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 SUMMARY (ITEM 1) 

 

Mine Development Associates, a Division of RESPEC (“MDA”) has prepared this technical report and 

Preliminary Economic Assessment (“PEA”) on the Strong and Harris copper-zinc-silver deposit, located 

in Cochise County, Arizona, at the request of Excelsior Mining Corp. (“Excelsior”), a Canadian company 

listed on the Toronto Stock Exchange (TSX:MIN) and the OTC Markets (OTCQX: EXMGF).   

 

This report has been prepared under the supervision of Jeff Bickel, C.P.G. and Senior Geologist for MDA, 

Michael M. Gustin, C.P.G. and Senior Geologist for MDA, Thomas L. Dyer, P.E. and Senior Engineer 

for MDA, and Robert (“Rob”) Bowell, Ph.D., C.Chem., C.Geol., and F.I.M.M.M., corporate consultant 

in geochemistry with SRK Consulting, in accordance with the disclosure and reporting requirements set 

forth in the Canadian Securities Administrators’ National Instrument 43-101 (“NI 43-101”), Companion 

Policy 43-101CP, and Form 43-101F1, as amended.  Mr. Bickel, Mr. Gustin, Mr. Dyer, and Mr. Bowell 

are Qualified Persons under NI 43-101 and have no affiliation with Excelsior except that of independent 

consultant/client relationships.  

 

The Effective Date of this technical report is September 9, 2021.   

 

1.1 Property Description and Ownership 

 

The Strong and Harris project consists of 35 patented mining claims, 113 unpatented claims, and two 

parcels of fee land that together cover approximately 2,255 acres in Sections 13, 14, 23 and 24 of 

Township 15S, Range 22E, Cochise County, Arizona.  The current annual holding costs for the Strong 

and Harris project are estimated at $18,870.  Greenstone Excelsior Holdings L.P. (“Greenstone”) holds a 

3.0% gross revenue royalty over the Strong and Harris project.  Royal Crescent Valley, Inc. (“Royal 

Crescent”) holds a 2.5% net smelter returns (“NSR”) royalty interest in minerals produced and sold from 

the 35 patented claims.  These 35 patented claims are also subject to Production Payment Agreements that 

provide for a non-participating payment of $0.02 per pound of copper payable when copper prices are in 

excess of $1.00 per pound, and is capped at an aggregate of $1,000,000, of which $416,435 has been paid 

as of August 12, 2021.  A portion of the Strong and Harris project is also subject to a Metal Stream 

Agreement with Triple Flag Mining Finance Bermuda Ltd. (“Triple Flag”) that is applicable to all oxide 

minerals production.   
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1.2 Exploration and Mining History 

 

Modern-era exploration of the Strong and Harris project commenced in 1964.  More than 100,000 feet of 

rotary and core drilling were done from the mid-1960s through 1992 by the Superior Oil Company 

(“Superior”), Cyprus Mining (“Cyprus”), Continental Exploration (“Continental”), Continental Materials, 

Beard Mining Company (“Beard”), AZCO and Manazanita Hills Inc. (“Manzanita”).  There has been no 

historical production from the Strong and Harris deposit.  Excelsior purchased the property in 2019.   

 

1.3 Geology and Mineralization 

 

The Strong and Harris copper-zinc-silver deposit is situated within the Cochise mining district in an 

alluvium-covered valley on the east side of the Little Dragoon Mountains.  Beneath the alluvium, 

mineralized Paleozoic rocks below the valley fill sediments strike approximately 315
o
 azimuth and dip 

30
o 

to 45
o
 northeast.  These Paleozoic rocks include the Carboniferous Escabrosa Limestone, the 

Carboniferous Black Prince Limestone, the Carboniferous to Permian Horquilla Limestone, the Permian 

Earp Formation, and the Permian Colina Limestone.  The Horquilla Limestone is intruded by a thin mafic 

sill in the area of Strong and Harris known locally as the “Peabody Sill”.   

 

The Strong and Harris mineralization is a sub-type of, or related to, a copper skarn system.  Copper-zinc-

silver mineralization at Strong and Harris is characterized by lenses of sulfide minerals emplaced more-

or-less parallel to layering in favorable lithologic units, usually along bedding planes or in disseminated 

masses and blebs.  The mineralization is typically accompanied by calc-silicate alteration of the carbonate 

host-rock.   Less frequently, the mineralization is hosted in quartz +/- calcite +/- feldspar veins.  Sub-units 

of the Earp Formation, particularly those immediately below its upper contact with the Colina Limestone, 

were the most favorable sites for deposition of the copper, zinc and silver minerals.  The Strong and Harris 

deposit has been oxidized to varying degrees that generally decrease with depth, resulting in oxide, 

transitional and sulfide zones or geometallurgical material types.   

 

1.4 Metallurgical Testing and Mineral Processing 

 

The metallurgical testwork and assessment of mineral processing options are at a preliminary state of 

study.  Historical testwork and analogue studies from mineralization in other parts of the district have been 

used to develop a conceptual flowsheet for the sulfide, transitional and oxide types of mineralized material.   

 

Copper, zinc and potentially silver will be produced from the sulfide mineralized material, and copper and 

possibly zinc from the oxide mineralized material.  Transitional material will be sent to whichever process 

option appears the most beneficial for that mineralized material.   

 

Oxide mineralized material will be processed through sulfuric acid heap leaching.  Copper and zinc from 

this material will be recovered by solvent extraction process.   
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Table 1.2  Excelsior Cost Estimate for the Recommended Program 

Item 
Estimated Cost 

US$ 

Exploration Core Drilling  (6, 000 feet) $720,000  

Infill Core Drilling  (20,000 feet) $2,500,000  

Metallurgical / Infill Core Drilling  (6,000 feet) $720,000  

Geological Modeling $50,000  

Land Holding Costs $20,000 

Metallurgy $500,000  

Geotechnical Studies $200,000  

Resource Update and Technical Report  $200,000  

Total $4,910,000  
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 INTRODUCTION AND TERMS OF REFERENCE (ITEM 2) 

 

2.1 Project Scope and Terms of Reference 

 

The purpose of this report is to provide a technical summary of the Strong and Harris copper-zinc-silver 

project, including a maiden estimate of the mineral resources, in support of a preliminary economic 

assessment (“PEA”), at the request of Excelsior Mining Corp. (“Excelsior”).  The Strong and Harris 

project lies within the historic Cochise mining district of southeastern Arizona, a few miles north of 

Excelsior’s Gunnison in-situ leach copper mine.  Excelsior is a publicly-traded Canadian company with 

its head office located in Phoenix, Arizona (TSX: MIN; OTCQX: EXMGF; FSE: 3XS).  

 

The Strong and Harris project occupies the northern portion of Excelsior’s Johnson Camp property, which 

is contiguous with Excelsior’s Gunnison property.  Historical copper production from open-pit operations 

occurred at the Johnson Camp mine from 1975, most recently by Nord Resources Corporation in 2008 

until 2010.  In 2020, Excelsior commenced in-situ recovery (“ISR”) mining of oxidized copper deposits 

from the Gunnison portion of the property using conventional solvent extraction-electrowinning (“SX-

EW”) technology.  The copper-bearing fluids are pumped to facilities at the Johnson Camp mine for SX-

EW processing.  The ISR mining and SX-EW extraction of oxide copper from the Gunnison deposits has 

been summarized in the feasibility study (“FS”) of Zimmerman et al. (2016) prepared by M3 of Tucson 

Arizona.  The Strong and Harris deposit consists of copper-zinc-silver sulfide mineralization that cannot 

be processed in the Johnson Camp facilities, would require separate infrastructure and will not be 

developed using common infrastructure located at Johnson Camp or Gunnison.  Because of the need for 

separate infrastructure, Excelsior considers the Strong and Harris project to be located within a separate 

but contiguous mineral property here and subsequently termed the “Strong and Harris project”.    

 

The mineral resources of this technical report were estimated and classified under the supervision of Mr. 

Jeffrey Bickel, Senior Staff Geologist with Mine Development Associates (“MDA”), a division of 

RESPEC located in Reno, Nevada.  Mr. Bickel is a qualified person under Canadian National Instrument 

43-101 (“NI 43-101”) and has had no affiliations with the property, Excelsior, or Excelsior’s subsidiaries, 

except that of an independent consultant/client relationship since February of 2020.  From 2011 to 2020 

Mr. Bickel was employed by Excelsior as a Senior Project Geologist and Technical Services Manager, 

and Mr. Bickel worked on the Strong and Harris portion of the property, as well as the Johnson Camp and 

Gunnison properties during that time.  Mr. Michael M. Gustin, C.P.G. and Senior Geologist for MDA, co-

authored Sections 7 and 14 of this report.  Mr. Gustin is a qualified person under NI 43-101 and has had 

no affiliations with the property, Excelsior, or Excelsior’s subsidiaries, except that of an independent 

consultant/client relationship 

 

The mineral resources reported herein are estimated to the standards and requirements stipulated in 

accordance with NI 43-101 and are considered the current mineral resources for the Strong and Harris 

project.  These estimated mineral resources do not supersede the estimated reserves and resources for the 

Gunnison property reported by Zimmerman et al (2016) which is currently operating as a separate project 

that does not share common infrastructure with the Strong and Harris project.    
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Mr. Thomas L. Dyer, Senior Engineer with MDA, has supervised the preparation of the PEA presented in 

Sections 15, 16, and 18 through 22 of this report.  Mr. Dyer is a qualified person under NI 43-101 and has 

no affiliations with the property, Excelsior, or Excelsior’s subsidiaries, except that of an independent 

consultant/client relationship.   

 

Section 13 (Mineral Processing and Metallurgical Testing) was prepared by Mr. Robert (“Rob”) Bowell, 

Ph.D., C.Chem., C.Geol., and F.I.M.M.M., corporate consultant in geochemistry with SRK Consulting.  

Mr. Bowell is a qualified person under NI 43-101 and has had no affiliations with the property, Excelsior, 

or Excelsior’s subsidiaries, except that of an independent consultant/client relationship.  Mr. Bowell was 

assisted by Mr. W.J. Schlitt, a metallurgical consultant based in Knightsen, California.  Mr. Bowell takes 

responsibility for Section 17 (Recovery Methods) which was prepared by Mr. Schlitt. 

 

The scope of this study included a review of pertinent technical reports and data provided to MDA by 

Excelsior relative to the general setting, geology, project history, exploration activities and results, 

methodology, quality assurance, interpretations, drilling programs, and metallurgy.  This report is based 

almost entirely on data and information derived from work done by historical operators and Excelsior.  

The authors have reviewed much of the available data and have made judgments about the general 

reliability of the underlying data.  Where deemed either inadequate or unreliable, the data were either 

eliminated from use or procedures were modified to account for lack of confidence in suspect information.  

The authors have made such independent investigations as deemed necessary in their professional 

judgment to be able to reasonably present the conclusions, interpretations, and recommendations 

presented herein. 

  

For this report, Mr. Bickel visited the Strong and Harris project beginning in 2020 and most recently on 

multiple occasions between February 12 and March 26, 2021.  These site visits included...   Mr. Dyer 

visited the project site on March 18 and March 19, 2021.  Mr. Dyer observed current conditions at the 

Strong and Harris project, visited the Johnson Camp mine and discussed potential locations of site 

infrastructure and access with Excelsior management. 

 

Mr. Bowell visited the site on the 27th to 29th of September 2021. 

 

The Effective Date of the resource estimate, the PEA and this technical report is September 9, 2021.   

 

2.2 Frequently Used Acronyms, Abbreviations, Definitions, and Units of Measure 

 

In this report, measurements are generally reported in Imperial units (U.S. Customary system of units).  

Where information was originally reported in metric units, MDA has made the conversions as shown 

below.  In some cases of historical data, originally reported metric units are reported without conversion 

in order to avoid changes to precision due to rounding. 
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Currency: Unless otherwise indicated, all references to dollars ($) in this report refer to currency of the 

United States. 

Units of measure, and conversion factors used in this report include: 

 

Linear Measure 

1 centimeter   = 0.3937 inch 

1 meter   = 3.2808 feet   = 1.0936 yard 

1 kilometer   = 0.6214 mile 

Area Measure 

1 hectare   = 2.471 acres   = 0.0039 square mile 

Capacity Measure (liquid) 

1 liter    = 0.2642 US gallons 

Weight 

1 tonne    = 1.1023 short tons  = 2,205 pounds 

 1 kilogram   = 2.205 pounds 

 

Frequently used acronyms and abbreviations 

AA    atomic absorption spectrometry 

Ag    silver 

Au    gold  

CaO    Calcium oxide 

CF    cash flow 

CFR    code of federal regulations 

cm    centimeters  

CN    cyanide 

cog    cutoff grade 

con    concentrate 

core    diamond core-drilling method 

CRM    certified reference material 

Cu    copper 
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CuOx    soluble copper 

CV    coefficient of variation 
oC    degrees centigrade 

°F    degrees Fahrenheit 

Fe    iron 

ft    foot or feet 

g    grams 

gpd    gallons per day 

GPS    global positioning system 

g/L    grams per liter 

g/t    grams per tonne 

G&A    general and administrative 

ICP    inductively coupled plasma analytical method 

in.    inch or inches 

IRR    internal rate of return 

ISR    in-situ recovery 

K    thousands 

kg    kilograms 

km    kilometers 

KTon    thousand tons 

kV    kilovolts 

l    liter 

lbs    pounds 

LOM    life of mine 

µm    micron 

m    meters 

Ma    million years old 

max    maximum 

mi    mile or miles 

min    minimum 

mL    milliliters 

mm    millimeters 

Na    sodium 

NaF    sodium fluoride 

NPV    net present value 

NSR    net smelter return 

oz    ounce 

PEA    preliminary economic assessment 

pH    negative of the log of hydrogen ion concentration 

ppm    parts per million 

ppb    parts per billion 

QA/QC   quality assurance and quality control 
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RC    reverse-circulation drilling method 

Rec    recovery 

ROM    run of mine 

RQD    rock-quality designation 

SO2    sulfer dioxide 

SX-EW   solvent extraction electrowinning 

SX    solvent extraction 

st dev    standard deviation 

t    metric tonne or tonnes 

TPY    nons per year 

ton    Imperial short to 

Yr    year 

Zn    zinc 
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Table 4.2  Triple Flag Metal Stream Agreement for Strong and Harris 

Stream Deliveries Excelsior Mining Arizona Inc. (“Seller”) is required to deliver Grade A Copper 

Cathodes in an amount equal to the “Payable Copper”. The amount of Payable 

Copper is calculated based on a percentage of the amount of copper that is sold 

and delivered to Offtakers under the terms of Offtake Agreements (for 

percentages see heading – Payable Copper). 

Payment The Buyer pays to the Seller a price for copper equal to 25% of the daily official 

LME Grade A Settlement quotation for copper quoted in U.S. Dollars, as 

published in the Metal Bulletin. 

Payable Copper  “Payable Copper” means a percentage of the Reference Copper equal to: 

Scenario Stage 1  

(25 Mlbspa) 

Stage 2  

(75 Mlbspa) 

Stage 3  

(125 Mlbspa) 

Upfront Deposit 16.5% 5.75% 3.5% 

Upfront Deposit 

+ Expansion 

Option  

16.5% 11.0% 6.0% 

Upfront Deposit 

+ Expansion 

Option + Buy-

Down Right 

16.5% 5.5% 3.3% 

Upfront Deposit 

+ Buy-Down 

Right 

16.5% 2.875% 1.75% 

 

At the current stage of the project, the Buyer has made the initial Upfront 

Deposit ($65 million) and the Seller is ramping up to 25 Mlbspa. 

The “Expansion Option” provides Buyer the option to invest an additional $65 

million in the event Seller approves an expansion to at least 50 Mlbspa. 

The “Buy-Down Right” provides the Seller an option to reduce the amount of the 

stream by 50% through the payment of the “Buy-Down Amount” which is equal 

to an aggregate amount that would need to be paid to the Buyer, after taking 

into account 50% of all other payments made by the Seller to Buyer (including 

the value of Deliveries net of payments made by the Buyer to the Seller) to yield 

an internal rate of return of 15% on 50% of the Upfront Deposit (assumed to 

occur on the Closing Date) and 15% on 50% of the Expansion Upfront Deposit. 

 

 

4.8 Other Significant Risk Factors 

 

There are no other known significant factors or risks that may affect access, title, or the right or ability to 

perform work on the property. 
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5.4 Local Resources and Infrastructure 

 

The Tucson metropolitan area is a major population center (approximately 1,000,000 persons) with a 

major airport and transportation hub including well developed infrastructure (highways and rail) and 

services that support the surrounding copper mining industry.  The towns of Benson and Wilcox are nearby 

and combined with Tucson can supply sufficient skilled labor for the project.  There are sufficient areas 

for potential mine waste rock and tailings storage facilities, as well as areas for potential process facilities, 

mine offices and mine maintenance buildings.  The Strong and Harris copper-zinc-silver mineralized 

material will require separate and much different process infrastructure from that available at Excelsior’s 

Johnson Camp open-pit and solvent extraction – electrowinning (“SX-EW”) facilities.  There is a nearby 

69 kV electric powerline and multiple water wells.   
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Figure 6.1  Historical Mines of the Northern Cochise Mining District  
(from Excelsior, September 2021) 
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6.2 Strong and Harris Project Exploration History 

 

Modern-era exploration of the Strong and Harris project commenced in 1964.  More than 100,000 feet of 

rotary and core drilling were done by various operators from the mid-1960s through 1992, including the 

Superior Oil Company (“Superior”), Cyprus Mining (“Cyprus”), Continental Exploration (“Continental”), 

Continental Materials, Beard Mining Company (“Beard”), AZCO and Manazanita Hills Inc. 

(“Manzanita”).  Information on the historical drilling is summarized, to the extent known, in Section 10.  

The information in this section has been extracted and summarized from unpublished reports by the Ralph 

M. Parsons Company (Parsons, 1974), and Manzanita Hills Inc. (Manzanita, 1991).   

 

According to Parsons (1974), oxide copper mineralization was discovered at what is now the Strong and 

Harris deposit in drill cuttings “while a water well was being drilled, perhaps in the early 1960s.”  A Mr. 

Strong and a Mr. Harris subsequently located mining claims on the present property.   

 

 1954-1957 Coronado Copper and Zinc Co. 

 

Coronado Copper and Zinc Co. was involved in district production and exploration since 1942 and at least 

until 1957 (Cooper and Silver, 1964). District-wide exploration in the 1950’s was focused around the 

underground operations in the Cochise district including the Republic Mine, the Moore Mine, and the 

Peabody and Black Prince Mine. A few of these drill holes were in the vicinity of the Strong and Harris 

deposit. They were drilled from surface to test the continuity of mineralization of the Black Prince and 

Peabody Mines. 

 

 1964 - 1972 Cyprus Mining 

 

Cyprus optioned the property from Mr. Strong and Mr. Harris and drilled 36 holes during 1964 through 

1968.  Significant copper mineralization was encountered in 13 of the Cyprus drill holes.  Additionally, 

Cyprus drilled 2 holes in 1972 in the “Peabody Sill” area of the deposit. These were likely on separate 

claims from the main Strong and Harris project at the time. 

 

An induced polarization and resistivity (“IP/Res”) survey was carried out for “Congdon and Carey” by 

McPhar Geophysics during the time of the Cyprus drilling.  The survey consisted of seven east-west lines 

using electrodes at 400 and 600 foot spacings (Hallof and Bell, 1967). 

 

 1967 - 1971 Continental Exploration 

 

Continental optioned the property from Strong and Harris in 1967 and drilled 31 core holes during 1968 

through 1971. Some of the holes were used for down-hole induced potential and resistivity (IP/Res) 

surveys.   Copper mineralization was encountered in 25 of these drill holes.  Continental assigned their 

option to Superior via a lease agreement in 1971. 
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Table 6.1  Historical Copper and Zinc Production, Cochise Mining District 

Operation Name Production Period KTons of Ore Commodity 

Johnson Camp Mine 1975-2010 39,000 Copper 

Moore Mine 1951-1954 250 Copper, Zinc 

Republic/Mammoth 

Mine 

1882-1952 550 Copper, Zinc 

Copper Chief Mine 1905-1919 24.1 Copper, Silver 

Peabody Mine 1907-1918 14.2 Copper, Silver 

Black Prince Mine 1902-1918 1.4 Copper, Silver 

Keystone Mine 1916-1937 1.8 Copper 

Centurion Mine 1908-1944 1.5 Copper, Silver, Gold 

Texas Arizona Mine 1910-1928 0.7 Copper, Lead, Silver, 

Gold 

Total 1902-2010 39,844  

Note: data for 1902 through 2010 compiled from Cooper and Silver (1964) and Zimmerman (2016). 

 

In addition to the operations listed in Table 6.1, several small-scale production operations with poorly 

preserved production records existed in the district in the late 1800s to early 1900s. This included tungsten 

production from vein systems in the Texas Canyon Quartz Monzonite (Cooper and Silver, 1964). 
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northeastern structural trend.  Minor deformations took place in late Precambrian and post-Paleozoic 

but pre-Cretaceous times.  The post Paleozoic-pre-Cretaceous deformation is characterized by steep 

northeast to easterly striking faults with displacements up to hundreds of feet. 

 

Figure 7.1  Regional Geology Little Dragoon Mountains 
(modified from Richard et al., 2000) 
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Figure 7.2  Property Geologic Setting for the Strong and Harris Project 
(from Excelsior, September 2021) 
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approximately 10 to 20 feet above the contact with the Paleozoic rocks.  This consolidated basal layer 

may be correlative to the regionally extensive Gila Conglomerate.  The mineralized Paleozoic rocks 

below the valley fill sediments strike approximately 315
o
 azimuth and dip 30

o 
to 45

o
 northeast.  These 

Paleozoic rocks include the Carboniferous Escabrosa Limestone, the Carboniferous Black Prince 

Limestone, the Carboniferous to Permian Horquilla Limestone, the Permian Earp Formation, and the 

Permian Colina Limestone.  The Horquilla Limestone is intruded by a thin mafic sill in the area of Strong 

and Harris known locally as the “Peabody Sill” for its presence in the historic Peabody Mine south of 

Strong and Harris. It is likely correlative to Tertiary lamprophyre sills identified by Cooper and Silver 

(1964).  

 

The stratigraphy at Strong and Harris is cut by east to northeast-striking faults with apparent right-lateral 

displacement and near-vertical dips.  Displacements along the faults are typically between 50 to 200 feet. 

There appears to be a proximity relationship between these structures and the most mineralized portions 

of the deposit.  They are likely pre- or syn-mineral in age, but may have post-mineral movement as well 

since some of the mineralization is apparently offset by them.  Folds occur locally in the proximity of 

faults.  However, some shallow, gentle folds are common throughout the property with fold axes 

approximately parallel to the northeasterly dip of the sedimentary units.  

 

The Escabrosa Limestone is generally thick-bedded to massive, white to light grey limestone with dolomitic 

interbeds which are more abundant at the base of the formation.  Regionally, it is 750 feet thick and forms 

prominent topographic ridges.  In the Cochise mining district, it is often recrystallized.  Skarn and calc-

silicate alteration are typically limited to narrow seams along fractures or thin beds near the base of the 

formation.  It has not been intercepted in the drill holes at Strong and Harris and does not host any known 

mineralization at the property.  It presumably lies below the deposit.  

 

The Black Prince Limestone is a pinkish-grey limestone with a distinct maroon shale at its base.  It generally 

resembles the underlying Escabrosa Limestone above the basal shale and is approximately 120 feet thick.  

In the Cochise mining district, it is often marbelized and the shale is altered to a distinct brown hornfels.  It 

has not been intercepted in the drill holes at Strong and Harris and does not host any known mineralization 

at the property.  It presumably lies below the deposit. 

 

The Horquilla Limestone consists of thick- to medium-bedded grey limestone with minor silty or shaley 

interbeds.  The formation is typically 1,500 feet in thickness in the region, although the basal contact has 

not been intercepted in any of the Strong and Harris drill holes.  The Horquilla is strongly marbleized in 

the deposit area and locally altered to various calc-silicate assemblages.  Typical alteration minerals 

include wollastonite, diopside, tremolite, serpentine, and more rarely garnet.  The Horquilla is intruded by 

the Peabody Sill, a fine-grained mafic igneous rock typically 10to 15 feet thick, although thinner 

intersections have been encountered.  The sill intrudes the Horquilla consistently roughly 800 feet below 

the contact between the Horquilla and Earp Formation.  Where mineralogy can be observed, the rock 

contains pyroxene and/or horneblende, biotite, and plagioclase.  It is commonly altered to chlorite.  

Quartz-orthoclase-plagioclase(?) veins occasionally occur within 5 feet of the contact of the sill.  The sill 

is likely correlative to Tertiary lamprophyre sills identified by Cooper and Silver (1964).  Copper-zinc-
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silver mineralization in the Horquilla is commonly associated with or proximal to the Peabody Sill.  The 

mineralization in the Horquilla along the diabase sill has been historically distinct from that in the Earp 

Formation and was historically referred to as the “Peabody Sill” mineralization. 

 

The Earp Formation is the most significant geologic unit at Strong and Harris because it is the principal 

host for mineralization.  The lithology is heterogeneous compared to adjacent formations, containing many 

interbeds (usually 2 to 8 feet in thickness) of limestone, sandstone, siltstone, and local conglomerates.  

The Earp Formation also exhibits relatively low competency, likely owing to the interbedded nature of 

the sequence.  It is roughly 975 feet thick at Strong and Harris.  The Earp Formation is commonly altered 

to various assemblages of calc-silicates, historically described as tactites, typically containing 

wollastonite, pyroxene, serpentine, and amphiboles.  Rarely, green garnet is observed in the tactites.  

Limestone beds have been intensely marbleized and locally silicified.  Silicification is commonly more 

abundant toward the base of the formation. 

 

The Colina Limestone is a medium- to thick-bedded, dark grey to black limestone which overlies the Earp 

Formation.  It has rare thin-bedded sandstone units near the base.  It is at least 440 feet thick in the Cochise 

mining district (Cooper and Silver, 1964).  It is only a minor host to mineralization at Strong and Harris. 

 

7.3 Mineralization 

 

Primary copper-zinc-silver mineralization at Strong and Harris is characterized by lenses of sulfide 

minerals emplaced more-or-less parallel to layering in favorable lithologic units, usually along bedding 

planes or in disseminated masses and blebs.  Some mineralization is disseminated in certain lithologies.  

Less frequently, the mineralization is hosted in quartz +/- calcite +/- feldspar veins.  The mineralization is 

typically accompanied by calc-silicate alteration of the carbonate host-rock (described as “tactite” in the 

logs).  In some local areas or sub-units, the mineralization completely replaced the host rock with massive 

lenses or patches of sulfide minerals, some of which are now oxidized.  The sulfide minerals include 

pyrite, pyrrhotite, chalcopyrite, chalcocite, and sphalerite. Minor tetrahedrite group minerals have also 

been reported in the historical drill logs. 

 

Sub-units of the Earp Formation, particularly those immediately below its upper contact with the Colina 

Limestone, were the most favorable sites for deposition of the copper, zinc and silver minerals.  However, 

mineralization is also present in the Colina Limestone above the Earp, as well as in the Horquilla 

Limestone below the Earp.  Historical reports often referred to mineralization in the Horquilla as the 

“Peabody Sill”, as such mineralization and its host rock were termed at the historical Peabody Mine 

southwest of the Strong and Harris deposit.  The contact between the Horquilla and this sill at the Peabody 

Mine was reportedly favorable, at the mine although the sill itself is thin and represents only a 

volumetrically minor portion of that deposit.  The same relationship is observed on the western side of the 

Strong and Harris property where the diabase sill has been logged in several holes and is often mineralized.  

The thickness of the sill is typically less than 10 feet.  Mineralization in tactites of the Horquilla Limestone, 

either stratigraphically above or below the sill, is equally if not more important than the sill itself at Strong 

and Harris.  However, the sill is a favorable host where present.   
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The Strong and Harris deposit has been oxidized to varying degrees that generally decrease with depth.  

Three oxidation zones are currently recognized in the deposit: the oxide zone, the transition (or mixed) 

zone, and the sulfide zone.  In the oxide zone, copper is dominantly hosted in chrysocolla with minor 

azurite, malachite, and tenorite.  Zinc minerals noted in the oxide zone include rosasite, aurichalcite, and 

willemite.  Sulfide zone mineralogy is dominated by chalcopyrite and sphalerite with associated pyrite 

and pyrrhotite.  In the transition (mixed zone), the mineralogy consists of secondary sulfides (namely 

chalcocite) mixed with a combination of the above oxide and sulfide zone mineralogy. 
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Figure 8.1  Schematic Model 
(after Sillitoe, 2010) 
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 EXPLORATION (ITEM 9) 

 

This section summarizes the exploration work carried out by Excelsior.  Mr. Bickel has reviewed the 

information provided by Excelsior and believes it is an accurate representation of the work done by 

Excelsior.   

 

Excelsior has not conducted drilling at the Strong and Harris project.  Drilling by previous operators is 

summarized in Section 10. 

 

9.1 Historical Data Compilation 

 

Excelsior inherited a data package upon purchase of the project. It consisted of well-organized boxes of 

paper records, drill logs, assay certificates, and technical reports from Robert Durham, who previously 

controlled the property.  

 

In 2019, Excelsior began a comprehensive technical review of the reports and project drill data. In 2020-

2021, Excelsior completed a data compilation program to digitize and validate the Strong and Harris data. 

Excelsior contracted MDA to assist with some of this program. 

 

As of the Effective Date of this report, Excelsior’s compilation of historical data efforts include: 

• Scanning of all historical reports, drill logs, assays, and miscellaneous technical information from 

the paper files. Excelsior gathered all paper records for the Strong and Harris project and scanned 

them. 

• Conversion of drill hole collar coordinates from historical grid to UTM NAD 27, State Plane 

Arizona East coordinate system. Drill hole collar coordinates were provided in the historical data 

records, along with maps of the collar locations. The grid used in the historical data was not 

recognized. Excelsior contracted MDA to use these data, along with data derived from handheld 

GPS measurements of the existing collars, to create a two-point transformation of the historical 

collar coordinates to UTM NDAD 27, State Plane Arizona East coordinate system to match 

Excelsior’s existing data formats. These collar locations were further verified and adjusted based 

on field suveys performed in 2021 (as described in Sections 10.9 and 12.2.2). 

• Construction of digital drill hole database. Excelsior contracted MDA to construct a digital drill 

hole database in 2020 based on the historical paper records and scans thereof. This included a 

comprehensive compilation of all assays, lithologies, collar, survey, and other relevant data into 

digital format. During this process, MDA verified the data compiled into the database described 

in section 12.2. 

• Digitization of geologic surfaces. At Excelsior’s request, MDA created preliminary 3D geologic 

surfaces of the geologic units relevant to the Strong and Harris deposit. These surfaces were based 
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on cross-sections and maps contained within the historical paper records. In 2021, the geologic 

surfaces were further refined by collaborative edits between Excelsior staff geologists and MDA. 

• Inventory of historical drill core. Excelsior contracted technical staff, including MDA, to move 

the historical Strong and Harris drill core from its location in Dragoon, AZ, to Excelsior’s core 

processing facility in Casa Grande, AZ. As a part of this process and the ensuing re-sampling of 

the core, a detailed inventory of the remaining available drill core was generated. The inventory 

recorded 125 unique historical drill holes, all corresponding to those in the data records and 

database. In some cases, core for certain sections of the holes were missing boxes and/or intervals. 

In total, approximately 35,000 feet of core remains intact. 

 

 

9.2 Geologic Mapping 

 

In 2020 and 2021, Excelsior conducted geologic mapping over selected areas within the Cochise mining 

district west and south of the Strong and Harris project.  Traverse mapping at a 1:10,000 scale focused on 

alteration assemblages, veins orientation, and confirmation of published USGS geologic maps.  The 

mapping was conducted to identify alteration assemblage’s indicative of potential deposits and to 

characterize known mineralization.  Mapping in the Johnson Camp area extended north to the Peabody 

mine and the exposed lithologies that could be relevant to the areas of the property covered by Cenozoic 

basin-fill units. 

 

9.3 Excelsior Re-Sampling of Historical Drill Core 

 

Excelsior carried out a re-sampling program in February and March of 2021 based on MDA’s 

recommendations.  The program was executed by a collaboration between Excelsior staff and contractors, 

and MDA. The purpose of the program was to 1) verify historical data, and 2) increase the amount of 

silver assays in the database for the purposes of estimating resources.  In total, 1089 samples were selected 

for re-assay (not including standards, blanks, and duplicates).  The criteria for samples to be re-assayed 

generally included spatial and geologic distribution, as well as core availability.  20% of the samples were 

intended for verification specifically.  Spot-checking of lithology logging and mineralization were 

included as a part of the program.  The processes employed in the re-sampling program are described in 

Section 11, and the results are discussed in Section 12. 
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Figure 10.1  Map of Strong and Harris Drill Holes 
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10.2 1954 – 1957 Historical Drilling by Coronado Copper and Zinc Co. 

 

Coronado Copper and Zinc Co. drilled a total of 7,173 feet in 1954 and 1957.  According to the records, 

most of the core size was EX with the exception of BX and AX pre-collars.  No other information is 

available regarding the drill contractor(s), rig type(s) or methods and procedures for collar and down-hole 

surveys, if any were conducted.   

 

10.3 1965 - 1968 Historical Drilling by Cyprus Mining 

 

Cyprus drilled a total of 32,952 feet in 38 vertical  holes in 1965 to 1968.  According to Parsons (1974), 

the core size was NX with the exception of a few feet of BX size.  No information is available regarding 

the drill contractor(s), rig type(s) or methods and procedures for collar and down-hole surveys, if any were 

conducted.   

 

10.4 1968 – 1970 or 1971 Historical Drilling by Continental Exploration 

 

Continental drilled a total of 22,597 feet in 31 vertical holes in 1968 through 1970, and possibly into 1971.   

The core size was NX with the exception of a few feet of BX size (Parsons (1974).  No information is 

available regarding the drill contractor(s), rig type(s) or methods and procedures for collar and down-hole 

deviation surveys, if any were conducted.   

 

10.5 1971 – 1976 Historical Drilling by Superior Oil Company 

 

The author has records indicating that Superior drilled a total of 64,304 feet in 70 holes during 1971 to 

possibly as late as 1975.  All of the holes were vertical.  The core size was NX with the exception of a few 

feet of BX size (Parsons (1974).  No information is available regarding the drill contractor(s), rig type(s) 

or methods and procedures for collar and down-hole deviation surveys, if any were conducted.    

 

10.6 Historical Drilling by New Beginnings Resources 

 

New Beginnings drilled four holes at the Strong and Harris project according to a 1991 report by 

Manzanita Mining.  Records of this drilling have been lost and the author is unaware of the locations of 

these drill holes, the methods and procedures used for the drilling, and the results of this drilling. 

 

10.7 Historical Drilling by Robert C. Durham 

 

In 1985 and 1986, Robert C. Durham drilled two holes at Strong and Harris. The drill contractor was 

Longyear Company.  No information is available regarding the rig type(s) or methods and procedures for 

collar and down-hole deviation surveys, if any were conducted.   
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 SAMPLE PREPARATION, ANALYSIS, AND SECURITY (ITEM 11) 

 

This section summarizes all information known to Mr. Bickel relating to sample preparation, analysis, and 

security, as well as quality assurance/quality control procedures and results, that pertain to the Strong and 

Harris project.  The information has either been compiled by Mr. Bickel from historical records as cited, 

or provided by Excelsior. 

 

11.1 Historical Sample Preparation and Analysis 

 

Mr. Bickel is unaware of any information on the methods and procedures used by Cyprus and Continental 

for the preparation of their drilling samples.  Samples from the Cyprus and Continental drilling were 

originally analysed at Southwestern Assayers and Chemists (Parsons, 1974).  Incomplete records indicate 

that some samples were analysed for various combinations of copper ± gold, ± silver ± lead ± zinc ± 

molybdenum, but the analytical methods are not known. 

 

According to Parsons (1974), for both old core and new core acquired by Superior, the core was split using 

a guillotine-type splitter.  Half was stored and half was placed in cloth sample bags and sent to American 

Analytical Research Laboratories (“AARL”) in Tucson, Arizona.  Each sample was reportly crushed to 

minus ¼ inch and split to yield about a two pound fraction.  The two pound split was pulverized and dried, 

then composites of the individual samples were prepared to make 100ft intervals that were analysed at 

AARL for total copper, total zinc, and oxide copper.  In some cases, gold and silver were determined.  

Copies of assay certificates are preserved in the historical records and the author has reviewed and audited 

the certificates against the database. The author has no information on the analytical methods and 

procedures used, or the certifications that AARL may have held.  The author infers that AARL was 

independent of Superior.   

 

Samples from the AZCO/Granges hole of 1992 were analyzed by Skyline Labs for copper, lead and zinc. 

Copies of assay certificates are preserved in the historical records and the author has reviewed and audited 

them against the database.  No information is available on the methods and procedures used for sample 

preparation and analysis.  

 

11.2 Excelsior 2021 Sample Preparation and Analysis 

 

Drill core remaining from historical drilling was inspected and selected intervals were re-sampled in 2021 

under the supervision of Mr. Bickel.  Before sampling, the core boxes were inventoried, photographed, 

and inspected by Mr. Bickel and Excelsior staff. Samples were selected based on criteria agreed upon by 

Excelsior and Mr. Bickel, and core availability. A vast majority of the samples existed as half core 

(originally split by historical operators). These samples were split to ¼ core. In some rare cases, the 

samples were taken on full core that had not been sampled previously. These samples were split to ½ core. 

All samples were mechanically split and placed in bags. Internal QA/QC samples (standards, blanks, and 

¼ core duplicates) were inserted approximately every tenth sample in the sequence.  
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The Excelsior samples were prepared and analyzed at Skyline Laboratories (“Skyline”) in Tucson, 

Arizona.  Skyline is an independent commercial laboratory that holds ISO 9001:2015 and ISO/IEC 

17025:2017 accreditations.   

 

The samples were crushed to plus 75% passing -10 mesh, then split and pulverized with standard steel to 

plus 95% passing -150 mesh. 

 

The analytical methods for the assays are as follows: 

 

Total Cu (Cu) and Zinc (Zn) analyses: Samples are digested in a mixture of hydrochloric, nitric and 

perchloric acids. This solution is heated and taken to dryness. The contents are treated with concentrated 

hydrochloric acid and the solution is brought to a final volume of 200 mL with de-ionized water. This 

solution is read by Atomic Absorption using Standard Reference Materials made up in 5% hydrochloric 

acid. 

 

Sequential Analysis of Acid-Soluble Cu (ASCu) and Cyanide-Soluble Cu (CNCu) analyses: Samples 

are digested in 5% sulfuric acid and supernatant solution is diluted to 100 mL with de-ionized water. The 

residue is digested in 10% sodium-cyanide solution and diluted to 100 mL. The ASCu samples are read 

on Atomic Absorption units using 0.5% H2SO4 calibration standards. The CNCu samples are read on 

Atomic Absorption units using 1% NaCN calibration standards. 

 

Silver Fire Assay analyses: Silver was determined by fire-assay fusion of a 50g aliquot of the pulp, 

followed by a gravimetric finish.   

 

31 element analyses: A total of 31 major, minor and trace elements, including silver, were determined by 

inductively-coupled plasma optical-emission spectrometry (“ICP-OES”) after aqua-regia digestion. 

 

220 of the samples were analyzed by Skyline for bulk density using the water-displacement method. 

 

11.3 Sample Security 

 

The authors have no information on the sample security methods and procedures used by historical 

operators.  Drill core remaining from the historical drill campaigns has been stored at the Excelsior core 

facility in Casa Grande, AZ Excelsior’s samples were selected and stored in plastic bags at the Excelsior 

core facility. The plastic bags were placed into large mobile bins and made available for direct pickup by 

Skyline labs. Upon pickup by Skyline, Chain of Custody sheets were filled out and signed by Excelsior 

and Skyline. 

 

11.4 Quality Assurance/Quality Control 
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Figure 11.1 AMIS 0200 Copper Analyses 

 
 

Figure 11.2 A106013X Copper Analyses 
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Figure 11.5 Coarse Blank Silver Values vs. Silver Values of Previous Samples 

 
 

 

Figure 11.6 Coarse Blank Copper Values vs. Copper Values of Previous Samples 
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Figure 11.8 Core-Duplicate Copper Results Relative to Primary Sample Assays 

 
 

 

Figure 11.9 Core-Duplicate Zinc Results Relative to Primary Sample Assays 
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 Drill-Collar Verification 

 

In February of 2021, MDA directly received drill-hole collar location data from Darling Environmental 

& Surveying, Ltd. (“Darling”) of Tucson, Arizona.  These data were collected for Excelsior during a 

survey of the property using digital GPS equipment.  Locations of 97 drill-hole collars were provided and 

MDA added them to the Excelsior database.  During his site visits, Mr. Bickel independently checked a 

number of these locations with a hand held GPS and found them to reasonably match the collar coordinates 

received from Darling. 

 

Prior to 2021, collar information was found in the historical documentation for 127 of the Strong and 

Harris drill holes.  Collar coordinates were given in a local grid system, which were then converted to a 

UTM projection with NAD27 datum using a two-point transformation derived from handheld GPS 

measurements of the existing collars.  The remaining 25 holes without historical coordinates, and which 

were otherwise not located in the field, were assigned coordinates from historical maps of the collars. 

 

Excelsior updated the collar coordinates of these holes directly in the database to reflect the new survey 

data.  Additionally, a new two-point transformation was created based on the data from the Darling survey 

and used to update collar locations which could not be located in the field.   

 

 Down-Hole Survey Verification 

 

Down-hole deviation data exists for only two drill holes in the historical records (SH-109 and SH-118). 

These data were verified to match the original paper records to the drill hole database by Mr. Bickel.  

Historical logs also indicated the planned deviation of the Strong and Harris drill holes, all of which were 

planned vertically.  Based on the data from SH-109 and SH-118, which indicated that both had minimal 

deviation from their planned vertical orientation, it is reasonable to assume that most of the drill holes are 

generally vertical.  However, the database lacks the spatial precision associated with a more complete set 

of deviation data. 

 

 Assay Database Verification 

 

Historical Assays: Historical paper records, including copies of original assay certificates, and to a lesser 

extent, handwritten assay values included on geologic logs, were reviewed, transcribed into the digital 

database and audited under the supervision of Mr. Bickel.  Assay data from the original lab certificates 

represents 92% of the historical assay information in the Strong and Harris database.  The remaining 8% 

of historical assays were transcribed from geologic logs where no data from the original assay certificates 

existed.  During the audit, Mr. Bickel compared the transcribed assays in the database to the certificate 

and log copies.  Some discrepancies were found between the original assay certificates and the hand-

written values in the logs, where both existed.  These discrepancies were determined to be either 

transcription errors or, in some cases, the values on the logs appeared to be from re-assay values but the 

matching re-assay certificates were not found.  It is possible that historical assays in the Strong and Harris 
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Figure 12.3 Zinc (“Zn”) Core-Duplicate Analyses Relative to Historical Analyses 

 
 

 

12.3 Independent Verification of Mineralization 

 

Verification of mineralization was conducted during Mr. Bickel’s participation in Excelsior’s 2021 

sampling campaign.  In this period, Mr. Bickel was able to extensively investigate and verify the 

mineralization in the deposit and its relationship to relevant geology by comparing the 2021 analytical 

results to notes directly to the mineralized drill core.  During several site visits in 2021, outcrops with 

visible copper and zinc mineralization were observed a short distance west from the Strong and Harris 

deposit.  The existence of the Strong and Harris deposit has been widely known in the industry for many 

years prior to Excelsior’s involvement, based on the results of drilling programs conducted by major 

exploration companies (Cyprus, Superior, and Continental) that were well-known and reputable operators. 

 

12.4 Summary Statement on Data Verification 

 

Mr. Bickel has undertaken extensive verification of the historical data.  This work has identified very few 

errors in the transcription of assay data into the mine-site drill-hole databases.  In addition, the core-

duplicate analyses performed in 2021 allowed Mr. Bickel to verify that the historical assay data in the 

Strong and Harris database is of sufficient quality for use in the estimations of the current resources.   

 

Explicit modeling of the copper, zinc, and silver mineralization was the most critical component to the 

estimation of the project mineral resources.  This ‘hands-on’ approach provided meaningful verification 

of the historical data, whereby continuity and sensibility of meaningful geological variables, and the 

assays in the context of those variables, were carefully evaluated and considered.  
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Mr. Bickel experienced no limitations with respect to data verification activities related to the Strong and 

Harris project other than the limited availability of original-source assays discussed previously.  In 

consideration of the information summarized in this and other sections of this report, Mr. Bickel has 

verified that the project data are adequate as used in this report, most significantly to support the estimation 

and classification of the mineral resources reported herein. 
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 MINERAL PROCESSING AND METALLURGICAL TESTING (ITEM 13) 

 

This section has been prepared by Mr. Robert Bowell of SRK Consulting at the request of Excelsior.  Mr. 

Bowell has reviewed the information summarized below and believes it is correct as presently understood.   

 

13.1 Introduction 

 

To date, limited metallurgical testwork has been undertaken on the mineralized materials from the Strong 

and Harris deposit.  These studies have focused on the amenability of the material to acid leaching and 

bulk flotation work.   The recognition of oxide, sulfide and a transitional zone between the two prompts 

consideration of different process methods.  Sulfide material is planned to be processed through a two-

stage flotation process whilst transitional and oxide material is planned to be processed on a heap leach.  

Historically, the nearby Johnson Camp deposit has shown amenability to both options for respective 

sulfide and oxide mineralized material types (Argall, 1976). 

 

In this section reference will be made  to several studies that were initiated on the mineralization at Strong 

and Harris, as well as on the adjacent Johnson Camp mine and the Gunnison project.  These are: 

• Mountain States Research & Development (“MSRD”), 1974 (March), Preliminary Metallurgical 

Tests on Samples of Sulfide, Mixed and Oxide Copper-Zinc Ores: report to Superior Oil Company, 

Minerals Division. Project 2086, March 20,1974, 53p. 

• Patel, R., 1993 (December), Bottle Roll Leach Test, Johnson Camp Samples, ML-2093: internal 

report, Cyprus Minerals, December 8, 1993, 4p. 

• Patel, R., 1996 (January), Small Column Leaching of I-10 Drill Core Samples, Single Pass 

Leaching using Acidified Solution, ML2515: internal report, Cyprus Minerals, January 23, 1996, 

13p. 

• Hazen Research, Inc. (“HRI”), 2011 (September),  Draft, HRI for Excelsior Mining Arizona, Inc., 

Project No 11245, “Copper Ore Column Leach Experiments.” 

• Roman, R.J., 2013 (July), Ore Leach Tests: report to Excelsior, July 31, 2013, 157p. 

 

13.2 Geometallurgy 

 

The mineralized zones at Strong and Harris have a strong control by oxidation.  Although some logical 

overlap exists, there is no close correlation of zinc and copper oxidation.  The mineralized material is 

inferred to have undergone 30% enrichment by supergene processes such as oxidation.   

 

In the upper, oxide zone, copper mineralogy is strongly dominated by chrysocolla with reports of azurite 

and malachite in drill logs.  Minor phases include; antlerite, brochantite, libethenite, tenorite, cuprite, 

copper and spangolite.  Zinc mineralogy in the oxide zone is less well documented but aurichalcite, 

smithsonite and willemite have been described from the locality.  

 

In the sulfide zone, the dominant copper sulfides are bornite, chalcopyrite and chalcocite.  Zinc is present 

as sphalerite.  Tetrahedrite group minerals as well as pyrite and pyrrhotite are also reported from the 

sulfide zone. 
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Table 13.4  Summary of  Bottle Roll Test Results, I-10 Deposit 
(from Patel, 1993) 

Mineralization 

Group 

Copper Extraction 

% 

Acid Consumption,  

lbs/ton material 

Acid Consumption  

lbs/lb Cu 

1 78.1 914 91.1 

2 47.6 80 10.3 

3 66.2 942 123 

4 59.2 104 10 

 

The high acid consumption was reflected in the high pH (between pH 8 and pH 9) observed for the samples 

and initial acidification required 100 g/L sulfuric acid to be added to obtain pH 1.5.  During the test pH 

was measured every 24 hours and additional acid added as required to maintain pH below 2.0.  In addition 

to copper and iron, high magnesium and manganese were reported and in tests 1 and 3 gypsum had 

precipitated. 

 

In 1996 Cyprus undertook further internal testwork on the oxide material in the “I-10” deposit.  The small-

column testing was not particularly successful and reported 28.6% copper recovery despite reporting total 

copper assays of 0.48% and acid soluble copper of 0.28% (Patel, 1996).   Acid consumption was relatively 

high at 52.7 lb/ton, or 19.2 lb/lb copper.  Few details are given of the material and it is likely that the 

material included oxide, mixed and sulfide mineralization collected from various intervals from 780 ft to 

870 ft in depth from one hole (MCC-7). 

 

Excelsior is currently using ISR for mining copper at the Gunnison project south of the Strong and Harris 

project.  Extensive leach testwork designed to assess ISR potential at Gunnison has been undertaken that 

is applicable to evaluating heap leaching of copper and zinc from the Strong and Harris deposit.  The 

mineralization at Strong and Harris is hosted in the same lithologies as Gunnison and occurs as skarn type 

deposits.  The most applicable work has been on crushed material in columns both saturated and 

unsaturated similar to conventional column tests (Roman, 2013).  The purpose of the test program was to 

determine how the response of the mineralization is affected by changes in irrigation rate and acid 

concentration of the leach solution. 

 

In the 2013 column test work, 24 column tests were run with the purpose of assessing variability in the 

deposit and as such are the most applicable tests on oxide and mixed material.  The column tests were run 

at Mineral Advisory Group Research & Development, LLC (“MAG”) in Tucson, Arizona (Roman, 2013).  

 

After filling each column with a sample of mineralization, the columns were filled with leach solution 

made from raffinate from the Johnson Camp mine that had been adjusted with sulfuric acid to 15 g/L free 

acid.  The irrigation rate was initially set to 0.26 gpd for the first 15 days then increased to 1.85 gpd.  PLS 

samples were collected daily. The pH and oxidation-reduction potential (“ORP”) of each PLS sample 

were measured, and the solution was then assayed for free acid and copper.  Initially there were 24 columns 

to be leached. 

 

Six of the columns became impermeable due to clay precipitation and were discontinued leaving 18 

columns.  It is believed that the six samples in these columns had  been crushed to minus 1.0 inch, 

contained excessive fines which restricted their permeability.  A seventh column was added containing a 





PEA and Technical Report, Strong and Harris Project, Arizona 

Excelsior Mining Corp. Page | 71 
 

 

 

Mine Development Associates,  a  division of  RESPEC               Last Edited:: 10/20/21 8:42 AM 

October 20,  2021  \\ARAGONITE\Projects\Excelsior\Strong_and_Harris\Reports\PEA2021_NI43-101\NI43-101Strong_and_Harris_MDA_v12.docx 
  

Figure 13.2  Results of Column Leaching, Middle Abrigo Formation 
(from Roman, 2013) 

 
 

 

Figure 13.3  Results of Column Leaching, Lower Abrigo Formation 
(Roman, 2013) 
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13.6 Conclusions 

 

Metallurgical testwork for the Strong and Harris project is at a conceptual level of understanding and 

currently relies on historical data and analogue work undertaken by Excelsior and others in the same 

mining district.  Limited comminution work indicates that flotation has been challenged with this 

mineralized material and production of a bulk concentrate generated recoveries of 79.7% copper and 

69.7% zinc for sulfide materials.  Arguably better results have been obtained at other projects using a more 

modern scheme, and liberation and separation of the sulfides should be possible with better efficiency 

although this needs testing on material from site.  Based on an analysis of all applicable column data, and 

assuming optimum acid consumption being around 100 lbs/ton of material to be processed, the overall 

estimate at the PEA stage is that copper and zinc extraction by acid leaching should be around 92.3% and 

82.3% respectively. 

 

13.7 Recommendations 

 

The most pressing need is to generate metallurgical composites for the sulfide, mixed and oxide 

mineralized materials from Strong and Harris.  These need to go through comminution testing to assess: 

• Parameters for crushing and grinding conditions; 

• Optimum grain size for separation for sulfide and mixed material types and; 

• Re-assessment of flotation application using more modern approach for bulk, copper and zinc 

concentrates. 

 

In addition, the use of more modern gravity methods to produce a bulk sulfide concentrate should be 

considered.  In terms of the heap leach, it is clear copper and zinc can be leached from the mixed and 

oxide materials, and that a number of the economic host minerals react with sulfuric acid.  However, acid 

consumption is potentially high in the deposit and this needs to be assessed.  Options for reducing this 

could include; 

• Comminution work to remove calcite prior to leaching and possibly tank leaching as opposed to 

heap leaching; 

• Leaching of coarser fraction; 

• Pre-treatment with organic acid; and 

• Use of ammonia leaching as an alternative to sulfuric acid. 

 

In addition, no testwork on metal production by SX-EW has yet to be undertaken and this needs to be 

undertaken particularly to ensure no cross-over of copper into the zinc recovery circuit.  This has been 

applied commercially elsewhere but to define operating conditions at greater than PEA level, testwork is 

required.  Additional tests should be considered for the other major rock types as well as for a greater 

variety of oxidation profiles throughout the deposit. 

 

 

  



PEA and Technical Report, Strong and Harris Project, Arizona 

Excelsior Mining Corp. Page | 75 
 

 

 

Mine Development Associates,  a  division of  RESPEC               Last Edited:: 10/20/21 8:42 AM 

October 20,  2021  \\ARAGONITE\Projects\Excelsior\Strong_and_Harris\Reports\PEA2021_NI43-101\NI43-101Strong_and_Harris_MDA_v12.docx 
  

 MINERAL RESOURCE ESTIMATES (ITEM 14) 

 

14.1 Introduction 

 

The mineral resource estimation for the Strong and Harris project was completed for disclosure in 

accordance with NI 43-101.  The modeling and estimation of the copper, zinc, and silver mineral resources 

were completed in July, 2021 under the supervision of Jeff Bickel and Michael Gustin, both qualified 

persons with respect to mineral resource estimations under NI 43-101.  The Effective Date of the resource 

estimate is September 9, 2021.  Mr. Bickel, a former employee of Excelsior, is independent of Excelsior(s) 

by the definitions and criteria set forth in NI 43-101 as of the Effective Date of this report, as is Mr. Gustin.  

There is no affiliation between Mr. Bickel or Mr. Gustin and Excelsior(s) except that of independent 

consultant/client relationships.  Mr. Bickel and Mr. Gustin are not aware of any unusual environmental, 

permitting, legal, title, taxation, socio-economic, marketing, or political factors that may materially affect 

the Strong and Harris mineral resources as of the date of this report.  No mineral reserves have been 

estimated for the Strong and Harris project. 

 

The Strong and Harris mineral resources are classified in order of increasing geological and quantitative 

confidence into Inferred, Indicated, and Measured categories in accordance with the “CIM Definition 

Standards - For Mineral Resources and Mineral Reserves” (2014) and therefore NI 43-101.  CIM mineral 

resource definitions are given below, with CIM’s explanatory text shown in italics: 

 

Mineral Resource 

Mineral Resources are sub-divided, in order of increasing geological confidence, into 

Inferred, Indicated and Measured categories.  An Inferred Mineral Resource has a lower 

level of confidence than that applied to an Indicated Mineral Resource.  An Indicated 

Mineral Resource has a higher level of confidence than an Inferred Mineral Resource but 

has a lower level of confidence than a Measured Mineral Resource. 

A Mineral Resource is a concentration or occurrence of solid material of economic interest 

in or on the Earth’s crust in such form, grade or quality and quantity that there are reasonable 

prospects for eventual economic extraction.   

The location, quantity, grade or quality, continuity and other geological characteristics of 

a Mineral Resource are known, estimated or interpreted from specific geological evidence 

and knowledge, including sampling. 

Material of economic interest refers to diamonds, natural solid inorganic material, or 

natural solid fossilized organic material including base and precious metals, coal, and 

industrial minerals. 

The term Mineral Resource covers mineralization and natural material of intrinsic 

economic interest which has been identified and estimated through exploration and 

sampling and within which Mineral Reserves may subsequently be defined by the 
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consideration and application of Modifying Factors.  The phrase ‘reasonable prospects 

for eventual economic extraction’ implies a judgment by the Qualified Person in respect 

of the technical and economic factors likely to influence the prospect of economic 

extraction.  The Qualified Person should consider and clearly state the basis for 

determining that the material has reasonable prospects for eventual economic extraction.  

Assumptions should include estimates of cutoff grade and geological continuity at the 

selected cut-off, metallurgical recovery, smelter payments, commodity price or product 

value, mining and processing method and mining, processing and general and 

administrative costs.  The Qualified Person should state if the assessment is based on 

any direct evidence and testing. 

Interpretation of the word ‘eventual’ in this context may vary depending on the commodity 

or mineral involved.  For example, for some coal, iron, potash deposits and other bulk 

minerals or commodities, it may be reasonable to envisage ‘eventual economic extraction’ 

as covering time periods in excess of 50 years.  However, for many gold deposits, 

application of the concept would normally be restricted to perhaps 10 to 15 years, and 

frequently to much shorter periods of time. 

 

Inferred Mineral Resource 

An Inferred Mineral Resource is that part of a Mineral Resource for which quantity and 

grade or quality are estimated on the basis of limited geological evidence and sampling.  

Geological evidence is sufficient to imply but not verify geological and grade or quality 

continuity.   

An Inferred Mineral Resource has a lower level of confidence than that applying to an 

Indicated Mineral Resource and must not be converted to a Mineral Reserve.  It is 

reasonably expected that the majority of Inferred Mineral Resources could be upgraded to 

Indicated Mineral Resources with continued exploration. 

An Inferred Mineral Resource is based on limited information and sampling gathered 

through appropriate sampling techniques from locations such as outcrops, trenches, pits, 

workings and drill holes.  Inferred Mineral Resources must not be included in the economic 

analysis, production schedules, or estimated mine life in publicly disclosed Pre-Feasibility 

or Feasibility Studies, or in the Life of Mine plans and cash flow models of developed 

mines.  Inferred Mineral Resources can only be used in economic studies as provided under 

NI 43-101. 

There may be circumstances, where appropriate sampling, testing, and other 

measurements are sufficient to demonstrate data integrity, geological and grade/quality 

continuity of a Measured or Indicated Mineral Resource, however, quality assurance and 

quality control, or other information may not meet all industry norms for the disclosure of 

an Indicated or Measured Mineral Resource. Under these circumstances, it may be 

reasonable for the Qualified Person to report an Inferred Mineral Resource if the Qualified 
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Person has taken steps to verify the information meets the requirements of an Inferred 

Mineral Resource. 

 

Indicated Mineral Resource 

An Indicated Mineral Resource is that part of a Mineral Resource for which quantity, grade 

or quality, densities, shape and physical characteristics are estimated with sufficient 

confidence to allow the application of Modifying Factors in sufficient detail to support 

mine planning and evaluation of the economic viability of the deposit.   

Geological evidence is derived from adequately detailed and reliable exploration, sampling 

and testing and is sufficient to assume geological and grade or quality continuity between 

points of observation.   

An Indicated Mineral Resource has a lower level of confidence than that applying to a 

Measured Mineral Resource and may only be converted to a Probable Mineral Reserve. 

Mineralization may be classified as an Indicated Mineral Resource by the Qualified 

Person when the nature, quality, quantity and distribution of data are such as to allow 

confident interpretation of the geological framework and to reasonably assume the 

continuity of mineralization.  The Qualified Person must recognize the importance of the 

Indicated Mineral Resource category to the advancement of the feasibility of the project.  

An Indicated Mineral Resource estimate is of sufficient quality to support a Pre-

Feasibility Study which can serve as the basis for major development decisions.  

 

Measured Mineral Resource 

 

A Measured Mineral Resource is that part of a Mineral Resource for which quantity, grade 

or quality, densities, shape, and physical characteristics are estimated with confidence 

sufficient to allow the application of Modifying Factors to support detailed mine planning 

and final evaluation of the economic viability of the deposit. 

 

Geological evidence is derived from detailed and reliable exploration, sampling and testing 

and is sufficient to confirm geological and grade or quality continuity between points of 

observation.   

 

A Measured Mineral Resource has a higher level of confidence than that applying to either 

an Indicated Mineral Resource or an Inferred Mineral Resource. It may be converted to a 

Proven Mineral Reserve or to a Probable Mineral Reserve. 

Mineralization or other natural material of economic interest may be classified as a 

Measured Mineral Resource by the Qualified Person when the nature, quality, quantity 

and distribution of data are such that the tonnage and grade or quality of the 

mineralization can be estimated to within close limits and that variation from the estimate 
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Figure 14.1  Geologic Cross Section with Copper Oxide Domains 
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Figure 14.2  Geologic Cross Section with Zinc Domains 


