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Creating a national resource
inventory using UNFC, an example
from the UK

Tom Bide
Senior Resource Geologist

British Geological Survey
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How to classify in UNFC?
I e

Sold or used Production
® . Produced Production which is unused or consumed in
Decision flow sheets
The project’s environmental-socio- Viable
economic viability and technical feasibility 1 1 1,2,3

¢ E Category ..g has been confirmed Projects
- Potentially
e ) - . .
The project’s environmental-socio- viable 2 2 1,2,3
o @)
F Category S economic viability and/ or technical Projects
. G t TB feasibility has yet to be confirmed Ns:\c;;/eizge 3 5 12,3
@)
Ca egory = Remaining products not developed from identified 3 4 123
projects T
o C RI RSCO Com pI |a nt f|g u reS There is insufficient informati'on on the '
source to assess the project’s Prospective 3 3 4
environmental-socio-economic viability Projects
and technical feasibility
Remaining products not developed from prospective 3 4 4

projects
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Decision tool for UNFC E axis

Decision flow for E criteria

l

|=there an operating mine? |

Mo

Isthere, or has there been, a mining project Dioes it have data published in accordance  |ves
NO | undler cevelopment? Is amining project with an international standard?
expected in the foreseeable future? Cristhere a ¥
& recently closed mine with resources remaining? Mo Use a briciging
RS Vs L J document to
anfll] s B L The part of its resource that is currently convert the
_ Dioes it have data published permitted and is being extracted =E1 data to UNFC
in accordance with an 1
: . .
international stancard: Any part of its resource which is not currently permitted but is
‘ Mo fes likely tobe in the foreseeakle future =EZ
|sthe development Use a bridging ) : : : L
No fully permitted? document to Any part of its resource that is permitted, or is likely to
l | convert the be permitted, but which still needs to be evaluated for
|sthe project . No ves data to UMFE economic viability or social acceptance =E2
socially acceptable? I & 1
Yes or maybe However, if a former mine has Any future extensions that are not included
: : closed for economic reasons elsewhere = E3
No | Isthe development l'.kEh!'“ or the classification should be %
expected to be permltt?ed In adjusted accordingly, i.e E1 ‘
the foreseeable future: should be moved to E2
Yes l
L The part of itzresource that iz likely to be

Does the project res

have the necessary
funding?

extractedin the near future = E1

L

Any resource that is permitted {or likely to
| Mo be permitted in the near future) but which
= still needs toraise funds =E2
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Decision tool for UNFC F axis

Decision flow for F criteria

I No l fes
|sthere an operating mine? ‘—

|sthere, or has there been, a mining project Does it have data published in accordance  |yes
Mo | under development? |samining project with an international standard? !
: S
| expected in thefgresegable future? Cris Fh.ErE a Mo Use a bridzing
recently closed mine with resources remaining?
R L document to
EsOUrces Ve _ _
will be E4 ¥ The part of its resource that is currently convert the
Does it have data published permitted and is being extracted =F1 data to UNFC
in accordance with an v
international standarc? Any part of its resource that is permitted but still requires some
MO Vs evaluation of technical feasihbility =F2
w w *
Resources Mo | Has a feasibility stucy been Use a bridging _ T _ _
willbeEz | carried out for the project? docurment to Any part of its rgsnurce which is not currently .permltted but .|5
v convert the expected to be in the foreseeable future, provided the technical
o5 . e [ L _
v data to UMES feasibility is likely to be similar to that currently extracted =FZ2
Dioes the project, as a whole, need ] !
additional technical evaluation work? : : Any part of its resource which is likely to be permitted but which
However, if a former mine _ . ,
'y _ i= technically different tothat currently extracted =F3
Mo 5 has closed for technical
reasons (not economics) b
the classification should be Any future extensions that arenot included elsewhere =F3
y adjusted accordingly, i.e. s
Resources F1 should move ta F2
will be F2

That part of its resources which are technically
feasible to extract without further evaluation = Fl1

v

Any part of its resources that requires additional
technical evaluation =FZ2
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Decision tool for UNFC G axis

Decision flow for G criteria

No , , Yes
|=there an operating mine?

Dioes it have data published in accordance | yes
with an international standard?

|sthere, or has there been, a mining project
under development? | a mining project
expected in the foreseeable future? Oristherea

Mo

_ _ o MNo Use a bridging
recently closed mine with resources remaining? docurnent Lo
Ves The part of its resource that is currently convert the

Has exploration been permitted and is being extracted = G1 data to UNFC

carried out that includes
systematic drilling,
sampling and analysis to

Does it have data published
in accordance with an

international standard? Any part of its resource that is likely to be similar to the part

Mo being extracted but still requires some geclogical evaluation = G2
an appropriate depth? fes
Use a bricgin
" e docurm ent’:cgtng Any part of its resource which requires significant geclogical
Resources Isthe exploration drilling, convert the evaluation = G3
will be G4 sampling and analysis sufficient data to UMFC

to define with confidence the

distribution and abundance of
ore within the deposit?

(The amount required will vary
tdepending on the deposit

However, if a former mine has closed because the
geology is more complex than originally thought,
the classification should be adjusted accordingly,
i.e. 51 should be moved to G2

The amount of exploration

drilling, sampling and analysis
needed for it to be "sufficient
to define with corfidence the

characteristics — see green box. )

distriburion and abundance
of are withinthe deposit™ will

Yes
No RecoUrces However, there may be additional depend on thg charact.erlstlcs
. af each depasit, including
Has the exploration been will be G1 resources that have not yet been el 525 5 57, B BT e,
_ o _ _ NG subjected tothe same amount of deposit depth, deposit shape
msufﬁment e defmg W'Fh Resources exploration and these should be and size, target commodity,
confidence the distribution will be G2 assigned to a lower category to mineralogy, grade, eto.

and abundance of ore ves | Resources
within the deposit? will be G2

)

=

G
(\

reflect the lower degree of
geological confidence.
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Decision tool for CRIRISCO compliant data to UNFC

Decision flow for bridging between

CRIRSCCaligned codes and UMFC :
Early stage exploration
L No projects that have not
Has there been sufficient exploration to enable ‘mineral resources’ tobe estimated? » yet established potential
o economic of technical
No Y = feasibility =E3, F3, G4
Arethere data for ‘mineral reserves’”
Vo ,
Considering the ‘mineral resources’ data, first make sure that any . All ‘mineral reserves” arethe economically
figures for ‘reserves are excluded, toavoid double counting. and technically feaszible [ctherwizse they
3 would not be categorized as reserves’),
Mo | Considering the ‘mineral resources’ data, is | Yes conseguently the ‘reserves’ = E1 and F1
the mine currently operating? ] ¥
L L Arethe ming's reserves split between
|sthe mine expected to e The mine is considered ‘proven’ and ‘probable’
start producing in the —+| ‘commercial’ and, in general, Mo Vas
near future? resources =E1 L
No Future extensions that areyet to The figure may include Froven” reserves = Gl
L be proven tobe economic = E2 hoth, reserves = G1+G2 ‘Probable’ reserves = G2
The mine is considered ‘potentially ‘ Early stage extensions =E3 But if confidence is high
commercial’ and resources = E2 for whole deposit =51
! !

Are any part of the resources at the mine or project =ill ‘

subject to technical evaluation to confirm feasibility? Measured = G1 Remember that there may
Mo Y Incicated = G2 also be additional
2 Inferred = G3 i -
¥ That part of the resources where technical quan’iﬁlgs llndplzc.e u:rhhlch
Resources = F1 feasihility iz confirmed =F1 arenot nciided in the
L : Resources should be CRIRSCO categories. These
That part of the resources which is subject to - _
, , classed as G3 unless ar should be classified with
further technical evaluation = F2 . .
until additional ¥ reference tothe zeparate
¥ ! information is available to E, F and G flow diagrams
Arethe ming's resources identified as ‘measured, and/or Yes ascertain a higher level of
‘indicated” and/or ‘inferred’ geolozical confidence.
'

Nc:|
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Example 1: Gairloch, Scotland, UK

A volcanogenic massive sulfide (VMS) deposit in Archaean
metamorphic rocks in NW Scotland
« Company exploration for Cu, Zn and Au in 1980s

« 87 boreholes, 9.2 km drillcore
e Stratiform mineralisation, 4 m thick, traced over >1 km

* Resources: 500,000t @ 1.2% Cu, 0.6% Zn and 1.7 g/t Au

' e Data from BGS archives:; no information on how the estimate
> was made, by whom and how many boreholes included

Tonnage of | UNFC category
ore (million Comments

tonnes) E F G

Reporting Year of
Code reporting

Category

Resource

. Unknown 1980 0.5
estimate




Example 1: Gairloch, Scotland, UK

A volcanogenic massive sulfide (VMS) deposit in Archaean
metamorphic rocks in NW Scotland
« Company exploration for Cu, Zn and Au in 1980s

« 87 boreholes, 9.2 km drillcore
e Stratiform mineralisation, 4 m thick, traced over >1 km

* Resources: 500,000t @ 1.2% Cu, 0.6% Zn and 1.7 g/t Au

e Data from BGS archives:; no information on how the estimate
was made, by whom and how many boreholes included

Reporting Year of Tonna_ge_ of | UNFC category
Category Code reportin ore (million £ F G Comments
P 9 tonnes)

Moderate amount of

Resource drilling and detailed local

: Unknown 1980 0.5 3 3 3 exploration, BUT no

estimate . )
information on how
estimate was made.




E axis for the Gairloch deposit

Decision flow for E criteria

I

No

Is there an operating mine?

Is there, or has there been, a mining project
under development? Is a mining project
expected in the foreseeable future? Or is there a
recently closed mine with resources remaining?

Resources Yes
will be E3
i Does it have data published
in accordance with an
international standard?
No
A 4
Is the development
fully permitted?
Is the project ) No
socially acceptable?
Yes or maybe
h 4
No  Is the development likely or

expected to be permitted in
the foreseeable future?

\
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F axis for the Gairloch deposit

Decision flow for F criteria

, l

i Is there an operating mine?

Is there, or has there been, a mining project
under development? Is a mining project
expected in the foreseeable future? Or is there a
recently closed mine with resources remaining?

Resources
will be F3

No

¢ Yes

Does it have data published
in accordance with an
international standard?

Noi

Has a feasibility study been
carried out for the project?

N

(
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G axis for the Gairloch deposit

Decision flow for G criteria

No l

Is there an operating mine?

Is there, or has there been, a mining project
under development? Is a mining project
expected in the foreseeable future? Or is there a
recently closed mine with resources remaining?

¢ Yes

Has exploration been Does it have data published
carried out that includes in accordance with an
systematic drilling, international standard?
sampling and analysis to
an appropriate depth? ‘—No[
Yes
v
Is the exploration drilling,
sampling and analysis sufficient The amount of exploration
to define with confidence the drilling, sampling and analysis
distribution and abundance of needed for it to be “sufficient
ore within the deposit? to define with confidence the
(The amount required will vary distribution and abundance of
depending on the deposit ore within the deposit” will
characteristics — see green box.) depend on the characteristics
I No of each deposit, including
local geology, deposit type,
v deposit depth, deposit shape
Has the exploration been and size, target commodity,
insufficient to define with mineralogy, grade, etc.

confidence the distribution
and abundance of ore Yes | Resources If in doubt the lower category
within the deposit? will be G3 should be used.

R\
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Example 2: Polyhalite resources, NE England, UK

« Two commodities - potash (sylvine, KCI); polyhalite
(K,S0,.MgS0,.2CaS0,.2H,0)

* Resources of both are hosted in late Permian evaporite
deposits

» Boulby Mine (operated by Cleveland Potash) previously
extracted potash, now polyhalite

« Second polyhalite mine (Woodsmith mine) in North Yorkshire
under construction, operated by Sirius Minerals

* Probable reserves - Woodsmith only
» Measured resources - Boulby only

* Indicated and inferred resource data aggregated for the two
deposits

 Estimate for the total extent of the geologically available
resources




Example 2: Polyhalite resources, NE England, UK

Reporting Year of Tonnage_ of UNFC category
Category Code reportin ore (million £ . G Comments
P 9 tonnes)
Probable
Mineral JORC 2016 248 Woodsmith only
Reserves
Measured
Mineral JORC 2013 39 Boulby only
Resource
Indicated
Mineral JORC 2013 and 793 Woodsmith+Boulby
2016
Resource
Inferred
Mineral JORC 2013 and 2450 Woodsmith+Boulby
2016
Resource
Estimate
based on None 2017 286200 GIS-based district scale
subcrop



Example 2: Polyhalite resources, NE England, UK

CRIRSCO Template
Mineral Proved
Reserve Probable

Measured
Mineral Indicated
Resource

Inferred

Exploration Results

UNFC-2009
“minimum”
Categories
Gl
El F1
G2
G1
E2 F2 G2
G3
E3 F3 G4

UNFC-2009 Class

Commercial
Frojects

Potentially Commercial
Frojects

Exploration
Frojects




Decision tool for CRIRISCO compliant data to UNFC

Decision flow for bridzing between

CRIRSCC-aligned codes and UMFC :
. Early stage exploration
v No projects that have not
Has there been sufficient exploration to enable ‘mineral resources” to be estimated? ‘ —————» yet established potential
Ves economic or technical
MNo Yes feasihility =E3, F3, G4

.
—— Arethere data for ‘mineral reserves”

¥
All ‘mineral reserves” arethe economically
and technically feasible [otherwize they
would not be categorised as ‘reserves),
consequently the ‘reserves’ = E1 and F1

onsidering the ‘mineral resources’ data, first make sure that any
figures for ‘reserves are excluded, to avoid double counting.

¥

onsidering the ‘mineral resources’ data, is
the mineth P

¥

L L Arethe ming's reserves split between
Isthe mine expected to o The mine is considered ‘proven’ and ‘probable’?
start producing in the — ‘commercial’ and, in general, MO Yes
near future? resources =El y '
NG Future extensions that areyet to The figure may include ‘Proven’ reserves = G1
L be proven to be economic = E2 both, reserves = G1+G2 ‘Probable’ reserves = G2
The mine is considered ‘potentially ‘ Early stage extensions =E3 But if confidence is high

commercial” and resources = E2

} ‘

Are any part of the resources at the mine or project still ‘

for whole depesit =51

Measured = G1
Indicated = G2
Inferred = G3

subject to technical evaluation to confirm feasibility? Remember that there may

also be additional
guantities in place which
arenot included in the
CRIRSCO categories. These
should be claszsified with
reference tothe separate

Mo Yes

L A

That part of the resources where technical
Resources = F1 feasihility iz confirmed =F1

That part of the resources which is subject to
further technical evaluation = F2

Resources should be
claszed as G3 unless or
until additional

¥ l information is available to E, F and i flow diagrams
Arethe ming's resources identified as ‘measured, andfor fes ascertain a higher level of
‘indicated” and/or ‘inferred geological confidence.
No | !

{ [ Pt

N
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Example 2: Polyhalite resources, NE England, UK

Reporting Year of Tonnage_ of UNFC category
Category Code reportin ore (million £ . G Comments
P 9 tonnes)

Probable

Mineral JORC 2016 248 1 1 2 Woodsmith only
Reserves
Measured

Mineral JORC 2013 39 2 2 1 Boulby only
Resource

Indicated

Mineral JORC 202131%“ 793 2 2 2 Woodsmith+Boulby
Resource

Inferred

Mineral JORC 202131%”" 2450 2 2 3 Woodsmith+Boulby
Resource

Estimate

based on None 2017 286200 GIS-based district scale
subcrop



Example 2: Polyhalite resources, NE England, UK

Reporting Year of Tonnage_ of UNFC category
Category Code reportin ore (million £ . G Comments
P 9 tonnes)

Probable

Mineral JORC 2016 248 1 1 2 Woodsmith only
Reserves
Measured

Mineral JORC 2013 39 2 2 1 Boulby only
Resource

Indicated

Mineral JORC 202131%“ 793 2 2 2 Woodsmith+Boulby
Resource

Inferred

Mineral JORC 202131%”" 2450 2 2 3 Woodsmith+Boulby
Resource

Estimate

based on None 2017 286200 3 3 4 GIS-based district scale
subcrop



Example 2: Polyhalite resources, NE England, UK

Decision flow for E criteria

Ne :

h

r

Is there an operating mine?

Is there, or has there been, a mining project
under development? Is a mining project
expected in the foreseeable future? Or is there a
recently closed mine with resources remaining?

Does it have data published

international standard?

expected to be permitted in
the foreseeable future?

Resources il Yes
will be E3
A
in accordance with an
No i
Is the development
fully permitted?
Is the project | No
socially acceptable?
Yes or maybe
A J
No | Is the development likely or

G JUNECE | I I i i i S S S o N I N



Example 2: Polyhalite resources, NE England, UK

Decision flow for F criteria

” .

i Is there an operating mine?

Is there, or has there been, a mining project
under development? Is a mining project
expected in the foreseeable future? Or is there a
recently closed mine with resources remaining?

Resources
will be F3

No

J' Yes

Does it have data published
in accordance with an
international standard?

an

Has a feasibility study been
carried out for the project?

P "2}
i A
=i Y
1
S g



Example 2: Polyhalite resources, NE England, UK

Decision flow for G criteria

'

Is there an operating mine?

No

¥
Is there, or has there been, a mining project under
development? Is a mining project expected in the
foreseeable future? Or is there a recently closed
mine with resources remaining?

Mo

Has exploration been carried
out that includes systematic
drilling, sampling and
analysis to an appropriate
depth?

N-::r!

L 4
Resources
will be G4




Thank you!

Tom Bide
Senior Resource Geologist

British Geological Survey

Further resources:

Development of decision-making tools to create a
harmonised UK national mineral resource
inventory using the United Nations Framework
Classification
https://doi.org/10.1016/j.resourpol.2022.102558

ORAMA project:
https://orama-h2020.eu/downloads/



https://doi.org/10.1016/j.resourpol.2022.102558
https://orama-h2020.eu/downloads/
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