
The Geology of the Blackwater Epithermal Au-Ag Deposit

Objectives Methods
-To determine the source 
of the sulfur which 

-Sulfur stable isotope 
analysis

-Detailed core logging and 
petrography
-XRD and SEM work 

-Relate high Au and 
Ag grade zones to 

Image  3  above shows  a Au grade-
thickness plan view of the Blackwater gold 
resource from the 2012 technical report 
(Simpson, 2012). The A-A’ line shows the 
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unaltered andesite with silica 
amygdules (amyg) exhibits 

L) In hand sample this 

its original feldspar altered to 

Hornblende Monzonite
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Explanation

Quaternary 
surficial deposits 

Fault, sense of 
displacement 
unknown

Polymictic, lithic rich 
tu� 

Rhyolitic, laminated 
tu� 

Massive rhyolite

Andesitic lava � ows 
and autobreccias

Facing North
Au grade: 1 cm = 40 ppm

Ag grade: 1cm =100 ppm

A

Polymictic, Lithic Rich Tuff

A) This is a hand sample of 
matrix supported lithic rich 

lapilli with curviplanar clast 

C

their clast componentry 
lapilli clasts with whispy to 
curviplanar clast boundaries 
altered to sericite (and->ser) 

1 mm

and->ser

B grt

The Blackwater deposit is hosted predominantly within a sequence of interlayered lithic 

E) A microphotograph of (D)  

plagioclase crystals altered 

F) A hand sample of 

F) shows plagioclase (plag) 

and primary hornblende (hb) 
altered to chlorite (chl) and 

an autobrecciated rhyolite feldspar phenocrysts altered 

consists of quartz and k-feldspar 

J) An autobrecciated ash 

with silica and sericite 

Andesitic lava � ows and autobreccias Rhyolite Tu� 
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Grey silica and sericite alteration. 

Weathering horizon : Fe-oxides, white illite, muscovite and silica.

Green silica and sericite alteration. 

Pyrrhotite-Chalcopyrite-Biotite-Green Sericite ± Arsenopyrite-
sphalerite-galena
Spessartine Garnet and Quartz Alteration

Pyrrhotite-Chalcopyrite-Actinolite-Silica

NH4  bearing muscovite SWIR spectral signature

primary euhedral hornblende 

(qtz) and sericite (ser) alter 

E) A microphotograph 

chlorite (chl) and quartz 

Garnet (grt) is either part 

F) The same view as in 

G) A hand sample 
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but in reflected light and higher 
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L) In the same view as M) but 
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Subhedral garnet is vein 
controlled  as seen in image P) 

(grt)envelope veined pyrite 
O) A grain of gold is included in 
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remnant primary k-feldspar 
has been altered to ammonium (NH4
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Pyrrhotite-Chalcopyrite-Biotite-Green Sericite ± Arsenopyrite-Sphalerite-Galena

A) A hand sample of 
autobrecciated andesite 

D-F show microphotographs 

image of garnet (grt) with garnets are manganese 
(yellow labels) rich with 
lesser calcium (pink) and 
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Spessartine Garnet and Quartz Alteration
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Minimal to no alteration

Veined pyrite-Green Muscovite-Quartz ± Garnet, Sphalerite &Tourmaline

NH4 Bearing Muscovite SWIR Spectral Signature

4

Low Intermediate High Blackwater
Tectonic Setting Intra , near , and back arc, as

well as post collisional rifts
Continental margin arc?

Stress Regime Extensional Extensional to neutral Near neutral or mild
extension

Regional north east directed
transpression, local stress state
unknown

Deposit Style Banded veins of quartz,
chalcedony, and adularia plus
subordinate calcite

stockwork, breccias & pipes Disseminated in leached
silicic rock

Veined and disseminated sulfides
(pyrite, pyrrhotite & sphalerite>
chalcopyrite, galena and
arsenopyrite).

Metal Signature Au ± Ag Pb, Cu Au Ag, Cu, As Sb Au Ag, Zn

Minor metals Zn, Mo, Sb, Hg Mo, Sb Zn, Bi, W, Mo, Sn, Hg Cu, As, Pb

Genetically
Related

Igneous Rocks

Bimodal volcanism Calc alkaline andesites to
dacites

Rhyolitic to andesitic rocks

Connection to
porphyry

None with the exception for
alkaline magma related systems

Moderate Many Undetermined

Sulfides

in quartz veins
,

tetrahedrite or tennantite

Chalcopyrite
Tetrahedrite tennantite,
Fe poor sphalerite

and

pyrrhotite

Pyrite + enargite, luzonite,
famatinite or covellite

Pyrrhotite, pyrite,
sphalerite>arsenopyrite,
chalcopyrite>galena

Silicate Gangue Veined quartz, chalcedony,
adularia plus subordinate
calcite

Vein filling, crustiform and comb
quartz

Massive fine grained
silicification and vuggy quartz

Pervasive sericite and silica
alteration of host rocks.

Carbonate
Gangue

Common, typically including
manganiferous types

None Late calcite

Fluid pH Acidic fluids Neutral

Key Proximal
Alteration
Minerals

Illite/smectite, adularia , adularia uncommon Vuggy quartz, alunite,
pyrophillite and dickite

Sericite, quartz, silica, biotite,
garnet, chlorite, actinolite

Conclusions

-Au and Ag are present in areas with pyrite-green muscovite-

4 bearing 

features can not be explained by the typical epithermal deposit 

Low Intermediate High Blackwater

Stress Regime Extensional Extensional to neutral Near neutral or mild exten-
sion

Deposit Style
and adularia plus subordinate calcite pipes leached silicic rock

Veined and disseminated 

Metal Signature Au ± Ag Ag-Au, Zn, Au-Ag, Zn

Minor metals Pb, Cu, Cu, As, Pb

Igneous Rocks
Bimodal volcanism Calc-alkaline andesites to 

dacites
Rhyolite to andesite

related systems
Moderate Many Possibly

Pyrite with lesser arsenopyrite (in 
minor chalcopyrite Fe poor sphalerite 

and minimal arsenopyrite and and pyrite-covellite
sphalerite>arsenopyrite, 
chalcopyrite>galena

Silicate Gangue
plus subordinate calcite quartz

quartz

Pervasive sericite and silica 

Carbonate Gangue Minor and late calcite
manganiferous types”

None Late calcite

Fluid pH Neutral Neutral Neutral

Minerals
Sericite, adularia uncommon

rophillite and dickite
Sericite, quartz, silica, bio-
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Mineral Assemblage

Pyrite-muscovite-quartz ± 
sphalerite-chalcopyrite-
garnet

chalcopyrite

Marcasite ± chlorite

34

Arsenopyrite
chlorite ± galena

Mantle S values

Marine sediment 
S values

chalcopyrite-chlorite-silica

34S 

34

minimum of two groups

-The remaining samples have light sulfur 
34

34

Sulfur Isotope ResultsThe Source of Sulfur
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