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Discussion

 Petrographic studies on thirty samples.  An Olympus BX51 microscope used to determine primary and secondary mineral assemblage

 Reflected light microscopy used to determine sulfides and other opaques in each sample

 EDS scans were performed on 13 samples, in detail using a Tescan Vega 3 SEM. To view sulfides and other metals, backscatter electron imaging with a beam 

intensity of 10-14 in Resolution Mode was used. An acceleration voltage of 10-30 kV was used to reach between 10,000 and 25,000 counts per second at a 

working distance of 10 microns, in order to establish proper conditions for the EDAX x-ray software to determine chemical assemblages. Spot size was 

between 90 to 150 nm.

Introduction: Results:

Methods:

Native Au:

The presence of native Au within pyrite reflects scavenging by later-stage pyrite-

bearing hydrothermal fluids (Reich et al., 2013).  Because no substantial As was 

found in the deposit, Au was not able to stay in solid solution with pyrite (Reich et al., 

2013 and Deditius et al., 2014).  Higher Cu is associated with lower As, perhaps 

explaining the lack of As in the deposit (Deditius et all., 2014). The Au exsolved

during precipitation and formed crystals within pyrite. 

 Key:  Cpy=Chalcopyrite; 

Bn=Bornite; Py=Pyrite

Figure 1: Map of Nevada showing the 
location of the Ann Mason Deposit (Kulla et 
al., 2017).  The deposit is located outside of 
Yerington, close to the now closed Yerington 
mine.

Figure 2:  A simplified geologic map of the Ann Mason deposit showing the location of 
drill holes and major geologic structures (entréegold.com).  The three lithologic units 
which host ore in the deposit are Granodiorite (Jgd), Quartz monzodiorite porphyry 
(Jpqm), and Quartz monzonite (Jpqm).  Younger units, composed of mostly volcanics
overlies most of the deposit.  The deposit is characterized by low angle normal faults 
which have rotated blocks up to 90 degrees (Richardson and Seedorf, 2015).

Figure 3: Entrée Gold cross sections of the Ann 

Mason deposit.  Cross section (A) shows the 

lithologic units and their distribution and (B) 

shows the alteration zones in the deposit.  Both 

show the ore envelope and mineralization zones.  

Notice the series of faults which cut the deposit.  

These have caused rotation of sections of the 

deposit..
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Host Rock Lithologies and Alteration/Mineralization Zones:

Objective:  To find and explain the relationships between precious metal bearing minerals hosted in copper ore at 

the Ann Mason Copper Porphyry deposit as they relate to ore formation.

Hypothesis:  Precious metals will be in solid solution within bornite and concentrated along the borders of 

bornite grains and will be more abundant in the chalcopyrite-bornite zone, rather than the chalcopyrite pyrite zone 

based on previous studies (Kelser et al., 2002).

Geologic Background:  The Ann Mason deposit is a copper porphyry deposit formed from hydrothermal fluids 

introduced by intrusive igneous rocks during the Jurassic.  The ore is hosted in three different lithologic units:  

quartz monzonite, granodiorite, and quartz monzodiorite porphyry.  Ores can be divided into three major zones: 

the chalcopyrite-bornite (Cpy-Bn), chalcopyrite-pyrite (Cpy-Py), and pyrite>chalcopyrite zones (Py>Cpy).  Less 

abundant precious metals such as Au and Ag are also present in the deposit and will contribute to the economic 

assets of future mining, but, as yet, their location and mineralization are largely unstudied.

The three lithologic units which make up the deposit are all 

felsic, comprised mainly of feldspars and quartz, various other less 

abundant minerals.  The textures of both Qmp and Jpqm are 

porphyritic with large k-spar phenocrysts.  They are distinguished by 

the large equant quartz phenocrysts found in Qmp (Figure 5) which 

Jpqm lacks (Figure 6).  Jgd is equalgrainular (Figure 4).

All rocks have been altered by hydrothermal fluids, which have 

resulted in different secondary minerals.  Different associations of 

secondary minerals define the five alteration zones present in the 

rocks.  Mineralization is generally understood to have been brought 

on by early, magmatic hydrothermal fluids associated with biotite 

and/or k-feldspar.  More intense later stage alteration, involving 

chlorite, epidote, and albite, are generally associated with late-stage 

pyrite.

In many samples, alteration of the minerals has greatly affected 

original textures.  Quartz, calcite, and sericite veins are also 

relatively common to all three lithologies, and the rocks are generally 

fractured. Ore minerals, including chalcopyrite and bornite are often 

either disseminated or in veins.

Table 1: Summation of the samples examined during the study categorized by lithology 

and mineralization.  Colors are based on primary alteration zones.  Bold samples are 

those which were examined under the SEM.
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Figure 5: Petrographic and reflected light image of sample EG-AM-45.  Composed of mostly anhedral quartz, k-spar, 

and plagioclase, with abundant secondary biotite. Biotite is altering to chlorite in many crystals. The groundmass is 

predominantly fine grained quartz crystals, and phenocrysts of k-spar are affected by clay alteration.  The rock is in 

some places cut by quartz, sericite, or calcite veins, not shown here, and is highly fractured.  Chalcopyrite and bornite

are disseminated throughout the sample or in veins.

Figure 4:  Petrographic and reflected image of sample EG-AM-29a showing a sample of both primary and secondary 

minerals as well as texture.  The sample is highly altered by sericite, which appears as thin, colorful crystals between 

grains.  The phenocrysts are large k-spar crystals which have been highly altered by clays and albite.  The groundmass is 

mostly composed of quartz with some shreddy, secondary biotite.  Chalcedony and quartz veins with associated sulfides 

are common, though not pictured here. The right image shows an equant pyrite crystal under reflected light with 

anhedral chalcopyrite along its edge and disseminated between groundmass grains. 
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Figure 6:  Petrographic and reflected light image of sample EG-AM-57.  Composed of mostly anhedral quartz, k-spar, 

and plagioclase, with abundant secondary and primary biotite.  The groundmass is predominantly fine grained quartz 

crystals, and the rock is in some places cut by chalcedony veins, not shown here.  Chalcopyrite and bornite are 

disseminated throughout the sample.
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Figure 8:  SEM EDAX map of sample EG-AM-30 Area 11, containing an Ag-Bi-Te grain between a pyrite and chalcopyrite grain.  Notice the 

concentration of Bi along the boarder of the mineral (red).  This sample is from the Py>Cpy zone.  Bi was only found in a few samples, 

typically forming tellurides or native Bi crystals.  There does not appear to be a clear trend in Bi content.
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Figure 7:  SEM EDAX map of sample EG-AM-57 Area 42 showing Ag-Te, Ag-Au, and Pb-Se grains along the edges of bornite.  This sample 

is from the Cpy-Bn zone.  Notice the apparent nested pattern of Ag-Te within Pb-Se, within bornite, all along the edge of the bornite crystal 

toward the bottom of the map.  The Au-Ag electrum grain also has Te along the edge of the crystal to the upper right of the map.

Figure 10: SEM backscatter image and EDAX spectra 

analysis of a native Au grain in pyrite found in sample EG-

AM-30.  There is a small amount of Fe also present in the 

crystal.  These findings were substantiated by WDS Probe 

analysis.
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Figure 9:  SEM backscatter image and EDAX map of Sample 29a containing a crystal of Ag-Te-(Se) between a large, euhedral pyrite crystal 

and an intergrainular chalcopyrite crystal.  Most grains of Ag-tellurides in the Cpy-Py and Py>Cpy zones were found along the edges of 

chalcopyrite grains.  This trend contrasts with native Au, however, which is found within pyrite grains in the Py>Cpy zone, as seen in Figure 

10. 
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Figure 11:  SEM backscatter image and EDAX spectrum 

report of a Pd-Te grain in sample EG-AM-73 from the Cpy-Bn

zone.  Only three grains of this type were found out of all 

samples examined.
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General Trends:

• No obvious trend between lithology and accessory precious minerals

• Minerals are larger in Cpy-Bn zone

• No minerals in solid solution in sulfides

• Pb found as a selenide

• Ag often found as a telluride

• Au-Te found more often in Cpy-Bn zone

• Au-Ag found in all zones except the Cpy-Py zone

• Native Au found in pyrite in Py>Cpy zone

• Pd-telluride only in the Cpy-Bn zone

• “Nested” pattern of selenide and tellurides most often along the border of chalcopyrite 

grains

Pd-tellurides:

Pd is a platinum group element which can sometimes become concentrated in 

porphyry deposits.  It typically occurs with higher Cu, and may be scavenged by 

hydrothermal vapors and fluids from a melt (Eliopoulos et al., 2014).  Pd complexes 

and forms minerals readily with Te.  These minerals tend to precipitate at >250C and 

can be found with natural forming sulfides like chalcopyrite and bornite (Helmy et al., 

2005).  PGEs also have been found to precipitate out in sulfide ore deposits first, 

followed by sulfides (Auge et al., 2005).  Therefore, Pd-Te probably precipitated out 

first in the Ann Mason Deposit.

Pb-selenides and Ag-tellurides:

Tellurides more readily form minerals from sulfide ore fluids as the ratio of Te to S 

increases (Yuningsih et al.,2016).  Pb preferentially forms minerals with Se, and is never 

found with Te in the deposit.  Ag forms tellurides most commonly, but can also form 

selenides or minerals with both Se and Te.  This indicates that, either Ag forms minerals 

with less Se available after Pb-Se minerals are formed, or that Ag has a preference to 

form tellurides but is not as selective as Pb.  

Both Pb-Se and Ag-Te-(Se) form more commonly in the Cpy-Bn zone.  The nested 

pattern of minerals along the border of bornite grains (Figure 7) reflects the exsolution

of Pb-Ag-Se-Te vapor from bornite during precipitation, followed by Pb-Se 

precipitation, and finally by Ag-Te precipitation.  Hessite (AgTe2) is the most common 

telluride, determined using probe data, and is an indicator of Au enrichment (Bogdanov

et al., 2005).

General Conclusions:

Based on the trends found, the variable lithology has little to no bearing on the 

mineralization of accessory precious-metal minerals in the deposit.  Furthermore, 

precious metals were not compatible in solid solution with sulfides.  There is a 

preference, however, of larger and more abundant accessory precious-metal-bearing 

minerals in the Cpy-Bn zone, specifically Pd-Te, Ag-Te/Ag-Se, and Pb-Se.  To a 

lesser extent, these same minerals are also found in the Cpy-Py zone, but are largely 

not seen in the Py>Cpy zone.  Native Au and electrum (Au-Ag) are found in the 

Py>Cpy zone, which are exceptions to the rule.  Based on the geometries and 

locations of these mminerals, the primary potassic fluids which brought in copper 

mineralization also brought in other precious metals, albeit to a lesser degree, which 

were precipitated out of vapors or fluids later than the bornite or chalcopyrite.  These 

minerals are found more often along the borders of bornite crystals, which is 

consistent with the literature (Kesler et al., 2002).
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Table 2:  This table summarizes the trends found in the samples  studied with the SEM.  The top two graphs show the results 

of the mineral assay conducted by Entrée Gold for copper, silver, and gold in a logarithmic scale.  The bottom chart shows 

in which samples crystals of different compositions were found, based on SEM EDAX investigation, examples of which can 

be seen in Figures 7-9 to the right.  Sample lithology and the typical size range of the associated precious metal minerals 

found are also provided.

Weight %

Pb Ag Au Fe Cu Te S Cd Total

1) 78.6 3.0 3.5 14.9 100.0

2) 60.1 39.8 99.8

3) 95.5 3.5 99.0

4) 8.3 7.2 23.4 57.1 96.0

Formulae:

1) Pb7CuFeS9

2) Native Au Au8Fe

3) Hessite Ag2Te

4) Cd6Fe2CuS5

Probe Mineral Data:

Electrum:

Electrum, an alloy of Au and Ag, is present in both the Cpy-Bn and Py>Cpy zones, but 

is absent from the Cpy-Py zone.  This mineral is not uncommon to porphyry deposits 

(Shikanzono and Shimizu, 1988). The ratio of Au/Ag in electrum is dependent on a 

number of factors, including pH, salinity, and temperature.  It is also worthy to note that 

the abundance of Ag in electrum is lower in high-Cu deposits (Shikanzono and Shimizu, 

1988).  There appeared to be substantially less Ag than Au in the electrum grains found 

in the Ann Mason deposit, based on SEM spectra analysis not shown here, and is 

therefore consistent with this trend.  Mineral assemblages are also found to correlate 

with Ag content.  Deposits which contain hessite (AgTe2), as opposed to argentite 

(Ag2S), tend to have a lower Ag content in electrum (Shikanzono and Shimizu, 1988).
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