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Presenter
Presentation Notes
On the TMI image I have plotted in red the contours representing number of lead-zinc occurrence per sq. Km. The black square represent lead-zinc occurrences. Broken Hill is the only economic deposit in the region. It is 500 times larger than the Pinnacles. With more than 52 Mt of lead-zinc resources, Broken Hill is a super-giant.
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Presenter
Presentation Notes
The next obvious super-giant is Olympic Dam. It is 45 times larger than Prominent Hill in terms of copper  resources. Although gold and uranium grades are not high in comparison to gold and uranium only deposits, the total resources of gold and uranium are huge and make it a super-giant gold and/or uranium deposit. Carapateena prospect is located within ~ 150 Kms of Olympic Dam. Resources for the prospect are yet to be defined.  

I have only shown two super-giants. There are many in Australia and outside. Most super-giants sit alone. Some notable examples are:

Mt Isa and Hilton/George Fisher: 35 Mt and 37 Mt respectively

Mt Isa Copper:  ~15 Mt

Telfer: ~ 760 T (gold)

Bendigo: 1032 T (gold); Stawell: 170 T (gold)

Murantau: 3950 T (gold); Amantaitu: 290 T (gold)

Ashanti: 2070 T (gold); Prestea: 390 T (gold)

Lubin (Poland): 52 Mt (Cu)

Fungurume (Zaire): 41 Mt (Cu); Kolweizi: 36 Mt (Cu)

Also mention porphyry Cu (e.g. Butte)






Background
* In the past ten years terms such as ‘world-class’,
‘glant’, ‘super-giant’ deposits have been widely
discussed
e Don Singer and his group:
— used grade and tonnage data for deposits to
define ‘world-class’

— deposits with more than 100 t Gold; 2 Mt
Copper, 1 Mt Lead and 1.7 Mt Zinc were
considered ‘world-class’

 Richard Schodde:

— Used a threshold value of $250 million NPV to
define ‘world-class’

AESC2008 GEOSCIENCE AUSTRALIA


Presenter
Presentation Notes
Two approaches to define a ‘world-class’ deposit.  A gold deposit with 100 T of gold is big but there are several deposits of this class. There is a need to define a class which would include much larger deposits (3 times or 10 times larger).  The super-giants mentioned earlier are many times larger.


World-class, Giant and Super-giant?

e Deposits with more than 100 t Gold; 2 Mt Copper, 1
Mt Lead and 1.7 Mt Zinc were ‘world-class’

(largest 10% of deposits)
o Giant: 3 times bigger; Super-giant: 10 times bigger
than world-class
— Gold: 300 t (Giant); 1000 t (Super-giant)
— Copper: 6 Mt (Giant); 20 Mt (Super-giant)
— Lead: 3 Mt (Giant); 10 Mt (Super-giant)
— Zinc: 5 Mt (Giant); 17 Mt (Super-giant)
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Presenter
Presentation Notes
The ‘world-class’ deposit as defined by Don Singer represent 10th quantile or 10% largest deposits of that type. For the purpose of this paper I have defined deposits which are 3 times bigger than the ‘world-class’ as ‘giant’ and 10 times bigger as ‘super-giant’. They roughly correspond to 5th and the 1st quantiles respectively on the cumulative frequency curves. There is a need to refine this classification using more rigorous statistical analysis of grade and tonnage data. Nickel and Uranium deposits are relatively much smaller hence for them different criteria need to be applied.


Outline

Show metal endowment data of selected deposits at
craton/region, belt and district scales

Discuss distribution of giant and super-giant
deposits at different scales

Show cumulative frequency curves (greater than
curves) of total metal resources (production +
remaining resources)

Endowment curves for cratons/regions, belts and
districts containing giant and super-giant deposits
are different from those which do not contain them

Discuss the need to focus on belts or districts with
‘glant’ and ‘super-giant’ deposits
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Presentation Notes
In this presentation I’ll show metal endowment curves of selected deposits at the scale of regions/cratons, belts and districts. I’ll use the endowment curves to show the spatial distribution of giant and super-giant deposits. The endowment curves are cumulative frequency curves of global metal resources (production + remaining resources). I’ll argue that endowment curves for regions/belts and districts which contain giant and/or super-giant deposits are significantly different from those which do not contain them. In the final section I’ll stress the need of conducting detailed studies in regions/belts/districts hosting giant and super-giant deposits.


Systematic Analysis of Endowment

Undertaken for

 Gold (Archaean greenstone, lode gold, epithermal,
Carlin-style)
o Copper (porphyry, sediment-hosted copper)

e Lead-Zinc (VAMS, MVT, sediment-hosted
stratiform or Mt Isa-style; Irish-style)

* Nickel (Komatiitic Ni-Cu)
e Uranium (Unconformity-related uranium)
o At craton/region, belt and district scales
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Sources of Grade and Tonnage Data

GA’s Ozmin (for Australian deposits)

Copper deposits: USGS (Don Singer’s group)
Gold (Canadian Geological Survey)

_ead-Zinc (David Leach)

Nickel (Canadian Geological Survey)

Uranium (Ozmin; Canadian Geological Survey)
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Distance used (based on proximity analysis)
 Gold: 1.6 Kms

e Copper: 2 Kms

 Nickel, Lead-Zinc: 1 Km

* Uranium: 600 m

Important to define
what constitutes a
deposit from a
resource point of
vView

‘Deposits’ (ore zone,
bodies, shoots) were
aggregated using a
constant distance of
proximity between
them

GEOSCIENCE AUSTRALIA


Presenter
Presentation Notes
In order to distinguish between ore zones of a deposits form other deposits, resources were aggregated by using a uniform proximity rule. For instance all gold deposits/ore-zones within 1.6Kms of each other were taken as a single deposit and their resources were aggregated. Similar proximity rules were applied for copper, nickel, uranium and lead-zinc deposits.
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Presenter
Presentation Notes
This is an example of an endowment curve. It is a cumulative frequency curve on which cumulative proportion of deposits (on the y-axis) are plotted against their size (metal resources in increasing order) on the x-axis. They are so-called greater than curves. For each quantile or cumulative proportion one can find the size of deposits: 10% deposit are greater than 196 tonnes of gold. The number in brackets under the label represents number of deposits used to plot the curve. The circles represent individual deposits. A curve is fitted to the data. It is plotted using the mean and standard deviation of the real data.



A quick look at the curve can show how big the largest deposit is compared to the second largest.


Comparison of
Regions/Cratons
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Presenter
Presentation Notes
These curves compare metal endowment of 4 cratons containing Archaean greenstone gold deposits. Both Yilgarn and Superior contain giant and super-giant deposits. The largest deposits in each are McIntyre-Hollinger (~990 T Au) and Super Pit (2120 T Au) respectively. Greenstones in Zimbabwe only have two world-class deposits (Cam, Motor ~ 150 T Au, Midlands ~ 125 T Au). The Pilbara Craton on the other hand has very small deposits (the largest Bamboo Creek ~ 20 T Au). 

 The endowment curves of cratons with giant and super-giant deposit is different from those which do not contain them. The contrast would be more pronounced if small deposits are not included in the analysis

 As smaller deposits in these cratons are larger than the smaller deposits in Pilbara and Zimbabwe indicating that there are possibly craton-scale features controlling endowment.
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Presenter
Presentation Notes
The VAM deposits are of different ages and the tectonic setting in which they were formed are also different but a comparison of the endowment curves shows that

 the Iberian Belt which contains a super-giant is different from the other two: Iberian Belt contains a super giant: Aljustrel (~14 Mt) and Neves Corvo (~ 9 Mt); Rio Tinto (~5 Mt). Note that the Iberian Belt is a mineral province, whereas the others are districts

 The Mt Read Volcanics: the largest deposit: Rosebery-Read (~ 4 Mt)

 Japan: the largest deposit Hanaoka (Mats-Sha) ~3 Mt


Lode Gold Deposits (Proterozoic, Australia)
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Presenter
Presentation Notes
The Orogenic Lode Gold or Intrusive-related gold deposits in the Pine Creek and Tanami Orogens are quite similar in age and setting. 

 Out of the two only Tanami hosts a giant deposit (Callie ~ 250 T Au). The second largest deposit (Tanami ~ 39 T Au) is at least seven times smaller

 The Pine Creek hosts only one world-class deposit (Mount Todd ~ 112 T Au). Even here the second largest deposit (Union Reef ~ 33 T Au) is at least 3 times smaller

 The endowment curve of Tanami is quite different from that of the Pine Creek

 The endowment is controlled by some regional (Orogen-scale) feature

 Note that  Callie, the largest deposit is located very close to a deep crustal structure.


Unconformity-Related Uranium
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Presenter
Presentation Notes
Three curves comparing U-endowment of three regions (Athabasca and Thelon in Canada and Pine Creek in Australia) with similar endowment. The deposits are in general very similar with the following differences:

In the Athabasca Basins two major episodes: 1600 to 1500 Ma and 1460 to 1350 Ma; In Thelon the mineralisation is of the same age as in Athabasca although the oldest date is 1400 Ma; In the Pine Creek Orogen, mineralisation is generally older: ~ 1740 Ma; ~ 1650 Ma

 In the Athabasca Basin the deposits are predominantly hosted by the overlying sandstones (Egress-style) whereas in the Pine Creek Orogen they are in the basement rocks (Ingress-style)

 Athabasca Basin: McArthur River (~ 225000 t U3O8) Cigar Lake (142000 t U3O8)

 Pine Creek Orogen: Jabiluka 2 (~ 200000 t U3O8); Ranger (~ 107000 t U3O8)

The curves for the Thelon and Athanbasca Basins is very similar, indicating similar endowment. The higher-deposit-size part of the curve for the Pine Creek Orogen coincides with those of the other two. The difference is in the lower-deposit-size end of the curve. The Pine Orogen has many very small deposits (< 100t U3O8). It is possible that larger deposits have not been discovered or that they have been eroded during the removal of the overlying platform cover.




Conclusions Part |

‘Bull elephants’ do exist

Endowment curves can distinguish large
areas (cratons/regions) with different
endowment (with and without giant and
super-giant deposits)

In most regions/cratons the Largest Deposit
is 2 or 5 to 10 times larger than the 2nd
Largest
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Comparison of Belts and
Districts
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Presentation Notes
Compare gold endowment of 3 Terranes of the Eastern Goldfield Province of the Yilgarn Craton


®Archaean Greenstone Gold (Eastern Goldfields)

Kalgoorlie: super-giant
Kurnalpi: giant
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Presenter
Presentation Notes
 Kalgoorlie Terrane contains a super-giant (Super Pit ~ 2120 t Au), a giant (Saint Ives ~ 370 t Au) and many world-class deposits

 Kurnalpi Terrane contains a giant (Granny Smith ~ 310 t Au) and many world-class deposits

 Burtville at this stage only contains small deposits (Rosemont ~ 37 t Au)

 The curve for Klagoorlie is quite different that of Burtville. Kurnalpi lies somewhere in the middle with the larger end of the curve quite similar to that of Kalgoorlie

 As smaller deposits in the Kalgoorlie Terrane are larger than the smaller deposits in the Burtville and to some extent in the Kurnalpi, a terrane-scale feature probably controls endowment




®\/olcanic-Associated Massive Sulphide: Canada
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Presentation Notes
I’ll compare endowment of 3 districts in three well-know VAMS provinces in Canada. The deposits are in general similar but of very different ages:



 Noranda deposits are of Late Archaean age

 Flin-Flon of Palaeoproterozoic and

 Bathurst of Ordovician age

 However the difference in the endowment isn’t totally related to the difference in their ages. There must be other district scale features which may control metal endowment


®\/olcanic-Associated Massive Sulphide: Canada

*Why is Bathurst more
endowed than Noranda
and Flin Flon?

* nature of the
underlying crust?, age?

o
o

Bathurst
Noranda °N (24)
(18) .

)
X
N
D
—
C
©
>
o

Bathurst
| contains a 3
super-giant: Flin Flons
Brunswik#12 (18)

103 104 10° 1068

Pb+Zn+Cu (Tonnes)



Presenter
Presentation Notes
The curve for Ordovician age Bathurst District is quite different from that of Noranda and Flin-Flon for which the curves are quite similar:

This shows that age isn’t the dominant control of endowment

Bathurst: the largest deposit is  Brunswick No 12 ( ~ 26 Mt; super-giant); The second largest (Caribou ~ 4 Mt, giant) is at least 6 times smaller. 

 Noranda: the largest deposit is Horne No 5 (~ 4 Mt, giant); the 2nd largest is Mobrun (~ 0.6 Mt) which is at least 8 times smaller

 Flin-Flon: the largest is Flin-Flon (~4 Mt); the 2nd largest Triple Seven (~1.9 Mt)

The higher endowment of Bathurst district is controlled by a district-scale or regional-scale feature
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Presenter
Presentation Notes
Comparison of gold endowment of two trends of Carlin-type deposits in Nevada. The deposits in the two trends are similar and age of mineralisation is interpreted to be between 42 and 30 Ma
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Presenter
Presentation Notes
The endowment curves for the two trends are quite different at the middle and lower sizes of deposits. At the larger end they converge.

 Both the trends contain a super-giant (Pipeline ~ ~970 t Au in the Battle Mountain Eureka trend; Goldstrike ~ 1246 t Au in the Carlin trend)

 The 2nd largest deposit in each trend is at least 3 times smaller (Mikkle ~ 430 t Au in the Carlin Trend and Fortitude-surprise ~ 310 t Au in the Battle Mountain Eureka Trend)
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Presenter
Presentation Notes
Three porphyry Cu-Mo districts in the American and Canadian Cordillera. Two episodes of mineralisation are known in the Cordillera:

 Late Triassic to Middle Jurassic (210 to 160 Ma) and Later Cretaceous to Eocene (85 to 45 Ma)

 The three districts represent the second episode:

 Ray (~69 Ma), Cananea (~59 Ma), Bell Copper (~52 Ma)


C"E’orphyry Cu-Mo (Cordillera- ~85 to 45 Ma Age)

e Cananea and Ray
(Arizona) richer than
Bell Copper (Canada)

 Districts in Arizona
contain giant deposits

 Bell Copper only
world-class
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Presenter
Presentation Notes
The curves for Cananea district is quite distinct from that of Bell Copper in Canada. The curve for Ray lies somewhere in the middle, converging with that of Cananea at the larger end.

Cananea district in Arizona and Mexico contain super-giant (Cananea in Mexico ~ 31 Mt) deposit. The 2nd largest is Esperanza-Sierrita (~ 7 Mt) is at least 4 times smaller

 Ray district: the largest deposit is Ray (~ 10 Mt). It contains three other deposits with > 8 Mt Cu

 Bell Copper is the poorest: The largest deposit is Bell Copper (~1.8 Mt) The 2nd largest is Morrison (~1 Mt)




Conclusions Part |1

e Terranes, belts and districts within individual
cratons/ regions show different metal endowment

e Metal endowment curves for belts and districts
containing giant and super-giant deposits are
different from those which do not contain them

e Regional-scale features probably control metal
endowment
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Regional-Scale Factors
controlling Endowment:
Unconformity-Related
Uranium in the Pine Creek
Orogen
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Presenter
Presentation Notes
Maps showing world-class regions of Unconformity Uranium deposits. Four significant points:

In Athabasca Basin, most of the cover rock (Athabasca Basin rocks) are preserved whereas in the Pine Creek ~ 50% of the Kombolgie Basin cover had been most probably removed, and preserved only in the Eastern part of the Orogen.

Although Athabasca Basin  has 200, 000 t of U3O8 more, no significant mineralisation has as yet been found in the Komblogie rocks. In general, the parts of PCO in which the Kombolgie has been preserved is less intensively explored compared to the Athabasca Basin.

Mineralisation in the two regions is not uniformly distributed: In the PCO more than 95% resources are confined to the Alligator Rivers Uranium Field. In the Athabaca Basin a similar amount is localised in the NE region.

A NE trending structure coincident with the edge of a gravity high has been identified in the Athabasca Basin. A similar feature is observed in the the Alligator Rivers Uranium Field.




Stratigraphical/Lithological Control
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Presentation Notes
Stratigraphical and lithological constraints: Mineralisation is always hosted in a package of graphite bearing schists intercalated with calcareous sediments. But not all metasediments are equally mineralised; relatively deep-water turbiditic sediments with carbonaceous material (such as the Burrelll Creek Formation) are often poorly mineralised.
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Presenter
Presentation Notes
The curves represent uranium endowment of three districts in the Pine Creek Orogen. For comparison curve for the Eastern Athabasca has also been plotted.

Within Pine Creek Orogen the endowment of three districts is quite different: the larger deposits concentrated exclusively in the Alligator Rivers Field. The curves show that smaller deposits in the Alligator Rivers Field are larger than the smaller deposits in the South Alliagtor and Rum Jungle fields indicating that regional geological features probably control uranium endowment

It is possible that large deposits in South Alliagtor and Rum Jungle fields have not been found but in order to find that it would be important to study the essential ingredients of large deposits in the Alligator Rivers Field and Eastern Athabasca and to use that information in developing exploration models.


Gravity Image of
PCO with U
deposits,
occurrences and

major faults


Presenter
Presentation Notes
This is a gravity image of the PCO. On it we have plotted major faults, uranium occurrences, and major uranium deposits.  The image shows that most U occurrences and major U deposits sit at the edges of gravity highs.
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Presenter
Presentation Notes
The multi scale edge analysis (‘worming’) confirms that uranium mineral occurrence and major uranium deposits are located at the edges of gravity high zones. The worms at the upward continuation heights (UCH) of greater than 35 Kms may represent deep crustal feature, most likely regional structures. But the spatial association of U deposits emerges for worms at the UCH of 20 Kms. The richest U deposits in the Alligator Rivers Field are associated with them. In the Rum Jungle Field the deposits are associated with much shallower worms (1 to 5 Kms). 

The structurally controlled deposits in the South Alligator Valley Field in contrast are not related to the worms and form a zone oblique to them. It is possible that the structure controlling this zone are either shallow level structures or these structures don’t create significant gravity contrast.



The worms at the UCH of < 12 Kms have elliptical and circular shapes, most probably related to shallow level granitoids.



The spatial association between the worms and richer U deposits helps to delineate additional prospective areas: 

1.  the worms south of Nabarlek where the unconformity is present in places although there may or may not be Archaean present,

 

2.  the worms south of Archaean Woolner granite, the cover sandstone are probably not present here but bearing in mind that Jabiluka is open at depth of 500-600m, you can have a truncated Jabiluka in the worm near the Archaean Woolner,

 

3.  similarly the north-south worms along the eastern side of Archaean Rum Jungle/Waterhouse complexes could have truncated Jabiluka,

 

4.  finally, the worms east of South Alligator River Valley field, would also have been of interest if it was outside Kakadu and accessible.


Regional Gravity Highs and Uranium
Endowment

* Proximity to the edges of gravity highs: richest
deposits associated with the ‘worms’ (UCH of 12 to
20 Kms) which may represent positions of maximum
gradients of deeper-crustal features

* In the Athabasca Basin, the gravity-high ridge Is
assocliated with a regional structure. In the PCO
more work Is required to understand the ‘worm’
(the position of the gravity gradient)
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Presenter
Presentation Notes
This is a map showing Super-giant porphyry deposits in the Andes. In the Andes 3 major episodes of mineralisation have been recorded: 63 to 52 Ma; 45 to 30 Ma; 10 to 4 Ma.

 each of the younger episode has produced a cluster of super-giant deposits

 Chuqui-Escondida-Collahausi (~ 30 Ma): 250 Mt of Cu

 El Teniente- Los Bronces-Los Pelambres (~ 10 to 5 Ma): 284 Mt Cu

 The clusters are ~1000 Kms apart and within each clusters super-giant deposits are at least 50 Kms from each other

 It is not clear what controls the distribution of these clusters: The presence of large fertile magma chambers could be one of the reasons. It is possible that these zones were areas where compression dominated during subduction


What makes a Gilant or Super-giant system?

* Are they more efficient mineral systems? If yes,
what makes them more efficient?

— Size of the container (sub-basin, magma
chamber, volcanic centre. etc)

— Metal content of the source (particularly for
metals for which enrichment factor is 1000 and
more)

 Nature of the crust (primitive or evolved)

— As shown iIn the Yilgarn Craton (VHMS with
primitive or juvenile crust; KANS with more
evolved crust)

AESC2008 GEOSClENCE AUSTRALIA



What makes a Giant or Super-giant system?

o Superimposition of multiple mineral systems (poly-
chronic and poly-genetic)

— Super Pit: at least 3 episodes of mineralisation

— Olympic Dam: low grade Cu-Au mineralisation
during magnetite alteration upgraded during
haematitic alteration

— porphyry deposits (Andes): porphyry,
epithermal, supergene

— Mt Isa Cu: copper system superimposed on a
Zn-Pb-Ag system
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Conclusions and Implications

e Exploration models need to be based on well-
endowed areas (Yilgarn/Eastern Goldfields vs
Pilbara for Archaean Greenstone Gold)

 What is the foot print of a giant and super-giant
deposit ?
— Halo of smaller deposits and occurrences?
— Districts with smoke, but no major deposits may be

prospective for “single-(super)giant-only” districts

e The greatest potential for exploration around
super-giant deposits may be as extensions of these
deposits: the presence of a (super)giant sterilises the
regions for other giant accumulation of metals
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Questions?
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