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Long term trends in gold exploration
Abstract
In 2012 global expenditures for gold reached an all-time high $11.8 billion. Since then, expenditures
have dropped 63% to $4.44 billion in 2019.
MinEx estimates that over the last decade (2009-2018) $67.5 billion (in constant June 2019 Dollars)
was spent on exploring for gold. During that time 336 primary gold deposits (>0.1 Moz) were found,
containing 508 Moz. A further 36 (mainly base metal) discoveries containing 133 Moz of by-product
gold were also found - giving a total of 641 Moz.
After adjusting for missing discoveries and factoring in the likely resource growth over time, the author
estimates that the 455 primary gold deposits were found over the last decade is likely to be around
containing 1061 Moz. Adding in by-product gold increases adjusted total to 1290 Moz.
Based on the above, MinEx Consulting estimates that the average unit discovery cost for 2009-2018
was $62 per ounce of gold-equivalent (in constant June 2019 US Dollars). This is double the
discovery cost for the previous decade – of $27/oz-eq for 2000-2009.
The main reason for the sudden increase in cost was due a dramatic increase in input costs – such as
drilling, labour, land access and administration. All of these have doubled in real terms between 2000
and 2012 – with the key driver being the inflationary effects associated with the mining boom, coupled
with stronger currencies for Australia and Canada. With the subsequent end of the mining boom,
exploration costs have largely reversed in recent years. However, the underlying trend is for costs to
slowly rise over time.
With regard to the depth of cover, the average depth of discovery for the World over the last decade
was 66 metres – however half of the deposits found outcropped.
In terms of discovery performance, some regions do better than others. In particular, Australia
accounted for 9% of the exploration expenditures, 17% of the deposits (by number) and 14% of the
total ounces. It also accounted for 22% of the Tier 1 & 2 deposits found.
In terms of the value of discoveries made, versus the cost of exploration, the gold industry performed
poorly over the last decade – achieving a notional “bang-per-buck” of only 0.46. In practice the true
situation is better than this – as the analysis doesn’t capture the value of unreported discoveries or
include the upside potential for projects to have their Tier status upgraded through additional drilling.
Finally, with the end of the mining boom, input costs for exploration (such as drilling and salaries) will
be lower in the future.
With regard to the future, it is noted that the amount of gold mined in the World rose from 36 Moz pa
in 1975 to 105 Moz pa in 2018. This is set to rise further in the future. By comparison, over the last
two decades the amount of gold discovered average 129 Moz pa. While this suggests that the
industry is finding more gold than it mines it should be noted that, due to a range of factors, only 6070% of gold found is extracted. On this basis, the industry is struggling to replace the ounces mined.
This has profound implications on the future price of gold.
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Background
The following paper updates a previous paper presented by the author at the 2015 NewGenGold
Conference (Schodde, 2015). The analysis uses data compiled by MinEx Consulting on mineral
exploration expenditures and deposits discovered.
MinEx’s exploration expenditure database has high-level information on the historical expenditures on
exploration by commodity and region from 1950 to present. The raw data came from a wide range of
sources of varying reliability. Where possible, it used the actual historical data reported by the
relevant government agencies (such as the ABS in Australia, NRCan in Canada, Ministry of Natural
Resources in China and similar agencies in other countries) and the published expenditure data from
the mining and exploration companies themselves. It also drew on estimates published by leading
industry analysts – including the excellent set of expenditure surveys compiled annually by S&P
(S&P-SNL-MEG various years) and data from the Raw Materials Group. These, in turn, were
supplemented by earlier studies from Schreiber & Emerson (1984), Tilton et.al. (1988), Wallace
(1992, 1993), Mackenzie et. al. (1997a, 1997b), Doggett & Mackenzie (1987, 1992) and others.
Finally, any remaining gaps were filled by MinEx’s own estimates.
All of the expenditure data referred to in this paper have been adjusted for inflation using the US
Consumer Price Index and, unless otherwise specified, are reported in constant June 2019 US
dollars.
With regard to the discovery data, MinEx Consulting has compiled information on over 58,000 mineral
deposits around the World. This includes 26,772 deposits containing a pre-mined resource >0.01
Moz of gold, and within this are 5,690 deposits >0.1 Moz. After excluding “satellite” deposits (which
are counted within the parent camp totals) the database has information on 5047 unique deposits
containing >0.1 Moz. This includes 4,312 deposits where gold is the primary metal. Of these, MinEx
has discovery dates and histories for 3,512 gold deposits. A special effort has been made to ensure
that that the coverage and data on those deposits >1 Moz is as complete and up-to-date as possible.
Unless otherwise specified, all figures refer to pre-mined resources. This is the sum of the current
reported measured, indicated and inferred resources plus historic mine production (as reported on a
head-grade basis).
For purposes of this study the author defines the discovery date as the year when the deposit was
recognised as having significant value. This is usually set as the date of the first economic drill
intersection.
The paper uses the same methodology reported by McKeith et al (2010) to attribute the ounces of
gold associated with a discovery. In particular, the discovery growth in resource ounces within a camp
was assigned back to the original discoverer and the corresponding discovery date. This includes
ounces associated with satellite deposits that feed into an existing mill within an established camp.
The only exception to this rule are significant new discoveries in Brownfields settings that transform
the understanding of the scale of the mineralised system. A recent example would discovery in 2016
of the Swan deposit (containing 2.05 Mt @ 45 g/t Au = 3 Moz) at the existing Fosterville mining camp
in Victoria (containing 42.2 Mt @ 4.3 g/t Au = 6.0 Moz).
For the purpose of this paper; new Brownfields discoveries within existing camps require a minimum
new resource of 1 Moz gold to qualify as being transformational in scale. Similarly, any stand-alone
deposits within an established mining district (or along strike from other companies’ mines) are
counted separately as Brownfield discoveries. Such deposits may be smaller than 1 Moz.
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Trends in exploration expenditures
The following Figure shows the general trend in global exploration expenditures on gold by Region
over the last four decades.

Figure 1: Trend in gold exploration expenditures in the World 1975-2019 in constant June 2019 US Dollars

As can be seen, expenditures on gold exploration has increased (in constant Dollars) from $0.38
billion in 1975 to a peak of $4.44 billion in 2019. This is a 12-fold increase over the last 44 years.
The above chart also shows that these expenditures are extremely cyclical – with a periodicity of
around 8-10 years. In detail, spending peaked in 1988, 1997, 2008 and 2012. While each cycle is
subtly different, expenditures can fall by up to 75% of the peak amount. With regard to the latest
cycle, expenditures in 2016 were 55% below the peak in 2012. Since then they have modestly
recovered to an estimated $4.44 billion in 2019. Hopefully, the industry will rebound in the future.
The two key drivers for the exploration activity are the general economic growth of the World’s
economy (and China in particular) and the price of gold. In practice, these factors are inter-related.
Firstly, growth in the World’s economy increases the overall demand for gold - which increases the
need for more production and, in turn, generates the need for companies to find new ounces to
replace what’s been mined. Following the reregulation of the gold market in 19691 World gold
production doubled from 47 million ounces (1450 tonnes) to 105 million ounces (3260 tonnes) in
2019. As a general rule, stronger metal demand leads to higher prices. Over the same period, the
price of gold (as measured in constant 2019 US Dollars) increased from $245 to ~$1500 per ounce.

1

Prior to 1969 the price of gold was set at US$35/oz (in Dollars of the day).
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Trends in the number & type of discoveries
MinEx’s database has information on 4312 primary gold deposits >100koz in the World. These
contain a total of 11,060 Moz of gold on a pre-mined resource basis. This includes 221 deposits >10
Moz, containing 5,940 Moz, 1,289 deposits 1-10 Moz containing 3,940 Moz and 2002 deposits in the
0.1-1 Moz size range containing 750 Moz.
In addition to the above, 2160 Moz of by-product gold is tied-up in 735 base-metal and other deposits.
This give a total pre-mined resource of 13,220 Moz (or 410,000 t) of gold. After adjusting for deposits
missing from the database MinEx estimates the overall likely size of the World’s pre-mined resource
to be around 14,500 Moz.
MinEx’s database has information on 1317 deposits >1 Moz that have been found in the World since
1950. This is made up of 1085 deposits where gold is the primary metal, and 232 deposits where gold
is a by-product of mining other metals (see Figure 2). With regard to the last decade (2009-2018)
MinEx has data on 148 discoveries >1 Moz, of which 134 contain gold as a primary metal and 14
where gold is a by-product.
It should be noted that it does take time for a discovery to be publicly reported and a maiden resource
figure published. Furthermore, it can take several years of drilling for the true size and value of the
deposit be fully appreciated. As a consequence, any analysis based on the “raw” number of recently
reported discoveries will give a misleading impression on the true discovery performance of the
industry. To overcome this error, the author includes an estimate2 of the likely size and number of
deposits found but not yet reported in the last decade. As shown in Figure 2, MinEx estimates an
additional 42 major deposits have been found but not yet reported. This results in an adjusted figure
of 190 primary and by-product gold deposits >1 Moz being found in the World over the last decade.
.

Figure 2: Number of deposits > 1 Moz found in the World 1950-2018 by type.

2

The adjustment factors are based on a detailed analysis by the author of the resource growth histories of 60 major gold deposits
discovered between 1980 and 1996 (Schodde, 2011).
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After factoring in deposits smaller than 1 Moz, it is estimated that around 7,800 Moz of gold has been
found in the World since 1950. Approximately 6,000 Moz (or 77%) of the total amount discovered is
associated with Primary gold deposits (Figure 3).
After adjusting for 650 Moz in unreported discoveries, 1,290 Moz was found in the last decade. This
is made up of 1,060 Moz where gold is the primary metal and 230 Moz where gold is a by-product.
Even after adjusting for the likely number and amount of (as yet) unreported discoveries, the rate of
discovery in the world appears to have flat-lined in recent years at around 100 Moz pa. This is of
serious concern to the long-term sustainability of the industry

Figure 3: Total ounces found in the World 1950-2018 by source.

From a methodological perspective it is important to separate out the different sources of gold – as
the industry treats them differently, both in terms of production and allocation of exploration costs.
As discussed above, 23% of the gold discovered in recent decades is associated with base-metal and
other deposits. At present 7% of the World’s gold production comes from such deposits. As the gold
is a by-product, the decision to build and operate these mines is driven by the value of the other
metals. Consequently, any change in the price of gold (both up or down) is not likely to significantly
alter the supply response from these mines.
With regard to exploration, all expenditures associated with finding the deposit are assigned back to
the primary metal. In other words, any by-product metal found is treated as a “bonus”. Consequently,
when calculating the unit discovery cost for gold (on say a $/oz basis) it is important to limit the
analysis to primary gold deposits only.
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A subtle, but important point, is that primary gold deposits can also benefit from by-product credits –
such as silver and copper. Figure 4 shows the contribution of these credits, as converted into goldequivalent metal3. It is estimated that, over the period 1950-2018, these by-product credits were
equal to 9% of the contained value of the gold found.
As noted before, the cost (and value) of finding these by-product metals is carried by the primary
metal. Consequently, adding in the byproduct credits effectively reduces the calculated unit discovery
cost for gold by around (9/(100+9)=) 8%.

Figure 4: Total ounces of gold associated with primary gold deposits found in the World 1950-2018,
including estimated value (in gold-equivalent ounce) of the silver, copper and other by-product credits.

Trends in the location of discoveries
Figures 5 and 6 show the amount of gold (contained in primary gold deposits) discovered by region
since 1950. On a percentage basis, in the 1950s to 1970s most of the discoveries were made in the
Planned Economies (i.e. the Former Soviet Union + China + Eastern Europe). In the 1980s through to
the early 1990s the developed countries of the Western World (principally USA, Canada and
Australia) accounted for over 40% of all ounces found. In the 1990s the focus moved over to
developing countries (principally in Latin America and Africa). In the last decade, Africa accounted for
30% of all ounces found. Other regions of significance in the last decade are Australia (14%),
Canada (14%) and Latin America (10%).

3

For purposes of this study, 1 g/t Au = 85 g/t Ag = 0.85% Cu = 2.83% Zn = 3.25% Pb. These conversion rates are based on the monthly
average price for these metals over the last 3 years and include an adjustment for differences in the recovery rates and associated
treatment & refining charges.
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Figure 5: Amount of gold (in primary gold deposits) found by Region 1950-2017.
Note: Data excludes by-product gold

Figure 6: Amount of gold (in primary gold deposits) on percentage basis found by Region 1950-2017.
Note: Data excludes by-product gold

MinEx Consulting Pty Ltd NewGenGold 2019 Page 8

Major gold discoveries made in the last decade
MinEx has compiled data on 133 primary4 gold discoveries (containing more than 1 Moz each) found
in the period 2009-2018. These deposits have a current reported resource of 433 Moz. Table 1
gives details on the size and location of 60 deposits found in the five years since 2013.
At a lower size threshold of 0.1 Moz, the total number of primary gold deposits found in the last
decade rises to 336. Between them they contain over 508 Moz of gold
These figures should be treated as being conservative, since they do not include unreported
discoveries. Nor does it include an allowance for resource growth over time. As noted by the author
(Schodde, 2011), on average there is a 3.7 year delay between making a discovery and reporting a
maiden resource. Also, there are many examples where follow-up drilling led to the reported resource
growing by a factor of 2-3 in subsequent years.
After adjusting for unreported discoveries and resource growth the true figure is estimated to be
around 455 deposits, containing a total of 1060 Moz of gold.
Finally, it should be noted that only five of the identified 336 primary gold discoveries made over the
last decade were “World Class” or Tier 1. A further 13 were classified as Tier 2 and 121 discoveries
were Tier 3. In addition, 191 of the discoveries were considered to be either too small (i.e. < 1 Moz) or
low grade to receive a Tier rating5 and, as such are referred to in this paper as “unclassified”.
On a more general note there is no certainty over how much of the reported resources will converted
into mineable reserves.
Figure 7 shows the size and location of the 377 primary and by-product gold deposits (>0.1 Moz)
found in the World since 2009. It also shows the current ten “hot spots” for exploration activity. A
similar map was presented by the author at the 2015 NewGenGold Conference (Schodde, 2015). It is
interesting to note that the general locations of these hot-spots have not changed over the intervening
four years. The only comment would be an increased number of discoveries in Ecuador/Columbia
and Sudan.
Special mention should be made of the seven gold-rich Tier 1 discoveries made in the World in the
last decade. These are:


Xiling discovered in 2016 by Shandong Gold Mining next to its existing operations in
Shandong Province. In March 2017 the company reported a resource of 85 Mt @ 4.5 g/t Au
(12.3 Moz).



Swan deposit, a brownfield discovery at Kirkland Lake’s existing operation at Fosterville in
Victoria Australia. This deposit was found in 2016 and while relatively modest in size (3.0
Moz), has exceptional grades (45 g/t) making it an extremely profitable mining operation



Haiyu discovered by Laizhou Ruihai in China in 2011. The deposit is 1250-1800 metres deep
in a well-established mining district within Shandong Province. Based on various reports the
author estimates that the deposit currently contains 67 Mt @ 7 g/t Au (15.1 Moz).



Red Hill / Goldrush discovered by Barrick Gold next to its existing operations in Nevada
USA in 2011. As at Dec 2018, the reported resource was 49.2 Mt @ 9.42 g/t Au (14.9 Moz).

4

An additional 14 Base Metal and PGM deposits were found that contain >1 Moz of by-product gold. The total amount of by-product gold
was 122 Moz.
5
See Appendix A for the author’s definitions of the various Tier classifications
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Figure 7: Map of the World showing size and location of gold deposits found in the period 2009-2018.



Cote deposit in Ontario Canada, discovered by Trelawney Mining and Exploration in 2010.
It is now owned by IAMGold
0.82 g/t Au (12.4 Moz).

As at December 2018, the reported resource was 468.2 Mt @



Cascabel copper-gold deposit in Ecuador. This deposit was discovered by the junior
company Solgold Ltd in 2013. As at November 2018 the deposit contained 2950 Mt @ 0.37%
Cu + 0.25 g/t Au (=10.9 Mt Cu + 23.2 Moz Au). The primary metal is copper.



Hu’u copper-gold deposit in Indonesia. This deposit was discovered by Vale in 2015 under
400 metres of cover. Although the company has not published a resource figure, local
sources claim it contains 1700 Mt @ 0.90% Cu + 0.52 g/t Au + 3.6 g/t Ag (=15.3 Mt Cu + 28.4
Moz Au + 197 Moz Ag). The primary metal is copper.

It should be noted that the last two Tier-1 discoveries have copper as the primary metal.
The associated gold resources (23.2 Moz at Hu’u and 28.4 Moz at Cascabel), while huge,
are treated as a by-product credit only. Even so, when developed they will be important
source of gold production
MinEx expects that, as further exploration and drilling is done, some of the four currently
identified Tier 2 discoveries (Gruyere, Amaruq, Valentine Lake and Fourmile North) may get
upgraded to Tier 1 status.
In addition, there are a number of recent significant very early-stage base metal discoveries
(such as Winu, Oak Dam and Jaca) that are said to also contain gold. As yet, not resources
have been published for these copper deposits; As a result, they have not been factored into
the current analysis.
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Discovery Deposit Name
Year

Country

Contained Metal

Discovery Company

Company Type

Brownfield /
Greenfield

2019

Fourmile North

United States

Au

NR

2018

Havieron

Australia

Au,Cu

NR

2

Barrick

Major

Brownfield

3

Greatland Gold

Junior

2018

Bellevue (new)

Australia

Au

Greenfield

1.80

3

Bellevue Gold

Junior

2018

Kouroufing

Mali

Brownfield

Au

NR

3

Oklo Resources

Junior

2017

Saddle

Greenfield

Canada

Au,Ag,Cu

NR

3

GT Gold Corp

Junior

2017

Greenfield

ABC

Cote d'Ivoire

Au

1.10

3

Centamin

Moderate

Greenfield

2017

Treaty Creek

Canada

Au,Cu,Ag

NR

3

Tudor Gold

Junior

Greenfield

2017

Ulugtau

Kyrgyzstan

Au

NR

3

Real Gold

Junior

Greenfield

2017

Unnamed Deposit

China

Au

NR

3

Government Geologists

State

Greenfield

2017

Kono North

Papua New Guinea

Au,Ag,Cu

1.02

3

K92

Small Producer

Brownfield

2016

Xiling

China

Au

12.30

1

Shandong Gold Mining

Major

Brownfield

2016

Red Hill

United States

Au

NR

3

NuLegacy Gold

Junior

Greenfield

2016

Apensu North

Ghana

Au

NR

3

Newmont

Major

Brownfield

2016

Nefolo

Mali

Au

NR

3

Resolute Mining

Moderate

Brownfield

2016

Douze Match

Congo (DRC)

Au

NR

3

Amani Gold + SOKIM)

Junior + Private

Greenfield

2016

Swan

Australia

Au

2.97

1

Kirkland Lake

Moderate

Brownfield

2016

Gladiator

Canada

Au

1.10

3

BonTerra

Junior

Brownfield

2016

Valentine Lake

Canada

Au

4.23

2

Marathon Gold Corp

Junior

Brownfield

2016

Unnamed Deposit

China

Au,Cu

NR

3

Government Geologists

State

Greenfield

2015

White Rivers JV

South Africa

Au,U3O8

11.49

3

White Rivers + Harmony

Junior + Major

Brownfield

2015

Lake Roe

Australia

Au

1.08

3

Breaker Resources

Junior

Greenfield

2015

Fourmile North

United States

Au

NR

3

Barrick

Major

Brownfield

2015

Loawan (new)

China

Au,Ag

NR

3

Lingbao Gold

Moderate

Brownfield

2015

Liberator

Australia

Au

NR

3

Newmont

Major

Brownfield

2015

Doropo

Cote d'Ivoire

Au

2.93

3

Centamin

Moderate

Greenfield

2015

Hasaga

Canada

Au

1.75

3

Premier Gold

Junior

Brownfield

2015

Suarad (Alluvials)

Sudan

Au

NR

3

Prospector - name unknown

Prospector

Greenfield

2015

Hu'u

Indonesia

Cu,Au,Ag

28.42

1

Vale

Major

Greenfield

2015

Kili Teke

Papua New Guinea

Cu,Au,Mo

1.81

3

Harmony Gold Mining Co

Major

Greenfield

2015

Chating

China

Cu,Au

2.70

3

?

?

Greenfield

2014

Bolgatanga

Ghana

Au

7.00

3

Cardinal Resources

Junior

Greenfield

2014

Namdini

Ghana

Au

6.99

3

Cardinal Resources

Junior

Greenfield

2014

Hot Maden

Turkey

Au,Ag,Cu,Zn,Mo

3.21

3

Lidya Madencilik + Mariana

Private + Junior

Greenfield

2014

Anuy River

Russian Federation

Au,Ag

NR

3

Government Geologists

State

Greenfield

2014

Araxan

China

Au

NR

3

Government Geologists

State

Greenfield

2014

Lebedinskiy

Russian Federation

Au

NR

3

Government Geologists

State

Greenfield

2014

Apensu Deeps

Ghana

Au

NR

3

Newmont

Major

Brownfield

2014

Qianchen-Shangyangjia

China

Au,Ag

1.61

3

Government Geologists

State

Brownfield

2014

Abujar

Cote d'Ivoire

Au

1.73

3

Tietto Minerals

Junior

Greenfield

2013

Gruyere

Australia

Au

6.61

2

Gold Road Resources

Junior

Greenfield

2013

Amaruq

Canada

Au

7.05

2

Agnico Eagle Mines

Major

Greenfield

2013

Xingyuan (?)

China

Au

NR

3

Government Geologists

State

Greenfield

2013

Bucks Reef West

Australia

Au

2.16

3

Resolute Mining

Moderate

Brownfield

2013

Terneisky

Russian Federation

Au,Ag

NR

3

Government Geologists

State

Greenfield

2013

Orochenskaya

Russian Federation

Au,Ag

NR

3

Government Geologists

State

Greenfield

2013

Gitch-Tyrnyauz

Russian Federation

Au

NR

3

Government Geologists

State

Greenfield

2013

Gediktepe

Turkey

Au,Ag,Pb,Zn,Cu

1.18

3

Alacer Gold Corp

Moderate

Greenfield

2013

Mt Morgans (new)

Australia

Au

3.32

3

Dacian Gold

Junior

Brownfield

2013

Perekatnoe

Russian Federation

Au,Cu,Mo

NR

3

Leviev Group

Private

Greenfield

2013

Rowan Lake

Canada

Au

1.09

3

Hy Lake Gold

Junior

Brownfield

2013

Bazovskoye

Russian Federation

Au

3.73

3

Zapadnaya Gold Mining

Moderate

Greenfield

2013

Wuqia Sawayardum

China

Au

NR

3

Government Geologists

State

Brownfield

2013

Federation

Australia

Au

NR

3

Newmont

Major

Brownfield

2013

Elga

Russian Federation

Au,Ag

2.31

3

Petropavlovsk Plc

Major

Brownfield

2013

Giro

Congo (DRC)

Au

2.46

3

Amani Gold

Junior

Greenfield

2013

Kouri

Burkina Faso

Au

1.40

3

Golden Rim Resources

Junior

Greenfield

2013

Chulbatkan

Russian Federation

Au

3.99

3

N-Mining

Private

Greenfield

2013

Cascabel

Ecuador

Cu,Au

23.20

1

SolGold

Junior

Greenfield

2013

Kemess (East)

Canada

Cu,Au,Ag,Mo

3.61

3

AuRico Gold

Moderate

Brownfield

2013

North ROK

Canada

Cu,Au

1.19

-

Colorado Resources

Junior

Greenfield

NR = Not Reported

Size
(Moz)

Tier

Source: MinEx Consulting © October 2019

Table 1: Major (>1 Moz) gold discoveries made in the World since 2013. Reported figures refer to
Measured Indicated & Inferred Resources
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Trends in the size of discoveries
Figure 8 plots the size distribution of the 1085 primary gold deposits >1 Moz found since 1950. It
should be noted that the trend-line figure is strongly influenced by a handful of giant deposits. As can
be seen, over the last 60 years there has been a slow decline in the weighted average size – from 6.3
Moz in 1960-69 to 4.6 Moz in 2000-09. The decline to 3.2 Moz in the most recent period (2010-18),
may simply be an artifact of the time taken to fully delineate a given discovery.

Figure 8: Weighted average size of primary gold deposits >1 Moz found in the World 1950-2018

Trends in the grade of discoveries
As shown in Figure 9, the observed trend in ore grades since the mid-1970s has been sideways –
with the weighted average grade fluctuating between 0.8 and 1.5 g/t. The recent uptick to 3.09 g/t in
2017 is due to a number of large high grade (generally underground) deposits being found6. Figure
10 shows this more clearly – and highlights that the average grade of open pit and underground gold
discoveries have not materially changed over the last 5 decades.
Of more concern is the fact that average head grade of ore mined (i.e. the red line in Figure 9) has
been dropping – suggesting that the inventory of high-grade high-quality deposits is being depleted.

6

These include Umm Ash Shalaheeb (1.3 Moz @ 16 g/t). Buritica 11.7 Moz @ 9.4 g/t), Haiyu (15.1 moz @ 7 g/t),), Red Hill/Goldrush
(14.9 Moz @ 9.4 g/t) and Swan (3.0 moz @ 45 g/t).
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Figure 9: Weighted average grade of primary gold deposits > 1 Moz found in the World 1950-2017. For
comparison have included data on the reported head grades for operating mines

Figure 10: Weighted average grade of primary open pit and underground gold deposits > 1 Moz found in
the World 1950-2017.
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Trends in the depth of cover of discoveries
One commonly cited factor driving the decline in discovery performance is the industry’s inability to
effectively explore and find deposits under deep cover7. As plotted in Figure 11, while there has been
a general trend of increasing depth of discovery, this mainly applies to brownfield discoveries. By
comparison most greenfield discoveries continue to be made at- or near-surface.
Figure 12 shows the distribution of depth of cover for 290 primary deposits found in the World in the
last decade. It is a mix of brown and greenfield discoveries. As measured in terms of the number of
deposits found, 51% of all of the discoveries were under zero cover - i.e. they outcropped. In terms of
contained ounces, 39% of all gold found was under zero cover. Most of these were greenfield targets.
The average depth of cover for recent discoveries was 64 metres; rising to 90 metres if one takes the
weighted average of the contained ounces of gold. This implies that many of the deposits currently
being found at surface are small in size; and the larger deposits tend to be under deeper cover,
It should be note that the average depth of cover varies by location. Figure 12 shows the average (by
number) of all primary gold discoveries by region over the last decade. In mature countries like
Australia and the United States the current generation of discoveries are tend to be under deeper
cover, This is especially so for China, where there have been a number of brownfield discoveries in
Shandong Province under 1000-2800 metres of cover.

Figure 11: Size and depth of cover for greenfield and brownfield primary gold discoveries in the World
and South Africa 1900-2018

7

The main exception to the rule is South Africa – where several giant deposits were found at depths greater than 1000 metres. The
reason for this is associated with the unique characteristics of the Witwatersrand – whose deposits are both large, high grade and (more
importantly) uniform and predictable. Consequently it was a relatively straight-forward process of using geophysics and drilling along
known geological structures to find the deposits at depth. For this reason, the South African discoveries have been plotted separately in
Figure 11.
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Figure 12: Distribution of depth of cover (by number and by contained ounces) of primary gold deposits
>0.1 Moz found in the World 2009-2018

Figure 13: Average depth of discovery (by number) of primary brownfield and greenfield gold deposits
by region >0.1 Moz found 2009-2018
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Trends in the quality of discoveries
While the number of deposits and ounces found is important, of more importance is the total number
of deposits that are economically significant (i.e. company-making mines) – as these contain most of
the wealth generated by the industry. Figure 14 shows that on average only one Tier 1 deposit8 is
found in are found in the World every 1 or 2 years. In addition, around four Tier 2 deposits are found
each year. Given the scale of the industry (spending $2-6 billion pa on exploration) Tier 1 and 2
discoveries are very rare events.

Figure 14: Number of Tier 1 and 2 discoveries made in the World 1950-2018

Between 1950 and 2018, MinEx has information on 2267 primary gold discoveries. Tier-1 discoveries
accounted for 59 of these (or 3% of the total). A further 177 discoveries (or 8%) are associated with
Tier-2 discoveries.

8

See Appendix A for definitions of the various Tiers.
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Trends in unit discovery costs
Dividing the total exploration expenditures by the amount of gold found gives the unit discovery cost
per ounce. As can be seen in Figure 15, unit costs have risen in recent years – peaking at US$100
per ounce of gold-equivalent9 in 2013 before falling back to $37/oz-eq in 2018. The weighted average
cost for the last decade (2009-18) was US$62/oz-eq. By comparison the weighted average cost in
1990-99 and 2000-09 were $18/oz-eq and $27/oz-eq respectively.
It should be noted that the above cost figure of $62/oz-eq for 2009-18 includes an allowance for the
expected growth in recent discoveries. Leaving this out doubles the cost to $131/oz-eq.

Figure 15: Unit discovery costs and price for gold in the Western World and the Former Soviet Union +
Eastern Europe + China 1950-2014

One oft-cited explanation for the decline in performance is the view that the world is running out of
easy targets, and that it is progressively becoming more difficult to make a discovery. Figure 16
confirms that it is getting expensive to make a discovery – with the average cost per primary gold
deposit found tripling from $53 million to $149 million over the last three decades.
Many industry commentators lament that “all of the deposits sticking out of the ground have now been
found”. While this makes for a good sound-bite, it doesn’t match the fact that, as discussed earlier,
over the past decade, 51% of gold deposits recently found in the World outcropped (see Figure12).
Another, more telling observation, is that the transition away from outcropping gold deposits has been
gradual - and, as such, does not fully explain why there has been a sudden decline in exploration
productivity in recent years.

9

This figure rises to US$64/oz for the last decade if one excludes the value of the silver, copper and other by-product credits.
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Figure 16: Average cost per discovery in the World for primary gold deposits >0.1 Moz 1975-2018

The author argues that a more likely culprit for the blow-out in discovery costs in 2006-15 is the
impact of higher costs for drilling, labour, land access and administration associated with the mining
boom prevailing at the time. All of these input costs doubled in real terms over that period. For
example, data compiled by the author (Schodde, 2013a) for Canada found that, between 2000 and
2012 average drilling costs10 (as measured in constant June 2012 US$) increased from US$112 to
U$210 per metre, and the cost of hiring an experienced Exploration Manager increased from
US$93,000 to US$170,000 pa.
Similar rises have been experienced by other services and in other countries. Consequently, given
that it cost twice as much to do the same amount of work in the field, it should be of no real surprise to
the reader that the cost per discovery has also correspondingly doubled over the same timeframe.
A second-order effect is that the mining boom also caused a strengthening in the currencies in many
resource-rich countries. Stronger currencies made locally-sourced inputs expensive when measured
in US Dollar terms.
Given that the recent mining boom has come to an end, we have seen a (partial) reversal in unit
exchange rates and input costs.
Notwithstanding the cyclical nature of the industry, Figures 15 and 16 clearly show that costs are
progressively rising over longer term. The challenges associated with working under deeper cover
and in more remote locations will only get more challenging over time.
On the other hand, one compensating factor is that the price of gold has also been rising over time. It
is interesting to observe that (in percentage terms) over the last four decades the amount of money
spent by Western companies on gold exploration has (with a brief departure in the early 2000’s)
remained relatedly stable at 3-6% of the gold price (see Figure 17).

10

The reported unit drilling cost excludes the associated cost of analytical services.
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Figure 17: Ratio of unit discovery cost (in the western World) versus gold price: 1975-2018

Trends in discovery performance
As discussed before Tier-1 deposits account for only 3% of all discoveries made. Although Tier 1
discoveries are extremely rare, they are also extremely valuable. MinEx notionally values a Tier-1
deposit at ~$2000 million. Tier-2 deposits account for 8% of the total and are notionally worth (on
average) ~$500 million. Most discoveries are either Tier-3 or “Unclassified” and are notionally worth
$80 and $10million respectively11.
Using the above figures, and comparing it against the amount of money spent on exploration it is
possible to assess the value-proposition for exploration.
Over the period 1950-2018, 41% of the value created from gold exploration is associated with Tier-1
discoveries. A further 31% of the value is associated with Tier-2 discoveries. In other words, nearly
three-quarters of the value created from exploration is associated with just (3% + 8% =) 11% of all
deposits found.

Figure 18 shows that, prior to 2005 exploration created wealth. Since then, even if one factors in an
adjustment for unreported discoveries and likely resource growth, expenditures have exceeded the
wealth created from exploration success. Various possible factors causing this were discussed in the
previous section.

11

These figures are in constant 2013 Dollars. To adjust them to 2019 Dollars multiply them by 1.10x
See Appendix A for a more detailed description of the various Tiers, and how they are valued.
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Figure 18: Estimated value of gold discoveries versus exploration expenditures for the World:
1950-2018

Discovery performance over the last decade by Region
Table 2 summarises the discovery performance and costs by region over the last decade. The key
observations are:


By-product credits accounted for only 3% of the overall value of the metal found in primary
gold deposits (after adjustments, 33 Moz versus 1061 Moz). By-product credits (mainly
silver) were only important in Latin America (where they made up 14% of the contained value)



The average size of deposit found in the World was 2.40 Moz-equivalent. Pacific / SE Asia
and the Rest of World (ROW) were both well below average, at 1.62 Moz and 1.42 Moz
respectively. The largest was the USA at 3.56 Moz and was largely due to the discovery of
the Red Hill Goldrush deposit in Nevada (with 14.9 Moz); leaving this deposit out reduces
USA’s average to 2.7 Moz.



In terms of the average cost per deposit found, the figures ranged from $31 million per
deposit in Africa to $406 million in Pacific / SE Asia. It should be noted that 26 of the 113 gold
deposits in Africa were found by Prospectors; the cost of which is not captured in the analysis.
Most of these informal discoveries were in the 0.1-1 Moz size range.



In terms of the average unit cost per ounce found, the figures varied from a low of ~$30/oz-eq
in the Rest of World and Africa through to $406/oz-eq in Pacific / SE Asia. Of significance is
that both Canada ($81/oz-eq) and USA ($87/oz-eq) were higher than the global average of
$62 per ounce of gold-equivalent.
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Table 2: Performance and estimated costs for primary gold exploration by region 2009-2018
Based on primary gold discoveries >0.1 Moz
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LONG TERM TRENDS IN GOLD EXPLORATION


In terms of the number of Tier 1 & 2 deposits found (which are the most valuable targets),
Australia and Canada faired best, with respectively 4 deposits each. They were closely
followed by Latin America, Africa and the FSU+Eastern Europe+China, with 3 deposits each.



It is estimated that the World generated $30.9 billion in value from exploration. Over the
same time period industry spend a total of $67.5 billion on gold exploration, giving a “Bangper-Buck” of only 0.46. The best performers were Australia (0.91) and Rest of World (0.78).
Canada (0.43) and USA (0.48) performed close to the global average.

With regard to the last point it should be emphasized that the estimated value is highly influenced by
the presence/absence of a Tier 1 discovery. Over the period 2009-18, only five Tier-1 primary gold
deposits were found in the World. Two if these were in China (Haiyu and Xiling), and one each in
Canada (Cote), USA (Red hill/Goldrush) and Australia (Swan). Leaving any one of these (or adding
an extra one in) out has a material impact on the overage “Bang-per-Buck” score.
It should also be emphasized that the calculated value ignored the effect of unreported discoveries
and resource upgrades. The latter is particularly important as there are a number of recent
discoveries that (with more drilling) have the potential to be rerated as Tier 1 or Tier 2 deposits.
Finally, now that the mining boom has ended, the inflationary impact of high input costs is diminished.
As previously noted, we are seeing indications that unit costs and discovery rates are reverting back
to the historic trend rates. If so, this means that the ‘Bang per Buck” should improve over time.
MinEx speculates that, based on past experience, the Bang-per-Buck scores reported in Table 2
could potentially increase by a factor of 30-50%. Time will tell.

How much of the World’s gold resource have been mined to-date?
As discussed earlier, it is estimated that the total known pre-mined gold resource for the World is
around 14,500 Moz. By comparison, as at the end of 2017, the World Gold Council estimates the
World’s surface stocks of gold to be 190,040 tonnes – equal to 6,100 Moz (World Gold Council,
2018). Assuming that 10-20% of the current available gold has been lost during mining, processing
and consumption, the total amount of gold mined in the World (on an in-situ basis) is estimated to be
around 6800 – 7600 Moz. On this basis, the author estimates the World has consumed to date
around 45-50% of its known resources.

Is the World finding enough gold to meet future needs?
Going forward, one of the challenges facing the mining industry is the question of whether its
exploration efforts are sufficient to grow the resource base and meet the future demand for metal.
Figure 19 shows that over the last four decades, the amount of gold mined in the World has increased
from 36 Moz pa in 1975 to 105 Moz pa in 2018 - giving a compound annual growth rate of 2.4%.
Figure 19 also shows that over the last two decades the annual amount of gold (both primary and byproduct) being discovered in the World has flat-lined at around 100-150 Moz pa (with an average of
126 Moz pa over the last decade). While this suggests that the World is finding more gold than it
consumes, it should be noted that not all of the gold found is economic, and for those deposits that do
eventually get developed, 10-20% of the of the contained gold will be lost during mining and
processing.
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Figure 19: Amount of gold mined in the World versus discovery rate: 1950-2018

The above Figure shows that (not surprisingly) most discoveries in recent years are still at the
undeveloped stage. Eventually most deposits get developed; However, it does take time for this
happen.
Figure 20 shows the historical trajectory over time of the likelihood that a given gold discovery (in a
given decade) of being developed. For example, for those deposits found in the period 1950-59, 50%
of them had been developed into mines within 8 years. After 30 years, the conversion rate had risen
to 69% and after 50 years 80% of all discoveries had been mined. Figure 19 shows that the industry
is finding it more difficult (and taking longer) to convert a discovery into a mine. Based on recent
trends, MinEx estimates that only 50% of all discoveries made today will be mined within the next 50
years.
Figure 21 plots the same data - as measured in terms of the likelihood of a given ounce found being
mined. It shows that, for discoveries made in the period 1950-59, after 50 years 98% of the ounces
found had been developed as mines. The higher conversion rate reflects the fact that the larger
deposits are more likely to be mined than smaller deposits (which are more numerous). Based on
recent trends, MinEx estimates that only 75% of all ounces discovered today will be mined within the
next 50 years.
The above analysis highlights growing problem with the gold industry – namely fewer discoveries are
being converted into mines, and those that do, it is taking longer to happen.
Based on a conversion rate of (say) 75% the current discovery rate of 129 Moz pa equates to a longterm production rate of 97 Moz pa. This is less than the 105 Moz mined in 2018. The issue is further
exacerbated when one factors in gold lost during mining and processing (which are of the order of 815%). In other words, the industry is currently not finding enough ounces to replace what it mines.
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Clearly the industry needs to either improve its discovery performance, its conversion rate and/or it
needs to spend more on exploration. The long delay between discovery and development also means
that that industry is not in a strong position to quickly respond to find and build new mines. This has
profound implications on the future price of gold.

Figure 20: Likelihood and timing for a gold discovery (by number) to be converted into a mine

Figure 21: Likelihood and timing for ounces discovered to be converted into a mine
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Summary / Conclusions
Note: Unless otherwise specified, all reported expenditures are in constant June 2019 US dollars.

Exploration expenditures for gold are extremely cyclical. In 2012 global expenditures reached an alltime high $11.8 billion – up from $0.38 billion spent back in 1975. In 2019 expenditures had fallen to
$4.44 billion.
MinEx estimates that over the last decade (2009-2018) a total of $67.5 billion was spent on exploring
for gold. During that time 336 primary gold deposits (>0.1 Moz) were found containing 508 Moz. A
further 36 (mainly base metal) discoveries were made where gold is a by-product. These contained
133 Moz, giving a total of 641 Moz found over the decade.
Using a minimum size threshold of 1 Moz, the corresponding figures are 134 primary gold deposits
plus a further 14 deposits where gold is a by-product, containing a total of 556 Moz found.
The above reported discovery figures should be treated as being conservative, as they do not include
unreported discoveries or take into account the inherent delays in drilling out and proving up the
deposit. Based on previous work by the author on the reporting and growth history of major gold
deposits, it is estimated that the adjusted number of primary gold deposits found over the last decade
to be around 455 deposits containing 1061 Moz. Adding in by-product gold increases the adjusted
total to 1290 Moz.
With regard to the primary gold deposits, it is noted that silver, copper and other metal by-product
credits effectively boosts the value of the gold discovered in the last decade by 3%.
Based on the above, MinEx Consulting estimates that the average unit discovery cost for 2009-2018
was $62 per ounce of gold-equivalent. This is double the discovery cost for the previous decade – of
$27/oz-eq for 2000-2009.
A similar story applies on the unit cost per gold deposit found. For primary gold deposits > 0.1 Moz,
the average cost over the last decade was $149 million versus $75 million in the previous decade.
The author contents that main reason for the sudden increase in cost is due a dramatic increase in
input costs – such as drilling, labour, land access and administration. All of these have doubled in real
terms between 2000 and 2012 – with the key driver being the inflationary effects associated with the
mining boom, coupled with stronger currencies for Australia and Canada. With the subsequent end of
the mining boom, exploration and discovery costs have dropped back. Notwithstanding this, the longterm trend is for unit discovery costs to rise. This is due to the progressive shift to exploring under
deeper cover and in more remote locations.
With regard to the depth of cover issue, over the last decade, half of all primary gold discoveries (by
number) were outcropping. The average depth of cover was 66 metres. This is set to rise over time.
In terms of discovery performance, some regions do better than others. In particular, Australia
accounted for 9% of the exploration expenditures, 17% of the deposits (by number) and 14% of the
total ounces. It also accounted for 22% of the Tier 1 & 2 deposits found. For comparison, Pacific /
Southeast Asia accounted for 6% of expenditures, found 1% of the primary gold deposits (by number
and ounces) and zero Tier 1 & 2 deposits.
The ten current “hot spots” for exploration success are Alaska/Yukon, Northern Ontario., SW
USA/Mexico, the Cordillera in Latin America, West Africa, Central/Northeast Africa, Turkey/Caparthian
Belt, China, Far East Russia and Western Australia.
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In terms of the value of discoveries made, versus the cost of exploration, the industry performed
poorly over the last decade – achieving a notional “bang-per-buck” of 0.46. The best performing
regions was Australia (0.91) and the worst was Pacific/SE Asia (0.03). in the middle were Canada
(0.430 and USA (0.48). In practice the true situation is better than this – as the analysis doesn’t
capture the value of unreported discoveries or include the upside potential for projects to have their
Tier status upgraded through additional drilling. Finally, with the end of the mining boom, input costs
for exploration (such as drilling and salaries) will be lower in the future.
Most of the value created by industry is associated with Tier 1 and 2 discoveries – with a weighted
average value of $2000 million and $500 million (in 2013 US Dollars) respectively. Unfortunately,
they are difficult to find. Over the last decade only five Tier 1 and 13 Tier 2 deposits were found in the
World.
With regard to the future, it is noted that the amount of gold mined in the World rose from 36 Moz pa
in 1975 to 105 Moz pa in 2018. This is set to rise further in the future. By comparison, over the last
decade, in spite of a massive increase in exploration expenditures, the amount of gold discovered
(both primary and by-product) was only 129 Moz pa. 8-15% of this will be lost during mining and
processing. Of greater concern is the observation that, based on recent trend, only (75% of the
ounces found (are likely to be developed into mines. On this basis, the industry is struggling to
replace the ounces mined. This has profound implications on the future price of gold.
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Appendix A: Tier Definitions
The reader should be cautioned that there are no industry-agreed set of rules regarding the definition
of a Tier 1, 2, 3 or 4 discovery. The following are the working definitions used by MinEx Consulting to
assess their “quality”:


Tier 1 deposits are “Company making" mines. They are large, long life and low cost.
Using long run commodity prices it generates >$300-600m pa of revenue (i.e. >200 ktpa Cu or
>800 kt Zn+Pb or >5ktpa of U3O8 or >250 koz pa Au) for >20 years and is in the bottom quartile of
the cost curve. The project has very robust economics and will be developed irrespective of
where we currently are in the business cycle and whether the deposit has been fully drilled out.
The resource is of a size/quality that it creates multiple opportunities for expansion.
It is expected that project’s economics will easily exceed the Company’s Cost of Capital + Country
Risk Premium by at least 5 percentage-points … i.e. achieve a >12% IRR after-tax in low-risk
jurisdiction such as Australia or Canada.
As at January 2013, Tier 1 deposits have a risk-adjusted NPV at the Decision-to-Build Stage of
>US$1000m, as based on forecast long-run commodity prices. For purposes of modelling, the
weighted average expected value is set at $2000 million in 2013 US Dollars



Tier 2 deposits are “Significant” deposits - but are not quite as large or long life or as profitable
as Tier 1 deposits. I.e., it only meets some of the Tier 1 criteria.
Typically Tier 2 deposits are profitable in all but the bottom of the business-cycle. However, they
have limited "optionality" because of modest size and mine life.
It is noted that, over time, through additional delineation and/or changes in costs or business risk
some Tier 2 deposits may ultimately become Tier 1 deposits.
As at January 2013, Tier 2 deposits have a risk-adjusted NPV at the Decision-to-Build Stage of
US$200 - $1000m. The expected value is set at $500 million in 2013 US Dollars.



Tier 3 deposits are small / marginal deposits (most deposits found fall into this category) While
they can be profitable – at best they don’t meet more than one of the Tier 1 or 2 criteria.
Typically these projects only get developed during the top of the business cycle and/or developed
only if they are satellite operations to an existing business (i.e. they would never be developed as
a stand-alone mine).
As at January 2013, Tier 3 deposits have a risk-adjusted NPV at the Decision-to-Build Stage of
US$0 - $200m. The expected value is set at $80 million in 2013 US Dollars.



Tier 4 deposits are uneconomic deposits. Using long run price forecasts, the deposit has a
negative NPV at the decision-to-build stage and is unlikely to be developed (even at the top of the
business cycle). For economic evaluation purposes, Tier 4 deposits are assigned a notional
value of ~$10m in constant Jan 2013 Dollars. Even though such projects are NPV negative, they
still hold some option value based on the (small but real) potential that commodity prices may
rise, technical innovations and better infrastructure could make them economic in the future.

As a general rule, the above Tier classifications only apply to deposits that "Major" (or larger) in size,
where “Major” is defined as deposits containing a pre-mined resource >1 Moz Au. For purposes of
this study, moderate-sized gold deposits in the range 0.1-1 Moz as “Unclassified” and are assigned a
notional value of $10 million in 2013 US Dollars.
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