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1. Background
1.1 Overview of deposit types
1. Background
1.1 Overview of deposit types

�� Deposit types in NevadaDeposit types in Nevada

� Carlin-type deposits

� Majority of gold production in Nevada

� Gold occur predominantly as native metal(size less than 1µm)

� “noseeum” gold: invisible to the naked eye

� Spatially associated with granites and intrusion driven hydrothermal 
systemsystem

� Silicification is the commonest form of alteration

� Epithermal deposits

� Volcanic hosted deposits

� 3 general types: acid sulfate/ adularia sericite/ alkalic

� Gold-rich porphyries

� Associated with granitic intrusives

� Gold correlates with copper grade, K alteration



Fig. 16.1 / Fig. 16.2Fig. 16.1 / Fig. 16.2

Fig. 16.1 Diagram for the formation of 
Carlin style deposits.

Fig. 16.2 Diagram showing the formation of two types of 
epithermal precious metal deposits in volcanic terranes.
(a)Acid sulfate type (b) Adularia-sericite type
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1.2 Geochemistry
1. Background
1.2 Geochemistry

�� Developments in gold geochemistryDevelopments in gold geochemistry

� Sampling and analytical techniques devised to determine all the “noseeum” 

gold presents

� AAS/ ICP-MS: detection limits of lower than 5 ppb

� Bulk Leach Extractable Gold(BLEG) technique

� To achieve adequate precision, it is necessary to have 20 gold grains in � To achieve adequate precision, it is necessary to have 20 gold grains in 
each ample.

� It means taking stream sediment samples of around 10 kg.

� Alternative strategy: take a large sample and leach it with cyanide 
where rocks have been oxidized

� Pathfinder elements: As, Sb, Hg, Tl and W for sedimentary hosted deposits

� Chip sampling of apparently mineralized rocks, particularly jasperoids, has 

been successful
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1.3 Geophysics
1. Background
1.3 Geophysics

�� Disseminated gold deposits are difficult geophysical Disseminated gold deposits are difficult geophysical 
targetstargets

� Electrical and EM methods: map structure and identify high grade veins

� IP method: unoxidized sulfides

� CSAMT survey: successful uses of geophysics in Nevada

� Detect silicified bedrock under Tertiary cover

Fig. 16.3 Section showing the application of a CSAMT 
survey in detecting areas of silification under Tertiary 
cover.

Top: contoured data; bottom: drill section.
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1.4 Mining and metallurgy
1. Background
1.4 Mining and metallurgy

�� Effective grade controlEffective grade control

� Different grade ores are treated differently in most operations

� Higher grade: milled and extracted with cyanide in a conventional 

manners

� Lower grade ores: crushed and placed on leach pads



2. Trinity Mine, Nevada2. Trinity Mine, Nevada

�� The Trinity Silver MineThe Trinity Silver Mine

� Open pit, heap leach, silver mining operation extracting rhyolite-hosted, 

disseminated, hydrothermal, silver oxide mineralisation.

� Produce on September 3, 1987 and mining ceased on August 29, 1988.

� Silver mine rather than a gold producer: by the availability of data

� Statistical assessment of blasthole assay data for the purpose of 

determining the distribution and quality of mineralisation

� Trinity Mine in Pershing county

� Northwest flank  of the Trinity Range

� 25 km north-northwest of Lovelock

� Elevation: 1200 m to 2100 m (mineralisation between 1615 and 1675 m)



Fig. 16.4Fig. 16.4

Fig. 16.4 Sketch map of Pershing County, Nevada showing the outline geology 
and location of the Trinity silver deposit.



Fig. 16.7Fig. 16.7

Fig. 16.7 Aerial photograph of Trinity Mine.



Trinity Silver Mine Exploration  by AuEx Ventures Inc. Trinity Silver Mine Exploration  by AuEx Ventures Inc. 
http://www.auexventures.com/s/TrinitySilver.asp

Looking SW along Trinity Silver Pit

Mineralized breccia matrix in rhyolites

Core rig drilling in the pit 2006



3. Exploration
3.1 Previous work
3. Exploration
3.1 Previous work

�� First discovered in the Trinity RangeFirst discovered in the Trinity Range

� By G. Lovelock in 1859

�� Limited, unrecorded productionLimited, unrecorded production

� Pb-Ag and Ag-Au-Cu-Zn veins between 1864 and 1942

�� Geophysical exploration and trenchingGeophysical exploration and trenching�� Geophysical exploration and trenchingGeophysical exploration and trenching

� By Phelps Dodge within Triassic sediments to the north of Willow Canyon 

during the 1960s

�� Geochemical explorationGeochemical exploration

� By Knox-Kaufman Inc. on behalf of US Borax

� Significant silver show was found within altered rhyolites in 1982



3. Exploration
3.2 US Borax exploration & 3.3 Mapping
3. Exploration
3.2 US Borax exploration & 3.3 Mapping

�� During 1982During 1982--1986, US Borax carried out exploration1986, US Borax carried out exploration

� In 1982 and 1983: mapping, geochemical and geophysical techniques to 
locate payable sulfide mineralisation

� In 1983: drilling within an area known to host sulfide mineralisation

� In 1985-1986: exploration to find additional reserves

� Sulfide zone / high grade oxidized zone

�� MappingMapping

� Initial mapping: 1:500

� Detail mapping: 1:100 (sulfide zone) / oxidized zone in 1986

� Mapping showed the host rock, of both oxide and sulfide mineralisation, 
to be fractured rhyolite porphyry and defined an area of low grade 
surface mineralisation intruded by barren rhyolitic dykes. 



Fig. 16.5Fig. 16.5

Fig. 16.5 Sketch map of the geology in the 
vicinity of the Trinity silver deposit, Nevada



3. Exploration
3.4 Geochemistry and geophysics
3. Exploration
3.4 Geochemistry and geophysics

�� Geochemical surveyGeochemical survey
� Soil survey: sampled over the oxide and sulfide zones

analyzed for Pb, Zn, and Ag

� Pb used as a pathfinder element for Ag mineralisation

� Significant Pb anomalies: over the sulfide zone(> 100 ppm)

� Rock sampling: as part of a reconnaissance survey
help define the extent of surface mineralisation

� Rock chips from drilling, trenching and surface exposure analyzed for Rock chips from drilling, trenching and surface exposure analyzed for 
Pb, Zn, Ag, and Au

� 40-90 ppm Ag were recorded as the zone of oxidization was traced 
southward along strike

� Anomalies from the rock and soil surveys were used in the planning and 
layout of the drilling program within the sulfide zone

�� Geophysical surveyGeophysical survey
� Gradient array IP, magnetic and gamma ray spectrometry over the sulfide 
mineralisation

� A time domain chargeability anomaly coincided with the area of sulfide 
mineralisation



3. Exploration
3.5 Drilling
3. Exploration
3.5 Drilling

�� Drilling Drilling 

� 100 ft (33 m) grid/ total 29,880 m drilled

� Most of drilling was focusing on the surface exposure of silver 

mineralisation, Pb, and IP anomalies and areas of favorable geology

� Drilling defined a body of silver mineralisation dipping to the west

In 1985, drilling was concentrated within the southwest extension� In 1985, drilling was concentrated within the southwest extension

(oxide zone): 92 holes

� Diamond drill hole: every 1-3 ft for metallurgical testing

� Analyzed for Ag, Au, Pb, Zn, and As (AAS)

Table 16.1 Summary of drilling exploration programs



Fig. 16.6Fig. 16.6

Fig. 16.6 Map showing the location of the exploration boreholes in relation to the final 
outline of the Trinity mine open pit from which the oxide mineralisation was extracted.
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4.1 Regional setting – Pershing County
4. The geology of Pershing County and the Trinity District
4.1 Regional setting – Pershing County

�� The Trinity Mining District of Pershing CountyThe Trinity Mining District of Pershing County

� Part of the Pacific Rim Metallogenic Belt

� Mountain ranges reflect the surface expression of major NE-SW structural 

lineaments sequentially repeated across Nevada

� Fig. 16.4: Regional geology

Table 16.2: Outline of silver deposits of Nevada� Table 16.2: Outline of silver deposits of Nevada

Disseminated type/ vein type / Carbonate type 

� The Auld Lang Syne Group (ALSG) forms the majority of the Triassic 

sedimentary sequence and reflects the shallow marine conditions of a 

westerly prograding delta



Table 16.2Table 16.2

Table 16.2 Outline of silver deposits of Nevada, 
including a comparison with the Trinity deposit
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4. The geology of Pershing County and the Trinity District
4.2 The geology of the Trinity Mine

�� StratigraphyStratigraphy

Table 16.3 Stratigraphy of the Trinity area.
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4. The geology of Pershing County and the Trinity District
4.2 The geology of the Trinity Mine

�� Structural geologyStructural geology

� The structural history of the Trinity area appears to be one of initial NE 
trending block faults and associated thrusts and shear zones, later offset 
by NW trending normal faults

�� AlterationAlteration

� Sericitization, silicification and quartz-adularia-sericite (QAS) alteration 
tends to be most intense along faults, within permeable lithologies and tends to be most intense along faults, within permeable lithologies and 
breccia zones

�� MineralisationMineralisation

� Ag mineralisation in Pershing County: within breccias peripheral to 
rhyolite domes with mineralisation concentrated in microfractures

� Trinity Ag orebody: hydrothermal, volcanic hosted, silver-base metal 
deposit



5. Development and mining5. Development and mining

�� The exploration drilling programThe exploration drilling program

� Drilling continued during mining to confirm ore reserves.

�� Pit designPit design

� Pit modification was required during mining to improve ore control, slope 
stability, ore shoot excursion, and operational access

� Final pit dimensions: 427 x 152 x 75 m/ 4.5 m benches attaining slopes 
of 60-72 degreesof 60-72 degrees

� Haulage ramps: 16.5 m wide with 1.2 m berms, maximum gradient 10%

�� Grade controlGrade control

� Based upon the blasthole samples and pit geology

� silver grade (4 groups): (i) ore at > 45 g/t (ii) low grade ore at 31-45 g/t

(iii) lean ore at 17-31 g/t   (iv) waste at < 17 g/t

� Oxide ore: 6-17%

Sulfide ore: 24-40%AAS

100CNAAS ×−



6. Mineral processing6. Mineral processing

Fig. 16.9  A diagrammatic flow sheet of the 
mining and processing of the ore at the 
Trinity Mine, Nevada



7. Environmental consideration
7.1 Natural degradation and detoxification
7. Environmental consideration
7.1 Natural degradation and detoxification

�� Alternatives to cyanide degradation and heap Alternatives to cyanide degradation and heap 

detoxificationdetoxification

� Natural processes

� Chemical treatment

�� Passive abandonmentPassive abandonment

� High UV levels and strong winds for 9 months of the year

� Fast in the near-surface layers, slow rapidly with depth

�� Rinsing with barren solutions Rinsing with barren solutions 

� In laboratory: a column was rinsed with fresh water and the cyanide 

levels were reduced from 700 to 50 ppm

� It took between 12 and 21 months to achieve and extremely large 

quantities of water (4500 L/t) were required



7. Environmental consideration
7.2 Chemical treatment & 7.3 Summary
7. Environmental consideration
7.2 Chemical treatment & 7.3 Summary

�� Acid leachAcid leach

� Leachate collected in the ponds, neutralized with lime, metals would be 
removed mechanically

�� Sulfur dioxide and air oxidation method (INCO)Sulfur dioxide and air oxidation method (INCO)

� Conjunction with lime and a copper catalyst

�� Alkaline chlorinationAlkaline chlorination�� Alkaline chlorinationAlkaline chlorination

� Chlorine gas or calcium hypochlorite are sued in the oxidation process

�� Hydrogen peroxide oxidationHydrogen peroxide oxidation

� H2O2 is added to the recirculation pond and cyanide-free water is 
recirculated through the heap using the original sprinkler system

�� Ferrous sulfateFerrous sulfate

� 1 mole of ferrous sulfate ties up 6 moles of cyanide to produce Prussian Blue



8. Grade estimation8. Grade estimation

�� It is essential for reliable ore reserve calculations to It is essential for reliable ore reserve calculations to 
derive the best Ag grade estimate for an orebodyderive the best Ag grade estimate for an orebody

�� The 5220 bench of the Trinity silver depositThe 5220 bench of the Trinity silver deposit

� 1390 blasthole samples

� No spatial bias or clustering effects due to the regular sample pattern

�� Univariate statisticsUnivariate statistics�� Univariate statisticsUnivariate statistics

�� Outlier and cutOutlier and cut--off grade evaluationoff grade evaluation

�� Spatial distribution Spatial distribution 

�� SemiSemi--variogramsvariograms



8. Grade estimation
8.1 Univariate statistics
8. Grade estimation
8.1 Univariate statistics

Table 16.4
Univariate statistics of the silver values 
derived from cyanide leach analysis of the 
blasthole samples on the 5220 level, Trinity 
Mine, Nevada

Fig. 16.10
(a)Histogram of silver values
(b)Cumulative frequency plot
(c)Normal probability plot
(d)Log-normal probability plot



8. Grade estimation
8.1 Univariate statistics
8. Grade estimation
8.1 Univariate statistics

Table 16.5
Univariate statistics of the subpopulation of the silver values derived from cyanide leach analysis of the 
blasthole samples on the 5220 level, Trinity Mine, Nevada



8. Grade estimation
8.2 Outlier and cut-off grade evaluation
8. Grade estimation
8.2 Outlier and cut-off grade evaluation

Fig. 16.12 Graph showing changes 
in mean grade and standard 
deviation when different outlying 
(high) grades are removed from the 
database of the silver values

Fig. 16.13 Graphs showing the average silver grade when 
varying cut-offs are applied to the database of the silver values
(a)Total population
(b)With values >20 oz/t removed.



8. Grade estimation
8.3 Spatial distribution
8. Grade estimation
8.3 Spatial distribution

�� A contour map of the 5220 levelA contour map of the 5220 level
� E-W trend to the data which fragments and changes to a NW-SE trend to 
the west

Fig. 16.14 A contour map of the silver grades



8. Grade estimation
8.3 Spatial distribution
8. Grade estimation
8.3 Spatial distribution

�� Zonal arrangementZonal arrangement
� Spatial integrity of the subgroups, illustrating the concentric zoning and 
isolated grouping of the data

Fig. 16.15 Indicator maps of the Ag grades
(a) 0.4 (b) 0.8 (c) 1.3 (d) 5.0 (e) 10.0 oz/t



Fig. 16.16Fig. 16.16

Fig. 16.16 Window statistics performed on the 
silver grades of the 5220 bench.
(a)Mean Ag oz/t
(b)Standard deviation



Fig. 16.17Fig. 16.17

Fig. 16.17 Window statistics performed on the 
silver grades of the 5220 bench
(a)Contours of mean Ag oz/t
(b)Contours of standard deviation

Fig. 16.18 Profile 1 and 2 of the window mean 
standard deviation showing the proportional 
effect and highlighting areas of expected high 
error



8. Grade estimation
8.4 Semi-variogram
8. Grade estimation
8.4 Semi-variogram

� To quantify the spatial continuity of the data

� Directional semi-variograms show different rages in different section

Fig. 16.19 Semi-variograms for the 
silver assays of the 5220 bench
(a)N-S direction
(b)NE-SW direction
(c)E-W direction
(d)SE-NW direction
(e)Omni-directional
(f) Ellipse of anisotropy and 
anisotropy factors
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8. Grade estimation
8.5 Conclusions

� To improve the grade estimation it is necessary to try to establish normal 

distributions within the whole skewed population

� The variability within each subpopulation is thus reduced, which increases 

the confidence in the subpopulation mean

� Indicator maps show that subgroups, as defined by statistical parameters, 

are spatially arrangedare spatially arranged

� From the univariate statistics and spatial distribution of the data the 

conclusion is that a global estimate must be derived from local estimates 

rather than the whole population



9. Ore reserve estimation
9.1 Evaluation of initial exploration data
9.2 Evaluation of additional exploration data

9. Ore reserve estimation
9.1 Evaluation of initial exploration data
9.2 Evaluation of additional exploration data

�� During the 1982During the 1982--1983 exploration program1983 exploration program

� The oxide mineralisation had not been fully evaluated, and the initial 

reserve estimates only took the sulfide mineralisation into account

�� Additional exploration drilling in 1986Additional exploration drilling in 1986

� A small area of high grade silver oxide mineralisation could possibly 

support a heap leach operation

� The reserve potential of the oxide zone was calculated by several 

members of the joint venture, using different methods and cut-off grades

Table 16.6 Summary of the ore reserve calculation for the silver oxide zone



9. Ore reserve estimation
9.3 Reserve estimate for mine planning
9. Ore reserve estimation
9.3 Reserve estimate for mine planning

�� 3D block modeling techniques3D block modeling techniques

� In 1987, to estimate reserves and the data for mine planning

� A conventional 2D inverse distance squared (1/D2) technique was used to 

interpolate grades from borehole information

Table 16.7 Reserve estimates on the silver oxide zone, using the 1/D2 block model 



9. Ore reserve estimation
9.4 Updated tonnage and grade estimate
9.5 Grade control and ore reserve estimation using blastholes 

9. Ore reserve estimation
9.4 Updated tonnage and grade estimate
9.5 Grade control and ore reserve estimation using blastholes 

�� An updated reserve estimateAn updated reserve estimate

� Hand-calculated using cross-sections to evaluate the discrepancy

Table 16.8 Updated reserve estimates on the silver oxide zone

�� Mine grade controlMine grade control

� By sampling and assaying the blasthole cuttings

� A final reserve was calculated using these blocks and a slightly higher 
reserve with a lower grade was estimated



9. Ore reserve estimation
9.6 Factors affecting ore reserve calculations
9. Ore reserve estimation
9.6 Factors affecting ore reserve calculations

�� Geological controlGeological control

�� Sampling methodsSampling methods

�� CutCut--off gradeoff grade

�� Sample meanSample mean

� Arithmetic mean probably overestimated the mean in this study but this � Arithmetic mean probably overestimated the mean in this study but this 
could have been improved by establishing subpopulations with normal 
distributions and averaging the estimates from these discrete zones

�� Analytical techniquesAnalytical techniques

�� Specific gravitySpecific gravity

� Density was determined on a number of different rock types

�� Mining dilutionMining dilution

� Dilution of ore by waste during mining is inevitable but careful grade 
control will minimize the risk of dilution



10. Summary and conclusion10. Summary and conclusion

� The Trinity oxide orebody defined a small but economic silver deposit, 

amenable to cyanide heap leaching.

� The orebody was fairly continuous to the northeast but became 

fragmented and fault controlled to the southwest

� The ore zone was defined by stacked tabular to lenticular bodies dipping 

steeply to the west and northwest and offset by N-S and NW-SE cross-steeply to the west and northwest and offset by N-S and NW-SE cross-

faulting

� Mineralisation tended to be controlled by faulting, alteration, and fracture 

density.



Thank You !Thank You !


