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1.6 Metallurgical Testing and Mineral Processing  

A test program was undertaken in 2005 to confirm the processing requirements of selected mineralized 
material zones from the ESM mine. These mineralized material zones were selected based on projected 
tonnage, mineralized material type, and sample availability. The results were used to confirm concentrate 
grades and recoveries for the re-start of operations in 2005. 

Flotation tests were completed under the guidance of Fred Vargas, the metallurgical consultant who 
developed the pHLOTEC flotation process in use at ESM since 1984. 

No additional metallurgical testing will be undertaken for the current re-opening. The mineralized zones to 
be mined are a continuation of the mineralization mined from 2005 to 2008. 

The 2005 metallurgical test results, and operational results from 2006 to 2008, support a zinc recovery of 
96% and a zinc concentrate grade of 56% for the re-start of operations. 

1.7 Mineral Resource Estimates 

1.7.1 Drill Hole Database 

The drilling database consists of historical drilling totalling 4,342 holes totaling 2,586,277 ft. drilled. A total 
of 633 of these holes were used for the 2017 mineral resource estimate, and 816 for the 2018 mineral 
resource update contained in this report. The majority of these holes were drilled during the most recent 
mining campaign by Hudbay Minerals Inc. from 2006 to 2009. All other holes were either distal exploration 
holes or holes defining the historic underground workings not relevant to this study. 

1.7.2 Geologic Model 

ESM geologists provided the key domains which are constrained by the well-documented geologic horizons 
described in Sections 7.4 and 7.5 of this report. The mineralized zones are identified in Table 1-2. 

Table 1-2: Mineralized Zones 

Mineral Zone  Zone Code 

1.  Davis  10 

2.  Cal Marble 20 

3.  Cal Upper 21 

4.  Sylvia Lake 30 

5.  Mud Pond Main 40 

6.  Mud Pond Apron 41 

7.  Mud Pond Quartz Diopside 43 

8.  Mahler Main 50 

9.  Mahler White Dolomite 51 

10. Mahler Quartz Diopside 52 

11. NE Fowler 60 

12. New Fold 70 

13. Sylvia Lake Expansion 300 
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Projects are underway to add to the mobile equipment fleet and further de-risk operations, with dewatering 
and hoist upgrades being designed. 

1.15 Conclusions 

It is the conclusion of the QPs that the PEA summarized in this Technical Report contains adequate detail 
and information to support the positive economic result. The PEA proposes the use of industry standard 
equipment and operating practices. To date, the QPs are not aware of any fatal flaws for the project. 

1.15.1 Risks 

The most significant risks associated with the project are commodity prices, uncontrolled dilution, mineral 
recovery, operating and sustaining capital cost escalation, ventilation limitations and inferred mineral 
resource confidence. 

These risks are common to most mining projects, many of which may be mitigated, at least to some degree, 
with adequate engineering, planning and pro-active management. The first two years of production focus 
on zones that are in the measured and indicated mineral resource to mitigate risk within the payback period 
of the project. Eighty percent (80%) of the mineralization to be mined in the first two years is classified as 
a measured and indicated mineral resource. 

1.15.2 Opportunities 

Mine production may be limited by the ability to ventilate the underground workings. As such, there is 
opportunity in investigating alternate hauling methods that reduce or eliminate the diesel particulates 
produced from traditional diesel-powered truck haulage. Railveyor and electric motor technology has 
become a viable source for underground haulage which does not rely on diesel engines and may provide 
the ability to improve the estimated production rate proposed in this report. 

Dilution is important to manage in any mining operation, particularly where mineralization occurs in narrow 
zones. The implementation of grade control by equipping geologists on shift with electronic survey and 
mapping software is an opportunity to improve control of the excavations and follow the mineralization more 
closely. 

The dark mineralization hosted within a light dolomitic rock may lend itself to optical sorting technology, 
which could provide an increase to mill feed head grade while simultaneously providing a source of crushed 
waste rock for cemented and un-cemented backfill. In addition, a sorted mill feed may permit a lower mine 
cut-off grade which could increase the mineral resources within the PEA mine plan, without requiring 
additional exploration. 

The resource potential has not been fully defined, and as such there is opportunity for resource expansion. 
The mine historically operated with little definition drilling in comparison to greenfield exploration properties. 
The replacement of ore reserves depended heavily on the ability to follow the mineralized zones through 
mine development. Additional exploration drilling may yield high returns in the discovery and upgrade of 
additional mineral resources. 

Opportunities may exist to improve the mill feed grades by detailing level designs and identifying pillar 
locations upon completion of geotechnical analysis. Detailed production schedules integrating backfill 
schedules may provide opportunities to reduce the volume of structural pillars currently planned to be left 
within the mineralized zones. 
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1.15.3 Recommendations 

The items shown in Table 1-13 are recommended for ESM to improve confidence and performance of the 
PEA mine plan and economics. 

Table 1-13: Project Recommendations and Cost 

Item Cost ($) Status at April 2018 

Infill drilling 1,000,000  Underway 

3D lithology model 50,000  Underway 

Digitize maps and survey plans 150,000  Underway 

Updated mine survey 150,000  Underway 

Geotechnical review 30,000 Initiated 

Sorting test work and integration study 100,000 Under consideration 

Alternate haulage investigation (Railveyor) 45,000 Underway 

Total Estimate 1,525,000  

Source: JDS (2018) 
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Figure 4-2: Local Project Location 

 
Source: SLZ (2017) 
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4.2 Mineral Tenure 

The 2,699 acres of surface rights owned by SLZ are divided among the Fowler, Edwards and Pierrepont 
townships, containing, respectively 1,754, 703 and 242 acres. There are 51,428 acres of mineral rights 
located in St. Lawrence and Franklin Counties that are comprised of multiple individual parcels in selected 
areas in and around the mines. 

The acquisition also includes transference of 29,054 acres of leased and optioned mineral rights in portions 
of the Balmat, Hyatt, and Pierrepont mine areas as well as areas of interest for exploration purposes. 

Leases have an initial 20-year term, renewable for an additional 20 years, and are subject to a 4% net 
smelter return (NSR) royalty. One primary lease holding and five smaller leases are included in the ESM 
mine land package that covers 20% of the mineral rights of the major area of the Mahler resource. Three 
leases are held in the area around the Hyatt mine and 10 leases are held in the Pierrepont mine area, 
covering 515 and 985 acres respectively. Leases comprising 300 acres are also held in the Emeryville and 
Talcville exploration areas. 

Optioned mineral rights have a renewable 5-year initial term. Option payments amount to US$4 per acre 
per annum. 

A list of leases with expiration dates are provided in Table 4-1. Several lease and option agreements have 
expired; however, the company continues to make payments and assumes mining will be able to proceed 
as a result. The current resource and subsequent planned mining areas are not impacted in any way by 
the expired leases. Legal consultation should be obtained before any mining occurs on expired leases as 
it cannot be assumed that the lease agreement will extend beyond the expiration date, despite acceptance 
of payment by leasers. 
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Table 4-1: Lease List with Expiration Dates 

Name Type Expiration 
Date 

Payment 
Anniversary Acres Term NSR Notes 

Warriner Lease Lease 18/01/2031 18/01/2017 80.82 20 year lease- 
renewable 4%   

St. Lawrence Ore 
Lease Lease 25/01/2010 25/01/2017 135 20 years: NOT 

renewable  4% Expired 1/25/2010 however minimum 
annual payment was made on time 

Whitman Lease Lease 10/2/2018 10/2/2017 30 20 years: renewable 
for additional 20 years 4%   

Gilbert Option Option 3/3/2016 3/3/2017 96.4 5-Year option 4% Option with escalator  

Brian Tripp Lease 
(90Ac)  Lease 22/03/2021 22/03/2017 90 20 years: renewable 

for additional 20 years 4%   

Gilbert Lease Lease 22/03/2031 22/03/2017 96.4 20 year lease- 
renewable 4% The lease portion of the agreement was 

signed -- with escalator 

Jenne Lease Lease 7/4/2000 7/4/2017 111 20 years: renewable 
for additional 20 years 4% 

First 20-yr term has expired; however 
lease is renewable for 20 yrs and 

payments have been made on time 
each year. 

Wells Lease  Lease 10/1/2029 16/04/2017 178 40 years: NOT 
renewable 

4% 
Zinc; 
5% 

Lead 

Lease payment date 4/16 (changed 
from 7/23) used for all Wells leases 
taken directly from original index file 

cards 

St. Lawrence 
County Option Option 11/3/2024 20/04/2017 85.5 & 30 5-year option 4% Option payment with escalator schedule 

Hull Lease Lease 30/04/2017 30/04/2017 20 
20 years: renewable 

for additional 20 years 4% Renewed 30/04/2017 

Kelly Freeman 
Lease Lease 2/5/2015 2/5/2017 310 

20 years: renewable 
for additional 20 years 4%   

Davis (Robert and 
Peggy) Lease (0.5 
Ac) 

Lease 26/05/2030 26/05/2017 0.5 20 years: renewable 
for additional 20 years 4% Lease payment with escalator schedule 
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Name Type Expiration 
Date 

Payment 
Anniversary Acres Term NSR Notes 

Aleta Billings 
Heirs Options Option 4/6/2015 4/6/2017 157.5 5-year option 4% Option payment with escalator schedule 

Cromwell Heir 
Option Option 16/06/2016 16/06/2017 369 5-year option 4% Option payment with escalator schedule 

Edwards Lease Lease 17/06/2023 17/06/2017 96 20 years: renewable 
for additional 20 years 4%   

Cole Lease  Lease 20/06/2000 20/06/2017 94 20 years: renewable 
for additional 20 years 4% $200 - this payment is redistributed to 

heirs below 

Aleta Billings 
Heirs Options Option 25/06/2015 25/06/2017 157.5 5-year option 4% Option payment with escalator schedule 

Alan Latimer 
Lease Lease 7/7/2023 7/7/2017 20 20 years: renewable 

for additional 20 years 4%   

Yerdon Lease Lease 10/7/2027 7/7/2017 0.3 20 years: renewable 
for additional 20 years 4%   

Barrigar Lease Lease 24/07/1999 7/7/2017 280 20 years: renewable 
for additional 20 years 4% 

First 20-yr term has expired; however 
lease is renewable for 20 yrs and 

payments have been made on time 
each year. 

Aleta Billings 
Heirs Options Option 15/07/2015 15/07/2017 157.5 5-year option 4% Option payment with escalator schedule 

Timothy J. 
Sweeney (Lease) Lease 16/07/2030 16/07/2017 1.91 20 years: renewable 

for additional 20 years 4% Lease payment with escalator schedule 

Zira Lease Lease 27/07/2027 25/07/2017 0.93 20 years: renewable 
for additional 20 years 4%   

Webb Option Option 26/07/2015 26/07/2017 46 5-year option 4% Option payment with escalator schedule 

Van Brocklin 
Lease Lease 27/07/2002 27/07/2017 100 20 years: renewable 

for additional 20 years 4% 

First 20-year term has expired; however 
lease is renewable for 20 years and 
payments have been made on time 

each year. 
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Name Type Expiration 
Date 

Payment 
Anniversary Acres Term NSR Notes 

Barkley Lease Lease 30/07/1999 00/01/1900 78 20 years: Renewable 
for additional 20 years 4% 

First 20-year term has expired; however 
lease is renewable for 20 years and 
payments have been made on time 

each year. 

Brown Lease  Lease 11/8/1999 11/8/2017 165 20 years: Renewable 
for additional 20 years 4% 

First 20-year term has expired; however 
lease is renewable for 20 years and 
payments have been made on time 

each year. 

Lawrence Emrich 
Heirs Options Option 17/08/2015 17/08/2017 229.04 5-Year option 4% Option payment with escalator schedule 

Thivierge Lease Lease 27/08/2002 27/08/2017 66 20 years: Renewable 
for additional 20 years 4% 

First 20-yr term has expired; however 
lease is renewable for 20 years and 
payments have been made on time 

each year. 

Bogardus Options Option 2/9/2015 2/9/2017 162.2 5-Year option 4% Option payment with escalator schedule 

James Morrill 
Lease Lease 8/9/2029 8/9/2017 464 20 years: Renewable 

for additional 20 years 4%   

Stanley Morrill 
Lease Lease 8/9/2029 8/9/2017 266.22 20 years: Renewable 

for additional 20 years 4%   

Bogardus Options Option 8/9/2015 8/9/2017 162.2 5-year option 4% Option payment with escalator schedule 

Lansing-Dodge 
Option Option 15/09/2015 15/09/2017 ~ 22,000 5-year option 4%   

Emery Webb 
Lease Lease 22/09/2029 22/09/2017 181.46 

20 year: renewable for 
additional 20 years 4%   

Stiles Lease Lease 27/09/2002 27/09/2017 32 20 years: Renewable 
for additional 20 years 4% 

First 20-yr term has expired; however 
lease is renewable for 20 years and 
payments have been made on time 

each year. 
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Name Type Expiration 
Date 

Payment 
Anniversary Acres Term NSR Notes 

Hutchinson Lease Lease 1/10/2002 1/10/2017 37 20 years: Renewable 
for additional 20 years 4% 

First 20-yr term has expired; however 
lease is renewable for 20 years and 
payments have been made on time 

each year. 

Manning Lease Lease 1/10/2027 1/10/2017 0.65 20 years: Renewable 
for additional 20 years 4%   

Cromwell Heir 
Option Option 21/10/2016 21/10/2017 369 5-Year option 4% Option payment with escalator schedule 

Steven A. Sullivan 
Option Option 28/10/2012 28/10/2017 

158.8 (98.45 
[60.00+38.45] + 

60.35) 
3-Year Option 4%   

Caswell Lease Lease 5/11/2002 5/11/2017 98 20 years: Renewable 
for additional 20 years 4% 

First 20-yr term has expired; however 
lease is renewable for 20 years and 
payments have been made on time 

each year. 

Walter Planty 
Option (64.39 Ac) Option 19/11/2018 19/11/2017 64.39 5-Year option 0%   

Marjory Tyler 
Option Option 2/12/2015 2/12/2017 183 5-Year option 4% Option payment with escalator schedule 

Brian Tripp Lease 
(0.79Ac) Lease 6/12/2026 6/12/2017 0.79 20 years: Renewable 

for additional 20 years 4%   

Robert G., Sr. and 
Phyllis J. Tripp 
Lease (19 Ac) 

Lease 6/12/2026 6/12/2017 19 20 years: Renewable 
for additional 20 years 4%   

Davis (Stanley 
and Carol) Lease 
(14.4 Ac) 

Lease 6/12/2026 6/12/2017 12.28 & 2.12 20 years: Renewable 
for additional 20 years 4%   

Gouverneur Talc 
Co Lease Lease 28/06/2030 None 0 20-Year Lease 4% Renewed for an additional 20 years 

6/28/2010 - 06/28/30  

Source: SLZ (2017) 
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Assessor Parcel 
Number Town Surface 

(acres) 
Mineral 
(acres) Structure Class 2014 Taxes 

(US$) 

175.004-1-6./1 Edwards   20   720 201.17 

175.004-1-7./1 Edwards   63.8   720 201.17 

175.004-1-11./1 Edwards   97.4   720 323.08 

175.004-1-14./2 Edwards   62   720 201.17 

187.002-2-1./1 Edwards   30   720 201.17 

187.002-2-1./2 Edwards   80.9   720 201.17 

188.001-1-15./2 Edwards   25   720 201.17 

188.001-1-15./3 Edwards   169.1   720 201.17 

188.001-1-17./1 Edwards   65.6   720 201.17 

188.001-1-27./1 Edwards   73.8   720 201.17 

188.002-1-2./1 Edwards   36   720 201.17 

174.004-1-18 Fowler 89.3 89.3   720 679.92 

187.001-1-5 Fowler 2.5     720 194.73 

187.001-1-21.2 Fowler 44.49     720 403.1 

186.004-1-44 Fowler 705.3     720 2266.39 

186.004-1-33.11 Fowler 86.5     720 2298.79 

186.004-1-31 Fowler 61.6     720 2096.43 

187.003-1-2 Fowler 82.3     720 389.46 

187.003-1-1 Fowler 1.6     720 7822.09 

187.069-1-38 Fowler 0.7     720 2932.26 

187.003-1-4.11 Fowler 63.8     720 3049.43 

187.003-1-4.121 Fowler 124.7     720 681.58 

187.003-2-1.1 Fowler 45.2     322 389.46 

199.001-2-52 Fowler 445     314 2266.39 

186.002-1-14.11/3 Fowler   146.6   720 19.46 

186.002-1-14.11/4 Fowler   144   720 19.46 

187.003-1-3./1 Fowler   0.01   720 194.73 

187.003-1-4.11/2 Fowler     shaft 4 311 w 93829.03 

187.003-1-4.11/3 Fowler   0.01   323 19547.72 

187.003-1-4.11/5 Fowler     shop 720 7819.09 

187.003-1-4.11/7 Fowler     electric 720 39095.43 

187.003-1-4.11/9 Fowler     buildings 720 73812.17 

187.003-1-4.11/10 Fowler     warehouse 720 117286.3 

187.003-1-4.11/11 Fowler     paint, oil 720 4378.68 

187.003-1-4.11/12 Fowler     timber 
storage 720 4691.45 

187.003-1-4.11/13 Fowler     service hoist 720 39095.43 
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Figure 4-3: Mineral Tenure Map 

 
Source: SLZ (2018) 
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reclamation completed at four of the sites and released them from the permit requirements. Some minor 
monitoring may be required. The NYSDEC has reviewed the reclamation at the satellite properties also 
acquired with the Balmat purchase, Hyatt mine tailings and mine sites and the Pierrepont mine site, and 
has released the reclamation bonds posted for these areas. No further work is required. 

Reclamation plans approved by the NYSDEC are in place for ESM No. 4 Mine and the ESM No. 2 shaft 
area (which is still in use as an alternate exit route and ventilation shaft for ESM No. 4 Mine) and are the 
ongoing responsibility of SLZ.  ESM No. 4 mine and mine tailings reclamation is assured with a $1,662,870 
certificate of deposit. 

The mining activity in the Balmat region has not created any known long term liabilities, beyond those 
described in Section 20 of this report, as a result of the long operating history at the various operations. 
The mineralization in the region is typically hosted in an alkaline host rock which has no tendency to 
generate acid mine drainage and mobilize metals in surface and ground waters. Minor excursions above 
compliance levels have been historically corrected by additions of sodium sulphate or lime upstream from 
the water holding ponds. 

4.6 Permit Requirements 

According to the Hudbay Minerals (Hudbay) Annual Information Filing (AIF) 2008, the extraction of minerals 
in New York State is governed by the New York State Mined Land Reclamation Law and the rules and 
regulations adopted thereunder (Hudbay, 2008). A Mined Land Reclamation Permit must be obtained from 
the Division of Mineral Resources within the New York State Department of Environmental Conservation in 
order to extract minerals from lands within the state. Such permits are issued for annual terms of up to five 
years and may be renewed upon application. Permit holders must submit annually to the DEC a fee based 
upon the total acreage covered by the permit, up to a maximum of $8,000 per year. 

To the extent known, all permits required to operate the ESM mine are active and in place. Additionally, 
there are not any other significant factors or risks that may affect access, title or the right or ability to perform 
work on the ESM properties. 

Major environmental permits required for operation of the ESM No. 4 Mine are listed in Table 4-3. 

Table 4-3: Environmental Permits for Operation of No. 4 Mine 

Permit Type Permit Permit Number Expiration  

Air 
Registration to Operate a Zinc 

Mining and Milling Complex 
(amended) 

6-4038-00024/02001 9/30/2024 

Water SPDES Water Discharge Permit NY0001791 5/31/2019 

Water Water Withdrawal Permit 6-4038-00024/02001 5/31/2019 

Mining Mining Permit 6-4038-00024/00006 8/1/2020 

Storage NYDEC Chemical Bulk Storage CBS#6-000122 10/1/2019 

Storage NYDEC Petroleum Bulk Storage PBS#6-451770 9/26/2018 

Radiation Certificate for Density Gauge 44023174 9/15/2018 

*SPDES = State Pollutant Discharge Elimination System 
Source: SLZ (2018) 
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5 Accessibility, Climate, Local Resources, 
Infrastructure and Physiography 

5.1 Accessibility 

The property is reached by traveling southeast from Gouverneur, NY for 7.9 mi along NY-812 S, through 
the town of Fowler, to the mine offices on Sylvia Lake Road. The site lies 38 mi south of Ogdensburg, NY 
via NY-812 S. 

Figure 5-1: Site Accessibility 

 
Source: JDS (2018) 

5.2 Local Resources and Infrastructure 

The nearest population center is Gouverneur with an estimated population of 7,000. The outlying rural areas 
have a population of approximately 35,000. All modern services, including hospital, hotel, and railway are 
present at Gouverneur. Syracuse, NY lies 100 mi to the southwest. Ottawa, Ontario, Canada lies 90 mi to 
the north. 

5.3 Climate 

The area has typical mid-continental climate with moderate summers and cold winters, moderated by the 
nearby Great Lakes. Average annual temperatures are 53° to 38°F. Summer highs may reach 85°F. Winter 
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Figure 5-2: Empire State Mines Mine Aerial View 

 
Source: SLZ (2018) 
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Figure 5-3: Aerial Photo of Gouverneur, NY 

 
Source: Landstat (2015) 

5.6 Surface Facilities and Rights 

The existing operation is located on lands owned or leased by SLZ. All utilities such as roads, rail, electricity, 
water, communications systems, tailing management facilities, waste rock disposal means, and the 
processing plant currently exist on-site and are in good condition. 
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7 Geological Setting and Mineralization 

7.1 Geological Setting 

Empire State Mines (ESM) is located in a region with a very long and complex geological history. The host 
rocks were deposited during the mid-Proterozoic era between roughly 1300 to 1000 Ma (mega-annum, 
millions of years before present), near the edge of the North American craton. Due to their position near 
the margin of this tectonic domain, they were subject to tectonic forces that, over a billion years, assembled 
and broke up two supercontinents: Rodinia in the late Proterozoic, and Pangaea in the late Paleozoic to 
early Mesozoic. Zinc deposition is interpreted to have occurred contemporaneously with deposition of the 
rock units, which indicates that the originally tabular zinc bodies were intensely deformed and 
metamorphosed along with their host rocks through eons of varying tectonic forces. 

The mine is located near the eastern edge of the Canadian Shield, a vast expanse of very old exposed 
bedrock which can be described as the core of the North American continent. The Canadian Shield was 
assembled in an ancient zone of prolonged tectonic convergence. During the Archean and Proterozoic 
eons, tectonic forces were focused towards the region that is now the Canadian Shield. As tectonic plates 
moved towards this zone they collided with each other, resulting in compressive forces that caused 
extensive uplift of continental crust high above sea level. The forces were active for millions of years, and 
material from advancing plates was gradually added to the crustal core. The added material is known as 
accreted terranes. The Canadian Shield was built as terranes agglomerated over time (Marshak, Stephen, 
Essentials of Geology, 2009). In Figure 7-1, the Canadian Shield can be seen as the red and orange band 
encircling Hudson Bay. 

Figure 7-1: Regional Geology Setting 

 
Source: SLZ (2018) 
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One of the final, major series of tectonic events that occurred before tectonic forces shifted away from the 
Canadian Shield is known collectively as the Grenville Orogeny. The Grenville Orogeny includes a series 
of exceptionally intense accretionary events which occurred during the Mesoproterozoic era, as assembly 
of the supercontinent Rodinia neared completion. The scale of the orogeny is analogous to the present day 
(Himalaya Tollo, Richard P.; Louise Corriveau; James McLelland; Mervin J. Bartholomew, 2004). The series 
of terranes that were accreted during the Grenville Orogeny are collectively known as the Grenville 
Province. The Adirondack Mountains, which contain the ESM mineralization, are part of the Grenville 
Province. In Figure 7-1, the Grenville Province, shown in light orange, is circled. 

Following the Grenville events, tectonic forces shifted away from the Canadian Shield and rifting 
commenced. Mountain ranges underwent collapse (Tollo, Richard P.; Louise Corriveau; James McLelland; 
Mervin J. Bartholomew, 2004). Erosion outpaced uplift. Over billions of years of passive tectonism, the 
Canadian Shield was eroded to low relief. The area outboard from the Grenville Province, including the 
area that is now the Adirondacks, subsided below sea level and eventually accumulated a cover of 
Paleozoic sediment. Paleozoic sedimentary deposition began with the late Cambrian to early Ordovician 
Potsdam Sandstone, followed by a limestone-dolostone sequence (Derby, James; Fritz, Richard; Longacre, 
Susan; Morgan, William; Sternbach, Charles, 2013). Potsdam sandstone can be identified in the project 
area. 

Magmatism accompanied both orogenesis and rifting, and as a result the Grenville Province contains many 
igneous intrusions of various ages, which have been metamorphosed at varying intensities. These are not 
thought to have been involved in mineral deposition at ESM. 

Following the late Precambrian to early Cambrian era of passive tectonism and the late Cambrian to early 
Ordovician period of deposition, a new series of tectonic events began that would build the Appalachian 
Mountains. These events are called the Taconic, Acadian and Alleghenian orogenies. During the middle 
Ordovician Taconic and the mid to late Devonian Acadian orogenies, the area that would become the 
Adirondacks was buried, followed by uplift and exhumation during the late Pennsylvanian to Permian 
Alleghenian orogeny (Share, 2012). By the end of the Alleghenian orogeny, the Appalachians had reached 
heights comparable to the current Rocky Mountains (Hatcher, R. D. Jr., W. A. Thomas & G. W. Viele, eds. 
1989). The Adirondacks had not yet been uplifted. 

Uplift of the Adirondack dome is generally attributed to the passage of the North American plate over the 
Great Meteor Hotspot in the early Cretaceous. The theory lacks consensus because the Adirondack Dome 
lies somewhat south of the apparent track of the Great Meteor Hotspot, and because of a lack of direct 
evidence such as volcanic rock deposition attributable to hotspot volcanism. Taylor and Fitzgerald suggest 
the Adirondacks were formed through dissection of a plateau. In Figure 7-1, an arrow points to the 
Adirondack Mountains (Taylor, Joshua P. and Fitzgerald, Paul G., 2011). 

7.2 Regional Geology 

The Adirondacks are considered an outlier of the Grenville Province since they are nearly surrounded by 
Proterozoic sediments. The Adirondack dome may have been forced upwards through the Proterozoic 
sediments by the Great Meteor Hotspot. A narrow strip of Mesoproterozoic bedrock called the Frontenac 
Axis connects a section of the northwestern flank of the Adirondacks to the rest of the Grenville Province. 
The Adirondacks are lithologically and topographically divided into two main zones, the Highlands and 
Lowlands. The Lowlands comprise the relatively small northwestern portion of the Adirondacks, and the 
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Figure 7-2: Empire State Mines Stratigraphic Section 

 
Source: SLZ (2018) 
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The zinc deposits at ESM are thought to have been syn-depositional, meaning they were deposited in 
sequence with the marbles that host them. Their original geometries would have been tabular as a result 
of being deposited on relatively flat areas of a sedimentary basin. Their current morphologies and positions 
are a response to ductile-brittle kinematic stresses. Extreme contrasts in ductility exist in the Upper Marble 
Formation, ranging from very ductile anhydrite and sulphide (sphalerite) beds to moderately ductile 
dolomitic marble to moderately brittle calcitic and serpentinous dolomitic marble to brittle silicious 
interlayered quartzite and diopside. Anhydrite and sulphide beds are relatively thin, and sulphide beds are 
spatially restricted, but their tendency to occur together consolidates ductile zones. When exposed to 
stress, the brittle rocks fractured, and the structures evolved into thrust faults in the ductile rocks. The thrust 
faults served to propagate folds. The tendency of folds to form in the most ductile regions caused the 
sphalerite to be concentrated in the noses of folds. The mine geologists have also suggested that sphalerite 
may have been remobilized towards the noses of folds during multiple episodes of metamorphism. Figure 
7-4 is a cross section through the ESM area which illustrates the extent of deformation of the Upper Marble 
Formation. 

Figure 7-4: Section through the No. 4 Shaft 

 
Source: SLZ (2018) 

7.5 Mineralization  

Massive and semi-massive sphalerite-bearing deposits occur in siliceous dolomitic and evaporite-bearing 
marbles of the Upper Marble Formation of the Balmat-Edwards marble belt. These zinc-sulphide deposits 
lie in the core of the Sylvia Lake Syncline, a major poly-deformed fold lying between Balmat and Edwards. 
Zinc mineralization tends to follow evaporate deposition in the stratigraphic sequence. The region has 
experienced multiple metamorphic and intrusive events and large-scale ductile structures are common. 

The ESM property contains 14 known zones of zinc mineralization. The deposits tend to occur in clusters. 
Three clusters have been defined consisting of three to five deposits each. Geometry of mineralization 
varies, ranging from tabular to podiform, shallow to steep. Areas defined to date contain tonnages ranging 
from roughly 0.5 Mt to over 10 Mt. Typical thickness ranges from 2 ft. to 12 ft. thick. 
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Figure 7-5: Location of Zinc Mineralized Zones Review 

 
Source: SLZ (2018)
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for the dense brines to migrate laterally towards the lowest regions of the basin. The oxidized terrigenous 
sediments also provide the metal source for brines that form Sedex deposits. As the brines migrate, metals 
are scavenged and transported in the brine as chloride complexes. Oxidized syn-rift sediments buffer 
mineralized material fluids to compositions amenable to metal scavenging because they are low in organic 
carbon and high in reactive iron (Emsbo, 2009). 

Mass balance studies indicate that large volumes (thousands of km3) of clastic sediments are required to 
generate enough metals to form a Sedex deposit. Fluid inclusion studies indicate that Sedex deposits are 
formed from brines with temperatures between 100 to 200°C. Metals are most soluble in this temperature 
range. Brines increase in temperature as they migrate because basin temperature increases with depth. 
Sedimentary fill in the basin must reach at least 3 km depth to generate the required temperatures (Ibid).  
At ESM, the clastic sequence may be represented in the Popple Hill Gneiss, which underlies the Upper 
Marble Formation. The Lower Marble Formation, which underlies the Popple Hill Gneiss, also includes 
some clastic members. The original extent and thickness of the clastics is difficult to determine because 
the Grenville Supergroup is allocthonous; the rocks have been thrust out of depositional position and 
extensively deformed. 

8.4 Tectonic and Sedimentary Structure 

Warm, metal-laden migrating brines may eventually encounter extensional fault surfaces and migrate up 
the faults to the basin floor. Workers describing sedimentary basins have divided the basins into three 
orders of scale. First-order sedimentary basins which host Sedex deposits are greater than 100 km in 
length. Within the basin, second-order basins occur on the scale of tens of kilometres. Second-order basins 
are controlled by extensional faults forming half grabens in the basin. The Sedex model suggests that brines 
migrate up these faults. Some indicators of second-order basin bounding faults include syn-sedimentary 
faulting (evidenced as abrupt platform-slope facies transition) and intraformational breccias. Faults that 
were fluid conduits may be identified by Fe and Mn alteration and/or silicification, and sometimes 
tourmalinization. Third-order basins, on the scale of a few kilometres, represent bathymetric lows. Sedex 
deposits typically occur in third-order basinal areas within a few to tens of kilometres of second-order faults. 
Some indicators of bathymetric lows, where metals are likely to be deposited, include increasing debris flow 
thickness and increasing organic matter and pyrite concentrations in reduced sediments representing distal 
basin facies. At ESM, intense metamorphism has obliterated the more subtle sedimentary features that 
characterize Sedex deposits, and post-depositional deformation has overprinted tectonic features. 

8.5 Deposition of Sulphides 

Dense brines exhaled onto the basin floor tend to pool in bathymetric lows. These lows occur in deeper 
distal basin facies, which tend to be anoxic. The distal facies is typically represented by fine-grained clastic 
sedimentary rocks like shale. Sedex-hosting shales are unusually high in organic matter. The reducing 
conditions of third-order basins preserve organic matter. Hydrogen sulphide (H2S) is generated in this 
depositional environment by bacterial sulphate reduction. Bacteria living in the highly carbonaceous distal 
sediments or thermal vents oxidize the organic compounds in the shale while reducing sulphate (SO42-) 
from sea water to generate H2S. The H2S reacts with the pooled brines and precipitates the contained 
metals as zinc sulphide (sphalerite, (Zn,Fe)S)) and lead sulphide (galena, (PbS)). Another possible mode 
of generation of H2S is by thermogenic reduction of organic matter. The ESM deposits occur in proximal 
facies rocks as opposed to third-order basin distal facies rocks, which is at variance with the Sedex model. 
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The Upper Marble does contain a pyritic schist unit underlying the marble units that contain zinc deposits. 
Fluid inclusion studies indicate that sediment-hosted lead-zinc deposits, both Sedex and MVT (Mississippi 
Valley-type), originate from similar brines. 

Sedex deposit formation may be limited to Proterozoic and Phanerozoic time since marine sulphate (SO42-

) likely did not exist prior to the accumulation of oxygen in the atmosphere. ESM was deposited within this 
timeframe. Sedex deposits may correspond with regional and global anoxic events, which would have 
helped preserve higher concentrations of organic carbon during transport to anoxic distal basin facies. 

Figure 8-1: Illustration of the Process of Formation of Sedex Deposits 

 
Source: ESM (2018)
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Figure 10-1: Map Showing the Distribution of Drilling 

 
Source: Tuun (2018) 

When the mine was shut down in 2008, due to low zinc prices, significant mineralization had been defined 
by Hudbay. A current mine plan has been prepared for the next phase of mining based on existing drill 
data. Delineation and exploration drilling could resume from underground drill platforms after the mine 
resumes production. 

10.1 Drilling Summary 

A total of 4,342 diamond drill holes have been completed historically, totalling 2,586,377 ft., as shown in 
Table 10-1. 
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Table 10-3: Underground Drilling Program Significant Intersections 

Hole No. Target From (ft.) To (ft.) Interval (ft.) True width Zn assay 

2205-F MP Apron Ext abandoned 

2206-F MP Apron Ext 446.4 448.5 2.1 1.3 1.84 

2207-F MP Apron Ext no significant results 

2208-F MP Apron 363.2 366.6 3.4   1.64 

2209-F MP Apron 210.2 220.4 10.2 9.8 14.46 

2209-F MP Apron Ext 236 238.7 2.7 2.6 16.7 

2210-F MP Apron Ext 301 303.9 2.9 2.1 12.4 

2211-F MP Apron Ext 441.5 443.2 1.7   4.8 

2212-F MP Apron Ext 422 422.6 0.6 0.2 4.51 

2212-F MP Apron Ext 424.9 426.7 1.8 0.7 5.22 

2213-F MP Apron Ext 337.4 339.8 2.4 1.5 6.5 

2214-F MP Apron Ext 240.5 241.9 1.4 1.2 7.77 

2214-F plus 257.8 261.3 3.5 3.0 11.44 

2215-F MP Apron Ext 411.2 412 0.8 0.5 3.25 

2216-F MP Apron Ext 447.8 448.3 0.5 0.3 3.25 

2217-F Upper Mahler 529.2 532.1 2.9 2.6 11.3 

2217-F plus 539 543.7 4.7 4.2 8.68 

2217-F plus 550.1 557.35 7.3 6.5 19.66 

2217-F plus 578.1 589.4 11.3 10.1 10.78 

2218-F Upper Mahler 599.55 635.25 35.7 17.9? 22.51 

2218-F plus 692 734.5 42.5 21.3? 19.18 

2218-F Inc. 724.15 734.5 10.4 9.3 37.21 

2219-F Upper Mahler 695.9 699.1 3.2 NA 7.95 

2219-F plus 712.5 725.9 13.4 NA 22.04 

2219-F plus 746.0 753.7 7.7 NA 6.85 

2220-F Upper Mahler 646.9 649.6 2.8 NA 2.93 

2220-F plus 707.9 714.4 6.5 NA 6.69 

2220-F plus 718.9 719.6 0.7 NA 15.55 

Source: SLZ (2018) 
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11.2 Sampling Post-2005 

All drillhole core samples from the 2005 to 2010 diamond drilling were sent to the ALS Chemex lab in 
Mississauga, Ontario. The QA/QC program initiated by Hudson Bay Mining and Smelting Co. Limited 
(HBMS) was followed using the protocol: 

Blank samples, consisting of material barren of any visible sulphides were inserted into the sample stream 
before being sent for assay. Every 50th sample the core loggers send to the assay lab is a blank sample 
from the above material. The sample is consistently placed every 50th, regardless of the type of material 
sampled previous to the blank one. 

The blank samples are considered barren having undetectable limits for base metals. If assay results on 
the blanks are above three times the detection limit, the assumption is that there has been contamination 
at the sample preparations stage (primary crusher) due to improper cleaning of equipment between 
samples. These procedures were not strictly followed with a limited number of blank samples submitted to 
the laboratory from different sources and assumed by the geologists to be free of zinc mineralization. 

This has proven to not be the case, all results are greater than three times the detection limit of 0.01% Zn. 
Further work with blank samples from common source than can be proven to be free of zinc mineralization 
is recommended in the future. 

Table 11-1: Blanks (Barren of Zinc) Submitted to Chemex for Assay 

Sample ID Zn % Zn ppm Certificate Date Description 

BAL-AN-1 0.06 462 TO05031733 2005-05-04 ANHYDRITE ROCK CHUNK 

BA-DOL-2 0.34 NS TO05045120 2005-06-20 LT GY DOL, UNIT #4 SURF BY ENTRANCE 

BAL-QD-3 0.98 9470 SD05099834 2005-11-30 QTZ-DIOP BLANK FROM UNIT 4,NFCONTR 
DRIFT 

BAL-DOL-4 0.77 6450 SD06000742 2006-01-14   

BAL-QD-4 0.08 NS SD06050196 2006-06-22 ROCK CHUNK (BLANK) 

BAL-QD-5 0.45 NS SD06118074 2007-01-05   

BAL-DOL-6 0.28 NS SD07030823 2007-04-09   

BAL-DOL-7 NS 662 SD08048097 2008-05-14   

Source: SLZ (2018) 

Insertion of Certified Standards Internationally certified samples of known grades were prepared and 
purchased from Ore Research and Exploration Pty Ltd. (an Australian company) by HBMS in 2004. HBMS 
supplied five different grades of material (grab samples) from the mines in the Flin Flon camp that 
represented at least 90% of the grades encountered at the mines. Ore Research crushed the samples then 
calculated the expected grades based on the average of assay results from eight independent lab analyses. 
Standards are the most important QA/QC samples because their expected assay value is known (therefore 
all subsequent assay results should be very close to this average of eight results value). 
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Figure 11-3: Hudbay CRM Standard B-4 

 
Source: SLZ (2017) 

Figure 11-4: Hudbay CRM Standard C-4 

 
Source: SLZ (2018) 
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Figure 11-5: Hudbay CRM Standard E-4 

 
Source: SLZ (2017) 

Figure 11-6: Balmat Standard G-5 

 
Source: SLZ (2018) 
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Figure 11-7: ESM Standard H-5 

 
Source: SLZ (2018) 

Thus, there is good correlation between the assay results from the ALS Chemex lab and the certified assay 
value. The exception is 25-May-2008 Assay Certificate SD08050843 where the C-4 and H-5 standards are 
outside the recommended limits. This assay batch was re-run, including the standards with the re-run 
results for H-5 acceptable and C-4 now above the recommended limit. 

Written procedures from 2005 indicate: duplicates were collected every 20th sample pulverized and split at 
Chemex with the split portion returned to Balmat, and the samples are then forwarded to the Flin Flon assay 
lab. The Flin Flon lab assays this split portion and the assay results are compared back to the original assay 
results from Chemex. 

The results of the duplicates as of June 22, 2005 are shown in Figure 11-8. 
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A collection of 128 samples yielded a regression curve which was then used to estimate SG based on the 
zinc assay. A possible flaw in that calculation was that the skewed sampling meant that the extreme Zn% 
outliers may have biased the calculated density and thus the estimated tonnage. 

Site personnel continued taking samples for SG and modified the regression curve (with a total of 157 
samples) to incorporate gangue minerals (5%-calcite; 40%-diopside; 40%-dolomite; and 15%-quartz). 

The database in 2017 totaled 308 samples, of which 19 were waste or the zone code was not entered 
(mean SG 3.01). Table 11-3 summarizes the samples by their zone. The mine staff used the SG conversion 
to Imperial units T/ft. = (SG x 62.4/2000). 

Table 11-4: Specific Gravity Tests 

Zone Name Zone # Of SG Tests Mean SG Density (t/ft3) 

Davis 10 0 NC NC 

Cal Marble 20 0 NC NC 

Cal Upper 21 0 NC NC 

Sylvia Lake 30 0 NC NC 

Mud Pond Main 40 11 3.159 0.0986 

Mud Pond Apron 41 84 3.144 0.0981 

Mud Pond Apron Qtz-Diop 43 11 3.307 0.1032 

Mahler Main 50 98 3.073 0.0959 

Mahler White Dolomite 51 27 3.065 0.0956 

Mahler Quartz Diopside 52 34 3.061 0.0955 

NE Fowler 60 23 3.137 0.0979 

New Fold 70 1 3.26 0.1017 

TOTAL   289 3.123 0.0975 

Source: SLZ (2018) 

Eight core samples and one muck pile sample were taken by the as a cross-check of grade and SG. Results 
were within the above expected ranges. 

A regression curve for all the 2017 data is shown in Figure 11-9. 
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Figure 11-9: SG vs Zn% Scatter Plot and Regression Curve 

 
Source: Tuun (2018) 

If one assumes that the above curve is a reasonable fit and representative, then the historic mined grade 
of 8.6% Zn (from 33.8 Mt of material mined historically) might have averaged SG of ~2.95 (intersection of 
the dashed lines). 

The QP believes that the current level of SG testing is adequate for the 2017 resource estimate, but would 
recommend that testing of all the zones be continued.  

Following the release of the 2017 PEA, ESM conducted additional drill programs. ALS Geochemistry 
conducted SG measurements on pulps from 225 drill core samples. The difference between the calculated 
SG and the pulp SG is shown in Figure 11-10. Higher disparity is observed at the lower Zn calculated range 
where there would have been low Zn, but variability in the actual density. The comparison of the pulp SG 
to the Zn grade is shown in   
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Figure 11-11 with the regression line from the pulps comparing well to the calculated SG value (green line).  
The average of the pulps is slightly higher, but slightly biased by the lower grade Zn SGs. 

Figure 11-10: Pulp SG vs Calculated SG (Zn) 

 
Source: Tuun (2018) 
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13 Mineral Processing and Metallurgical Testing 

13.1 Test Work Summary 

A test program was undertaken by Hudbay in 2005 to confirm the processing requirements of selected 
mineralized material zones from the Empire State Mines. These mineralized material zones were selected 
based on projected tonnage, mineralized material type, and sample availability. 

Flotation tests were completed by Hudbay personnel in the EMS laboratory, under the guidance of Fred 
Vargas, the metallurgical consultant who developed the pHLOTEC flotation process used at the ESM mine 
since 1984. As well, a representative for SGS Lakefield Research, performed site reviews to ensure that 
the program was at FS level requirements. SGS Lakefield Research assisted with development of the scope 
of work, review and analysis of batch test data, supervision of the locked cycle tests and interpretation of 
results. 

The metallurgical testing and operational results from 2006 to 2008 support a zinc recovery of 96% and a 
zinc concentrate grade of 56% for the re-start of operations. The mineralized zones to be mined are a 
continuation of the mineralization mined from 2005 to 2008. 

13.2 Mineralized Material Sampling and Representation of Deposits 

There are three mineralization types at the ESM. At the time that metallurgical test work began, the 
production tonnage and mix in the concentrator of the three types was not available. Accordingly, the test 
work program was designed to evaluate each mineralization type individually, with the results 
mathematically combined as appropriate. 

Type 1 mineralization make up the bulk of the tonnage (70.2%) for the life of mine. Type 1 mineralization is 
characterized by 600 to 1,200 ppm mercury content and 1.6% to 2.3% iron. Mud Pond and Mahler represent 
the highest tonnage of Type 1 mineralization and were selected for test work. 

Type 2 mineralization is the second largest group in terms of tonnage (23.1%) for the life of mine and is 
characterized by 200 to 300 ppm mercury content and 2.9% to 4.9% iron. Sylvia Lake was the only Type 2 
mineralized materials available in quantity and was selected for test work. 

Type 3 mineralization represents only 6.7% of total mineralized material, all from the Cal Marble mineralized 
material body. Type 3 material is characterized by less than 50 ppm mercury and high, relative to the other 
ESM mineralized material types, iron (4.8% to 5.9%). The available sample of Cal Marble material was only 
18 kg of drill core. As a result the test regime for Type 3 material was less in comparison to the Type 1 and 
2 material. 

The test work was split into two phases.  Phase one concentrated on the Type 1 material that comprise the 
majority of the tonnage for the current resource while phase 2 consisted of Type 2 and 3 material. 
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13.3 Test Methodology 

Flotation test conditions (fineness of grind, reagent regime, and flowsheet) were based on the established 
operating practices of the ESM concentrator, optimized as necessary for the particular requirements of the 
mineralized material zones being tested. 

The existing flotation circuit consists of a lead flotation circuit followed by zinc flotation. Lead grades for the 
mineralization to be mined are only 0.02%, and as such, lead flotation was not included in the test work. 
The zinc flotation circuit consists of rougher flotation followed by scavenger flotation. The scavenger 
concentrate returns to the head of the rougher circuit. Rougher concentrate undergoes two stages of 
cleaner flotation. Cleaner tailings are returned to the previous stage of flotation in the traditional manner. 

Kinetic test work indicated that the scavenger concentrate could be combined with the rougher concentrate 
and sent to the cleaner circuit, in an open circuit manner, with no detrimental impact on grade or recovery. 
This open circuit roughing approach was used in the locked cycle flotation work. 

Tests conducted on Type 1 material concentrated on two variables; mine dilution and grind size. Dilution 
was selected as a test variable as it was seen as a potential risk given the nature of the deposit and the 
mining method. High dilution typically results in reduced recovery performance of milling circuits. Mining 
dilution cases were selected to provide for the projected standard dilution, high dilution, and low dilution. 
The target cases can be seen in Table 13-1. 

Table 13-1: Dilution Cases for Test Work 

Deposit Description Mud Pond Mahler 

Low Grade 
(High Dilution) 

Mineral (%) 56 40 

Waste (%) 44 60 

Dilution (%) 80 150 

Target Grade (% Zn) 6.6 7.4 

Forecast Grade 
(Standard) 

Mineral (%) 77 57 

Waste (%) 23 43 

Dilution (%) 30 75 

Target Grade (% Zn) 9.2 10.5 

High Grade 
(Low Dilution) 

Mineral (%) 91 80 

Waste (%) 9 20 

Dilution (%) 10 25 

Target Grade (% Zn) 10.8 14.7  

Source: SLZ (2018) 

Fineness of grind was selected as the test variable to ensure that historical concentrator grind was 
applicable to the new mineralized zones. Tests at different fineness of grind were conducted on the 
standard dilution case only. Target grinds were selected as standard, coarse, and fine. Standard grind was 
selected at the historical plant value of 85% passing 210 µm. Coarse grind was selected at 75% passing 
210 µm. Fine grind was selected at 95% passing 210 µm. 
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13.8 Mud Pond Flotation Kinetics 

Average results of Mud Pond batch tests are shown in Table 13-2 to Table 13-4. 

Table 13-2: Mud Pond Rougher Flotation Kinetics 

Mud Pond 
Dilution Case 

Rougher Flotation Analysis 

Grind Case Grade (% Zn) Recovery (% Zn) 

Standard Standard 28.0 98.7 

Standard Fine 23.1 99.3 

Standard Coarse 25.2 99.2 

High Standard 21.0 99.0 

Low Standard 31.5 99.6  

Source: SLZ (2018) 

Mud Pond rougher flotation results at the standard dilution and standard grind case resulted in an average 
28.0% zinc concentrate grade and a recovery of 98.7%. All other feed conditions resulted in slightly higher 
recoveries. These higher recoveries are within acceptable experimental error and are considered 
equivalent. Fine grinding, coarse grinding and high dilution cases resulted in lower concentrate grades. The 
low dilution case resulted in a higher grade than the base case. 

Table 13-3: Mud Pond First Cleaner Flotation Kinetics 

Mud Pond 
Dilution Case 

First Cleaner Flotation Analysis 

Grind Case Grade (% Zn) Recovery (% Zn) 

Standard Standard 47.9 94.1 

Standard Fine 43.4 97.1 

Standard Coarse 47.1 97.6 

High Standard 39.5 96.0 

Low Standard 48.5 97.9  

Source: SLZ (2018) 

Mud Pond first cleaner flotation kinetics at the standard dilution and standard grind case averaged 47.9% 
zinc concentrate grade and a recovery of 94.1%. All other feed conditions resulted in higher recoveries. 
Fine grinding, coarse grinding and high dilution cases resulted in lower concentrate grades. The low dilution 
case resulted in a higher recovery and grade than the base case. 
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Table 13-4: Mud Pond Second Cleaner Flotation Kinetics 

Mud Pond 
Dilution Case 

Second Cleaner Flotation Analysis 

Grind Case Grade (% Zn) Recovery (% Zn) 

Standard Standard 54.4 94.6 

Standard Fine 51.9 94.8 

Standard Coarse 52.5 96.7 

High Standard 47.6 96.1 

Low Standard 55.4 96.5 

Source: SLZ (2017) 

Mud Pond second cleaner flotation kinetics at the standard dilution and standard grind case resulted in a 
54.4% zinc concentrate grade and a recovery of 94.6%. All other feed conditions resulted in higher 
recoveries. The low dilution case resulted in a higher recovery and grade than the base case. All other feed 
conditions resulted in a lower grade. 

Overall, the results from the Mud Pond test work indicate that higher grades and equivalent or higher 
recoveries can be achieved with low dilution (i.e. higher feed grades). All other cases resulted in higher or 
equivalent recoveries at lower concentrate grades. 

13.9 Mahler Flotation Kinetics 

Average results of Mahler batch tests are shown in Table 13-5 to Table 13-9. 

Table 13-5: Mahler Rougher Flotation Kinetics 

Mahler 
Dilution Case 

Rougher Flotation Analysis 

Grind Case Grade (% Zn) Recovery (% Zn) 

Standard Standard 31.3 99.2 

Standard Fine 31.4 98.7 

Standard Coarse 38.7 98.0 

High Standard 27.2 98.4 

Low Standard 38.6 97.1 

Source: SLZ (2018) 

Mahler rougher flotation results at the standard dilution and standard grind case resulted in a 31.3% zinc 
concentrate grade and a recovery of 99.2%. All other feed conditions resulted in slightly lower recoveries. 
These lower recoveries are within reasonable experimental error and can be considered equivalent. The 
exception to this is the low dilution feed case, which had a measurably lower recovery. The low dilution 
case had an unexpectedly high feed grade of approximately 20% zinc. The flotation times and reagent 
addition for the low dilution tests were too low to recover the high contained zinc values. Fine grinding 
resulted in an equivalent concentrate grade. Coarse grinding and low dilution cases resulted in higher 
concentrate grades. The high dilution case resulted in a lower grade concentrate than the base case. 
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Table 13-6: Mahler First Cleaner Flotation Kinetics 

Mahler 
Dilution Case 

First Cleaner Flotation Analysis 

Grind Case Grade (% Zn) Recovery (%) 

Standard Standard 44.0 97.4 

Standard Fine 47.6 91.8 

Standard Coarse 48.9 96.4 

High Standard 46.3 94.8 

Low Standard 49.5 97.3 

Source: SLZ (2018) 

Mahler first cleaner flotation kinetics at the standard dilution and standard grind case resulted in a 44.0 % 
zinc concentrate grade and a recovery of 97.4%. All other feed conditions resulted in lower recoveries. The 
exceptions to this are the coarse grind and low dilution case, which resulted in equivalent recoveries. All 
other feed cases resulted in higher grades than the base case. 

Table 13-7: Mahler Second Cleaner Flotation Kinetics 

Mahler 
Dilution Case 

Second Cleaner Flotation Analysis 

Grind Case Grade (% Zn) Recovery (%) 

Standard Standard 59.3 92.3 

Standard Fine 55.1 85.3 

Standard Coarse 54.5 95.5 

High Standard 60.2 93.8 

Low Standard 52.3 95.8 

Source: SLZ (2018) 

Mahler second cleaner flotation kinetics at the standard dilution and standard grind case resulted in a 59.3% 
zinc concentrate grade and a recovery of 92.3%. The coarse grind, high dilution and low dilution cases 
resulted in higher recoveries. The fine grind case had a significantly lower recovery than all other cases. 
The high dilution case had a roughly equivalent grade to the base case. All other cases had a lower grade 
than the base case. Performance in terms of grade and recovery for the low dilution case was low due to 
the extremely high feed grade of approximately 20% zinc as previously discussed. 

Overall flotation results for Mahler mineralization indicated higher grade concentrates at equivalent or 
slightly lower recoveries than were produced with Mud Pond material. Unlike Mud Pond, clear relationships 
between dilution, grind, and grade / recovery results could not be identified. 

13.10 Locked Cycle Flotation Test Work 

Locked cycle tests were performed on Mahler and Mud Pond mineralization. Locked cycle flotation tests 
are semi-continuous and provide a better estimate of full scale results rather than batch tests only. The 
locked cycle test flotation stages included a single rougher stage and two stages of cleaning. The rougher 
flotation test stage was conducted to produce a rougher concentrate without a scavenger concentrate. In 
all cases, cleaner tailings material was recycled to the previous stage of flotation in the subsequent cycle. 
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Table 13-9: Locked Cycle Test Results 

Sample Element Units 
Mud Pond Mahler Wt. 

Avg. 

LC-1 LC-2 Average LC-1 LC-2 Average Total* 

Head 
Assay 
  
  
  
  

Zn % 9.7 9.6 9.65 10.7 10.7 10.7 10 

Fe % 0.8 0.8 0.8 0.9 1 0.95 0.85 

Pb % 0.051 0.495 0.273 0.005 0.005 0.005 0.184 

Mg % 6.9 6.8 6.85 8.7 9 8.85 7.52 

Ca % 16.4 15.4 15.9 15.3 13.7 14.5 15.43 

Hg ppm - 178 178 137 142 140 165 

Conc. 
Assay 
  
  
  
  

Zn % 59.9 61 60.45 58.7 60.8 59.75 60.22 

Fe % 3.2 2.9 3.05 3.5 3 3.25 3.12 

Pb % 0.235 0.17 0.203 0.01 0.009 0.01 0.138 

Mg % 0.48 0.33 0.41 0.74 0.53 0.64 0.48 

Ca % 0.43 0.26 0.35 0.67 0.25 0.46 0.38 

Hg ppm - 1150 1150 751 762 757 1019 

Tail 
Assay 
  
  
  
  

Zn % 0.31 0.48 0.4 0.27 0.25 0.26 0.35 

Fe % 0.35 0.41 0.38 0.3 0.6 0.45 0.4 

Pb % 0.017 0.028 0.022 0.044 0.042 0.043 0.029 

Mg % 8.06 7.89 7.98 10.4 10.74 10.57 8.84 

Ca % 19.33 18.07 18.7 18.48 16.46 17.47 18.29 

Hg ppm - 6.73 6.73 3.85 13.3 8.58 7.35 

Conc. 
Rec. 
  
  
  
  

Zn % 97.3 95.8 96.55 97.9 98 97.95 97.02 

Fe % 62.7 56.2 59.45 71.8 51.1 61.45 60.12 

Pb % 72.7 51.6 62.15 33.1 30.7 31.9 52.067 

Mg % 1.09 0.73 0.91 1.52 1.02 1.27 1.03 

Ca % 0.41 0.25 0.33 0.78 0.32 0.55 0.4 

Hg ppm - 96.86 96.86 97.7 92.41 95.06 96.26 

*Weighted average total, calculated as 2/3 Mud Pond and 1/3 Mahler by weight 
Source: SLZ (2018) 

These results represent the best performance achieved with the flotation conditions used with Type 1 
mineralization. The combined average in the table represents the expected flotation results when 
processing Mud Pond material as 2/3 of the plant feed and Mahler as 1/3 of the plant feed at a 60.2% zinc 
concentrate with a 97% recovery. 

Locked cycle test work was also conducted at SGS Lakefield Research laboratory on a 40 kg sample of 
blended Mud Pond and Mahler material. The primary purpose of this test was to produce a sample of zinc 
concentrate for autoclave testing. The test was designed such that it could provide independent verification 
of the test results from the locked cycle work conducted at Empire State mine. Four 10 kg cycles were run. 
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Table 13-10: Recovery and Concentrate Grade Estimates 

Parameter Unit Concentrate 

Zn Recovery % 96 

Zn Concentrate Grade % 56 

Source: TR (2018) 

Observations of the plant performance during the ramp up period to April 2018 show performance in line 
with this testwork.
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14.2.2 Surfaces and Solids 

The surface, workings, drill holes, resource solids and block model bounding box are shown in Figure 14-1. 
The depth of resources varies from the -675 ft. level to -3900 ft. 

Figure 14-1: Surfaces, Solids and Drill Holes 

 
Source: Tuun (2017) 

14.2.2.1 Topography 

The main mine workings and resource solids are well below the topographic surface as can be seen in 
Figure 14-1. 

14.2.2.2 Mine Workings (As-built voids) 

The original underground workings totaled in excess of 250 small wireframes, many of which were 
improperly closed, thus preventing volumetric calculations. The wireframes were sent to MaptekTM for 
repairs and validation. The as-built solids were then combined into one solid which was subsequently 
validated in both VulcanTM and GEMSTM software packages. 

The complexity of the as-built wireframe meant that clipping the mined-out areas from the resource 
wireframes could create new solids errors. To avoid that issue, the void volumes were subtracted from the 
resources during the block-modelling phase.  

14.2.2.3 Resource Wireframes (Solids) 

ESM provided 11 key mineral domains which are constrained by the well-documented geologic horizons 
described in Sections 7.4 to 7.5 of this report. The seven unchanged mineralized zones are identified in 
Table 14-2. 
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Figure 14-2: Mahler Level Mapping 

 
Source: John Johnson U/G Tour Presentation (ESM 2017) 

During the site visit, it was observed that the lithologic units are host to poddy and semi-discontinuous 
mineralization that pinches and swells within the stratigraphic horizon. Note that the dark sphalerite-rich 
bands can contain variable light-coloured dilution of primarily white dolomite, or a greenish quartz-diopside 
(Figure 14-3). 
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Basic statistics and histograms were created in GEMS. Figure 14-4 shows the combined assay data results 
for all zinc assay intercepts within the twelve zones. The breadth of the distribution curve shows the range 
of variability in sample values. There is quite a long tail which was indicated by the Kurtosis values, along 
with what appear to be multiple populations. The small multiple populations may be real (zonal) but also 
could be a relict of the sampling methodology. 

Figure 14-4: GEMS Histogram of All Zinc Assays in Mineralized Zones 

 
Source: Tuun (2017) 

The following subsections are a closer examination of the zinc assays by each mineral zone. 

14.2.3.2.1 Davis (Zone 10) 

The Davis zone represents potentially recoverable pillars and minor unmined stope periphery material. 
Unfortunately, the paucity of raw data (36 samples) limits confidence in an estimation. The erratic sampling 
and a second population is evident in the histogram for percent zinc (Zn%). 
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Figure 14-5: Davis Zinc Assays 

 
Source: Tuun (2017) 

14.2.3.2.2 Cal Marble Main (Zone 20) 

The Cal Marble sampling shows outliers at >23% zinc along with a possible secondary population at 18% 
zinc and a third at >23% zinc. Given that there are only 30 samples in this dataset, it is possible that the 
other populations may be an artifact of the selective sampling methodology. 

Figure 14-6: Cal Marble Zinc Assays 

 
Source: Tuun (2017) 
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14.2.3.2.3 Sylvia Lake (Zone 30) 

Sylvia Lake has 49 samples which show high variability and a lower overall zinc grade than other zones. 
There is a clear outlier population at >21% zinc. 

Figure 14-7: Sylvia Lake Zinc Assays 

 
Source: Tuun (2017) 

14.2.3.2.4 Mud Pond Main (Zone 40) 

The bulk of the Mud Pond assays are less than 17% zinc, but the range of values extends to >38% zinc. 
This was not unexpected due to the high variance, skewness and kurtosis values seen in the Excel analysis.  
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