Variable characteristics of epithermal Au-Ag deposits: Exploration in Mongolia

- Tetonic settings: porphyry-epithermal relationship

- Epithermal deposits formed in extensional settings

- Epithermal deposits formed in intrusive-centered settings

- Lithocap mineralization: transition to tops of porphyry deposits Jeffrey W. Hedenquist
Ottawa, Canada
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Location of metallogenic belts at convergent margins: typical epithermal and porphyry deposits
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Porphyry systems (porphyry deposits, ~1-3+ km, to epithermal levels, <1 km depth) in volcanic arcs,

and epithermal deposits in extensional settings

Au-Ag epithermal in

Au-Ag-(Cu-Zn-Pb) epithermal, s eel Zemes:

Convergent margins: transition to porphyry Cu (Au, Mo) no porphyry deposits
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Overprinting, or hybrids?

Avoid squeezing all deposits into endmember models (boxes);
observe and describe!



Tectonic settings

Cenozoic epithermal Au-Ag deposits,
Great Basin, Nevada

Extension - rifting (back-arc, plume), Subduction-related continental margin arc,
bimodal basalt-rhyolite assemblage (~reduced) andesitic assemblage (oxidized)
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Tectonic setting: Neutral to compressive (subduction, arcs)

Extensional (back arc, post-subduction)
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Waihi, New Zealand, 240+ t Au:

Martha, underground vein mine (1880s-1950s), open pit
(1990s~2000), blind vein discoveries (~2000-now, UG)

- - 4 Y .. - \3-...‘\~ -F . - R
- _ - '\ b r \ lA \ : ',
‘ ' 1} '.@ ‘, e
Ty > . Ty E
| : . < > 4
K . -~ f‘. .
. - - - )

No. | level ™ e 8
(old workings) ‘”‘S

\ Lo oM
No. 3 level o

Sea level

No. 7 level



‘1. 4."2\3'-‘_"“ -~ %‘ \
s ¥ -“ . F" &_ a4 < - “'

Southern Coromandel peninsula, New Zealand eyl
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Lessons: near-mine satellites plus ore deposit
discoveries from 2000, after 120 years of
mining in district
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Depth below the paleowater table (m)

Coromandel peninsula, NZ, epithermal deposits: vertical variations in features
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Hishikari, southern Kyushu, Japan Bonanza

Footprint of
440 t Au deposit
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Hishikari, Kyushu:
Alteration from 220
samples, XRD study;
veins projected to
surface, no outcrop
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Faure et al., 2002
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Kaolinite * alunite * native S - opaline
silica (steam-heated alteration)
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Meteoric-magmatic Colloform quartz- jjjite + adularia

hydrothermal fluid calcite * adularia

Hedenquist et al., 2000, modified from Buchanan, 1981



Bayan Khundii deposit, 2016:
Quartz-adularia-hematite, low sulfide, illite (crystallinity ~1-3)




Bayan Khundii,
2026:

South margin:
Kspar, qtz, mt (Au?)

Deep (hot) feeder
zone(s)? to tuff unit,
paucity of colloform
quartz, relatively deep

BKD386-162.6 m, qtz-mt vein, 22.Au
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Lithocap: lithologic host to
residual gtz + halo of
advanced argillic minerals,

over causative intrusion
Sillitoe, 1995
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Hypersaline brine and
vapor are linked; thus
potassic and lithocap
alteration are linked. Henley

and McNabb, 1978
Sillitoe, 2010,

Porphyry copper systems,
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Hypogene magmatic vapor condensation:
hyperacidic solutions form advanced argillic
alteration; metal-poor vapor, barren stage

0, + 4 H,0 > 3 H,S0, +‘|’5|fs;3’
£ PH3E0, > H* + HSO, ¢ V6F
HCl > H* + Cl |

Acid dissociation due to cooling,
{ increased reactivity (<250 °C)

N

Satsuma Iwojima, Japan:

rhyolite dome, pH ~1.5 springs ~ -
Hedenquist et al., 1994



Kyushu, Japan

Lithocap-hosted Iwato Au-enargite-pyrite deposit; supergene oxidized
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lwato enargite-Au deposit, Kyushu, Japan (18.9 t Au produced at 2.3 g/t)

Extinct analogue: Japan
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First recognition of lithocap control:
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Urashima et al., 1981
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Epithermal — porphyry link
Mankayan district, Luzon, Philippines: pfthermal = porphyry fin

Far Southeast porphyry Cu-Au & lithocap-hosted Lepanto enargite-Au deposits,
+ Victoria Au-Ag-(Cu) quartz-rhodochrosite-anhydrite veins, margin of intrusive center
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100 m

Lepanto ore deposit
(105 t Au, 1 Mt Cu as enargite)

Upward flaring alteration: acid
dissociation due to cooling —

70% ore in feeder zone of
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Far Southeast porphyry & Lepanto lithocap-hosted and Victoria epithermal vein deposits

Porphyry system

Arribas et al., 1995;
Calder et al., 2022

C

\
VM0 12 345 1 678 91011 1213
al \ 1

Victoria Au-Ag (Cu)
_Veins, <1.3 Ma

: Victoria veins

Zon

600 t Au + 5 Mt Cu 105t Au + 1 Mt Cu, 70t Au
—_— esiaual qiz (Au-enargiie nos
1500 m Residual gtz (A ite host .
Qtz-alun (py), dick-kaol ~A5 M —
jon R IS,
1300m Long = - o e ) AR | Fresatil ot e
1.4 Maalunite 7 mbanouiadaciepyrocastcrocks  \ L pd fy |
e Vo VONY N W i (R VVVVVVVVVVY VVVVVVVVVVVVVVVVVVVY Ax N kN o A A AA
1100mr 77V V.V Vo VAV VYV Y Y YVVVVVVVVVVVVVVVVVVYapX v v v vy v INL A A
777 / % 07— g ML V V V) A A
///// /é/ /Z Lepanto enargite-Au = \\\
//90/0/ ’ 7%/7///////?) / ,/7//;//'77// Balili volcaniclastic ~ —=———=——
2 ; /// /// /) T rocks v N7
7 A4 Y ;
% /// 7 //// 7 ////// 4/ / : 5Ma viv v YA /.
7,7/ & = 9% ///// / 7/ /) ///// /////%////// 7, 7 V) | L /
o R N 47///////7//%/4////// 0 oo
. ... // o
e x - g ~ Aavolcanicrocks 77/ 7 / / // ,////// 7
. o - Y i //////////7////7///// /////////é// B hite i
8 ) o i -

i

7, :
7/ w: 7/ porphyry, bn-cp
~esidual qua Darre / -
apor coupled to biotite stage -

2) Enargite-luzonite-Au ore (matrix);
chlorite-white mica overprint stage




Victoria zone 4,
Vein 225

Vein 225
crustiform
banded
quartz

Leo Subang photo



Victoria zone 4, Cu, Zn-rich Victoria zone 0, 205, Mn-rich Teresa veins, 108, Au-rich

36.92g/t Au, 8.75g/t Ag, 0.005% Cu

310.43g/t Au, 9.74g/t Ag, 0.05% Cu
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5.83g/t Au, 77.08g/t Ag, 0.36% Cu, 2.49% Pb, 16.02% Zn

Doug Kirwin photos



Altan Nar drill core — epithermal quartz — adularia (310 Ma) — Fe-Mn carbonate veins: strong banding, quartz

after bladed calcite — plus sphalerite, galena; 43-101 resource, 2018: 5 Mt @ 2.8 g/t Au equivalent (Au, Ag, Pb, Zn)
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Shuteen barren lithocap & porphyry prospect, Mongolia
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Trans Altai and adjacent terranes - Island arcs, basins tad

2009: Regional compilation

[

SW Mongolia:

Island arcs plus backarc/
forearc basins,
metamorphosed and folded,
with slivers of ophiolite.
Various levels of erosion (fault
blocks, etc.), with epithermal
levels preserved at Bayan
Khundii, Altan Nar, etc.
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Kawah ljen (pH <1)

Active and young subduction-related
volcanic arcs, and porphyry systems
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Exploration for epithermal deposits in Mongolia: general guidelines

Preservation of volcanic package from erosion (< 20-30 % intrusions)
Erosion level <1 below paleosurface

« Paleosurface indicators? (True sinter, watertable opaline * kaolinite horizon; unlikely...)

« Shallow erosion: Alteration mineralogy — smectite, interstratified clays (<200 m), illite - ISM
1. Sulfide-poor veins: several km-wide systems, multiple centers in districts
2. Recognition of lithocaps

« ASTER or WV3: aluminosilicates + alunite

« Silicic cores + quartz-alunite, most resistant to erosion; best grades in silicic cores

« Vein potential on margins, up to 5+ km distal

« [f barren lithocap, deeper porphyry potential
Range of tectonic settings in SW Mongolia (island arcs, and backarc/forearc basins)

« Potential for range of epithermal styles in downdropped fault blocks (preserved by burial)

« Uplifted blocks, near-surface potential for deeper styles, including porphyry deposits:
area of intrusive rocks similar or > area of volcanic rocks
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Biga region, NW Turkiye:
Wide variety of epithermal
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