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Madison Gold skarn deposit

Historic Broadway Mine, Silver Star
e 1880’s to 1950’s
e ~ 150K ounces gold @ 0.32 opt

Coronado acquires property
e 2005-2006: Drilling |
* 2007: Begin underground development [

e 2007-2012 production*:
e 7570 oz gold
e 2.68 M |lbs copper

Jill Sotendahl (2012) M.S. Thesis

. _ Jill: now with
* Mineralogy and geochemistry International Silver,

Butte

* Dan Everett, pers. comm. May, 2013
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‘ | Boulder Batholith

Smedes et al. 1973

o HELENA

Butte Granite (bgm)
~ 74.5 Ma (Lund et al., 2002)

- Rader Creek Granodiorite (rc)
80.4 Ma (Lund et al., 2002)
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Local Geology
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Prograde skarn
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Prograde skarn

& /

6\& unaltered

e“‘/‘/hedenbergne / marble limestone
garnet-diopside R

e heat

Fe, Si

mass
transfer

BN unaltered -

Ca Al, Mg

Lontrusion o




Prograde Skarn
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Retrograde Exoskarn
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Retrograde Endoskarn
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Paragenesis: gangue minerals

Prograde Retrograde Oxidation &
Skarn Skarn Weathering

diopside
garnet
hedenbergite
phlogopite
chlorite
nontronite

hisingerite
smectite
kaolinite
goethite
hematite
chalcedony
calcite




Paragenesis: ore minerals
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pyrite

pyrrhotite

magnetite

S —

chalcopyrite

bornite

?7?

sphalerite

??

galena

electrum

Bi-tellurides*

??

hessite

??

uraninite

??

??

scheelite

marcasite

chalcocite

copper

cuprite

tenorite

gold

silver

Cul

*includes tellurobismuthite (Bi,Te;), tsumoite (BiTe), hedleyite (Bi,;Te;)



Prograde Mineralization

Reflected light microscopy SEM-Backscatter Electron Image
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Retrograde Mineralization Cont...
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red hematite pods
(after chalcocite?)

id cut

by calcite veins

ing jaspero
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Jasper replacing
massive sulfide

Doesn’t look
supergene

& Photo: Dan Everett



Breakdown of hedenbergite to nontronite

2Ca|:eSi206,hedenbergite + ZCOZ +2 HZO — I:eZSi4010(OH)Z,nontronite + 2C8C03 calcite+ H2



Secondary enrichment of copper

hative
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20 Ib Cu nugget.



Oxidation/Weathering Event

Fe-jasperoid with
calcite stockwork




L_ocation

Description

6180 of
calcite

A calcite -

Temperature of Formation for
Calcites Collected in the Mine
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Temperature of calcite veins vs.
elevation in mine
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Pyrite and pyrrhotite oxidation is
exothermic process

Pyrite + O, + water - H,SO, + heat
Pyrrhotite + O, + water - H,SO, + heat




Hypogene Oxidation Model
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Summary

e Skarn mineralization
— Pyrrhotite, pyrite, chalcopyrite
— Electrum, Bi- and Ag-tellurides

* Late oxidation
— Jasper (goethite-quartz) + calcite veins
— Chalcopyrite = chalcocite, native copper
— Gold stays put
— “Self-heating” hypothesis?

e Source of mineralization?
— Rader Creek pluton doesn’t look sexy enough
— Possible Cu-porphyry at depth??



Questions?

Big thank you to Dan Everett and Coronado Resources for
supporting the project and for giving Jill a job at the mine!

...and Gary Wyss for help with SEM!
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