in the jurisdictions in which Commerce Resources Corp. carries on business; operating or technical difficulties in connection with mining or development activities; the ability to keep key employees and
operations financed.There can be no assurance that such statements will prove to be accurate,
as actual results and future events could differ materially from those anticipated in such statements. Accordingly, readers should not place undue reliance on forward-looking information.
Rockstone and the author of this report do not undertake any obligation to update any statements made in this report.

Disclosure of Interest and Advisory Cautions:
Nothing in this report should be construed as a solicitation to buy or sell any securities mentioned. Rockstone, its owners and the author of this report are not registered broker-dealers or
financial advisors. Before investing in any securities, you should consult with your financial advisor and a registered broker-dealer. Never make an investment based solely on what you read in
an online or printed report, including Rockstone’s report, especially if the investment involves
a small, thinly-traded company that isn’t well known. The author of this report is paid by Zimtu
Capital Corp., a TSX Venture Exchange listed investment company. Part of the author ’s responsibilities at Zimtu is to research and report on companies in which Zimtu has an investment. So
while the author of this report is not paid directly by Commerce Resources Corp., the author ’s
employer Zimtu will benefit from appreciation of Commerce Resources Corp.’s stock price. In
addition, the author and/or Rockstone own shares and/or stock option of Commerce Resources
Corp. and would benefit from volume and price appreciation of its stock. In some cases, the companies the author features have one or more common directors with Zimtu Capital Corp. Rockstone’s and the author ’s views and opinions regarding the companies we feature in our reports
are our own views and are based on information that we have received, which we assumed to
be reliable. We have not undertaken independent due diligence of the information we received.
Rockstone and the author of this report do not guarantee the accuracy, completeness, or usefulness of any content of this report, nor its fitness for any particular purpose. Lastly, we do not
guarantee that any of the companies mentioned in our reports will perform as we expect, and
any comparisons we have made to other companies may not be valid or come into effect. Unless
not disclosed differently, pictures used in this article are sourced from www.shutterstock.com.
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