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ABSTRACT

Disruption in critical minerals supply chains has resulted
in the evaluation of various types of mineral deposits for
critical minerals potential. Much of the study on critical
minerals focuses on occurrence and characterization, but
little research has addressed what concentrations of criti-
cal minerals in a mineral deposit are required to make an
exploration target into an operating mine. Understanding
the cut-off grades of ore deposits being actively mined is
one criterion to determine if concentrations in an explo-
ration target are high enough. Cut-off grade is defined as
the minimum amount of mineral contained in a ton of ore
that is sent to the processing plant. Among many factors,
cut-off grade depends upon the size and type of the deposit
and mining operation, the processing technique, and mar-
ket prices. This research does not aim to define cut-offs for
determining if a mineral deposit is economic. Rather, it
defines estimates of concentrations of critical minerals that
could be considered good enough for further exploration.
For example, ~2% total rare earth oxide (TREO) is the cut-
off grade for Mt. Pass carbonatite, but 500 ppm TREO
could be an exploration target for coals.

INTRODUCTION
According to United States Geological Survey (USGS), a

critical mineral is one that is essential to the economic well-
being of a nation and whose supply may be disrupted due
to geological, geopolitical, or environmental factors (Nassar
et al., 2020). For example, rare earth elements (REEs) are
critical to the production of electrical vehicles (EV) motors
as well as wind turbines, yet the global share of China rose
to over 95% in 2010 (IEA, 2021), since when its pro-
duction quota has fallen to nearly 70% in 2023 (Statista,
2023). This and similar situations with many of the critical
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minerals raise deep global concerns about supply chain vul-
nerabilities (Bauer et al., 2011).

Critical minerals find uses in the production of renew-
able energy, electronics, agricultural products, and com-
mon household items (McLemore, 2020). As consumption
and demand for critical minerals keep rising, efficient
exploration strategies for assessing the viability of mineral
deposits are necessary to ensure sustainable supply. One key
approach is the application of cut-off grade as a fundamen-
tal concept in mineral exploration projects. Cut-off grade
refers to the minimum concentration of minerals required
to justify further exploration efforts based on factors such
as, type and size mineral deposit, mining and processing
technologies, associated by-products/co-products and the
market price of these minerals.

Typically, economic cut-off grades are used to deter-
mine whether a mineral deposit can be mined profitably.
However, this paper focuses on preliminary cut-off grades
needed to establish whether critical minerals within a
deposit are high enough to justify further exploration and
detailed evaluations. By comparing mineral deposit grades,
size, production and extraction technology, and other eco-
nomic factors with established and active mines, explora-
tion teams can estimate cut-off grades that justify further
exploration.

CRUSTAL ABUNDANCE

Crustal abundance refers to the average concentration of an
element within the Earth’s crust. Concentrations of com-
mon elements may be expressed in percent, while trace ele-
ments are usually expressed in parts per million (ppm) or
even parts per billion (ppb). In mineral exploration, crustal
abundance values serve as way to compare how enriched
or depleted a particular element is within the Earth’s crust.




By comparing crustal abundance to an element’s concentra-
tion within a deposit, exploration geologists can begin to
set thresholds to identify anomalous targets. Such anoma-
lies also suggest geological processes that concentrated these
elements, forming potential mineral deposits (Moon et al.,
2006). Table 1 and Figure 1 show the concentration of trace
elements (ppm, except where noted) within the upper con-
tinental crust, compiled from Rudnick and Gao (2003),
Hu and Ga o (2008), and Park et al. (2012).

CUT-OFF GRADE IN MINERAL
EXPLORATION

Understanding the cut-off grades of mineral deposits being
actively mined is one criterion to determine if concentra-
tions in an exploration target is high enough. Unlike eco-
nomic cut-off grade which determines whether a mineral
deposit is profitable to mine, preliminary cut-off grade
attempts to assess the potential viability of a mineral deposit
in its exploration stage. This is necessary for exploration
teams to determine whether to allocate more resources for
further exploration work based on how the project com-
pares with metrics from similar existing projects in active
production.

DETERMINANTS OF CUT-OFF GRADE

The size (tonnage) of a mineral deposit plays a key role in
defining cut-off grade. Large deposits will generally give
more flexibility to mine lower grades due to economies of
scale, which could make lower grade deposits with large
tonnages economically viable. Conversely, small deposits
require higher cut-off grades in ensuring profitability due
to cost in mining and processing smaller volumes of ore.
Variations in mining and processing methods also
affect cut-off grades of different mineral deposit types.
Brine lithium deposits, such as Salar del Hombre Muerto
in Argentina and Salar de Atacama in Chile, both contain
lithium in saline groundwater, which generally rely on solar
evaporation to concentrate lithium over time. Lithium-
bearing pegmatites contain lithium as spodumene or other
lithium minerals where traditional mining and processing
techniques are required to exploit the deposit. Due to the
lower cost associated with brine deposits, they generally have
lower cut-off grades, ~200 mg/L (Zheng, MD, et al., 2023),
while pegmatite lithium deposits require higher cut-off
grades between 0.4% and 1.0% Li,O (Patriot, 2023; SEC,
2023) due to high cost of mining and processing of the ore.
Additionally, the cut-off grade of a mineral deposit
is affected primarily by the economic value of its associ-
ated by-products and co-products. For instance, niobium,
uranium, or zirconium can be recovered as byproducts in

some REE deposits. These byproducts tend to increase the
profitability of the deposit and can reduce the cut-off grade
of the primary REE. The Bayan Obo deposit is the world’s
largest REE resource and also contains iron and niobium as
co-products. Revenues from the iron ore production ulti-
mately subsidize the REE production cost, thereby reduc-
ing the economic burden on REE extraction (Castor &
Hedrick, 2006)

METHODOLOGY

In determining the cut-off grade of critical minerals for fur-
ther exploration work, a review of minerals deposits of active
operating mines of either the same or similar types were
conducted. These deposits were classified into three cat-
egories (low, medium, and high targets) based on their eco-
nomic cut-off grades. The classification serve as benchmark
for establishing thresholds for exploration cut-off grades.
Exploration grade thresholds are set at least 90% of the low-
est cut-off grade observed in operating mines of similar or
comparable deposits. By benchmarking to known operating
grades, this ensures exploration efforts align with realistic
economic and operational standards thereby minimizing the
risk of pursuing sub-economic grades (Rendu, 2014).

COMPARISON WITH EXISTING
MINERAL DEPOSITS

In determining the exploration cut-off grade for critical
minerals, it is essential to compare prospective deposits
with known operating mines of either the same or similar
deposits. This process of benchmarking will help set realis-
tic expectations for determining cut-off grades reasonable
enough to justify further exploration.

For instance, the Mountain Pass mine, which is among
the most significant REE deposits in the world, is a car-
bonatite-hosted REE deposit with TREO cut-off grade
between 2—-3% (SEC, 2021) and an average grade of ~-8%
(NS Energy, 2020). The Bayan Obo deposit in China is
the largest REE deposit in the world, accounting for about
70% of global REE production (Statista, 2023). It is also
a carbonatite-hosted deposit with an average grade of ~5%
TREO (Castor & Hedrick, 2006). While its TREO cut-off
grade is not explicitly stated, it is expected to be lower than
that of the Mountain Pass deposit. Comparatively, similar
deposits with TREO cut-off grade around 1% may be con-
sidered significant, particularly when sustained by favorable
recovery rates and large-scale operations.

Lithium deposits occur either as brine or pegmatite
deposits whose concentration of lithium is usually reported
as Li,O% for pegmatite deposits or milligrams per liter
(mg/L) in brine deposits. Salar de Atacama mine in Chile is




one of the largest and highest-grade brine lithium deposit
in the world with ~800 mg/L cut-off grade (SEC, 2023).
According to a 2023 SEC pre-feasibility study for the Silver
Peak lithium operation in Nevada, a cut-off grade of ~50
mg/L has been adopted for several lithium brine projects in
North America. Setting an exploration cut-off grade of ~50
mg/L for a brine deposit could still be considered prospec-
tive, particularly with improved extraction technology.

The Greenbushes Mine in Australia, which is the larg-
est and highest grade pegmatite lithium deposit has between
0.5-0.7% Li,O (SEC, 2023). Similar projects with cut-off
grades around 0.4% Li,O might still be considered attractive
for further exploration, depending on deposit size, mining
and processing methods as well as other economic factors.

PRELIMINARY CONCLUSION

Incorporating established cut-off grade (as benchmarks)
into mineral exploration strategies can enhance the effec-
tiveness of target prioritization and increase the chances of
successful mines. This approach can be achieved by catego-
rizing deposits of active mines into low, medium, and high
targets based on their cut-off grades, which provide a struc-
tured framework for exploration.

By regularly updating benchmarking data to reflect
evolving market conditions, operational costs, and techno-
logical advancements, exploration grades can be set at 90%
of the lowest cut-off grade of operating mines to ensure that
potential deposits compares with operational thresholds.
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APPENDIX I

Table 1. Concentration of trace elements (ppm, except where noted) within the upper continental crust —
compiled from Rudnick and Gao (2003), Hu and Gao (2008), and Park et al. (2012)

Element Peucker- )
(ppm, Shaw etal. | Eade a.nd Condie |Gaoetal.| Simset Plank anvd Eherenbrink Taylor and Wedepohl Rudnick Hu and Park et [Recommended
unless (1967, Fahrig (1993) (1998) |al. (1990) Langmuir and Jahn MecLennan (1995) and Gao Gao (2008) | al. (2012) [ values (ppm)
1976) (1973) (1998) (1985, 1995) (2003)
noted) (2001)
Li 22 20 20 21 41 41
Be 1.3 1.95 3 3.1 2.1 1.9 1.9
B 9.2 28 15 17 17 47 47
N 83 83 83
F 500 561 611 557 557
S 600 309 953 621 621
cl 100 142 640 370 370
Sc 7 12 13.4 15 13.6 14 14
V 53 59 86 98 107 97 106 106
Cr 35 76 112 80 85 92 73 73
Co 12 18 17 17 17.3 15 15
Ni 19 19 60 38 44 47 34 34
Cu 14 26 32 25 28 27 27
Zn 52 60 70 71 67 75 75
Ga 14 18 17 17.5 18.6 18.6
Ge 1.34 1.6 1.4 14 1.3 1.3
As 4.4 5.1 1.5 2 4.8 5.7 5.7
Se 0.15 0.05 0.083 0.09 0.09
Br 1.6 1.6 1.6
Rb 110 85 83 82 112 110 84 94 94
Sr 316 380 289 266 350 320 320
Y 21 21 24 17.4 22 21 21
Zr 237 190 160 188 190 193 193
Nb 26 9.8 12 13.7 12 12 11.6 11.6
Mo 0.78 1.2 1.5 1.4 1.1 0.6 0.6
Ru (ppb) 0.34 0.34 0.03 0.000003
Rh (ppb) 0.018 0.0000018
Pd (ppb) 1.46 0.52 0.5 0.52 0.526 0.0000526
Ag (ppb) 55 50 55 53 0.0053
Cd 0.075 0.079 0.098 0.102 0.09 0.06 0.06
In 0.05 0.061 0.056 0.066 0.066
Sn 1.73 5.5 2.5 2.1 2.2 2.2
Sh 0.3 0.45 0.2 0.31 0.4 0.075 0.075
Te 0.027 0.027
1 1.4 1.4 1.4
Cs 3.55 7.3 4.6 5.8 4.9 4.9
Ba 1070 730 633 678 550 668 624 624
La 32.3 71 28.4 34.8 30 31 31
Ce 65.6 57.5 66.4 64 63 63
Pr 7.1 6.3 7.1 7.1
Nd 25.9 25.6 30.4 26 27 27
Sm 4.61 4.59 5.09 4.5 4.7 4.7 4.7
Eu 0.937 1.05 1.21 0.88 0.95 1 1
Gd 4.21 3.8 2.8 4 4
Tb 0.481 0.66 0.82 0.64 0.7 0.7
Dy 2.9 3.5 3.9 3.9
Ho 0.62 0.8 0.83 0.83
Er 2.3 2.3 2.3
Tm 0.33 0.3 0.37 0.37
Yb 1.47 1.91 2.26 2.2 2 2.34 2.34
Lu 0.233 0.32 0.35 0.32 0.31 0.36 0.36
Hf 5.8 4.3 5.12 5.8 5.3 5.3
Ta 5.7 0.79 0.74 0.96 1 1.5 0.9 0.92 0.92
W 0.91 3.3 2 1.4 1.9 1.4 1.4
Re (ppb) 0.198 0.4 0.198 0.0000198
Os (ppb) 0.031 0.05 0.031 0.0000031
Ir (ppb) 0.02 0.022 0.022 0.022 0.0000022
Pt (ppb) 0.51 0.5 0.599 0.0000599
Au (ppb) 1.81 1.24 1.5 0.00015
Hg 0.096 0.0123 0.056 0.05 0.05
Tl 0.524 1.55 0.75 0.75 0.9 0.55 0.55
Pb 17 18 17 18 17 17 17 17
Bi 0.035 0.23 0.13 0.123 0.16 0.23 0.23
Th 10.3 10.8 8.6 8.95 10.7 10.5 10.5
) 2.45 1.5 2.2 1.55 2.8 2.7 2.6 2.6
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