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1  Summary  

1.1  Introduction  

AMC Mining Consultants (Canada) Ltd. (AMC) was engaged by Titan Mining Corporation (Titan) to 

update the previous National Instrument 43 -101 (NI 43 -101) Technical Report for the Empire State 

Mine (ESM) operation. The previous Technical Report was titled ñEmpire State Mines 2021 NI 43- 101 

Technical Report for Titan Mining Corporationò with an effective date of 4 February 2021 and was 

filed on 24 March 2021. That report summarized the results of a 2021 Preliminary Economic 

Assessment (2021 PEA) study and was prepared following the guidelines of NI 43 -101.  

This Technic al Report amends certain tables in Section s 1 and 14  where previously there  was an 

incorrect computation of contained metal. This computation did not affect any other tables, 

calculations, or any outcomes in the PEA, or in the Technical Report.  

ESM or the Property, is an underground zinc mine  near the town of Gouverneur, New York  State. It 

is located approximately 1.3 miles (mi) south -west of Fowler, in St. Lawrence County. Titan owns 

a total of 2,699 acres of fee simple surface and mineral rights in three towns in St. Lawrence County. 

The majority of the property consists of the 1,754 acres in the town of Fowler where the ESM, mill 

and tailings disposal facility are located. Nine parcels totalling 703 acres are owned in the town of 

Edwards, which includes the Edwards mine. The remainder of the fee ownership covers the 

Pierrepont m ine which is located on four owned parcels totalling 242 acres. Titan holds 100% 

ownership.  

The key difference between this amended Technical Report  (202 1 PEA) and a PEA completed in 

201 8 (2018 PEA) is the consideration of near surface Mineral Resources to be extracted by open pit 

mining. The 202 1 PEA considers the economic impact of both underground and open pit mining to 

be processed through the existing process plant. Some adjustments are planned to include a lead 

concentrate circuit to treat lead mineralization from the proposed open pits.  

All currency in this report is United States dollars (US$), unless stated otherwise. Imperial and 

metric units are used and defined as required.  

Throughout this report, words such as orebody, ore shaft and fine ore bins have been used; these 

refer to standard terms and do not imply the confirmed presence of Mineral Res erves.  

1.2  Project description  

The mine is fully developed with shaft access and mobile equipment on -site. Existing surface 

facilities at the mine include a maintenance shop, offices, mine dry, primar y crusher, mine 

ventilation fans, 12,000 - ton  (t) covered concentrate storage building, rail siding, warehouse , and 

storage buildings. The mine and its facilities were  maintained to good standards during th e period 

of care and maintenance.  

Mineralization is  hosted within an Upper Marble rock unit, comprised of metamorphosed and 

complexly folded (silicified) marbles. The mineralization is located primarily in hinges of large fold 

structures.  

The mine utilizes a combination of selective longhole stoping, modif ied or stepped room and pillar 

and mechanized Cut and Fill as mining methods. An underground crusher is in place and is capable 

of feeding a surface flotation concentrator with name plate capacity of 5,000 tons per day (t/d). 

The proposed mine plan is expe cted to reach an initial target production rate of 1,400 t/d for 2021 

and ramp up to 1, 800 t/d  in 2022 for the combined open pit and underground mines . The overall 

mine life is projected to be seven  years  with open pit mining completed in year three . 
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Taili ngs are being placed in the existing permitted 260 -acre conventional impoundment. The Tailings 

Management Facility (TMF) is categorized as a low - risk dam by the New York State Bureau of Flood 

Protection and Dam Safety.  

The ultimate capacity of the 260 -acre  footprint has been estimated at 20 million tons (Mt), with 

immediate capacity of 2.7 Mt, before further embankment construction will be needed.  Tailing and 

waste rock materials at the TMF are non -acid generating due to the high carbonate content of the 

host rocks. Volunteer vegetation is evident and continues to naturally revegetate inactive areas of 

the TMF.  

1.3  Location, access , and ownership  

ESM is located approximately 1.3 mi south -west of Fowler, New York State, in St. Lawrence County. 

SLZ owns a total of  2,699 acres of fee simple surface and mineral rights in three towns in 

St.  Lawrence County. The majority of the property consists of the 1,754 acres in the town of Fowler 

where the ESM, mill and tailings disposal facility are located. Nine parcels totalli ng 703 acres are 

owned in the town of Edwards, which includes the Edwards mine. The remainder of the fee 

ownership covers the Pierrepont mine which is located on four owned parcels totalling 242 acres.  

1.4  History, exploration , and drilling  

The Balmat -Edwards district consists of four mines. Edwards produced from 1915 to 1980, Balmat 

from 1930 to 2008, Pierrepont from 1982 to 2001, and Hyatt from 1974 to 1998 on an intermittent 

basis. The Balmat mine operated continuously from 1930 to 2001 when production cease d due to 

depressed zinc metal prices. Production resumed in 2006 until Hudbay placed the Balmat mine on 

care and maintenance in the third quarter of 2008 in response to depressed metal prices. Since that 

time all typical care and maintenance tasks have bee n performed.  

Cabo was contracted to drill underground in 2018 to  2019 and Boart Longyear was contracted for 

all surface programs in 2018 to  2020. Prior to ESMôs 2018 to  2020 surface and underground drill 

programs, the drillhole database contained 4,342 drillholes completed at various times in the 

projectôs history within the Balmat area. ESM has subsequently added 4,050 historic drillholes to 

the database through the dig itization of original log scans. Drilling during 2018 to  2020 consisted 

of both surface and underground holes. A total of 128 surface holes and 110 underground holes 

were drilled in the #2 and #4 Mines as well as near the historic No. 1 and No. 2 shafts, w ith an 

aggregate total of 194,755 feet ( ft ) .  

The Balmat mine (now ESM) has produced a total of 33.8  Mt  grading 8.6% zinc. A history of mine 

ownership is listed in Table 1.1. 

Table 1.1 Balmat (now ESM) ownership history  

Date  Company  

1930  St. Joe Minerals  

1987  Zinc Corporation of America  

2003  OntZinc (renamed Hudbay Minerals in December 2004)  

2015  Star Mountain Resources Inc.  

2017  Titan Mining (US) Corporation  

Source: SLZ 2018 . 
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1.5  Geology and mineralization  

ESM is comprised of multiple deposits in and around Fowler, NY. There are ten deposits currently 

considered as viable economic targets; American, Cal Marble, Davis, Fowler, Mahler, Mud Pond, 

N2D, Northeast Fowler, New Fold, and Sylvia Lake. Historic mining  at these locations has provided 

a good geological understanding of each, with supporting mapping, sampling, and drilling data.  

This Mineral Resource report has been created through a collaboration between ESM and SRK and 

has been prepared under the Canadi an NI 43 -101 guidelines. A comprehensive re -modelling effort 

was undertaken by ESM in 2018 using Leapfrog Geo for all geological models. Mining and grade 

control experience by ESM geologists have supported that the implicit modelling of the mineralized 

zon es as veins in Leapfrog Geo, results in more accurate geological wireframes.  

The 2017 Mineral R esources were in seven mineralized zones between 1,400 ft and 5,500  ft below 

surface in the #4 Mine; these zones are known as: Mud Pond, Mahler, New Fold, NE Fow ler, Davis, 

Sylvia Lake , and Cal Marble . The zones are aerially scattered and all zones except NE Fowler and 

Cal Marble are connected by existing development to the shaft. The zones are up to 50  ft thick, but 

average 8 ft and dip between 20 °  and 35 ° , with local variations from 10 °  to 90 ° . The elongated 

mineralized zones are up to 500 ft wide and in the order of 6,000 ft long. The mineralized zones 

while generally continuous, display considerable geometrical variability. For 2018, follow -up work 

focused upon  the remnant and  /  or unmined portions in the #2 Mine and #3  Mine areas.  

The Balmat -Edwards district deposits are similar to Mississippi Valley - type resources that were 

deposited in flat lying limestones and subsequently metamorphosed and folded. The miner alized 

zones are elongated parallel to ancient shorelines and were deposited in porous host rocks. Historical 

mining and diamond drilling have shown that the geometry and continuity of the mineralized zones 

is consistent.  

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 samp le 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 p rocess in use at ESM since 1984.  

The 2005 metallurgical test results, and operational results from 2006 to 2008, support a zinc 

recovery of 96% and a zinc concentrate grade of 5 8% for the underground operations.  

ESM recently discovered two new zones of nea r- surface mineralization near the existing operation. 

Metallurgical test work was undertaken on the samples from the new zones to determine the process 

flowsheet for treating them to produce both lead /  silver and zinc concentrates.  

The primary objective o f the test work undertaken at Resource Development Inc.  (RDi)  in 2020 was 

to determine if the ores from the Turnpike and Hoist House prospects can be processed in the 

existing circuit with minor modifications to produce both lead and zinc concentrates.  

App roximately 121 pounds (lbs) or 55 kgs  of each sample, some half core samples and existing mill 

feed samples were sent to RDi for metallurgical test work which consisted of Bondôs Mill Work Index 

and abrasion index determination and flotation test work. Rea gents, currently employed in the 

milling circuit at the mine, were also sent for the study.  



Empire State Mines 2021 NI 43 - 101 Technical Report (Amended)   

Titan Mining Corporation  720003 
 

amcconsultants.com  v 
 

The conclusions drawn based on the scoping level study undertaken by RDi were that the recently 

discovered prospects could be processed using sequential flotation p rocess to produce separate lead 

and zinc concentrate. Mineralization form Turnpike and Hoist House prospects are slightly harder 

than the current ore being processed in the plant. The lead recovery and concentrate grade are 

dependent on the feed grade of t he ore. The higher the feed grade, the higher the final concentrate 

recovery and grade.  

Due to the low feed lead grade, one would require a large amount of mineralization to run a 

locked -cycle test. Since limited ore was available, the optimization can be done once new flotation 

cells for the lead circuit are incorporated into the flowsheet.  

1.7  Mineral Resource estimates  

1.7.1  Drillhole database  

The drillhole database was provided to SRK through the current Vulcan projects for each zone. 

Assays a nd associated composites were extracted from drillholes that were used in estimation, of 

which there were 1,622 in total.  

The complete database for ESM consists of 8,678 surface or UG core holes. There are 68 sets of 

channel samples, 1,728 surface core hol es, 6,872 UG core holes , and 10 core holes identified as 

other (including monitoring wells). Smaller subsets of this database were used for geologic 

modelling and  /  or estimation on a lithological unit basis. Each lithological group was modelled 

separately  in isolated geological and estimation projects.  

1.7.2  Geologic model  

The ten deposit zones were defined and modelled by ESM geologists. Each one is comprised of 

multiple veins designating variably oriented and spatially -distinct mineralized zones which were 

mod elled using combinations of explicit and implicit methods. Input data for these models are based 

on drilling intercepts and years of surface and underground mapping. Some wireframes for these 

zones were modelled using GEMS software from 2008 -  2017 and hav e subsequently been modified 

as new information has become available and modelling software has changed.  

 All new geological modelling in 2019 -  2020 was conducted in Leapfrog Geo. Each zone has been 

analyzed and divided where appropriate to facilitate a m ore accurate estimation of grade. SRK notes 

that, in some cases, this has resulted in splitting of domains based on morphology or orientation 

for the purposes of estimation. Mud Pond has been separated into a main zone and an upper Apron 

lens of mineraliza tion as well, but for the purposes of this report will be discussed collective as Mud 

Pond. Updates periods for modelling are summarized in Table 1.2. 
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Table 1.2 Update periods for geological modelling  

Zone  Years modelled and updated  

American  2019  

Cal Marble  2009, 2017, 2019  

Davis  2017, 2019  

Fowler  2019  

Mahler  2009, 2017, 2019  

Mud Pond  2008, 2009, 2017, 2019  

N2D  2019  

New Fold  2009, 2017, 2020  

Northeast Fowler  2017, 2019  

Sylvia Lake  2017, 2019  

Source: ESM 2020.  

1.7.3  Block model  

Separate block models were created for each zone. The parameters for each consist of origins, 

rotations (in Maptek rotation convention), parent block parameters and associated sub -block 

parameters.  

Historical mine workings, or as -built solids, were used fo r sub -blocking during model creation and 

mined blocks contained in these wireframes were removed from the estimated material. A 

comprehensive as -built wireframe was updated as of 1 October 2020 and utilized to deplete tonnage 

within the block models.  

Due t o the high variability of the ESM deposits and the lack of robust variography, inverse distance 

squared estimates were used to estimate grade into parent blocks within the block model. The 

control of each estimate was based on sample selection criteria suc h as, minimum and maximum 

number of composites, minimum number of drillholes , and search distances. For each pass, the 

search distances were either isotropic (spherical) or anisotropic (ellipsoidal) depending on the 

geometric control and limits in each vei n. For isotropic searches, the geometry of the vein was 

considered adequate to control sample selection. For anisotropic searches, the direction was defined 

using a variable orientation algorithm in Vulcan called Locally Varying Anisotropy (LVA). This 

orie nted the search ellipse for each block down a plane which paralleled the modelled geologic 

continuity (i.e., the hangingwall or footwall of the ESM veins). LVA parameters were defined as the 

mid -point between the vein bounding surfaces, or manually set bas ed on a triangulated surface.  

Underground Mineral Resources have been modelled (Leapfrog Geo) and estimated (Maptek Vulcan) 

by ESM geologists and reviewed for consistency with industry standards by SRK. In some cases, 

SRK participated in classification or refinement of the estimates based on this review. Matthew 

Hastings of SRK Consulting (U.S.) Inc. is the Qualified Person ( QP)  who has reviewed the geological 

models and estimates and has conducted multiple site inspections. Mineral Resources for the 

underg round Number 4 mine areas have been compiled from ten separate block models including 

the American, Cal Marble, Davis, Fowler, Mahler, Mud Pond, Number 2 Deeps, North East Fowler, 

New Fold, and Silvia Lake areas ( Table 1.3).  
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Table 1.3 Underground Mineral Resource estimate as of 1  October 2020  

Category  Tons (000ôs US short tons) Zn ( % )  Contained pounds ( M lbs)  

Measured  190  13.56  51.6  

Indicated  1,524  11.49  350.3  

Measured + Indicated  1,714  11.72  401.9  

Inferred  6,551  11.11  1,455. 6 

Note: Mineral Resources are not Mineral Reserves and do not have demonstrated economic viability. There is no certainty 
that any part of the Mineral Resources estimated will be converted into a Mineral Reserves estimate. Resources stated as 
in -situ grade at a Zinc price of $1.07/ lb , with an assumed zinc recovery of 96.3% Resources are reported using a 5.3% Zinc 
cut -off grade, based on actual break -even mining, processing, and G&A costs from the ESM operation. Numbers in the table 
have been rounded to reflect the accuracy or the estimate and may not sum due to rounding.  
Source: SRK 2020.  

Open -pit Number 2 Mine Mineral Resources have a lso been modelled (Leapfrog Geo) and estimated 

(Leapfrog EDGE) by ESM geologists and reviewed for consistency with industry standards by SRK. 

In some cases, SRK participated in classification or refinement of the estimates based on this review. 

Matthew Has tings of SRK Consulting (U.S.) Inc. is the QP who has reviewed the geological models 

and estimates, and has conducted one site inspection to the Number 2 Mine surface areas. Mineral 

Resources for the Number 2 Mine Open Pit area have been taken from a singl e block model which 

features the Hoist House, Pump House, and Turnpike areas ( Table 1.4).  

Table 1.4 Open pit Mineral Resource estimate as of 1  October  2020  

Category  Tons (000's US short t ons)  Zn ( % )  Contained pounds ( M lbs)  

Measured  105  3.34  7.0  

Indicated  595  3.09  36. 8 

Measured + Indicated  701  3.13  43.8  

Inferred  217  3.37  14.6  

Note: Mineral Resources are not Mineral Reserves and do not have demonstrated economic viability. There is no certainty 
that any part of the Mineral Resources estimated will be converted into a Mineral Reserves estimate. Resources stated as 
internal to an optimized pit shell, above a cut -off grade of 1.57% Zn. Cut -off is based on break -even economics at a Zinc 

price of $1.07/ lb , with an assumed zinc recovery of 94%, and actual processing, and G&A costs from the ESM operation. No 
mining costs were considered in the calculation of this COG, as the pit optimization incorporates the mining costs to develop 
the shape for reporting. Numbers in the table have been rounded to reflect the accuracy or the estimate and may not sum 
due to rounding.  
Source : SRK 2020.  

1.8  Mining  

The mine plan tons at the ESM deposit will be extracted using a combination of longitudinal retreat 

stoping (LGS), Cut and Fill (C&F), Panel Mining ï Primary and Secondary (PAP & PAS), and 

development drifting underground mining methods with rock backfill. Longhole backstopes (BCK) 

are also used in the design where applicable. The proposed combined underground and open pit 

mine plan is expected to reach an initial target production rate of 1, 200 t/d for 2021 and ramp up 

to 1,800 t/d in 20 22. Open pit mining will be completed in Year three ( 202 4). The overall mine life 

will be seven  years.  

The ESM deposit will be accessed from surface via the No. 4 shaft, and all mineralized material and 

some waste rock will be hoisted out of the mine via t hat shaft. In addition to the existing 

development and raises, new lateral development and ramping will be required to access 

mineralized zones.  

To supplement the ventilation provided by the raises, as the ramps are being driven, shorter internal 

ventilati on drop raises will ensure air delivery to the active development face.  
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Measured, Indicated , and Inferred Mineral Resources were included in the mine design and schedule 

optimization process. The Mineral Inventory is based on the Mineral Resource stated as  of February 

2020 and is estimated at a 6% Zinc cut -off grade  for the underground mine and 1.2% Zn for open 

pit mining . 

For the underground mine, d ilution was estimated based on typical stope dimensions to calculate 

unplanned over break experienced during mining operations. The rock quality at ESM is considered 

to be very good geotechnically, so overbreak is considered to be minimal.  For LGS and BCK stopes, 

two sources of dilution were considered. Sloughing was estimated to be 2.0 ft on both the 

hangingwall  and footwall of LGS stopes. For C&F, planned over break dilution of 0.5 ft was applied 

to both walls. A dilution grade of 0% Zn was assumed for all dilution. An additional 5% of unplanned 

dilution at a grade 0% Zn is also included in all mining methods.  

Mine recovery was calculated under the following mine assumptions:  

¶ C&F and waste development passing incremental cut -off, assume 95% mine recovery after 

losses.  

¶ Longitudinal retreat and backstopes assume 95% mine recovery.  

¶ Panel mining assumes 71% mine reco very after losses from pillars left behind.  

Provided care is taking during blasting and rigorous ore control and monitoring systems are 

followed, AMC estimates that dilution and ore losses can be minimized for open pit mining. A mining 

recovery factor of 9 5% and dilution of 5% has been applied. The production schedule for both the 

underground and open pit mines and the combined productions schedule are provided in Table 1.5. 

Table 1.5 Mine production schedule  

Item  Unit  LOM  2021  2022  2023  2024  2025  2026  2027  

Underground  ore  mined  000s tons  2,650  375  390  390  390  390  390  325  

Zinc grade  %  8.5  8.6  8.7  9.2  8.8  8.3  8.1  7.8  

Contained zinc  000s lbs  450,371  64,345  67,704  71,575  68,396  64,400  62,965  50,987  

Open pit  ore mined  000s tons  658  69  275  275  40  -  -  -  

Total open pit  waste  000s tons  3,262  325  1,450  1,331  156  -  -  -  

Stripping ratio   5.0  4.7  5.3  4.8  3.9  -  -  -  

Total material moved  000s tons  3,921  394  1,725  1,606  196  -  -  -  

Zinc grade  %  3.1  2.5  2.9  3.3  3.3  0.0  0.0  0.0  

Lead grade  %  0.9  0.8  1.3  0.6  0.4  0.0  0.0  0.0  

Contained zinc  000s lbs  40,364  3,454  15,968  18,321  2,621  -  -  -  

Contained lead  000s lbs  11,875  1,146  7,308  3,129  293  -  -  -  

Ore processed  000s tons  3,309  444  665  665  430  390  390  325  

Zinc grade  %  6.6  7.6  6.3  6.8  8.3  8.3  8.1  7.8  

Lead grade  %  0.4  0.1  0.5  0.2  0.0  0.0  0.0  0.0  

Contained zinc  000s lbs  490,735  67,799  83,672  89,896  71,016  64,400  62,965  50,987  

Contained lead  000s lbs  11,875  1,146  7,308  3,129  293  -  -  -  

Source: AMC 2021 . 

1.9  Recovery methods  

Mineralized material mined in the ESM deposits is processed at the existing ESM concentrator that 

was commissioned in 1970 and last shut down in 2008. The concentrator was refurbished in late 

2017 and began processing ore in 2018. The concentrator flowsheet includes crushing, grinding, 

sequential lead and zinc flotation circuits, conc entrate dewatering circuits, and loadout facilities.  
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The design capacity of the concentrator is 5,000 t/d. Through -out the history of the Balmat 

operation (now ESM), the capacity of the concentrator has exceeded that of the minesô capacity. 

The operating s trategy is to operate the concentrator at its rated hourly throughput of 200 tons per 

hour  ( t/h )  to 220 t/h, but for only as many hours as necessary to suit mine  production. It currently 

is processing between 6,500 to 7,000 tons per week operating on a schedule of one shift per day, 

four days per week. The concentrator suffers no notable losses from intermittent operation.  

The zinc flotation circuit consists of ro ugher 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 tr aditional 

manner.  Currently, the concentrator is producing zinc concentrate at an average of 59.0% zinc with 

3% iron and 0.50% magnesium.  

Lead values in the underground ore will be generally very low, and lead concentrate is not planned 

to be produced. Lea d values in the open pit ore are expected to be higher and it will be possible to 

produce a lead concentrate from this ore source.  

While aged, the concentrator is in good working order and runs efficiently. No modifications are 

required to continue process ing underground ore sources and minimal modifications would be 

required for processing the mineralized material to be mined from the open pits.  

1.10  Infrastructure  

Access to the ESM facility is by existing paved state, town, and site roads. All access to the 

mi ne /  mill facility as well as concentrate haulage from the facility is by paved public roads and / or 

an existing CSX rail short line. The existing facilities at ESM mine are well established and will 

generally meet the requirements of the planned operatio ns.  

The ESM site is located adjacent to State Highway 812, approximately 1.5 mi from the junction with 

State Highway 58. A mile - long stretch of Sylvia Lake Road currently handles traffic to and from the 

site, including truck haulage of concentrate. Road ma intenance is carried out by the Town and State 

Government Department of Highways.  

There are currently two entries from Sylvia Lake Road providing access to the site. The main entry 

provides access to the parking lot and the approach to the office complex, and the tailings line entry 

is the waste truck haulage route to the tailings impoundment.  These accesses are adequate, and 

no improvements are planned.  

The existing mine office complex is a two -story steel frame and concrete block / galbestos -sided 

buildin g with steel joist / concrete plank built up roof system. As part of the first floor, the 

maintenance vehicle storage garage, the boiler room , and the dry / lamp room is a 60 ft x 273 ft 

area. The dry, located on the ground floor, accommodates 125 men with  individual lockers for clean 

clothes and hanging baskets for working clothes for all personnel, as well as the appropriate number 

of showers and toilet facilities.  

The ground floor also contains mine offices, a boiler room and lamp room. Hot water for san itary 

purposes is provided by quick recovery propane water heater, eliminating the need to operate a 

steam boiler through the summer months. The second floor contains a warehouse, machine shop, 

mine rescue room, first aid equipment room and training room.  

Power to site is fed by line from Niagara Mohawkôs substation at Battle Hill-ESM #5 circuit. On -site 

power is distributed to the plant and mine. SLZ owns two portable generators for emergency use. 

One is a 125 kVA portable used for general 480 V / 220 V / 110 V applications. The other is a 

100  kVA portable generator which will run the No. 2 emergency egress hoist.  
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Mill process and cooling water (non -potable) for the site are pumped from the Sylvia Lake pump 

house to two 100,000 gallon (gal) concrete deluge tanks near the concentrate storage building  /  rail 

loadout shed. Water is pumped from the reservoir tanks to the concentrator. Mine water is pumped 

from the mill basement sump down the 4" shaft water line to the various mine levels.  

The tailings disposal f acility covers 260 acres approximately 4,000 ft north of the mill. Water from 

tailings flows through a series of retention ponds before discharge into Turnpike Creek. Discharge 

is regulated by the New York State Department of Environmental Conservation (NY SDEC) under 

permit NY0001791.  

The mineralized materials and waste rock from the development and operation of the mine is 

non -acid -generating due to the alkaline nature of the host rock. The designated surface pads were 

designed such that any run -off will d rain to the concentrator pond. The capacity of this stockpile 

area is sufficient for the tonnages in the contained mine schedule.  

1.11  Environment and permitting  

All permits required to operate the ESM #4 Mine are active and in place. Additionally, there are no t 

any other significant factors or risks that may affect access, title, or the right or ability to perform 

work on the ESM properties.  

Permits have remained active for mining at No. 4 since the previous operating periods. No 

environmental studies are under way at this time, nor are any required for this existing fully 

permitted mine. The site is well managed and is in compliance with all environmental regulatory 

requirements.  

Renewals for State Pollutant Discharge Elimination System  (SPDES)  Permit and Water Withdrawal 

Permit were submitted to the NYSDEC in a timely manner. Both permits are on the Departmentôs 

schedule for technical review due to length of time elapsed since previous review.  

Tailings are non -acid generating so conventional reclamation methods can be used to rehabilitate 

the tailings area. Currently, surface water discharge is in compliance with a SPDES permit and is 

expected to remain so for operating, closure, and post -closure periods.  

The ESM No. 2 Mine site has been partially reclaimed. ESM No. 2 shaft serves as secondary access 

to the underground operations at the No. 4 Mine and will be included in the final reclamation of the 

No. 4 Mine and concentrator complex. No. 4 Mine and mine tailings reclamation is assured with a 

$1,62 7,341  certifica te of deposit.  

1.12  Operating and capital cost estimates  

Estimated project capital costs (including closure costs) total $1 9.1  million ( M) , consisting of the 

following distinct areas:  

¶ #2 Mine pre -production  

¶ #4 Mine capital equipment  

¶ #4 infrastructure and process capital  

The capital cost estimate was compiled using a combination of quotations, labour rates, and 

database costs.  

Table 1.6 presents the capital estimate summary for each area in 2020 US $ with no escalation.  
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Table 1.6 Capital cost summary  

Area  Cost estimate ($M)  

#2 Mine pre -production capital  3.1  

#4 Mine capital equipment  5.2  

#4 infrastructure and process capital  2. 9 

Total capital cost  11.1  

Closure cost s 11.9  

Salvage value  4.0  

Total  capital cost (incl . closure costs)  19.1  

Source: Titan / AMC 202 1. 

Underground capital costs are estimated to be $ 5.2 M, which include the lease purchase of one bolter 

and two 6 -yard loaders, mobile equipment rebuilds, replacement of one single -boom Jumbo drill , 

one bolter, one lift truck  and service cage , and purchases of a StopeMaster longhole drill, a 40T 

haul truck, 750 KW transformer and a leaky feeder head.  

AMC has assumed that, due to the short life of the pits (three years), a contractor will be used to 

mine the open pits. Mark -ups on the operating costs have been assumed to cover the contractorôs 

mining equipment and  infrastructure capital costs.  

Capital item allowance for the open pit includes upgrade of the railway right of way into a haul road, 

land acquisition, process plant upgrade for lead circuit, and site facility preparation.  

Closure costs were estimated base d on the SRK cost estimate of a total of $11.9M, this will be offset 

by the estimated $4M in salvage value.  This cost is however not included in the economic model 

due to ongoing mining discoveries and expansions.  

Indirect, ownerôs,  and contingency costs a re all incorporated into the capital cost estimates.  

Preparation of the site operating cost estimate is based on current underground operation 

performance. The site operating cost is based on Owner -owned and operated mining / services 

fleets, and minimal u se of permanent contractors except where value is provided through expertise 

and / or packages efficiencies / skills. Open pit operating costs were estimated by AMC.  

Site operating costs in this section of the report is broken into three major sections, wh ich include 

mining, processing, and general and administrative (G&A) costs. AMC estimated open pit mining 

costs assuming a contractor mining operation. The operating cost estimate allows for all labour, 

equipment, supplies, fuel, consumables, and supervisi on.  

Site operating costs ( Table 1.7) are presented in 2020  US$ on a calendar year basis. No escalation 

or inflation is included.  
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Table 1.7 Breakdown of estimated site operating costs  

Site operating costs  Unit cost ($/t milled)  LOM cost ($M)  

Underground  

Mining  43.00  114.0  

Processing  14.00  37.1  

G&A 22.00  58.3  

Underground total  79.00  209.4  

Open pit  

Mining  20.07  13.2  

Processing  7.00  4.6  

G&A 5.92  3. 9 

Open pit total  3 2.99  21.7  

Underground and open pit  

Mining  38.44  127.2  

Processing  12.61  41.7  

G&A 18.80  62.2  

Underground and open pit total  69.95  231.1  

Source: Titan / AMC 202 1. 

1.13  Economic analysis  

An economic model was developed to estimate annual cash flows and sensitivities of the project. 

Pre- tax estimates of project values were prepared for comparative purposes, while after - tax 

estimates were developed and are likely to approximate the true investment value. It must be 

noted, however, that tax estimates involve many complex variables that can only be accurately 

calculated during operations and, as such, the after - tax results are only approximations.  

Sensitivity analyses were performed for variations in grade, metal price, operating costs, capital 

costs, and discount rates to determine their relative importance as project value drivers.  

It must be noted that this PEA is preliminary in nature and includes the use of Inferred Min eral 

Resources that are considered too speculative geologically to have the economic considerations 

applied to them that would enable them to be categorized as Mineral Re serves, and there is no 

certainty that the results of the PEA will be realized.  

Other economic factors include the following:  

¶ Discount rate of 8%.  

¶ Nominal 2021 dollars.  

¶ Revenues, costs, and taxes are calculated for each period in which they occur.  

¶ All costs and time prior to 1 January 2021 are considered sunk costs.  

¶ Results are presented on  100% ownership basis.  

The project has been evaluated on an after - tax basis to provide an indicative value of the potential 

project economics. Corporate income tax was calculated by Titan  of $ 8.4 M for the life -of -mine 

(LOM) . 

The economic analysis incorpora tes royalties. A royalty of 0.3% is applied to the NSR for the zinc 

concentrate. However, it is assumed that there are no royalties for the sale of the lead concentrate.  
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The results of the economic evaluation indicate that the project is economic under the  current 

assumptions. The pre - tax cash flow is estimated to be $ 107 M, with a pre - tax and post - tax Net 

Present Val ue (NPV) at a discount rate of 8% of $ 88 M and $ 81 M, respectively. The results of the 

assessment are provided in Table 1.8. 

A sensitivity analysis was performed to determine which factors most affected the  project 

economics. The analysis revealed that the project is most sensitive to zinc price, then zinc grade, 

followed by operating costs and capital costs. The results of the sensitivity analysis are provided in 

Table 1.9. 

Table 1.8 Summary of results  

Summary of results  Unit  Value  

Mine life  Years  7.0  

Resource mined  kt  3,309  

LOM t hroughput rate  t/d  1, 294  

Average head zinc grade  %  Zn  6. 6 

Average head lead grade  %  Pb 0.4  

LOM recovered zinc  Mlbs  470  

LOM recovered lead  Mlbs  10  

LOM payable zinc  Mlbs  400  

LOM payable lead  Mlbs  9.5  

Revenue by commodity (zinc)  %  98 

Revenue by commodity (lead)  %  2 

Zinc revenue  $M 460  

Lead revenue  $M 8 

Total revenue  $M 468  

Total offsite charge s $M 113  

Royalties  $M 1 

NSR (net of royalties)  $M 349  

Capital costs (including sustaining)  $M 11  

Operating costs  $M 231  

Operating costs  $/ t  processed  69.85  

Pre- tax cash flow  $M 107  

Taxes  $M 8 

After - tax cash flow  $M 98  

Pre- tax NPV (8% discount)  $M 88  

After - tax NPV (8% discount)  $M 81  

Source: AMC 20 21.  

Table 1.9 Sensitivity results  

Variable  
Pre - tax NPV @ 8% ($M)  Post - tax NPV @ 8% ($M)  

- 20% variance  0% variance  20% variance  - 20% variance  0% variance  20%  variance  

Zinc price  13  88  162  13  81  144  

Zinc grade  31  88  144  31  81  128  

CAPEX 90  88  85  83  81  78  

OPEX 125  88  50  112  81  48  

Source: AMC 20 21.  
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1.14  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 n ot aware of any fatal flaws for 

the project.  

1.14.1  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 proactive management.  

1.14.2  Opportunities  

The resource potential has not been fully de fined, 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 . 

Dilution is important to manage in any mining operation, particularly where mineralization occ urs 

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.  

1.14.3  Recommendations  

The items shown in Table 1.10  are recommended for ESM to improve confidence and performance 

of the PEA mine plan and economics.  

Table 1.10  Project recommendations and cost  

Item  Cost ($)  

Infill drilling  and conversion of Inferred Mineral Resources  1, 500,000  

Geotechnical review  50,000  

Sorting test work and integration study  100,000  

Contractor quotes for open pit cost assumptions  15 ,000  

Total estimate  1, 6 65 ,000  

Source: AMC 2020.  
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2  Introduction  

AMC Mining Consultants (Canada) Ltd. (AMC) was engaged by Titan Mining Corporation (Titan) to 

update the previous National Instrument 43 -101 (NI 43 -101) Technical Report for the Empire State 

Mine (ESM) operation. The previous Technical Report was titled ñEmpire State Mines 2021 NI 43- 101 

Technical Report for Titan Mining Corporationò with an effective date of 4 February 2021 and was 

filed on 24 March 2021. That report summarized t he results of a 2021 Preliminary Economic 

Assessment (2021 PEA) study and was prepared following the guidelines of NI 43 -101.  

This Technical Report amends certain tables in Section s 1 and 14  where previously there was an 

incorrect computation of contained metal. This computation did not affect any other tables, 

calculations, or a ny outcomes in the PEA, or in the Technical Report.  

ESM or the Property, is an underground zinc mine  near the town of Gouverneur, New York State.  It 

is located approximately 1.3 miles ( mi )  south -west of Fowler, in St. Lawrence County. Titan  owns 

a total of 2,699 acres of fee simple surface and mineral rights in three towns in St. Lawrence County. 

The majority of the property consists of the 1,754 acres in the town of Fowler where the ESM, mill 

and  tailings disposal facility are located. Nine parcels totalling 703 acres are owned in the town of 

Edwards, which includes the Edwards mine. The remainder of the fee ownership covers the 

Pierrepont mine which is located on four owned parcels totalling 242 acres.  Titan holds 100% 

ownership.  

ESM is comprised of a group of high -grade mines , the  ESM #4 Mine which is an underground mine 

that is in production, and six historic mines. ESM #4 Mine restarted mining operations in 

January  2018 and began producing zinc  concentrate in March 2018. The ESM #1, #2 , and #3, 

Hyatt, Pierrepont and Edwards mines are all within a 30 -mile radius of the 5,000 tons  per  day (t / d) 

mil l. Open pit potential has been identified in three areas named Hoist House, Turnpike , and Pump 

House.  

2.1  Basis of technical report  

The following companies contributed to this technical report and provided Qualified Person (QP) 

sign -off for their respective sections:  

¶ Overall report authors: AMC  

¶ Geology and Mineral Resource: SRK Consultants Ltd (SRK)  

¶ Open pit and waste dumps: AMC  

¶ Open pit geotechnical assessment: Knight Piésold Ltd (KP)  

¶ Underground mine plan and production schedule: Jackleg Consulting, LLC (Jackleg)  

¶ Metallurgical testwork and mineral processing : RD i Minerals (RD i)  

The QPs preparing this Technical Report are specialists in the fields of geology, exploration, Mineral 

Resource and Mineral Rese rve estimation and classification, geotechnical, environmental, 

permitting, metallurgical testing, mineral processing, processin g design, capital and operating cost 

estimation, and mineral economics ( Table 2.1).  

The key information used in this report is listed in Section 27 , References.  

This Technical Report has been produced in accordance with the Standards of Disclosure for Mineral 

Projects as contained in NI 43 -101 and accompanying polici es and documents. NI 43 -101 utilizes 

the definitions and categories of Mineral Resources and Mineral Reserves as set out in the May 2014 

edition of the Canadian Institute of Mining, Metallurgy and Petroleum (CIM) Definition Standards on 

Mineral Resources a nd Mineral Reserves (CIM Definition Standards).  
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A draft of the Technical Report was provided to Titan  to check for factual accuracy. The Technical 

Report is effective as of 24 February 2021 . 

Table 2.1 Persons who prepared or contributed to this technical report  

Qualified Persons responsible for the preparation of this Technical Report  

Qualified 
Person  

Position  Employer  
Independent 
of Titan?  

Date of last 
site visit  

Professional 
designation  

Sections of report  

D. Warren  
Principal 
Mining 
Engineer  

AMC Mining 
Consultants 
(Canada) Ltd.  

Yes 
18 February 
2020  

P.Eng. (BC)  

1 (part), 15 (part), 16 
(part), 21 (part), 25 
(part) 26 (part), 27 
(part)  

G. Methven  

Principal 
Mining 
Engineer  

AMC Mining 
Consultants 
(Canada) Ltd.  

Yes No visit  
P.Eng. (BC , 
YT)  

1 (part), 2, 3, 4, 5, 18, 
19, 20, 21 (part), 22, 
23, 24, 25 (part), 26 
(part), 27 (part)  

D. Malhotra  
Principal  /  
Director  

RDI Minerals 
Ltd.  

Yes 2016  

SME 
registered 
Member  

1 (part), 13, 17, 25 
(part), 26 (part), 27 
(part)  

D. Vatte rrodt  
Underground 
Mine Engineer  

Jackleg 
Consulting, 
LLC 

Yes 

3 to 7 
November 
2019  

SME 
registered 
Member  

1 (part), 15 (part),  16 
(part), 21 (part), 25 
(part), 26 (part), 27 
(part)  

B. Peacock  
Specialist  
Engineer  

Knight Piésold  
Ltd.  

Yes No Visit  

P.Eng. (ON, 
NFLD, 
NU /  NWT)  

1 (part), 16 (part), 25 
(part), 26 (part), 27 
(part)  

M. Hastings  
Practice Leader 
(Resource 
Geology)  

SRK 
Consulting 
(Canada) Inc.  

Yes 
9 to 13 March 
2020  

MAusIMM (CP)  
1 (part), 6,  7,  8,  9,  10, 
11, 12, 14, 25 (part) 26 
(part), 27 (part)  

Other Experts who assisted the Qualified Persons  

Expert  Position  Employer  
Independent 
of Titan?  

Visited site  Sections of Report  

C. Austin  
Leases and 
tenements  

Titan  No Yes 4.2  

S. Trader, PG, CPG  
Environmental & 
Hydrogeology  

Alpha 
Geoscience  

Yes Yes 20  

M. McClelland, CPA, CA  Chief Financial Officer  Titan  No No visit  22 (part)  

Source: AMC . 

2.2  Units, currency and rounding  

The units of measure used in this report are as per the Imperial system unless otherwise noted. All 

dollar figures quoted in this report refer to US dollars (US$ or $) unless otherwise noted.  

Frequently use d abbreviations and acronyms can be found in the table of contents . This report 

includes technical information that required subsequent calculations to derive subtotals, totals,  and 

weighted averages. Such calculations inherently involve a degree of roundi ng and consequently 

introduce a margin of error. Where these occur, the QPs do not consider them to be material.  
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3  Reliance on other experts  

The QPs opinions contained herein are based on information provided by Titan  and others 

throughout the course of the update . The QPs have taken reasonable measures to confirm 

information provided by others and take responsibility for the information.  

To th e extent permitted under NI 43 -101, the QPs disclaim responsibility for the relevant section of 

the Technical Report.  

The following disclosure is made in respect of this Expert:  

¶ Scott Burkett, Vice President Exploration, Titan Mining Corp, Vancouver, BC, C anada.  

¶ Report, opinion, or statement relied upon: Information on mineral tenure and status, title 

issues, royalty obligations, etc.  

¶ Extent of reliance: Full reliance following a review by the QP(s).  

¶ Portion of Technical Report to which disclaimer applies: Section 4. 

The QPs have relied, in respect of environmental aspects, upon the work of the Expert listed below. 

To the extent permitted under NI 43 -101, the QPs discla im responsibility for the relevant section of 

the Technical Report.  

The following disclosure is made in respect of this Expert:  

¶ Ryan Schermerhorn. Production Manager, Empire State Mines, Gouverneur, NY , USA  

¶ Report, opinion, or statement relied upon: Inform ation on permitting, environmental, social, 

and community factors.  

¶ Extent of reliance: Full reliance following a review by the QP(s).  

¶ Portion of Technical Report to which disclaimer applies: Section 20 . 

The following disclosure is made in respect of this Expert:  

¶ Michael McClelland, CPA, CA, Chief Financial Officer , Titan  Mining Corp., Vancouver, BC, 

Canada . 

¶ Report, opinion, or statement relied upon: Information on taxa tion regarding the Property.  

¶ Extent of reliance: Full reliance following a review by the QP(s).  

¶ Portion of Technical Report to which disclaimer applies: Section 22 . 
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4  Property description  and location  

4.1  Location  

The ESM mine is located 7 mi south -east of Gouverneur, New York at 44 °14'51ò N latitude, 

75 °23ô50ò W longitude, and 710' ASL. The site is 38 mi via State Road #812 from the St. Lawrence 

Seaway at Ogdensburg, NY ( Figure 4.1 and Figure 4.2).  

The town of Gouverneur is located 90 mi from Ottawa, Can ada, and is 100 mi north -east of 

Syracuse, New York.  

Figure 4.1 Regional project location  

 
Source: Titan 2020.  
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Figure 4.2 Local project location  

 
Source: Titan 2020.  

4.2  Mineral tenure  

The 2,699 acres of surface rights owned by Titan 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, a nd 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 98 5 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 $4 per 

acre per annum.  
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A list of leases with expirat ion dates are provided in Table 4.1. Several lease and option agreements 

have expired; however, the company continues to make payments and assumes minin g 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%  Lease Agreement signed 1/18/2011.  

St. Lawrence Ore 
Lease  

Lease  
25/01/2010  

see note  
25/01/2017  135  

20 years: NOT 
renewable  

4%  

Payment of the annual royalty in 2010, under the 
terms of the agreement, allowed the extension of the 
agreement for an additional 20 years current term is 
to 2030.  

Whitman Lease  Lease  
10/2/2018  
see note  

10/2/2017  30  
20 years: renewable 
for additional 20 years  

4%  
Per annual royalty paid in 2018 this lease renewed for 
another 20 years will expire 10/2/2038.  

Gilbert Option  Option  
3/3/2016  
see note  

3/3/2017  96.4  5-year option  4%  

Expired Option with escalator . Phillip Crundall  now 
deceased.  Still waiting for attorney handling his 
estate to let us know who Mr Crundallôs MR interests 
go to.  Have contacted attorney numerous times.   

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 . 

Jenne Lease  Lease  2/19/2041  2/ 19 /20 22  111  
20 years: renewable 
for additional 20 years  

4%  
New lease 20 year agreement was finalized on 
2/19/2021 through to 2/19/2041 with option to 
extend for an additional 20 years at end of term.  

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  

see notes  
30/04/2017  20  

20 years: renewable 
for additional 20 years  

4%  Renewed 30/04/2017  will now expire 4/30/2037.  

Kelly Freeman Lease  Lease  
2/5/2015  
see note  

2/5/2017  310  
20 years: renewable 
for additional 20 years  

4%  
First 20 -year  expired 2015 however lease renewable 
for 20 years and payments made on time.  New 
expiration date 2 May 2035.  

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  

Cromwell Heir Option  Option  
16/6/2016  
see note  

16/06/2017  369  5-year option  4%  
Agreements expired, Margaret Cromwellôs son 
continues to express interest in selling his MR to ESM  
she is interested in possibly selling her MR to ESM.   

Edwards Lease  Lease  3/6/2039  3/6/2020  96  
20 years: renewable 
for additional 20 years  

4%   

Cole Lease  Lease  2/ 19 /20 41  2/ 19 /20 22  94  
20 years: renewable 
for additional 20 years  

4%  
New lease 20 year  agreement was finalized on 
2/19/2021 through to 2/19/2041 with option to 
extend for an additional 20 years at end of term.  

Aleta Billings Heirs  
Leases  

Lease  

26/6 /2039 
(Gary E. 
Wight)  

12 / 6/2039 
(Joann A. 
Whitaker)  

5/7 /2039 
(Lee H. 
Wight)  

13 / 6/2039 
(Linda M. 

Love)  

6/26/2021  
6/12/2021  

7/5/2021  
6/1/2020  

157.5  
20 years: renewable 
for additional 20 years  

4%  
Each heir had their own Lease Agreement all signed 
in 2019.  

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  (Larry 
P. & Elaine P.) (part 
of former Lloyd & 
Lillian Barrigar 
Lease)  

Lease  2/ 7/2039  7/2/2021  122.4  
20 years: renewable 
for additional 20 years  

4%  
New Lease Agreement signed 7/2/2019, part of 
former Lloyd & Lillian Barrigar Lease, on west side of 
road.  

 Pusateri -Linda, Etal 
Lease (part of former 
Lloyd & Lillian 
Barrigar Lease)  

Lease  29 / 7/2039  7/29/2021  158.4  
20 years: renewable 
for additional 20 years  

4%  
New Lease Agreement signed 7/29/2019, part of 
former Lloyd & Lillian Barrigar Lease, on east side of 
road.  

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  Lease  Lease  18 / 9/2039  9/18/2021  46  
20 years: renewable 
for additional 20 years  

4%  
New Lease Agreement signed 9/18/2019 by Alan J. 
Webb.  
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Name  Type  
Expiration 

date  
Payment 

anniversary  
Acres  Term  NSR  Notes  

Van Brocklin Lease  Lease  
27/07/2002  

see note  
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.  Will expire 7/27/2022.  

Letter to be mailed in April 2022 outlining wish to 
continue  to lease the mineral rights.  

 Davis, Daniel Lease 
(formerly Barkley 
Lease)  

Lease  25 / 7/2040  7/25/2021  78  
20 years: renewable 
for additional 20 years  

4%  
New Lease Agreement signed 7/25/2020 by Daniel 
Davis.  

Brown Lease  Lease  9/9/2039  9/9/2021  165  
20 years: renewable 
for additional 20 years  

4%  
New Lease Agreement signed 9/9/2019 with current 
heirs.  

Lawrence Emrich 
Heirs Options  

Option  11/1/2022  11/1/2020  229.04  3-year options  4%  
Option payment  (each heir has her own option 
agreement signed 11/1/2019.  

Thivierge Lease  Lease  
27/8/2002  
see note  

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.  Will expire 8/27/2022.  

Letter to be mailed in April 2022 outlining wish to 
continue to lease the mineral rights.  

Bogardus  Lease 
(Peter & Penny 
Bogardus)  

Lease  11/12/2039  11/12/202 1 162.2  
20 years, renewable in 
20 years  

4%  New Lease signed 11/12/2019.  

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%   

    162.2  5-year option  4%  
EXPIRED Ryan Bogardus did not renew NO LONGER 
ACTIVE.  

Lansing -Dodge  Lease  Lease  10/8/2039  10/8/2021  ~ 22,000  
20 year: renewable for 
additional 20 years  

4%  New Lease signed 10/8/2019 (Coral Coleman).  

Emery Webb Lease  Lease  22/9/2029  22/09/2017  181.46  
20 year: renewable for 
additional 20 years  

4%   

Stiles Lease  EXPIRED Lease  
27/9/2002  
see note  

27/09/2017  32  
20 years: renewable 
for additional 20 years  

4%  
EXPIRED Owner did not wish to renew NO LONGER 
ACTIVE.  

Hutchinson Lease  Lease  
1/10/2002  
see note  

1/10/2017  37  
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.  Will expire 10/1/2022.  

Manning Lease  Lease  1/10/2027  1/10/2017  0.65  
20 years: renewable 
for additional 20 years  

4%   
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Name  Type  
Expiration 

date  
Payment 

anniversary  
Acres  Term  NSR  Notes  

Cromwell Heir Option  Option  
21/10/2016  

see note  
21/10/2017  369  5-year option  4%  

Option payment with escalator schedule . New lease 
sent 2019.  Agreements expired,  Margaret Cromwellôs 
son continues to express interest in selling his MR to 
ESM. 

Steven A. Sullivan 
Option  EXPIRED 

Option  28/10/2012  28/10/2017  

158.8 (98.45  
[60.00+38.45

] +  60.35)  
3-year option  4%  

New Lease Agreement sent 2019, per call Mr Sullivan 
wants to sign new lease however he still has not 

returned agreement to us.  EXPIRED.  

Caswell Lease  Lease  
5/11/2002  
see note  

5/11/2017  98  
20 years: renewable 
for additional 20 years  

4%  

First 20 -yr term has expired; however , lease is 
renewable for 2 0 years and payments have been 
made on time each year.  Will expire 11/5/2022.  

Letter to be mailed in April 2022 outlining wish to 
continue to lease the mineral rights.  

Walter Planty  Lease  
(64.39 Ac)  

Lease  30 / 10 /2039  10/30/2020  64.39  
20 years: renewable 
for additional 20 years  

4%  New Lease Agreement signed 10/30/2019.  

Marjory Tyler  Lease  Lease  6/ 11 /2039  11/6/2020  183  
20 years: renewable 
for additional 20 years  

4%  New Lease Agreement signed 11/6/2019.  

Brian Tripp Lease 
(0.79Ac)  

Lease  6/12/2026  6/12/2017  0.79  
20 years: renewable 
for additional 20 years  

4%   

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

Lease  20 / 5/2039  5/20/2021  19  
20 years: renewable 
for additional 20 years  

4%  New Lease w/Brian Tripp signed 5/20/2019.  

Davis (Stanley and 
Carol) Lease (14.4 
Ac)  

Lease  12 / 6/2026  6/12/2017  12.28 & 2.12  
20 years: renewable 
for additional 20 years  

4%   

Gouverneur Talc Co 
Lease  

Lease  28/6/2030  None  0 20 -year lease  4%  
Renewed for an additional 20 years 6/28/2010 -  
06/28/30 . 
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Land surface rights for the purpose of construction of buildings and for other purposes, are 

purchased from landowners; Titan owns the surface rights to lands where the surface facilities of 

the ESM mine, concentrator and tailings impoundment are located. In New York State, mineral 

rights were part of the surface right title granted to the original owner and are deeded in real 

property transactions (real property). Mineral rights may be reserved during property transactions 

or they may be transferred (sever ed) at the time of a real property transfer. Such reservations often 

date back to the early 1800ôs. Mineral rights may or may not be subject to property taxes depending 

on the town taxing authority. The interest in mineral rights for a particular parcel is  commonly 

divided. For example, in the town of Fowler, it is common to have one party own 4/5 (80%) of the 

mineral rights, and have a second party own the remaining 1/5 (20%) interest (Hudbay 2009).  

Table 4.2 Mineral tenure information  

Assessor  parcel  
number  

Town  
Surface 
(acres)  

Mineral  
(acres)  

Structure  Class  2019 taxes  ($)  

119.001 -1-8 Pierrepont  80.4    322  391.35  

119.001 -1-10  Pierrepont  102.1    330  496.93  

119.001 -1-11  Pierrepont  0.52    720  1.63  

119.001 -1-12  Pierrepont  59.3    720  337.36  

119.001 -1-18 ./1  Pierrepont   1.4   720  40.61  

174.004 -3-2 Edwards  0.85    314  42.11  

174.004 -4-2 Edwards  10.37    720  174.48  

174.004 -4-1 Edwards  1.35    314  76.21  

175.003 -3-1.1  Edwards  71.6    720  541.50  

175.003 -3-19.1  Edwards  3.4    720  104.29  

175.002 -1-5.1  Edwards  370.2    323  2,338.43  

175.002 -1-33  Edwards  161.7    323  1,084.98  

175.002 -1-34.1  Edwards  72.2    330  545.51  

175.002 -1-32.1  Edwards  11.7    330  182.49  

175.002 -1-34./1  Edwards   74   720  142.39  

1.044 -18  Edwards   100   720  140.39  

175.002 -1-25./1  Edwards   92.2   720  132.36  

175.001 -1-4./1  Edwards   165   720  142.39  

175.002 -1-5./1  Edwards   1044   314  525.44  

175.003 -1-1./2  Edwards   72   720  132.36  

175.003 -1-1./4  Edwards   18.8   720  132.36  

175.003 -3-1.1/1  Edwards   70   720  415.14  

175.003 -3-1.1/4  Edwards    Electrical  720  1,163.19  

175.003 -3-10./1  Edwards   115   720  132.36  

175.003 -3-13./2  Edwards   53.1   720  132.36  

175.004 -1-3./1  Edwards   58   720  132.36  

175.004 -1-6./1  Edwards   20   720  132.36  

175.004 -1-7./1  Edwards   63.8   720  132.36  

175.004 -1-11./1  Edwards   97.4   720  212.59  

175.004 -1-14./2  Edwards   62   720  132.36  

187.002 -2-1./1  Edwards   30   720  132.36  

187.002 -2-1./2  Edwards   80.9   720  132.36  

188.001 -1-15./2  Edwards   25   720  132.36  

188.001 -1-15./3  Edwards   169.1   720  132.36  
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Assessor  parcel  
number  

Town  
Surface 
(acres)  

Mineral  
(acres)  

Structure  Class  2019 taxes  ($)  

188.001 -1-17./1  Edwards   65.6   720  132.36  

188.001 -1-27./1  Edwards   73.8   720  132.36  

188.002 -1-2./1  Edwards   36   720  132.36  

174.004 -1-18  Fowler  89.3  89.3   720  325.40  

187.001 -1-5 Fowler  2.5    720  108.47  

187.001 -1-21.2  Fowler  44.49    720  224.52  

186.004 -1-44  Fowler  705.3    720  1,084.65  

186.004 -1-33.11  Fowler  86.5    720  1,100.18  

186.004 -1-31  Fowler  61.6    720  1,003.32  

187.003 -1-2 Fowler  82.3    720  216.93  

187.003 -1-1 Fowler  1.6    720  3,742.07  

187.069 -1-38  Fowler  0.7    720  1,403.34  

187.003 -1-4.11  Fowler  63.8    720  906.24  

187.003 -1-4.121  Fowler  124.7    720  379.63  

187.003 -2-1.1  Fowler  45.2    720  216.93  

199.001 -2-52  Fowler  445    720  1,084.65  

186.002 -1-14.11/3  Fowler   146.6   720  10.85  

186.002 -1-14.11/4  Fowler   144   720  10.85  

187.003 -1-3./1  Fowler   0.01   720  108.47  

187.003 -1-4.11/2  Fowler    Shaft  4 720  26,718.85  

187.003 -1-4.11/3  Fowler   0.01   720  9,355.19  

187.003 -1-4.11/5  Fowler    Shop  720  2,826.62  

187.003 -1-4.11/7  Fowler    Electric  720  23,986.60  

187.003 -1-4.11/9  Fowler    Buildings  720  58,686.58  

187.003 -1-4.11/11  Fowler    Paint,  oil  storage building  720  2,095.57  

187.003 -1-4.11/12  Fowler    Timber storage  720  2,245.25  

187.003 -1-4.11/17  Fowler    Railroad #4  720  5,613.10  

187.003 -1-4.11/18  Fowler    Mill  720  71,942.22  

187.003 -1-4.11/20  Fowler    Storage buildings  720  11,237.07  

187.003 -1-4.11/21  Fowler    Storage  720  6,643.54  

199.001 -2-43.1/2  Fowler    Pipe shop 2  720  299.37  

Owned Fee Parcels   2699  2967    244,794  

Source: St. Lawrence County Government 201 9. 

All property listed in Table 4.2 matches the St. Lawrence County 2019 tax rolls  and are fully paid 

and current as of 1 March 2020.  
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Figure 4.3 Mineral tenure map  

 
Source: Titan 2018.  

 



Empire State Mines 2021 NI 43 - 101 Technical Report (Amended)   

Titan Mining Corporation  720003 
 

amcconsultants.com  38 
 

Figure 4.4 Mineral tenure  map  

 
Source: Titan 2018.  

4.3  Mining rights  

Real property in New York State was originally granted to the owner to include both surface and 

mineral rights. However, mineral rights can subsequently be reserved or sold (severed) separately. 

Titan controls both surface and mineral rights for the project area. Land not owned by the company 

is either leased or lease optioned from property owners.  

4.4  Project agreements  

Mineral rights may be acquired from the owner by lease, or option or purchase. Leases may be 

renewable and may also be subject to the payment of royalties to the landowner . Average royalties 

for ESM mineral production are estimated to average 0.3% over the life of the mi ne ( Titan 2020 ).  

4.5  Environmental liabilities and considerations  

Mining permits and permits for water release to the environment are granted and administered by 

the New York State Department of Environmental Conservation (NYSDEC). NYSDEC has accepted 

the recl amation 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, m ine sites and the 

Pierrepont mine site, and has released the reclamation bonds posted for these areas. No further 

work is required.  
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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 Titan. 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 ha s 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 

operation s. 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 correcte d by additions of sodium sulphate 

or lime upstream from the water holding ponds.  

4.6  Permit requirements  

According to the Hudbay Minerals Inc. (Hudbay) Annual Information Filing (AIF) 2008, the extraction 

of minerals in New York State is governed by the New Yo rk 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 ( DEC) 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 th e 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 abilit y 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  30 Sep 2024  

Water  SPDES Water Discharge Permit  NY0001791  31 May 2019 1 

Water  Water Withdrawal Permit  6-4038 -00024/02001  31 May 2019 2 

Mining  Mining Permit  6-4038 -00024/00006  31 Jul 2025  

Storage  NYDEC Chemical Bulk Storage  CBS#6 -000122  1 Oct 2021  

Storage  NYDEC Petroleum Bulk Storage  PBS#6 -451770  26 Sep 2023  

Radiation  Certificate for Density Gauge  44023174  15 Sep 2022  

Note s:  
1 SPDES = State Pollutant Discharge Elimination System . 
2 SPDES AND Water Withdrawal permits are under Technical Review by the New York State DEC and are still valid despite 

the expiration dates. Source: ESM 2020.  
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5  Accessibility, climate, local resources, infrastructure , and physiography  

5.1  Accessibility  

The property is reached by traveling south -east 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  Report . 

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 south -west. Ottawa, 

Ontario, Canada lies 90 mi to the north.  

The mine is located in a desirable area to live. While a large portion of the w orkforce was non - local 

during the 2018 restart, the current workforce is nearly 100% local to Gouverneur and the 

surrounding communities.  

5.3  Climate  

The area has typical mid -continental climate with moderate summers and cold winters, moderated 

by the nearby G reat Lakes. Average annual temperatures are 53° to 38°F. Summer highs may 

reach 85°F. Winter lows may reach -20°F. Annual average frost - free days are 115. Annual average 

precipitation is approximately 40ò, 70% occurs as snow. The mine and process facility operate  

year - round. Weather is not expected to frequently or significantly affect operations at any time of 

the year.  
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5.4  Vegetation and wildlife  

The ESM project area is classified as hardiness zone 3b by the US Department of Agriculture (USDA). 

Tree species include hardwoods like sugar maple, black cherry, paper birch , and American beech. 

Common softwoods include white pine, red pine, Scotch pine, and eastern hemlock. Ground cover 

consists primarily of saplings, various grasses , and forbs.  

Animal spec ies include whitetail deer, eastern grey squirrels ,  and many varieties of songbirds, fish , 

and waterfowl.  

The mine site is surrounded by heavily treed bedrock ridges with interspersed low - lying marsh 

areas. The area is covered by gravel and clay overburden . 

5.5  Physiography  

The ESM project is situated on the north -west flank of the Adirondack Mountains. The ESM mine 

site lies within heavily forested bedrock ridges and interspersed low - lying marsh areas. Elevation at 

the mine site is 710 ft above mean sea level (amsl). Relief throughout the area ranges from 384 ft 

to 1 ,106 ft amsl.  

Various classes of streams drain to the St. Lawrence River. The area contains numerous ponds and 

lakes. Soils vary from loamy sand soil to exposed bedrock.  

5.6  Surface facilities and right s 

The existing operation is located on lands owned or leased by Titan. 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.  

The site facilities have been maintained and the company has re -established surface infrastructure 

including office buildings, shops, mill, headframe, tailings , and ventilation facilities. During the 

start -up of the mine, labour  that was not available locally has been sourced from outside of the 

region. A training program has commenced to provide miner basic training , to establish a source of 

trained local personnel.  
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Figure 5.2 Empi re State Mine aerial view  

 
Source: Titan . 
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6  History  

6.1  Management and ownership  

The ESM operation is wholly owned by SLZ, a subsidiary of Titan. A history of ownership is listed  in 

Table 6.1. 

Star Mountain Resources, Inc. purchased SLZ from Hudbay  in November of 2015.  

On 30 December 2016, Titan US purchased the shares of Balmat Holding Corporation, which in turn 

holds the shares o f SLZ. Titan was a privately  held company which had ESM as its primary asset. 

Titan changed the name of the mine from Balmat to Empire State Mines in February 2017.  

Table 6.1 History of ownership  

Date  Company  Activity  

1915 ï 1987  St. Joe Minerals & Predecessors  Mined Edwards in 1915 and Balmat in 1930 . 

1987 ï 2001  Zinc Corporation of America (ZCA)  Purchased operation and mined through 2001 . 

2003 ï 2015  
OntZinc (renamed Hudbay Minerals Inc. in 
December 2004)  

Purchased ZCA and mined Balmat from 2005 to 2008 . 

2015 ï 2016  Star Mountain Resources Inc.  Purchased SLZ from Hudbay . 

2016 ï Present  Titan Mining (US) Corporation  
Purchased Balmat shares from Star Mountain and 
renamed Balmat mine to ESM . 

Source: SLZ 2018.  

6.2  Exploration history  

In 1838, zinc was discovered in a prospect pit on the Balmat farm which is located near the current 

location of Balmat No. 1 shaft. Further zinc mineralization was discovered in the Balmat -Edwards -

Pierrepont district from road excavations that was developed into the Edwards mine (1908) and 

Hyatt (1917) mine. Gossan was later recognized, and subsequent core drilling defined the Mineral 

Resources of the Balmat No. 2 Mine in 1928. In 1945, surface drilling, down -plunge fr om surface 

showings, intersected the Balmat No. 3 Mine Mineral Resources . A systematic fence -drilling program 

across the Sylvia Lake Syncline (perpendicular to the plunge) discovered the Mineral Resources of 

Balmat No. 4 Mine in 1965. In 1979, the Pierrepo nt mine was discovered while drilling down -plunge 

from geochemical anomalies. Mine development and exploration drilling added significant reserves 

to the Hyatt mine in 1994, and to the Balmat No.4 Mine in 1996, with the expansion of the Mud 

Pond zone. The New Fold and Mahler resources were later discovered in the No. 4 Mine in 1997 and 

2000.  

The Balmat area has had an active mining history for the past 85 years. On average, during the 

period between 1908 (discovery of the Edwards mine) and 1979 (discovery o f the Pierrepont mine), 

a mine was  discovered every 17 to 18 years in the Balmat -Edwards -Pierrepont district.  

6.3  Production history  

Since 1915, six zinc mines have operated in the Balmat -Edwards district, collectively now known as 

Empire State Mines. Zinc was  first produced from the Edwards mine in 1915 and from the Balmat 

No. 2 Mine in 1930. The other mines in the district are the Balmat No. 3, Balmat No. 4, Hyatt, and 

Pierrepont.  

Mines were operated in the district by St. Joe Minerals Corporation (St. Joe Mi nerals) and its 

predecessors from 1915 to 1987. Zinc Corporation of America (ZCA) purchased the mines in 1987 

and operated them until 2001, shutting down the Balmat operations when high grade feed from the 

Pierrepont mine was exhausted. I n September 2003  OntZinc, renamed Hudbay in December 2004, 
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purchased the idle Balmat assets. The Balmat #4 Mine re -opened in 2006 and operated into 2008. 

The mine was placed on care and maintenance in August 2008.  

From 2006 to 2008, Hudbay mined 855,000 t of  mineralization grading 7% zinc from the Davis, 

Mud Pond, Mahler, Fowler, Upper Fowler ,  and New Fold zones.  

The Balmat #2, #3 , and #4 Mines have produced 33.8 million tons (Mt )  at 8.6% Zn since operations 

began in 1930. The greater Balmat -Edwards -Pierrepon t district has produced in excess of 43 Mt of 

9.4% Zinc during the 76 years of operation by St. Joe Minerals and its predecessor companies. This 

is based on the formal reserve estimation  prepared in 2001 by ZCA.  

The existing Balmat mill was constructed in 1971 by St. Joe Minerals and has a nameplate capacity 

of 5,000 t/d. The mill has processed mineralized material from the Hyatt, Pierrepont , and Balmat 

Mines. The Balmat No. 4 shaft is adjacent to the mill and accesses zinc mineralization from the 

1300, 170 0, 2100, 2500 , and 3100 levels. All mine plan tons in this PEA will be hoisted from the 

3100 level of the No. 4 shaft.  

Table 6.2 Gross historical production  by mine  

Mine  Year discovered  Year closed  Tons mined (Mt)  Zinc grade (%)  

No. 2 Mine  1928  1998  17.8  8.7  

No. 3 Mine  1945  1985  5.7  9.4  

No. 4 Mine  1965  2008  10.2  7.9  

Total    33.8  8.6  

Source: SLZ 2018.  

Table 6.3 Recent annual historical production  

Year  Ownership  
Balmat No. 4 Mine  Pierrepont Mine  Concentrate produced  

kt  Zn  %  kt  Zn  %  kt  Zn  %  

1998  ZCA 579  6.7  166  12.8  102  55.5  

1999  ZCA 627  6.5  106  13.5  93  55.4  

2000  ZCA 581  6.1  134  12.1  88  55 .0  

2006  Hudbay  178  6.1  0 0 0 0 

2007  Hudbay  367  7 0 0 38.6  57.2  

2008  Hudbay  310  8 0 0 37.3  57.3  

2018  ESM 187  7.9  0 0 23.9  58.1  

2019  ESM 218  8.3  0 0 29.9  58.7  

Source: SLZ 2018.  

6.4  Historical Mineral Reserves  

A list of most recent Mineral Reserve estimates is presented in Table 6.4. Hudbayôs Reserve 

estimates concluded in 2008, with the 2015 reserves prepared by Star Mountai n Resources. Titan  

is not treating these historic al  estimates as a current Mineral Reserve. The QPs are unaware of the 

methods, parameters or assumptions used to generate these historic estimates and cannot 

comment to their accuracy.  



Empire State Mines 2021 NI 43 - 101 Technical Report (Amended)   

Titan Mining Corporation  720003 
 

amcconsultants.com  45 
 

Table 6.4 Historic al  Mineral Reserves  

Year  
Proven  Probable  Proven and Probable  

Mass (000ôs tons) Zn grade  Mass (000ôs tons) Zn grade  Mass (000ôs tons) Zn grade  

1985  1,159  11.52%  598  9.81%  1,758  10.94%  

2005  686  10.60%  1,023  11.40%  1,709  11.00%  

2006  912  10.10%  1,163  11.40%  2,075  10.80%  

2007  1,000  9.50%  890  10.80%  1,891  10.20%  

2015  152  9.00%  394  9.20%  531  9.20%  

Source: SLZ 1985, Hudbay 2005 -2009, Star Mountain 2015 . 
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7  Geological setting and mineralization  

7.1  Geological setting  

The host rocks  at  ESM were deposited during the mid -Proterozoic era between roughly 1 ,300 to 

1,000 Ma (mega -annum, millions of years before present), near the edge of the North American 

craton. Due to their position near the margin of th is tectonic domain, they were subject to forces 

that, over a billion years, assembled and broke up into two supercontinents  at different times : 

Rodinia in the late Proterozoic, and Pangaea in the late Paleozoic to early Mesozoic. Sulphide  

deposition is int erpreted to have occurred contemporaneously with deposition of the rock units . T he 

originally tabular sulphide  deposits  were intensely deformed and metamorphosed along with their 

host rocks through eons of varying tectonic forces.  The primary mineral of in terest in the district is 

sphalerite.  

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 i n 

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 t erranes. The Canadian Shield was built as 

terranes agglomerated over time (Marshak, Stephen, Essentials of Geology 2009). In Figure 7.1, 

the Canadian Shield is 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 event s 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 200 4). The series of terranes that were accreted during the 

Grenville Orogeny are collectively known as the Grenville Province. The Adirondack Mountains, 

which contain the sulphide  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 ra nges 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 Grenv ille 

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 Gre nville Province contains 

many igneous intrusions of various ages, which have been metamorphosed at varying intensities.  

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 w ould 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 C retaceous. 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 

Fitzge rald, 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 G reat Meteor Hotspot. A narrow strip of Mesoproterozoic bedrock 

called the Frontenac Axis connects a section of the north -western 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 

north -western portion of the Adirondacks, and the Highlands make up the main body of the 

Adirondack Dome. The Highlands and Lowlands are divided by the Carthage -Colton shear zone 

(Mezger, K., van der Pluijm, B. A., Essene, E. J., Halliday, A.N. 1992). The Lowlands have been 

metamorphosed to amphibolite grade, the Highlands to higher granulite grade (McLelland, 

James  M., Selleck, Bruce W., and Bickford, M.E. 2010). ES M is located in the Adirondack Lowlands.  
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The rocks of the Adirondack Lowlands are part of the Grenville Supergroup. The Grenville 

Supergroup is a group of metamorphosed sedimentary terranes that compose a section of the 

Grenville Province known as the Cent ral Metasedimentary Belt (Davidson, A., An Overview of 

Grenville Province Geology, Canadian Shield, in Lucas, S.B. and St -Onge, M.R. 1998). The rocks of 

the Adirondack Lowlands were deposited in the Trans -Adirondack back arc basin prior to final 

accretion of the Grenville Province (Chiarenzelli, Jeff, Kratzmann, David, Selleck, Bruce, deLorraine, 

William 2015). The Adirondack Lowlands have been divided into three stratigraphic formations: the 

Upper Marble Formation, the Popple Hill Gneiss, and the Lower Mar ble Formation. The sulphide 

mineralization is hosted in the Upper Marble Formation.  

The Upper Marble Formation is a sequence of shallow water carbonates consisting of multiple series 

of dolomitized marbles and quartz diopsides with occasional schists and p eriodic occurrences of 

anhydrite. Figure 7.2 shows the mine stratigraphic column which is divided into 16 units.  
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Figure 7.2 Empire State Mines stratigraphic section  

 
Source: SLZ 2018.  
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7.3  Property geology  

As a result of intense tectonism, the Upper Marble Formation is extensively deformed. The 

predominant structure is the Sylvia Lake Syncline, a major south -west to north -east trending fold 

lying between the original Balmat mine and the Edwards mine. Aerial exposure of the Upper Marble 

Formation is limited, and the exposure generally trends along the axis of the syncline. Sphalerite 

mineralization tends to occ ur within axial regions and limbs of local scale folds and faults associated 

with the Sylvia Lake Syncline. In Figure 7.3, the mapped surface expression of the Upper Ma rble 

Formation (hashed area) is shown superimposed on a geologic map of the Adirondack Lowlands. 

The locations of the Balmat, Edwards, and Hyatt mines mark the axial trace of the Sylvia Lake 

Syncline.  

Figure 7.3 Local geologic setting  

 
Source: SLZ 2018.  

The sulphide  deposits 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 experienced during the orogenyôs 

mentioned in Section 7.1 . Extreme contrasts in ductility exist in the Upper Marble Formation, 

ranging from very ductile anhydrite and sulphide  beds to brittle silicious interlayered quartzite and 

diopside.  These rheologic contrasts in the rocks drove complex large (miles) to small (tens of feet) 

scale structural processes during compression. Large scale fold interference patterns resulted in 

broad north -eastern trending arc - like structures that trend with the axial trace of the Sylvia L ake 

Syncline.  Figure 7.4 is a cross section through the Sylvia Lake Syncline which illustrates the extent 

of deformation of the Upper Marble Formation.  
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Figure 7.4 Section through the No. 4 Shaft  

 
Source: SLZ 2018.  

7.4  Mineralization  

The mineralization at ESM has been classified as sedimentary exhalative (Sedex) in origin. The 

composition of the mineralization is unique, composed of primarily massive sphalerite and only 

minor galena and pyrite. 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 property contains 14 known zones of sphalerite mineralization. Three clusters have been defined 

consisting of three to five deposits each. Geometry  of mineralization varies, ranging from tabular to 

podiform and shallow to steeply dipping. 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. Mineralization tends 

to be very  continuous along strike, ranging from 50 ft to 800  ft Plunge - lengths may exceed 6,000  ft. 

Figure 7.5 shows the locations of sphalerite mineralized bodi es currently being considered for 

production.  

There are two mineralization styles recognized in the district. Stratiform high -grade massive 

sphalerite is interpreted as primary mineralization contemporaneous with deposition of the Upper 

Marbles. Discordant  breccia -like ñdurchbewegungò textured sphalerite is considered to be secondary 

and remobilized along brittle -ductile shear zones. Mine geologists conceptualize a 

primary - secondary relationship, where the stratiform mineralization is the primary source and  the 

crosscutting zone, locally called ñdurchò, is the secondary. The structural model suggests that 

secondary resources are formed from sphalerite remobilized during metamorphism. The sphalerite 

migrates along structural conduits laterally from their sour ce. The remobilized zones share similar 

trace element geochemical signatures with the interpreted primary zones. The durch often contains 

significant quantities of occluded wall rock material which imparts a distinctive texture. Previous 

workers have exper ienced exploration success using the structural model, defining four new zones 

in the 1990ôs. 
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The zinc - lead ratio is approximately 35:1 in most mineralized areas. ESM has slightly 

higher - than -average grade for a sediment -hosted lead -zinc deposit. Typical g rades of 

sediment -hosted lead -zinc deposits may average 7.9% Pb and Zn combined. The average grade 

was 8.6% Zn, while the average for the greater Balmat -Edwards zinc district is even higher at 

9.4%  Zn. Galena is characteristic of primary stratiform mineral ization with the secondary deposits 

exhibiting very minor amounts. Mine geologists have hypothesized that intense metamorphism may 

have concentrated the sphalerite, perhaps fractionating zinc sulphide  (sphalerite) from lead and 

silver sulphides  (galena) an d remobilizing them to different locations leading to the high zinc grades 

observed at ESM. Galena and pyrite are occasionally observed within an aureole adjacent to some 

resources concentrated as fine veinlets or disseminations on the order of a few inche s to feet 

particularly within the more brittle lithologies.  

Figure 7.5 Location of zinc mineralized zones  

 
Source: SLZ 2018 . 
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8  Deposit types  

Initially formed in a marine sequence of carbonates and evaporates, the ESM deposits are broadly 

classified as sedimentary exhalative (Sedex) in origin. They were deeply buried, metamorphosed to 

amphibolite grade and strongly deformed during the late Precambrian Grenville Orogen.  

The term Sedex is derived from the words se dimentary and exhalative to denote sedimentary 

exhalative processes. Multiple theories have been suggested for the process of formation of Sedex 

deposits. In a 2009 USGS open - file report, Emsbo set forth a set of criteria for the assessment of 

sedimentary exhalative deposits based on available work. Characteristics of Sedex deposits were 

summarized based on empirical, physiochemical, geologic, and mass balance data. In brief 

summary, Emsboôs synthesis of Sedex deposit data indicates that the deposits are formed by the 

following processes . 

Sedex  deposits are formed in saltwater sedimentary basins within extensional tectonic domains. 

Large volumes of brine must migrate through the basin to generate Sedex deposits. The brines are 

generated by extensive and rapid seawater evaporation on large evapor ative carbonate platforms. 

The brine is denser than sea water, so it sinks. It may infiltrate porous terrigenous basin fill 

sedimentary layers. As it migrates through the terrigenous sediments towards the lowest parts of 

the basin it leaches metals. Temper ature increases as basin depth increases, so the brines heat up. 

When the brine encounters extensional fault surfaces it may migrate up the faults to the basin floor. 

Once exhaled into the basin, brines interact with the distal basin facies rocks, which ar e amenable 

to H 2S generation, which precipitates the metals as zinc and lead sulphide . 

Sedex deposits are formed from brines generated by extensive and rapid seawater evaporation. 

Large evaporative carbonate platform areas are needed to produce the volumes  of brine required 

to form Sedex deposits. Evaporation is rapid in low latitudes and brines are concentrated best in 

confined basins with restricted flow to the open ocean (Emsbo 2009). These evaporative conditions 

are well recorded in the sedimentary reco rd at ESM. The periodic anhydrite beds at ESM, as well as 

the dolomitization of the Upper Marble are indicative of evaporative conditions. A paleolatitude 

reconstruction by Cocks and Torsvik, places the area at a latitude conducive to rapid evaporation 

dur ing the time of deposition (Cocks, L. Robin M. and Torsvik, Trond H. 2005). The rocks were 

deposited in the Trans -Adirondack back arc basin, an extensional environment with restricted flow 

to the open ocean. The carbonate platform represents the sedimentar y basinôs proximal facies 

(Chiarenzelli, Jeff, Kratzmann, David, Selleck, Bruce, deLorraine, William 2015).  

As brines are generated on the evaporative carbonate platform, they begin to sink due to their 

increased density. Sedimentary basins that host Sedex  deposits characteristically have a thick layer 

of coarse clastic syn - rift oxidized terrigenous sediments underlying the evaporites in the 

sedimentary sequence. When the dense brines encounter this layer, the coarse permeable 

terrigenous sediments provide the fluid pathway  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 trans ported 

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 indic ate that large volumes (thousands of km 3) 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 mo st 

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 9,800 ft (3 km )  

depth to generate the required temperatures (Ibid). At ES M, the clastic sequence may be 
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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 t he clastics is difficult to determine because the Grenville 

Supergroup is allocthonous; the rocks have been thrust out of depositional position and extensively 

deformed.  

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 328,000 ft ( 100 km )  in length. Within the bas in, 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 basi n 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 tourma linization. 

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 

sediment ary features that characterize Sedex deposits, and post -depositional deformation has 

overprinted tectonic features.  

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 are 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 (SO 4
2-)  from sea water to ge nerate H 2S. The H 2S 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 H 2S 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.  

The Upper Marble does contain a pyritic schist unit underlying the marble units that contain zinc 

deposi ts. 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 

(SO 4
2-) 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.  
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Figure 8.1 Illustration of the process of formation of Sedex deposits  

 
Source: ESM 2018 . 
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9  Exploration  

Current exploration activities, in the Balmat -Edwards district, include surface exploration drilling, 

digitization of historic exploration and mine data (drill logs, geological mapping, cross sections , and 

mine workings) that are utilized to generate 3D geologic models in Leapfrog, and a surface 

geochemistry sampling program to identify ñblindò deposits using indicator minerals.  Exploration 

activities in the north -west Adirondacks include prioritizing high quality exploration areas, identified 

from the 2013 VTEM survey, followed by field r econnaissance (mapping and sampling). Drill targets 

for the Balmat -Edwards district and the north -west Adirondacks are generated using 3D geologic 

model ling , surface geochemistry data and geophysical surveys and ultimately tested.  

Regional zinc exploration  in the Balmat -Edwards marble belt, as well as the north -west Adirondacks 

resulted in the discovery of  five new mineralized bodies within the last 25 years (three in the Balmat 

mine and two in the Hyatt mine).  

All major resources exist on a trend between t he original Balmat mines and the Pierrepont mine, 

called the Balmat -Pierrepont trend. Resource exploration is divided into three categories: 

near -mine, Balmat -Pierrepont trend, and district wide. Near -mine exploration focuses on developing 

extensions of ex isting resources within the Sylvia Lake Syncline and re -analy zing historic drilling for 

opportunity. Balmat -Pierrepont trend exploration seeks to discover on - trend untested pockets of 

mineralization similar in style to the existing resources between Balmat  and Hyatt. District wide 

exploration has potential to discover a separate yet - to -be discovered trend of mineralization. The 

last three discoveries were all located near -mine in the Sylvia Lake Syncline.  

In 2013, Geotech Ltd. of Aurora, Ontario flew a heli copter borne VTEM (versatile time domain 

electromagnetic) geophysical survey over the Adirondack Lowlands of northern New York on behalf 

of Hudbay. The survey area covered a nominally rectangular area of 47 mi x 22  mi, including the 

greater Balmat mining d istrict.  

Flight lines were flown on 650 - foot line spacing. The geophysical database was forwarded to the 

geological department at ESM for interpretation and anomaly ranking based on correlation of 

observed physical parameters and deposit characteristics. T he interpretative team determined that 

linear anomalies parallel regional structural fabrics and trends, known pyrite - rich stratigraphic units 

were readily detected and that anomalies in massive carbonate sequences are, at best, weakly 

responsive.  

The inte rpretative team also defined the basic ranking criteria to be based on anomalies of deposit  

sized lengths over two or three parallel flight lines. The anomalies themselves should reflect known 

geological characteristics, meaning those in areas of carbonate  and calc -silicate host rocks should 

not be as  responsive as those in pyrite bearing or graphitic sequences. Ten high quality exploration 

areas were identified outside the Balmat mining district.  

Two areas are present within the Balmat district but outside  of the existing mine footprint and eight 

areas lie within the existing mine footprint. Figure 9.1 shows the area covered by the geophysical 

survey and a reas where low resistivity was recorded (Rivard, Stephens, Beaufield Resources 2013).  
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Figure 9.1 Geophysical survey area  

 
Source: SLZ 2018.  
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10  Drilling  

10.1  Drilling summary  

A total of 8,645 diamond drillholes have been completed historically, totaling 3,475,744 ft, as shown 

in Table 10 .1. All known historic drilling was dig itized and incorporated into the digital drillhole 

database in a major update in 2018, so the numbers in this document will be significantly greater 

than earlier reports (JDS 2017). As far as ESM is aware, no additional significant groups of historical 

dri lling remain to be digitized.  

The primary focus of the 2018 ï 2020 drilling programs were to further definition of the New Fold, 

NE Fowler, and #2D resources. Overall, 67 definition holes were drilled in areas with relatively low 

confidence in support of m ine planning.  

Additional drilling was carried out at the historic #1 and #2 Mines, referred to as the Turnpike and 

Hoist House areas, respectively. The purpose of this program was to confirm historic mineralization 

and to define Mineral Reso urces for poten tial open pit mining.  

Table 10 .1 Project drilling by year  

Year  
Surface core  UG core  

Total holes  Total length (ft)  Total length (m)  
Holes  Length (ft)  Holes  Length (ft)  

Pre-ESM 1,650  1,561,591  6,758  1,700,012  8,408  3,261,603  994,137  

2017  9 16,079  16  9,019  25  25,097  7,650  

2018  28  81,353  43  42,129  71  123,482  37,637  

2019  73  39,475  68  26,088  141  65,563  19,984  

Total  1,760  1,698,498  6,885  1,777,247  8,645  3,475,744  1,059,407  

Source: ESM 2020.  
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Figure 10 .1 Map showing the distribution of drilling  by decade  

 
Source: ESM 2020.  

10.2  Drilling procedures  

Drilling at ESM has been exclusively core drilling. The mine owns two Diamec 262 underground drills 

which drill AW size core, which were utilized for the current definition programs. Three contract 

Longyear underground drills that drill BQ size core were u tilized from 2005 -  2008. Cabo was 

contracted to drill underground in 2018 -  2019 and Boart Longyear was contracted for all surface 

programs in 2018 -  2020. Prior to ESMôs 2018 -  2020 surface and underground drill programs, the 

drillhole database contained  4,342 drillholes completed at various times in the projectôs history 

within the Balmat area. ESM has subsequently added 4,050 historic drillholes to the database 
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through the digitization of original log scans. Drilling during 2018 ï 2020 consisted of both  surface 

and underground holes. A total of 128 surface holes and 110 underground holes were drilled in the 

#2 and #4 Mines as well as near the historic No. 1 and No. 2 shafts, with an aggregate total of 

194,755 ft.  

10.3  Core handling and sampling  

Core was handl ed in the following manner by the mine geology department during the most recent 

phase of production. Core was removed from the drill string by the driller and placed in a wax 

impregnated cardboard or plastic core box. Wooden blocks were used to mark the e nds of individual 

core runs. The core was then transported to the surface where geologists logged the core and 

selected and marked the intervals to be prepared for assay samples.  

Surface drill core is transferred from the core barrel to the core box. The c ore is then collected from 

the rig by an ESM core technician and brought to ESMôs core shed where it is photographed, logged,  

and sampled. All core is cut in half, lengthwise, using a diamond saw with a diamond - impregnated 

blade. Typical sample intervals l engths range from 1 - ft to 5 - ft depending on areas of mineralogical 

or geological interest.  

After a sample is cut, one half of the core was returned to the original core box for reference and 

long - term storage. The second half of the core was placed in a pl astic or cloth sample bag, labelled  

with the corresponding sample identification number, along with a sample tag. All sample bags were 

secured with staples or a draw string, weighed and packed in shipping boxes. They are transported 

by UPS courier to ALS M ineralsô laboratory in Sudbury, ON, Canada for sample preparation and then 

to ALSôs lab in Vancouver, BC, Canada for analysis. 

Drillholes are logged directly into the GeoSpark digital database and all assays are imported upon 

receival from the analytical l ab. Drilling conditions in the Upper Marble Formation are generally very 

good, and core recovery is typically excellent. Average core recovery from the most recent drilling 

programs was 97%. Sphalerite mineralization is readily identified , and sample inter vals are chosen 

by trained geological staff. Samples are shipped off - site for analysis by a reputable independent 

assay laboratory . 

10.4  Downhole surveying  

Downhole survey methodology on the property has evolved significantly over the last century as 

industry t echnology changed. The first surface exploration drillholes to develop the Number 2 

resource relied on acid -etch tubes for some form of control, but the bulk of the drilling completed 

in the first half of the 19 th  century have no downhole survey informatio n and holes were assumed 

to be straight. In the mid 1960ôs the Pajari Directional Survey Instrument, aka. Tro-Pari, became 

the primary source of downhole directional data if it was collected at all. The Tro -Pari was used until 

2018. The device is susceptib le to numerous sources of error and as such any hole known to be 

surveyed with the instrument is now considered to be low confidence and flagged as such in the 

database. Surface drilling, since 2017, has exclusively used the REFLEX EZ -SHOT instrument while  

underground drilling has relied on the DeviShot.  

Other than the downhole surveying in the historical drillholes, t he QP are not aware of any issues 

that would negatively impact the accuracy and reliability of drill sample results at ESM . 
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11  Sample  preparation, analyses , and security  

11.1  Historical assaying  

11.1.1  Pre Hudbay and checks  

Prior to the 2003 acquisition of the Property  by Hudbay, all assaying was performed at the ESM 

assay laboratory. Fine pulps from the core drilled between the years 1995 and 2000  were stored at 

the ESM #2 core facility. Pulps were marked with drillhole identification and assay interval.  

Assays from these years were not supported by a defined quality assurance / quality control 

(QA/QC) protocol. Hudbay selected 86 pulps from this p opulation, representing six ESM resource 

areas to test for analytical integrity for the 1995 to 2000 drilling. The pulps were packaged inside 

5 gal buckets along with four certified reference standard samples and shipped to Hudbayôs Flin 

Flon, Manitoba ass ay laboratory for check analyses. The Flin Flon laboratory visually inspected each 

pulp to assess oxidation and preparation effectiveness with particular attention paid to  particle size . 

Zinc assays were completed for each sample.  

The Flin Flon laboratory reported consistently higher results than those obtained by the ESM lab.  

The Flin Flon laboratory reported zinc assays more than 10% higher than the ESM laboratory for 

zinc assays greater than 25%.  The certified reference standards were all within acceptab le limits.  

Figure 11 .1 Hudbay Flin Flon Lab check assays of ESM 1995 to 2000 pulps  

 
Source: SLZ 2018.  
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There are a limited number of check assays performed at Hudbayôs in-house laboratory; these 

indicate that  the ESM assays prior to 2003 may underestimate zinc concentrations.  

11.1.2  Hudbay post - 2005 assaying  

All drillhole core samples from the 2005 to 2010 diamond drilling programs were sent to the ALS 

Chemex Laboratory in Sudbury, Ontario . The QA/QC  program initiated by Hudbay included:  

¶ Insertion of a barren material (Blank) for one in 50 samples . 

¶ Insertion of one in -house reference material for one in 20 samples.  

The materials used as Blanks were sourced from different local material and were not co nsistently 

barren of zinc. There was no evidence of systematic zinc contamination.  

In 2004, Hudbay supplied five different grades of material (grab samples) from the mines in the 

Flin Flon camp that represented the grades encountered at the mines. Ore Rese arch and Exploration 

Pty. Ltd. (OREAS) prepared packets of certified reference materials (CRMs) based on a ñround robinò 

and used the average of assays from eight independent laboratories.  

Table 11 .1 Hudbay QA /QC standards certified by OREAS Hudbay  

 Au (g/t)  Ag (g/t)  Cu (%)  Zn (%)  Pb (%)  Fe (%)  As (%)  

Standard A -4 0.225  4.1  0.423  0.219  0.03  9.24  0.02  

Standard B -4 0.838  11.9  1.02  2.12  0.09  15.06  0.03  

Standard C -4 3.16  19.2  4.5  6.11  0.1  22.2  0.05  

Standard E -4 0.746  12.7  1.17  29.4  0.56  20.6  0.1  

Source: SLZ 2018.  

All standards come finely crushed in foil packages clearly labelled  with the standard type (A -4, B -4, 

C-4, or E -4). These reference materials are no longer in use.  

In 2008, two new CRMs (G -5 and H -5), were prepared by OREAS using sulphide  material from the 

Balmat mine. The CRMs were certified with round robin assaying at 15 laboratories. All of the 

laboratories performed analysis using an aqua regia digest and mostly ICP -OES instrumental 

finishes.  

Table 11 .2 ESM QA/QC certified standards supplied by OREAS June 2008  

 Au (g/t)  Ag (g/t)  Cu (%)  Zn (%)  Pb (%)  Fe (%)  As (%)  

Standard G -5 0.097  3.50  0.060  9.97  0.076  1.49  0.009  

Standard H -5 0.038  3.81  0.043  22.9  0.075  1.59  0.004  

Source: SLZ 2018.  

No check assay data were located from the Hudbay drill programs.  

There is no documentation to suggest that Hudbay found systematic errors for the assays performed 

at ALS, Sudbury . 
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11.2  ESM 2017 assaying  

The 2017 ESM drilling program included 25 drillholes; nine surface drillholes totaling 16,071 ft and 

16 underground drillho les totaling 9,009 ft. A total of 561 samples (148  surface and 413 UG) were 

assayed by ALS Geochemistry (ALS), a laboratory accredited to the ISO/IEC 17025 -2005 standard 

by the Standards Council of Canada.  

The average turnaround time was 21 days from leavi ng ESM to receipt of the results (between 14  to 

36 days).  

Analysis was conducted by ALS (Quote Number ALSM -CE16-125 -LAWZIN). The samples were 

shipped to ALS in Sudbury by either UPS parcel or YRC Freight. A master pulp was prepared at the 

Sudbury preparati on laboratory with a sub -sample of the pulp sent to the ALS in the Vancouver 

laboratory for analysis.  

Samples were prepared and assayed using the same protocols as described for drill core samples 

described for 2018 and 2019.  

Quality assurance samples were submitted into the sample stream in a regular sequence; every 

sample ending in a zero (0) was selected as either a blank, CRM, or core duplicate. A total of 61 

quality assurance samples were submitted consisting of 12 Blanks, 46  CRMôs, and three duplicates. 

The G -5 and H -5 standards prepared by OREAS were utilized for the 2017 to 2019 programs.  

11.3  2018 and 2019 sample preparation and assaying  

A total of 10,541 drill core samples were submitted to ALS Geochemistry between June 2018 and 

December 201 9. The quality control data for these sample submittals are discussed in Section 11.3  

for zinc, lead, copper, silver, gold, and iron.  

11.3.1  Sample preparation and analysis  

For the 2018 to 2020 drilling campaign, sample preparation (crushing and pulverizing) has been 

performed at ALS, an ISO/IEC 17025 accredited lab located in Sudbury, Ontario, Canada. ALS 

prepares a pulp of the sample and a portion (usually 100 grams) is for warded to their laboratory in 

Vancouver, BC, Canada, for analysis.  

All samples  were prepared using ALS Method Core Prep -31  that includes:  

1  Air dry if possible  (max imum  120°C if oven drying is necessary ).  

2  Crush entire sample to at least 70% passing 0.1ò (2 m m ) . 

3  Riffle split 8 oz ( 250 g ) .  

4  Pulverize approximately 8 oz ( 250 g )  to at least  85% passing 75 microns.  

As required , high grade samples are flagged on the ALS submittal form for an extra wash  in sample 

preparation . Crushers and pulverizers are cleaned using  quartz or other barren material after each 

sample  that is flagged as being high grade . 

The analytical methods are summarized in Table 11 .3. 
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Table 11 .3 Summary of assay methods  

Analyte  Method code  Detection limit  Digest  Instrumentation  

35 elements, see below  MEȤICP41  Varies; see below  
0.25  g two Ȥacid: HNO3 + HCl digest 

plus HCl leach  
ICPȤAES 

Au AuȤICP21  0.001 ppm  30 g fire assay  ICPȤAES 

Ag AgȤOG46  1 ppm  0.25  g two Ȥacid: HNO3 + HCl  ICPȤAES 

Pb PbȤOG46  0.00 1%  0.25  g twoȤacid: HNO3 + HCl  ICPȤAES 

Zn  ZnȤOG46  0.00 1%  0.25  g two Ȥacid: HNO3 + HCl  ICPȤAES 

Zn  Zn -VOL50  0.01%  1 g Titration  Titration  

Note: Reference to metric units of g = grammes.  

High grade samples, for silver greater than 100 g/tonne and base metals over 1 percent, are 

analyzed a second time using inductively coupled plasma methods  optimized for high grade samples  

(Method Codes with OG) . The same sample weight and acids are used f or the repeat analysis.  All 

samples in which zinc  is greater than 30% are re - run once more using titration ( Method Code 

Zn -VOL50) and reported in percentage.  

The lower and upper limits for the aqua regia digest method (ME - ICP41) are shown in Table 11 .4. 

Table 11 .4 Upper and lower limits for aqua regia ICP method  

Analyte  Lower limit  Upper limit  An alyte  Lower limit  Upper limit  Analyte  Lower limit  Upper limit  

Ag (ppm)  0.2  100  Fe (%)  0.01  50  S (%)  0.01  10  

Al (%)  0.01  25  Ga (ppm)  10  10 ,000  Sb (ppm)  2 10 ,000  

As (ppm)  2 10 ,000  Hg (ppm)  1 10 ,000  Sc (ppm)  1 10 ,000  

B (ppm)  10  10 ,000  K(%)  0.01  10  Sr (ppm)  1 10 ,000  

Ba (ppm)  10  10 ,000  La (ppm)  10  10 ,000  Th (ppm)  20  10 ,000  

Be (ppm)  0.5  1,000  Mg (%)  0.01  25  Ti (%)  0.01  10  

Bi (ppm)  2 10 ,000  Mn (ppm)  5 50 ,000  Tl (ppm)  10  10 ,000  

Ca (%)  0.01  25  Mo (ppm)  1 10 ,000  U (ppm)  10  10 ,000  

Cd (ppm)  0.5  1,000  Na (%)  0.01  10  V (ppm)  1 10 ,000  

Co (ppm)  1 10 ,000  Ni (ppm)  1 10 ,000  W (ppm)  10  10 ,000  

Cr (ppm)  1 10 ,000  P (ppm)  10  10 ,000  Zn (ppm)  2 10 ,000  

Cu (ppm)  1 10 ,000  Pb (ppm)  2 10 ,000     

11.3.2  Security  

Core is photographed and split in half with one -half retained in a secured facility for verification 

purposes.  

Core and samples are stored in secure shipping containers, owned by ESM, on the mine site located 

in Gouverneur, New York. The on -site storage location also has facilities for core logging, core 

cut ting , and core sampling. Core is stored in wax cardboard boxes and organized in shipping 

containers by drillhole number.  

11.3.3  Quality assurance  /  quality control  

To ensure reliable sample res ults, ESM has a rigorous QA/QC program in place that monitors the 

chain -of -custody of samples and includes the insertion of blanks and CRMs at consistent  intervals 

within each batch of samples.  
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The assays for QA/QC samples are reviewed as certificates are received from the laboratory. Failures 

are identified on a batch basis a nd followed up as required. Quarterly QA/QC reports are prepared 

internally to monitor overall laboratory performance.  

Barren coarse -grained silica blanks were inserted after high grade (visual estimate over 10% zinc) 

samples. Low, medium, and high grade ( with respect to zinc) CRMs were inserted every 20th sample 

by random selection.  

Elevated values for blanks may indicate sources of contamination  in preparation, in the analytical 

procedure (contaminated reagents or test tubes) or sample solution carry -over  during instrumental 

finish. Barren samples were purchased from  Analytical Solutions Ltd. and certified by ALS in 

Vancouver, BC. The source of the material  is carboniferous sedimentary rocks of the Maritimes Basin 

in New Brunswick  from  deposit of nearly pu re silica.  

The threshold levels for blanks are defined in Table 11 .5. 

Table 11 .5 Blank failure threshold  

Blank  Zinc (ppm)  Lead (ppm)  Silver (ppm)  Copper (ppm)  Iron (%)  

Blank (ASL)  400  400  5 400  0.7  

The threshold levels were applied based on observations of past results and understanding of the 

risks to the project. The weight of the blanks is approximately 200 grams  or usually less than 10% 

of the weight of the sample; metal concentrations are enhanc ed in the smaller blank samples 

relative to what would be potentially carried -over in sample preparation to larger drill core samples.  

For the 439 blanks inserted with samples, all silver values were less than 1 ppm and copper values 

were less than 50 ppm.  

There was a total of four cases where lead values exceeded 400 ppm and reported up to 0.057%  Pb.  

Blanks are inserted after samples expected to report more than 10% zinc as well as approximately 

every 20 th  sample. As a result, there were cases of sample cr oss-contamination with 165 out of 

439  cases reporting over 0.04% zinc.  

Figure 11 .2 is the control charts for zinc in blanks. In October to December 2018, there were a 

series of zinc values reporting over 0.04% Zn. The higher values for blanks were consistently found 

to be associated with preceding high grade drill core samples prepared before the blank. Similarly, 

there is a period in January and February 2020 where zinc values in blanks were reporting over 

0.04% zinc.  
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Figure 11 .2 Zinc in blank control chart  

 
Source: Graph generated by Analytical Solutions Ltd. in QC Mine Software.  

The potential for zinc contamination is moderated by ESMôs practice of flagging sulphide - rich 

samples and requesting that the laboratory carry out additional quartz washes at crushing and 

pulverizing stages. Differences of 0.1 to 0.2% Zn within the high gr ade mineralized zones, with over 

5% Zn, is not material for the project and does not constitute a risk.  

When zinc reports over 0.4%, there are also reported cases of iron over 0.7%. The elevated iron 

values are also associated with high mineralized sulphid e- rich zones and, again, do not constitute 

a risk to the project.  

In cases where there appears to be a higher than expected carry -over, repeat assays have been 

requested at ALS. In general ALS responds that the carry -over was less than 1% which is within i ts 

method expectations.  

The results for reference materials are summarized in Table 11 .6. 
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Table 11 .6 Summary tables of results for reference materials  

RM  N 
Outliers 

excluded  
Failures 

excluded  

Zn pct  Observed Zn pct  Percent of 
accepted  Accepted  Std. Dev.  Accepted  Std. Dev.  

OREAS-H5 138  -  2 22.900  1.400  24.803  0.498  108.3%  

OREAS-G5 173  -  -  9.970  0.590  10.333  0.216  103.6%  

OREAS-135  201  1 1 2.800  0.104  2.773  0.061  99.0%  

Total  512     Weighted average  103.1%  
 

RM  N 
Outliers 

excluded  
Failures 

excluded  

Cu ppm  Observed Cu ppm  Percent of 
accepted  Accepted  Std. Dev.  Accepted  Std. Dev.  

OREAS-H5 13 9 -  1 433.0 00  20.000  453.345  14.860  104.7%  

OREAS-G5 173  -  -  601.000  38.000  614.058  18.745  102.2%  

OREAS-135  20 5 1 1 282.000  12.000  284.888  9.146  101.0%  

Total  51 7     Weighted average  102.4%  
 

RM  N 
Outliers 

excluded  
Failures 

excluded  

Pb pct  Observed Pb pct  Percent of 
accepted  Accepted  Std. Dev.  Accepted  Std. Dev.  

OREAS-H5 13 9 -  1 0.075  0.006  0.082  0.003  108.7%  

OREAS-G5 173  -  -  0.076  0.006  0.080  0.003  104.8%  

OREAS-135  183  1 1 1.700  0.062  1.726  0.047  101.6%  

Total  495     Weighted average  104.7%  
 

RM  N 
Outliers 

excluded  
Failures 

excluded  

Ag ppm  Observed Ag ppm  Percent of 
accepted  Accepted  Std. Dev.  Accepted  Std. Dev.  

OREAS-H5 13 7 -  -  3.810  0.510  4.328  0.213  113.6%  

OREAS-G5 166  -  -  3.500  0.550  3.787  0.179  108.2%  

OREAS-135  199  -  -  54.900  2.170  55.069  4.014  100.3%  

Total  5 02     Weighted average  106.5%  
 

RM  N 
Outliers 

excluded  
Failures 

excluded  

Fe pct  Observed Fe pct  Percent of 
accepted  Accepted  Std. Dev.  Accepted  Std. Dev.  

OREAS-H5 140  -  -  1.590  0.100  1.587  0.052  99.8%  

OREAS-G5 173  -  -  1.490  0.090  1.473  0.042  98.8%  

OREAS-135  204  1 2 9.130  0.376  8.834  0.249  96.8%  

Total  517     Weighted average  98.3%  

An Outlier is defined as being outside five standard deviations from the accepted value. These are 

cases that are most likely sample mis - labels. Failures are defined as lying outside ± three standard 

deviations from the accepted values. There is a very low failure rate for reference materials in the 

database primarily quality control failures were followed up with requests  for repeat assays. The 

fewer than 1% of the reference material insertions resulted in requests for repeat assays.  

ALS performed well for all five metals for reference material ORE -135 prepared by OREAS. ORE -135 

is a commercially available reference materi al created in 2017 and analyzed by 24 recognized 

laboratories.  

The reference materials G -5 and H -5 tend to report 2 to 8% higher for zinc, copper , and lead than 

the accepted values. These materials were also prepared by OREAS. but were prepared in 2008 and  

analyzed at 15 laboratories. Figure 11 .3 is a control chart for the reference material H -5 that is 

included in the certificate.  
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Figure 11 .3 Analytical results for Zn in H -5 

 
Source: Certificate of Analysis for Standard H -5 prepared by O REAS. 

All of the laboratories were instructed to use an aqua regia digest for the analyses. The aqua regia 

digestion is not app lied consistently at all laboratories. This often results in discrepancies for base 

metal assays between laboratories. This is evident from the collaborative study (round robin) for 

reference material H -5. For example, three SGS laboratories (Lakefield, Bo oysens, and Perth), 

ACME, and OMAC all report zinc values around 24%. The remaining laboratories tend to report lower 

with Genanalysis, for example, reporting an average value of 20.1% Zn.  

The apparent high bias for zinc values in reference materials H -5 a nd G -5 may be attributable to 

differences in digestions between laboratories and difficulties in defining accepted values for these 

methods. The assumption that differences may be due to the relative strength of digestions is 

compelling because the other e lements determined on the same digest (copper, lead, and silver) 

also tend to show a high bias.  

Figure 11 .4 shows that the zinc results reported for G -5, for example, h ave been consistent and 

reported within a narrow range.  
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Figure 11 .4 Control chart for zinc in reference material G -5 

 
Source:  Graph generated by Analytical Solutions Ltd. in QC Mine Software.  

Data for routin e pulp duplicates and preparation duplicates were retrieved from ALS Geochemistry.  

ALS Geochemistry includes pulp duplicates routinely to monitor itsô internal quality control. There 

was a total of 348 pulp duplicates recovered. For zinc, copper, lead, and iron pulp duplicates, over 

ten times the detection limit, the precision is 5 to 7% . An example of the comparison of pulp 

duplicates is shown in Figure 11 .5 for zinc. Over - range duplicates were not provided but are 

expected to have similar precision.  
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Figure 11 .5 Comparison of pulp duplicates for zinc  

 
Source: Graph generated by Analytical Solutions Ltd.  

The precision for s ilv er results, greater than 5 ppm, for pulp duplicates is 10% based on 

116  duplicate pairs. The precision for silver is not as good as for the base metals primarily as 

expected for the analytical method.  

ALS Geochemistry includes preparation duplicates (a second 250 gram split of the crushed sample) 

routinely to monitor itsô internal quality control. There was a total of 348 preparation duplicates 

recovered. For zinc, copper, lead, and iron pulp duplicates, over ten times the detection limit, 

duplicate assays generally repeat within ±20%. An example of the comparison of preparatio n 

duplicates is shown in Figure 11 .6 for zinc. There were 18 cases of over - range duplicates for zinc 

(greater than 1%) that were not provided but are expected to have si milar precision or better 

precision.  
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Figure 11 .6 Comparison of preparation duplicates for Zinc  

 
Source: Graph generated by Analytical Solutions Ltd.  

The precision for copper, lead, silver, and iron preparati on duplicates is similar to that for iron.  

There were no check assays reported for the period.  

It is the opinion of the author that the sample preparation, security, analytical procedures, and 

quality control practices meet or exceed industry standards and  are, therefore, acceptable for the 

estimation of Mineral Resources.  
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12  Data  verification  

12.1  Verifications in previous Technical Reports  

The QPs reviewed the drillhole data set provided which  at the time  consisted of 4,317  holes from 

which a subset of 633 were used for the previous  Mineral Res ourc e estimate. The assay data was 

reviewed for all available holes, representing about 95% of the data. Assay values from  the database 

were verified by correlation with original assay certificates and by review of QA/QC  procedures and 

results.  

SLZ personnel provided the ESM digital database and some of the corresponding  raw data files 

(source data) for the verification . I ndependent consultant geologists, Kim Tyler P.Geo . and Brett 

Armst rong, were retained by SLZ to work with site staff to clean the resource databases of  errors 

and review the sampling data prior to delivery. The authors reviewed all relevant data  and 

recommended corrections and additions prior to preparing the Mineral Resource estimate.  

Values were compared for direct correlation, record -by - record, between the original source data 

and  the database. The intent of the data validation was to demonstrate a positive correlation 

between  source data and the database covering the data, which establishes reasonable confidence 

in the  data for use in the Mineral Reserve estimate.  

Data categories reviewed include:  

¶ Collar locations:  Raw collar survey reports were sometimes not available on the written logs; 

however, the site surveyor wa s able to provide survey verification from his files. Collar survey 

data was manually recorded on geology logs for most of the holes, and that data was compared 

to the collar file in the database. The data recorded on the geology logs appears to be 

approxi mate location, not surveyed location, as most are recorded as whole numbers. 

Wherever noted, collar entries were corrected. The only notable instances of this were in 

selected very old holes (1920ôs) where typographical errors were noted in the database in 

comparison to the logs. None of these were relevant to the model areas.  

¶ Downhole surveys:  Raw downhole survey reports were unavailable for some historical holes 

prior to the 1960ôs. These collars would have been surveyed for drill orientation and Survey 

data was manually recorded on geology logs under the header ñTro-Pari surveyò. The Tro-Pari 

records were compared to the survey file in the database. These tended to match, but the 

authors observed occasional instances of rounding the depth record to the ne arest five feet or 

dropping a decimal from the dip or azimuth record. Corrections were made as required.  

¶ Lithology:  Scanned paper geological logs were provided, however the database used for the 

resource estimate did not include a geology field, so a revie w was not performed.  

¶ Sample intervals:  Sample intervals were written on sample bags and recorded by the assay 

laboratory as part of the sample ID. The intervals on the assay certificates were compared to 

intervals in the assay field of the database. Three mismatches were identified. These were 

compared to the geology logs, and it was determined that the assay laboratory made a 

recording error, and the database value was correct.  

¶ Assays:  Original ALS Chemex assay result certificates in digital format for lat er years 2005 

to 2009 were compared with the database. Mismatches were noted. It appears that the 

database was not maintained and checked digitally prior to or following mine closure, an error 

rate of 1.7% was identified, whereby 45 errors were found withi n a dataset of 2,683 assays. 

All errors noted were corrected prior to resource modelling. SLZ consultant geologists 

compared assay values in the database to original drill logs and assay certificates to rectify 

obvious errors. Of note were that the holes 1 996 -F to 2001 -F had óvisualô grade estimates only 

as the original samples were lost during shipment to the lab. Those holes were adjusted to 

show as not sampled (NS) and not used for estimation purposes. In 2018 ESM geologists 
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thoroughly audited the assay database for additional óvisualô grade estimates and purged 

records as necessary for recoding as ñno sampleò. 

12.2  Verifications by the authors of this Technical Report  

ESM staff continually validate collar locations, downhole surveys, assay values, assay intervals, and 

geologic logging as new data is appended to the database. Drillhole information used in the resource 

models are checked against their original source, which is typically typed geologic paper logs for 

drilling conducted prior to 2017.  

Staff a lso followed up on the observation of visual zinc grade estimates in the assay table by broadly 

sorting and searching the assay table for suspicious values. Values considered suspicious were 

integer values with no accompanying Fe, Pb, or Cu value. Once fla gged, these values were then 

compared against the geologic log, and removed from the assay table if confirmed as a visual 

estimate. The impact to the database was minimal and outside the scope of the resources being 

considered for production in this report .  

12.3  Limitations  

Neither SRK nor ESM has completed a 100% validation of the entire database to original source 

data. Focus has been placed in the previous five years on those portions of the database relevant 

to the public disclosure.  

12.4  Adequacy  

The current and  historical verification of these data sets has shown minor inconsistencies to source 

data, with uncertainty in the type or generation of data dealt with using classification of the Mineral 

Resource. SRK is of the opinion that the verification process is a ppropriate, and that the drilling 

database is adequate for the purposes of Mineral Resource estimation.  
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13  Mineral processing  and metallurgical testing  

Empire State Mines is a currently operating mine , processing underground mineralization  to produce 

zinc concentrate. They have recently discovered two new zones of near -surface mineralization near 

the existing operation. Metallurgical test work was undertaken on the samples from the new zones 

to determine the process flowsheet for treating t hem to produce both lead  /  silver and zinc 

concentrates.  

13.1  Metallurgical test work at Resource Development Inc. (RDi)  

The primary objective of the test work undertaken at RDi in 2020 was to determine if the 

mineralization  from the Turnpike and Hoist House pr ospects can be processed in the existing circuit 

with minor modifications to produce both lead and zinc concentrates.  

Approximately 121 lbs (55 kgs )  of each sample, some half core samples and existing mill feed 

samples w ere  sent to RDi for metallurgical te st work which consisted of Bondôs Mill Work Index and 

abrasion index determination and flotation test work. Reagents, currently employed in the milling 

circuit at the mine, were also sent for the study.  

13.1.1  Sample preparation and characterization  

Turnpike and Hoist House half core samples received for comminution testing were crushed to minus 

3/4 inch and submitted for Bond Abrasion Index testing. The comminution samples were then 

crushed to P 100  passing 6 mesh for Bond Ball Mill Work Index  (BWi)  testing. A cur rent mill feed 

sample was also received for comminution testing for comparison purposes.  

The metallurgical composite samples were crushed to P 100  passing 6 mesh, blended, and split into  

2.2 lb ( 1 kg )  charges for  testing. A representative sample of each com posite was pulverized and 

submitted for head analysis. A summary of the assay results is given in Table 13 .1. 

The composite samples contained significant levels of zinc and sulphide sulphur. The Turnpike 

composite assayed 4.04% Zn and 5.4% S sul ph ide , while the Hoist House assayed 2.86% Zn and 5.2% 

Ssulphide . The Turnpike sample contains more lead and silver than t he Hoist House sample (1.97% 

Pb and 20.2 g/ tonne  Ag compared to 0.36% Pb and 11.7 g/ tonne  Ag). Both samples contained trace 

amounts of gold.  
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Table 13 .1 Head analyses of composite samples including ICP  

Element  Turnpike  Hoist House  

Au, g/t onne  0.022  0.010  

Ag, g/ tonne  20.2  11.7  

Sulphide S %  5.37  5.22  

Sulphate S %  3.74  2.38  

Total S %  9.11  7.60  

%  

Al 0.17  0.48  

Ca 15.58  12.83  

Fe 7.02  6.32  

K 0.09  0.36  

Mg 6.57  8.50  

Na 0.07  0.28  

Pb 1.97  0.36  

Ti 0.01  0.04  

Zn  4.04  2.86  

ppm  

As 38  148  

Ba 143  323  

Bi <10  <10  

Cd 98  61  

Co 1 5 

Cr 97  85  

Cu 46  127  

Mn 1,180  1,811  

Mo 2 6 

Ni 6 7 

Sr 167  352  

V 3 20  

W 226  152  

13.1.2  Bond's Ball Mill Work Index  /  Bond Abrasion Index  

Bond's BWi  was determined for the Turnpike, Hoist House , and Rod Mill Feed samples at a closed 

size of 100 mesh (150 microns). In addition, samples were submitted for Bond Abrasion Index 

testing. The comminution results are summarized in Table 13 .2. The results indicate that the 

samples would be considered medium hardness and low abrasion. The Turnpike and Hoist House 

mineralization  are slightly harder than the currently processed underground mineralization . 

Table 13 .2 Bondôs Ball Mill Work Index 

Sample  BWi (kWh/st)  Ai  

Turnpike  11.93  0.0346  

Hoist House  12.11  0.0687  

Rod Mill feed  10.03  0.0723  
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13.1.3  Rougher flotation testing  

Initial rougher flotation tests were completed with 1 -kilogram charges of each composite sample. 

Testing utilized a sequential flotation approach to produce separate lead and zinc concentrates. The 

primary grind was varied between P 80  65 mesh and P 80  100 mesh. Rea gent types and dosages 

employed in these tests were the ones currently used in the plant. The samples were ground with 

sodium sulphide. The zinc was depressed with a combination of sodium cyanide and zinc sulphate 

while the lead was floated. Aerophine 3418 A promoter was used to collect the lead and silver 

minerals. Additional tests were completed with Aerofloat 31 promoter to determine if lead  /  silver 

recovery could be increased. After the lead flotation, zinc was activated with copper sulphate and 

then co llected with Aero 5100 promoter. All test products were submitted for assay of silver, lead, 

and zinc. The sequential flotation results are summarized in Table 13 .3 and Table 13 .4. 

Table 13 .3 Sequential rougher flotation results -  Turnpike  

Product  

Recovery %  Product grade  

Wt  Ag  Pb  Zn  
Ag 

(g/ tonne )  
Pb (%)  Zn (%)  

FT-1 (65 mesh, Standard Reagents)  

Pb Rougher  Concentrate  13.7  72.7  91.8  10.1  106  13.35  3.05  

Zn Rougher Concentrate  10.2  18.5  2.1  86.4  36.4  0.41  35.05  

Rougher  Tail  76.1  8.7  6.1  3.5  2.3  0.16  0.19  

Calculated  Feed 100  100  100  100  20.0  2.00  4.15  

FT-2 (100 mesh, Standard Reagents)  

Pb Rougher Concentrate  14.0  72.2  91.6  9.9  106  11.57  2.84  

Zn Rougher Concentrate  11.2  19.0  2.4  86.9  35.1  0.39  31.25  

Rougher  Tail  74.9  8.7  5.9  3.2  2.4  0.14  0.17  

Calculated  Feed 100  100  100  100  20.6  1.76  4.01  

FT-5 (65 mesh, AP31 Collector)  

Pb Rougher Concentrate  10.9  69.1  88.5  6.6  126  14.04  2.54  

Zn Rougher Concentrate  12.3  21.7  4.0  89.8  35.1  0.57  30.71  

Rougher  Tail  76.7  9.2  7.5  3.6  2.4  0.17  0.20  

Calculated  Feed 100  100  100  100  20.0  1.74  4.22  

Table 13 .4 Sequential rougher flotation results -  Hoist House  

Product  

Recovery %  Product grade  

Wt.  Ag  Pb  Zn  
Ag 

(g/ tonne )  
Pb (%)  Zn (%)  

FT-3 (65 mesh, Standard Reagents)  

Pb Rougher Concentrate  11.0  32.2  81.7  9.3  24.3  2.77  2.51  

Zn Rougher Concentrate  8.5  38.7  5.2  87.2  37.7  0.23  30.49  

Rougher Tail  80.5  29.2  13.0  3.5  3.0  0.06  0.13  

Calculated Feed  100  100  100  100  8.3  0.37  2.97  

FT-4 (100 mesh, Standard Reagents)  

Pb Rougher Concentrate  12.3  33.4  83.9  8.9  21.4  2.38  2.14  

Zn Rougher Concentrate  8.6  39.5  4.8  88.2  36.3  0.20  30.38  

Rougher Tail  79.1  27.0  11.3  2.9  2.7  0.05  0.11  

Calculated Feed  100  100  100  100  7.9  0.35  2.96  

FT-6 (65 mesh, AP31 Collector)  

Pb Rougher Concentrate  11.5  33.7  80.5  9.9  21.7  2.46  2.57  

Zn Rougher Concentrate  8.7  43.5  5.8  86.8  33.9  0.23  29.65  

Rougher Tail  79.9  22.7  13.7  3.2  2.1  0.06  0.12  

Calculated Feed  100  100  100  100  7.4  0.35  2.97  
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The scoping level rougher flotation test results indicated the following:  

¶ The sequential flotation approach floated over 80% of the lead and zinc into their respective 

concentrates. Approximately 73% of the silver and 92% of the lead reported to the rougher 

lead concentrate of the Turnpike sample. Maximu m lead rougher concentrate grade was 

13.35% Pb. The lower lead and silver grade Hoist House sample recovered approximately 33% 

of the silver and 83% of the lead in the lead rougher concentrate. The rougher concentrate 

grades were lower due to the lower hea d grade at approximately 22 g/ tonne  Ag and 2.7% Pb. 

Zinc recovery to the zinc concentrate was similar for both samples, averaging approximately 

87% with grades of over 30% Zn.  

¶ Grinding the samples finer to P 80  100 mesh did not significantly improve metal r ecovery or 

grade. The use of Aerofloat 31 did not provide better results than Aeropine 3418A.  

13.1.4  Cleaner flotation testing  

Initial cleaner flotation tests were completed with lead and zinc rougher concentrates produced from 

each composite sample. Testing util ized three stages of cleaners for the lead flotation and two 

stages of cleaners for the zinc flotation. The lead rougher concentrate was cleaned with and without 

regrind prior to flotation. The zinc rougher was not reground prior to cleaner flotation. The reagent 

types and dosages were kept similar to the rougher flotation process. All test products were 

submitted for assay of silver, lead, and zinc. The cleaner flotation results are summarized in Table 

13 .5 and Table 13 .6. 

Table 13 .5 Cleaner flotation results -  Turnpike  

Product  

Recovery %  Product grade  

Wt.  Ag  Pb  Zn  
Ag 

(g/t onne )  
Pb (%)  Zn (%)  

FT-7a (Lead Cleaner without Regrind)  

Pb Cleaner 3 Conc  14.3  66.5  92.2  8.5  438  56.1  2.08  

Pb Cleaner 2 Conc  16.7  68.3  98.1  9.6  385  51.1  2.01  

Pb Cleaner 1 Conc  19.2  72.6  98.1  9.7  356  44.4  1.76  

Rougher Conc  100  100  100  100  94  8.71  3.50  

FT-7b (Lead Cleaner with Regrind)  

Pb Cleaner 3 Conc  14.8  61.0  78.9  12.5  442  56.6  1.26  

Pb Cleaner 2 Conc  18.4  67.2  87.0  17.1  392  50.3  1.39  

Pb Cleaner 1 Conc  22.9  70.7  87.2  24.2  332  40.6  1.58  

Rougher Conc  100  100  100  100  108  10.7  1.50  

FT-7c (Zinc Cleaner without Regrind)  

Zn Cleaner 2 Conc  55.8  76.0  43.1  92.0  34.5  0.23  37.9  

Zn Cleaner 1 Conc  65.7  83.2  57.3  96.9  32.0  0.26  33.9  

Rougher Conc  100  100  100  100  25.3  0.30  23.0  
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Table 13 .6 Cleaner flotation results -  Hoist House  

Product  

Recovery %  Product grade  

Wt.  Ag  Pb  Zn  
Ag 

(g/t onne )  
Pb (%)  Zn (%)  

FT-8a (Lead Cleaner without Regrind)  

Pb Cleaner 3 Conc  8.1  39.2  64.6  3.4  126  19.2  1.62  

Pb Cleaner 2 Conc  17.2  67.5  86.0  12.4  103  12.1  2.81  

Pb Cleaner 1 Conc  26.5  73.1  86.7  12.9  72.2  7.93  1.90  

Rougher Conc  100  100  100  100  26.2  2.42  3.89  

FT-8b (Lead Cleaner with Regrind)  

Pb Cleaner 3 Conc  10.3  55.6  21.6  7.4  142  23.7  1.32  

Pb Cleaner 2 Conc  17.7  65.5  24.9  15.7  97.4  15.9  1.63  

Pb Cleaner 1 Conc  25.6  70.6  28.2  30.0  72.5  12.5  2.16  

Rougher Conc  100  100  100  100  26.3  11.3  1.84  

FT-8c (Zinc Cleaner without Regrind)  

Zn Cleaner 2 Conc  64.8  83.6  12.6  95.0  37.7  0.22  35.9  

Zn Cleaner 1 Conc  69.8  87.0  13.7  96.5  36.4  0.22  33.8  

Rougher Conc  100  100  100  100  29.2  1.13  24.5  

The scoping level open -circuit cleaner flotation test results indicate the following:  

¶ Lead cleaner flotation tests with the Turnpike rougher concentrate produced lead grades 

ranging from 40.6% Pb to 56.1% Pb with one to three stages of cleaning. Lead  recovery 

ranged from 92.2% to 98.1% without regrind. In addition, silver recovery ranged from 66.5% 

to 72.6%. Two stages of lead cleaners are sufficient to produce a ±50% Pb concentrate.  

¶ Lead cleaner flotation tests with the Hoist House rougher concentrat e produced lead grades 

ranging from 7.9% Pb to 23.7% Pb with one to three stages of cleaning. Lead recovery ranged 

from 64.6% to 86.7% without regrind. In addition, silver recovery ranged from 39.2% to 

73.1%.  

¶ The zinc cleaner results were similar for both composite samples. Two stages of cleaners 

produced a zinc concentrate grade of 35.9% Zn at 95.0% recovery for the Hoist House 

composite, and 37.9% Zn at 92.0% recovery for the Turnpike composite.  

¶ Regrind of the lead rougher concentrate did not significantl y improve lead cleaner concentrate 

grades and was detrimental to lead recovery.  

13.1.5  Conclusions  

The following conclusions can be drawn based on the scoping level study undertaken by RDi:  

¶ The recently discovered prospects can be processed using sequential flotation process to 

produce separate lead and zinc concentrate.  

¶ The mineralization  from Turnpike  and Hoist House prospects are slightly harder than the 

current mineralization  being processed in the plant.  

¶ The lead recovery and concentrate grade are dependent on the feed grade of the 

mineralization . The higher the feed grade, the higher the final conc entrate recovery and grade.  

¶ Due to the low feed lead grade, one would require a large amount of mineralization  to run a 

locked -cycle test. Since limited mineralization  was available, the optimization can be done 

once new flotation cells for lead circuit ar e incorporated into the flowsheet.  
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13.2  Projected lead recovery and process flowsheet  

The author has projected the lead recovery in the final concentrate based on extensive polymetallic 

processing experience and reasonable assumptions.  

The following recovery an d concentrate grade are projected based on scoping level test work:  

¶ The lead rougher recovery will be ±92% at a concentrate grade of ±10% Pb as long as the 

feed grade is higher than 1% Pb.  

¶ Two stages of cleaners are sufficient for production of lead concen trate assaying ±50% Pb. 

The lead concentrate will assay 350 g/t onne  to 450 g/t onne  Ag. However, if the feed grade is 

lower than 1% Pb, three to four stages of cleaners may be needed to produce 

marketable -grade lead concentrate.  

¶ The cleaner flotation circui t will recover ±95% of lead recovered in the rougher flotation stage. 

Hence, the overall recovery of lead is projected to be 80% to 85%.  

¶ The zinc recovery will be similar to that obtained with the underground mineralization . 

Additional test work should be undertaken with the projected blend of underground mineralization  

and near -surface mineralization  to determine the lead concentrate recovery and grade in the 

proposed process flowsheet.  

13.3  Underground 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 test s 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, p erformed 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 result s.  

The metallurgical testing and operational results from 2006 to 2008 supported 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 fro m 2005 to 2008. Current process plant 

recovery reflects the underground test work, with assumptions for the economic assessment of 96% 

Zn recovery with a zinc concentrate grade of 58%.  
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14  Mineral Resource  estimates  

This section of the report describes the pre paration and creation of the geologic and grade block 

model for the ESM deposits. A representation of the geological interpretation is constructed by 

assigning geologic zones to small space - filling rectangular blocks within a larger rectangular volume 

(the  block model). Grades are assigned to the blocks from the drillhole samples or composites, and 

the blocks within the block model are tabulated at various cut -off grades (COG). Due to the nature 

and geometry of the deposit, not all blocks have the same degr ee of certainty in their grade 

assignment, nor mining potential; therefore, a classification of certainty is assigned. Tabulated 

grade and tonnage results segregated by confidence levels are the final product of this effort.  

ESM is comprised of multiple de posits in and around Fowler, NY. There are ten deposits currently 

considered as viable economic targets; American, Cal Marble, Davis, Fowler, Mahler, Mud Pond, 

N2D, Northeast Fowler, New Fold , and Sylvia Lake. Historic mining at these locations has provide d 

a good geological understanding of each, with supporting mapping, sampling , and drilling data.  

This Mineral Resou rce report has been created through a collaboration between ESM and SRK and 

has been prepared under the Canadian NI 43 -101 guidelines. A comprehensive re -modelling effort 

was undertaken by ESM in 2018 using Leapfrog Geo for all geological models. Mining and grade 

control experience by ESM geologists have supported that the implicit modelling of the mineralized 

zones as veins i n Leapfrog Geo results in more accurate  geological wireframes.  

14.1  Drillhole database  

The drillhole database was provided to SRK through the current Vulcan projects for each zone. 

Assays and associated composites were extracted from drillholes that were used in estimation, of 

which there were 1,622 in total. The number of drillholes used fo r each zone is listed in Table 14 .1. 

Due to active drilling being implemented while each individual deposit model was created and 

updated, each of these databases are s lightly different from the others. The ultimate data for each 

project was finalized on the effective date of the report.  

This data has been continually checked for errors by ESM geologists and any errors that have been 

discovered were corrected in real tim e. Beyond checking for data loss in compositing, SRK did not 

independently validate the drilling database as part of the current scope of work  but has relied on 

a review of ESMôs verification work as summarized in Section 12  of this report . SRK notes that t here 

are historic drill holes with uncertainty in survey or analytical methodology as well as other drillholes 

that are drilled at poor angles to the relevant geolog ical zone which are not ideal for use in 

estimation. These drillholes were  locally necessary to model the geology and , in certain cases , were 

used for estimation. The low confidence in these particular drillholes is addressed in the classification 

of the r esource.  ESM noted in their verification work that they did remove samples or entire holes 

from the database if there was insufficient confidence for their use in driving interpretation or grade 

assumptions.  

The complete database for ESM consists of 8,678 surface or UG core holes. There are 68 sets of 

channel samples, 1,728 surface core holes, 6,872 UG core holes and 10 core holes identified as 

other (including monitoring wells). Smaller subsets of this database were used for geologic 

modelling and  /  or est imation on a lithological unit basis. Each lithological group was modelled 

separately in isolated geological and estimation projects.  



Empire State Mines 2021 NI 43 - 101 Technical Report (Amended)   

Titan Mining Corporation  720003 
 

amcconsultants.com  81 
 

Table 14 .1 Core holes used in estimation of each zone  

Zone  Number of core h oles used  

American  43  

Cal Marble  26  

Davis  45  

Fowler  16  

Mahler  245  

Mud Pond  282  

N2D  148  

New Fold  57  

Northeast Fowler  25  

Sylvia Lake  89  

Source: SRK 2020.  

14.2  Geological model  

The ten deposit zones were defined and modelled by ESM geologists. Each one is comprised of 

multiple veins designating variably oriented and spatially -distinct mineralized zones which were 

modelled using combinations of explicit and implicit methods. Detai led descriptions of the geology 

of these areas are noted in previous sections of this report. Input data for these models are based 

on drilling intercepts and years of surface and underground mapping. Some wireframes for these 

zones were modelled using GEM S software from 2008 -  2017 and have subsequently been modified 

as new information has become available and modelling software has changed ( Table 14 .2). All new 

geologic al modelling in 2019 -  2020 was conducted in Leapfrog Geo. Each zone has been analyzed 

and divided where appropriate to facilitate a more accurate estimation of grade. SRK notes that, in 

some cases, this has resulted in splitting of domains based on morpho logy or orientation for the 

purposes of estimation. Mud Pond has been separated into a main zone and an upper Apron lens of 

mineralization as well, but for the purposes of this report will be discussed collective as Mud Pond. 

Location and volume of each is  demonstrated below in Figure 14 .1 and Table 14 .2. 

Table 14 .2 Update periods for geological modelling  

Zone  Years modelled and updated  

American  2019  

Cal Marble  2009, 2017, 2019  

Davis  2017, 2019  

Fowler  2019  

Mahler  2009, 2017, 2019  

Mud Pond  2008, 2009, 2017, 2019  

N2D  2019  

New Fold  2009, 2017, 2020  

Northeast Fowler  2017, 2019  

Sylvia Lake  2017, 2019  

Source: ESM 2020.  
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Figure 14 .1 Locations of each zone  

 
Source: SRK 2020.  

Table 14 .3 Core holes used in estimation of each zone  

Zone  Volume (ft 3)  

American  4,585 ,996  

Cal Marble  6,420 ,100  

Davis  4,982 ,555  

Fowler  3,372 ,746  

Mahler  22 ,479 ,565  

Mud Pond  17 ,014 ,250  

N2D  37 ,170 ,697  

New Fold  10 ,615 ,213  

Northeast Fowler  6,852 ,584  

Sylvia Lake  10,997,333  

Source: SRK 2020.  
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14.3  Assay capping and compositing  

14.3.1  Outliers  

Neither assays nor composites were capped. However, higher -grade outlier samples were limited 

when necessary within grade estimation. The high -yield limit restrictions are listed below in Table 

14 .4. The High Yield Limit is the zinc (Zn) percent value limit and the High Yield Distance is the 

distance from the estimated block allowed for full unrestricted values. Beyond the distance specified, 

composite grades are still us ed but at the truncated high -yield value.  

Table 14 .4 High yield limits and distances for grade truncation, bypass, and zone  

 Area  Pass  High yield limit (%)  High yield distance (ft)  

American  ALL 1 19  50  

Cal Marble  ALL 1 -  -  

Cal Marble  ALL 2 -  -  

Davis  DAU 1 20  50  

Davis  DAM 1 20  50  

Davis  DAL 1 10  50  

Fowler  ALL 1 -  -  

Fowler  ALL 2 -  -  

Mahler  MAM1 1 40  25  

Mahler  MAM2 1 -  -  

Mahler  MAM2 2 40  25  

Mahler  MAM2 3 40  25  

Mahler  MAM3 1 -  -  

Mahler  MWD1  1 -  -  

Mahler  MWD2  1 -  -  

Mahler  MWD2  2 -  -  

Mahler  MWD3  1 45  50  

Mahler  MWD4  1 -  -  

Mud Pond  10  1 -  -  

Mud Pond  10  2 -  -  

Mud Pond  11  1 -  -  

Mud Pond  20  1 -  -  

Mud Pond  20  2 -  -  

Mud Pond  22  1 -  -  

Mud Pond  23  1 -  -  

Mud Pond  24  1 -  -  

Mud Pond  25  1 -  -  

Mud Pond  26  1 -  -  

Mud Pond  29  1 -  -  

Mud Pond  99  1 -  -  

N2D  V1 1 -  -  

N2D  V2 1 -  -  

N2D  V3 1 -  -  

N2D  V4 1 -  -  

N2D  V6 1 -  -  

N2D  V8 1 -  -  

N2D  V10  1 -  -  
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 Area  Pass  High yield limit (%)  High yield distance (ft)  

N2D  V99  1 -  -  

N2D  V99  2 -  -  

N2D  V99  3 -  -  

N2D  V99  4 -  -  

N2D  V99  5 -  -  

N2D  V99  6 -  -  

N2D  V99  7 -  -  

New Fold  NF1 1 25  25  

New Fold  NF2 1 -  -  

New Fold  NF3 1 25  25  

New Fold  NF5 1 -  -  

New Fold  NF6 1 -  -  

New Fold  NF7 1 -  -  

North East Fowler  ALL 1 30  50  

Sylvia Lake  SLM1S 1 12  150  

Sylvia Lake  SLM2S 2 12  300  

Sylvia Lake  SLM1N 1 -  -  

Sylvia Lake  SLM2N 2 -  -  

Sylvia Lake  SLN 1 -  -  

Sylvia Lake  SLN 2 -  -  

Source: SRK 2020.  

14.3.2  Compositing  

Composites were created using a variety of methods that were appropriate to the individual block 

models used for estimation. Generally, these were variable run - length composites of approximately 

5 ft or 10 ft, honouring the modelled geological boundaries. Interval lengths were adjusted to 

incorporate small composites and standardize composites across vein widths. Each compositing 

method is listed below in Tab le 14 .5. 

Tab le 14 .5 Compositing method by zone  

Zone  Composite  

American  Vein length honoring vein boundaries  

Cal Marble  5ô variable length honoring vein boundaries 

Davis  5ô variable length honoring vein boundaries  

Fowler  5ô variable length honoring vein boundaries 

Mahler  10ô variable length honoring vein boundaries 

Mud Pond  5ô variable length honoring vein boundaries 

N2D  5ô variable length honoring vein boundaries 

New Fold  Vein length honoring vein boundaries  

North East Fowler  Straight compositing  

Sylvia Lake  10ô variable length honoring vein boundaries 

Source: SRK 2020.  
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14.4  Density  

Density was assigned to the models based on the values listed below in Table 14 .6. The values were 

calculated based on a mean of measured density from 140 samples. Dens ity was calculated by ESM 

geologists using the conventional immersion technique of weighing samples in air and in water and 

examining the displacement of the water in a controlled environment. All specific gravity (SG) 

measurements were converted to bulk d ensity using an assumption of equal relationship of SG to 

grammes per cubic centimetre ( g/cm 3),  and a unit conversion to a tonnage factor (tf) represented 

in short tons/ft 3.  

Table 14 .6 Density by zone and material type  

Zone  SG tf  

American  3.123  0.0975  

Davis  3.123  0.0975  

Cal Marble  3.123  0.0975  

Sylvia Lake  3.123  0.0975  

Mud Pond Main  3.159  0.0986  

Mud Pond -  Apron  3.144  0.0981  

Mud Pond -  V99  3.123  0.0975  

Mahler -  Main  3.073  0.0959  

Mahler -  White Dolomite  3.065  0.0956  

NE Fowler  3.137  0.0979  

New Fold  3.123  0.0975  

#2D ï anhydrite  /  qddm waste   0.091  

#2D - tremolitic waste   0.093  

#2D   0.103  

HH, TP, PH   0.1  

HH, TP, PH waste   0.09  

Fowler  3.123  0.0975  

Waste  2.8  0.0874  

Source: Titan 2020.  

14.5  Variogram analysis and modelling  

The highly variable nature of the grade and the geometry of these deposits created poor variograms. 

The geometry of the modelled vein domains provides a reasonable amount of control to the 

estimates and any grade anisotropy  in the veins is considered during estimation.  

14.6  Block model  

Separate block models were created for each zone. The parameters for each are listed below in 

Table 14 .7. The y consist of origins, rotations (in Maptek rotation convention), parent block 

parameters and associated sub -block parameters. A plan view of block model extents is shown in 

Figure 14 .2 by zone.  
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Figure 14 .2 Plan view of block model extents  

 
Source: SRK 2020.  

b 
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Table 14 .7 Block model size and location by zone  

American  

Bearing = 77.0  Parent block dimensions  Sub - b lock block dimensions  

Dip = 33.5  Block Size max x = 20.0  Block Size max x = 20.0  

Plunge = 12.0  Block Size max y = 20.0  Block Size max y = 20.0  

X origin = 17490.0  Block Size max z = 20.0  Block Size max z = 20.0  

Y origin = 4290.0  Block Size min x = 20.0  Block Size min x = 10.0  

Z origin = -335.0  Block Size min y = 20.0  Block Size min y = 10.0  

#blocksx = 32  Block Size min z = 20.0  Block Size min z = 2.5  

#blocksy = 107    

#blocksz = 20    

Cal Marble  

Bearing = 90.0  Parent block dimensions  Sub - b lock block dimensions  

Dip = 0.0  Block Size max x = 20.0  Block Size max x = 20.0  

Plunge = 0.0  Block Size max y = 20.0  Block Size max y = 20.0  

X origin = 16800.0  Block Size max z = 20.0  Block Size max z = 20.0  

Y origin = 7300.0  Block Size min x = 20.0  Block Size min x = 2.5  

Z origin = -1900.0  Block Size min y = 20.0  Block Size min y = 2.5  

#blocksx = 60  Block Size min z = 20.0  Block Size min z = 2.5  

#blocksy = 110    

#blocksz = 55    

Davis  

Bearing = 90.0  Parent block dimensions  Sub - b lock block dimensions  

Dip = 0.0  Block Size max x = 20.0  Block Size max x = 20.0  

Plunge = 0.0  Block Size max y = 20.0  Block Size max y = 20.0  

X origin = 11780.0  Block Size max z = 20.0  Block Size max z = 20.0  

Y origin = 6680.0  Block Size min x = 20.0  Block Size min x = 10.0  

Z origin = -1400.0  Block Size min y = 20.0  Block Size min y = 10.0  

#blocksx = 47  Block Size min z = 20.0  Block Size min z = 2.5  

#blocksy = 236    

#blocksz = 90    

Fowler  

Bearing = 90.0  Parent block dimensions  Sub - b lock block dimensions  

Dip = 0.0  Block Size max x = 20.0  Block Size max x = 20.0  

Plunge = 0.0  Block Size max y = 20.0  Block Size max y = 20.0  

X origin = 14000.0  Block Size max z = 20.0  Block Size max z = 20.0  

Y origin = 12200.0  Block Size min x = 20.0  Block Size min x = 2.5  

Z origin = -2700.0  Block Size min y = 20.0  Block Size min y = 2.5  

#blocksx = 80  Block Size min z = 20.0  Block Size min z = 2.5  

#blocksy = 60    

#blocksz = 25    
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Mahler  

Bearing = 60.0  Parent block dimensions  Sub - b lock block dimensions  

Dip = -0.0  Block Size max x = 100.0  Block Size max x = 20.0  

Plunge = -0.0  Block Size max y = 100.0  Block Size max y = 20.0  

X origin = 16050.0  Block Size max z = 100.0  Block Size max z = 20.0  

Y origin = 14500.0  Block Size min x = 100.0  Block Size min x = 10.0  

Z origin = -4100.0  Block Size min y = 100.0  Block Size min y = 2.5  

#blocksx = 73  Block Size min z = 100.0  Block Size min z = 2.5  

#blocksy = 12    

#blocksz = 24    

Mud Pond  

Bearing = 35.0  Parent block dimensions  Sub - b lock block dimensions  

Dip = -0.0  Block Size max x = 60.0  Block Size max x = 20.0  

Plunge = -0.0  Block Size max y = 60.0  Block Size max y = 20.0  

X origin = 14115.0  Block Size max z = 60.0  Block Size max z = 20.0  

Y origin = 12835.0  Block Size min x = 60.0  Block Size min x = 10.0  

Z origin = -3555.0  Block Size min y = 60.0  Block Size min y = 2.5  

#blocksx = 57  Block Size min z = 60.0  Block Size min z = 2.5  

#blocksy = 28    

#blocksz = 31    

N2D  

Bearing = 90.0  Parent block dimensions  Sub - b lock block dimensions  

Dip = 0.0  Block Size max x = 20.0  Block Size max x = 20.0  

Plunge = 0.0  Block Size max y = 20.0  Block Size max y = 20.0  

X origin = 15500.0  Block Size max z = 20.0  Block Size max z = 20.0  

Y origin = 7800.0  Block Size min x = 20.0  Block Size min x = 2.5  

Z origin = -2500.0  Block Size min y = 20.0  Block Size min y = 2.5  

#blocksx = 75  Block Size min z = 20.0  Block Size min z = 2.5  

#blocksy = 140    

#blocksz = 50    

New Fold  

Bearing = 55.0  Parent block dimensions  Sub - b lock block dimensions  

Dip = 0.0  Block Size max x = 20.0  Block Size max x = 20.0  

Plunge = 0.0  Block Size max y = 20.0  Block Size max y = 20.0  

X origin = 19350.0  Block Size max z = 20.0  Block Size max z = 20.0  

Y origin = 15700.0  Block Size min x = 20.0  Block Size min x = 20.0  

Z origin = -3530.0  Block Size min y = 20.0  Block Size min y = 2.5  

#blocksx = 116  Block Size min z = 20.0  Block Size min z = 2.5  

#blocksy = 37    

#blocksz = 36    
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North East Fowler  

Bearing = 90.0  Parent block dimensions  Sub - b lock block dimensions  

Dip = 45.0  Block Size max x = 20.0  Block Size max x = 20.0  

Plunge = 0.0  Block Size max y = 20.0  Block Size max y = 20.0  

X origin = 17285.0  Block Size max z = 20.0  Block Size max z = 20.0  

Y origin = 14775.0  Block Size min x = 20.0  Block Size min x = 2.5  

Z origin = -3355.0  Block Size min y = 20.0  Block Size min y = 2.5  

#blocksx = 65  Block Size min z = 20.0  Block Size min z = 2.5  

#blocksy = 130    

#blocksz = 25    

Sylvia Lake  

Bearing = 90.0  Parent block dimensions  Sub - b lock block dimensions  

Dip = 0.0  Block Size max x = 20.0  Block Size max x = 20.0  

Plunge = 0.0  Block Size max y = 20.0  Block Size max y = 20.0  

X origin = 15500.0  Block Size max z = 20.0  Block Size max z = 20.0  

Y origin = 7000.0  Block Size min x = 20.0  Block Size min x = 2.5  

Z origin = -2000.0  Block Size min y = 20.0  Block Size min y = 2.5  

#blocksx = 150  Block Size min z = 20.0  Block Size min z = 2.5  

#blocksy = 225    

#blocksz = 90    

Source: SRK 2020.  

All models were considered below topography as seen in Figure 14 .3 below.  
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Figure 14 .3 All zones shown below topography  

 
Note: Looking East . 

Source: SRK 2020 . 
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Historical mine workings, or as -built solids, were used for sub -blocking during model creation and 

mined blocks contained in these wireframes were removed from the estimated material. A 

comprehensive as -built wireframe was updated as of 1 October 2020 and utilized to deplete tonnage 

within the block models. This wireframe is shown in black in Figure 14 .4 below.  

Figure 14 .4 As-built mining wireframes  

 
Source: SRK 2020.  



Empire State Mines 2021 NI 43 - 101 Technical Report (Amended)   

Titan Mining Corporation  720003 
 

amcconsultants.com  92 
 

Reporting from the various block models is done via the ñAdvanced Reservesò feature in Vulcan, 

using the relevant variables as summarized in Table 14 .8. These variables generally represent a 

depleted tonnage factor ( ton /ft 3) and Zn% grade but  vary based on the depletion or estimation 

methodology used for each model.  

Table 14 .8 Reporting variables for Number 4 Underground complex block models  

Block model  Density variable  Grade variable  

am_20191023_srk_class.bmf  tf  zn_lva  

CM_20190815_srk_class.bmf  tf  zn_lva  

da_20191010_srk_class.bmf  tf_dep  zn_lva  

FO_20190810_srk_class.bmf  tf  zn_lva  

ma_20200810_srk_class.bmf  tf_dep  zn_lva  

MP_20200810_srk_class.bmf  tf_dep  zn_lva  

n2d_20200810_srk_class.bmf  tf_dep  zn_lva  

nef_20191010_srk_class.bmf  tf  zn_lva  

nf_20200810_srk_class.bmf  tf_dep  zn 

SL_20190810_srk_class.bmf  tf_dep  zn_lva  

Source: ESM 2020.  

14.7  Estimation methodology  

Due to the high variability of the ESM deposits and the lack of robust variography, inverse distance 

squared estimates were used to estimate grade into parent blocks within the block model. The 

control of each estimate was based on sample selection criteri a such as, minimum and maximum 

number of composites, minimum number of drillholes and search distances. For each pass, the 

search distances were either isotropic (spherical) or anisotropic (ellipsoidal) depending on the 

geometric control and limits in each  vein. For isotropic searches, the geometry of the vein was 

considered adequate to control sample selection. For anisotropic searches, the direction was defined 

using a variable orientation algorithm in Vulcan called Locally Varying Anisotropy (LVA). This 

oriented the search ellipse for each block down a plane which paralleled the modelled geologic 

continuity ( i.e.,  the hangingwall or footwall of the ESM veins). LVA parameters were defined as the 

mid -point between the vein bounding surfaces, or manually set  based on a triangulated surface.  

Multiple passes were used, as necessary, to fill the wireframes with estimated grade. The variable 

constraints for each pass were considered in classification.  

Estimation criteria, bypass, is listed below in Table 14.9 for each domain.  

Table 14.9 Estimation sample selection parameters  

 Area  Pass  
Parent 

block size  
Search radius  

Rotation 
(Vulcan ZYX)  

Min 
samples  

Max 
samples  

Max samples 
per DH  

Minimum 
DH  

American  ALL 1 50  x 50  x 50  400  x 400  x 400  0/0/0  2 3 2 2 

Cal Marble  ALL 1 10  x 10  x 10  300  x 300  x 60  Variable  5 15  2 3 

Cal Marble  ALL 2 10  x 10  x 10  600  x 600  x 60  Variable  2 15  2 1 

Davis  DAU 1 50  x 50  x 50  650  x 650  x 650  0/0/0  2 30  2 2 

Davis  DAM 1 50  x 50  x 50  550  x 550  x 550  0/0/0  2 30  2 2 

Davis  DAL 1 50  x 50  x 50  350  x 350  x 350  0/0/0  2 30  2 2 

Fowler  ALL 1 10  x 10  x 10  300  x 300  x 50  Variable  5 15  2 3 

Fowler  ALL 2 10  x 10  x 10  600  x 600  x 100  Variable  2 15  2 1 

Mahler  MAM1 1 20  x 20  x 20  350  x 350  x 350  Variable  2 30  4 2 

Mahler  MAM2 1 20  x 20  x 20  60  x 60  x 30  Variable  2 30  4 2 
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 Area  Pass  
Parent 

block size  
Search radius  

Rotation 
(Vulcan ZYX)  

Min 
samples  

Max 
samples  

Max samples 
per DH  

Minimum 
DH  

Mahler  MAM2 2 20  x 20  x 20  120  x 120  x 60  Variable  2 30  4 2 

Mahler  MAM2 3 20  x 20  x 20  300  x200x  100  Variable  2 30  4 2 

Mahler  MAM3 1 50  x 50  x 50  
1300  x 1300  x 

1300  
Variable  2 30  4 2 

Mahler  MWD1  1 20  x 20  x 20  100  x 100  x 100  39/ -39/ -39  2 30  2 2 

Mahler  MWD2  1 20  x 20  x 20  100  x 50  x 25  Variable  2 30  2 2 

Mahler  MWD2  2 20  x 20  x 20  200  x 200  x 200  Variable  2 30  2 2 

Mahler  MWD3  1 20  x 20  x 20  300  x 300  x 300  53/ -45/ -30  2 30  2 2 

Mahler  MWD4  1 50  x 50  x 50  500  x 500  x 500  Variable  2 30  2 2 

Mud Pond  10  1 20  x 20  x 20  60  x 60  x 20  Variable  2 15  -  -  

Mud Pond  10  2 50  x 50  x 50  600  x 600  x 300  Variable  2 15  2 -  

Mud Pond  11  1 50  x 50  x 50  600  x 600  x 600  Variable  2 15  -  -  

Mud Pond  20  1 50  x 50  x 50  500  x 500  x 500  0/0/0  2 15  2 -  

Mud Pond  20  2 50  x 50  x 50  500  x 500  x 500  0/0/0  2 15  2 -  

Mud Pond  22  1 50  x 50  x 50  300  x 300  x 300  Variable  2 15  -  -  

Mud Pond  23  1 20  x 20  x 20  300  x 300  x 300  0/0/0  2 15  -  -  

Mud Pond  24  1 50  x 50  x 50  150  x 150  x 150  Variable  2 15  -  -  

Mud Pond  25  1 20  x 20  x 20  200  x 200  x 50  Variable  2 15  -  -  

Mud Pond  26  1 50  x 50  x 50  200  x 200  x 50  Variable  2 15  -  -  

Mud Pond  29  1 20  x 20  x 20  150  x 150  x 50  Variable  2 15  -  -  

Mud Pond  99  1 20  x 20  x 20  50  x 50  x 50  Variable  2 15  2 -  

N2D  V1 1 20  x 20  x 20  500  x 500  x 500  Variable  4 15  4 2 

N2D  V2 1 20  x 20  x 20  600  x 600  x 600  Variable  2 15  2 -  

N2D  V3 1 20  x 20  x 20  300  x 300  x 100  Variable  2 15  2 -  

N2D  V4 1 10  x 10  x 10  300  x 300  x 100  Variable  2 15  2 -  

N2D  V6 1 20  x 20  x 20  300  x 300  x 100  Variable  2 15  2 -  

N2D  V8 1 10  x 10  x 10  300  x 300  x 100  Variable  2 15  2 -  

N2D  V10  1 10  x 10  x 10  300  x 300  x 100  Variable  2 15  2 -  

N2D  V99  1 10  x 10  x 10  75  x 75  x 15  Variable  2 15  3 2 

N2D  V99  2 10  x 10  x 10  150  x 150  x 15  Variable  2 15  2 2 

N2D  V99  3 10  x 10  x 10  300  x 300  x 15  Variable  2 15  2 2 

N2D  V99  4 10  x 10  x 10  600  x 600  x 200  Variable  2 15  2 2 

N2D  V99  5 10  x 10  x 10  75  x 75  x 15  Variable  2 15  2 2 

N2D  V99  6 10  x 10  x 10  300  x 300  x 15  Variable  2 15  2 2 

N2D  V99  7 10  x 10  x 10  600  x 600  x 200  Variable  2 15  2 2 

New Fold  NF1 1 20  x 20  x 20  450  x 450  x 450  0/0/0  2 4 -  -  

New Fold NF2 1 20  x 20  x 20  200  x 200  x 200  0/0/0  2 4 -  -  

New Fold  NF3 1 20  x 20  x 20  250  x 250  x 250  0/0/0  2 4 -  -  

New Fold  NF5 1 20  x 20  x 20  250  x 250  x 250  0/0/0  2 4 -  -  

New Fold  NF6 1 20  x 20  x 20  150  x 150  x 150  0/0/0  2 4 -  -  

New Fold  NF7 1 20  x 20  x 20  150  x 150  x 150  0/0/0  2 4 -  -  

NE Fowler  ALL 1 50  x 50  x 50  425  x 425  x 425  Variable  2 30  2 -  

Sylvia Lake  SLM1S 1 20  x 20  x 20  300  x 300  x 60  Variable  5 15  2 3 

Sylvia Lake  SLM2S 2 20  x 20  x 20  600  x 600  x 120  Variable  2 15  2 2 

Sylvia Lake  SLM1N 1 20  x 20  x 20  300  x 300  x 60  Variable  5 15  2 3 

Sylvia Lake  SLM2N 2 20  x 20  x 20  600  x 600  x 120  Variable  2 15  2 2 

Sylvia Lake  SLN 1 20  x 20  x 20  300  x 300  x 60  Variable  5 15  2 3 

Sylvia Lake  SLN 2 20  x 20  x 20  600  x 600  x 120  Variable  2 15  2 2 

Source: SRK 2020.  
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14.8  Resource classification  

The ESM Number 4 Underground zinc deposits have been classified according to the CIM Definition 

Standard for Mineral Resources and Mineral Reserves. The resource classification considered the 

quality, quantity and distance to the data informing blocks in the model, as well as the geological 

continuity of the mineralized zones. Populated estimation items used to assist the QP in defining 

classification included, but were not limited to, distance to the closest compos ite, average distance 

to the closest composite, number of drillholes informing the estimate and number of samples 

informing the estimate.  

These model items were used as the basis of a calculation within the blocks. The scripted values 

were used as a guide to the QP in assigning zones of confidence. The results of the calculation were 

then smoothed and encased in wireframes that facilitated the final model coding for classification. 

This allowed the QP to remove zones of lower confidence based on additional factors that are not 

covered in estimation. The parameters of these scripts varied by zone due to changing drilling 

characteristics, vein geometry and site geologist input. An example vein is shown below in Figure 

14 .5. 

Figure 14 .5 Classification for New Fold  

 
Note: R ed=Measured, green=Indicated, blue=Inferred . 

Source: SRK 2020.  

In addition to estimation metadata, the QP sp ent significant time discussing areas of confidence 

with regard to geological continuity, mapping , and drilling data with the ESM site geologist prior to 

assigning classification zones. Classification for all veins is demonstrated below in Figure 14 .6. 
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Figure 14 .6 Classification for all ESM Zones  

 
Note: Red=Measured, green=Indicated, blue=Inferred . 
Source: SRK 2020.  
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The zones that were classified as Measured exhibit excellent geological continuity that has been 

verified at dense sample spacing using reliable testing methods. These blocks were informed by a 

minimum of two drillholes and satisfied the QP with regard to data quality and quantity. They 

contained no detrimental factors, such as unreliable spatial data, low data quality, poor validation, 

or unreliable geological continuity.  

The zones that were classified as Indicated exhibit good geological continuity but ha ve sample 

spacing that is less dense. These areas are considered somewhat less well -understood but still have 

high quality data informing them including grade data, density ,  and physical properties. The location 

of samples and the assay data are sufficient ly reliable so support resource estimation and this 

material can be considered appropriate for mine planning purposes.  

Zones that were classified as Inferred are beyond the zone considered to have a reasonable 

geological continuity, low density sample spac ing, or there is concern that the quality of data does 

not support reliable grade estimation. Geological evidence is sufficient to imply that the material is 

there, but not sufficient to support an Indicated classification.  

14.9  N2 pit area modelling and estima tion  

This section describes the estimation of the N2 Pit area, which features significantly different 

procedures and methodology compared to that described in the previous sections, primarily due to 

the open -pit possibilities that exist for this area compa red to the underground areas.  

14.9.1  Geological model  

ESM also modelled and estimated Mineral Resources for the Number 2 Open Pit (N2) area, a 

near -surface target which ESM has identified in the infrastructure area which supported the 

historical Number 2 mine to the south east of the Number 4 Mine and Mill complex ( Figure 14 .7). 

The two primary areas of interest are referred to as Hoist House (HH) and Turnpike (TP), as shown 

in Figure 14 .8. This process of modelling and estimation was marked ly different from the 

underground ESM areas, such as Mahler and Mud Pond. Modelling and estimation of these areas 

was conducted using Leapfrog Geo and EDGE. Sulphide mineralization is hosted within Hoist House 

and Turnpike marbles. Hoist House generally si ts in multiple massive to disseminated sulphide 

lenses of mineralization along the limbs of tight isoclinal folds plunging to the NE. Turnpike is 

constrained to the limbs and hinge of a N -plunging syncline, and is generally modelled as a single 

lens which is folded at depth, with the upper limb appearing sub -vertical and the lower limb oriented 

sub -horizontally. Both areas appear open above and below current drilling but are reasonably 

constrained by drilling along strike, as shown in Figure 14 .9. 
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Figure 14 .7 N2 Pits location map  

 
Source: ESM 2020.  
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Figure 14 .8 General geology N2 pit area  

 
Source: Titan Mining 2020.  
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Figure 14 .9 Schematic cross section Hoist House area  

 
Source: Titan Mining 2020.  

Geological modelling was supported by 75 modern near -surface diamond core drillholes.  A selection 

of historical drillholes was excluded from modelling and estimation due to uncertainty around 

sampling and logging practices. All modern drillholes were surveyed via Reflex tool, at intervals 

ranging from 50 to 150 ft downhole. The geology was  logged by ESM staff, all of whom are familiar 

with the style of mineralization and deposit type. Contacts from drilling were utilized to implicitly 

model the metasedimentary units within the open pit area of interest in Leapfrog Geo. Interpretation 

was dr iven between drilling intercepts using polylines digitized in section and 3D by ESM geologists. 

In general, the model reflects steeply -plunging, north - trending tight folds. The folds are separated 

into two primary domains to the SE and NW, broadly defined by the UM 8 -11 series of anticlines 

and the UM 12 -15 series of synclines, respectively. Mineralization is confined to the UM14 unit in 

HH area, and UM11 in the TP area.  
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Figure 14 .10  Geological model of N2 pit area  

 
Note: Fill and overburden removed from model to illustrate bedrock geology.  
Source: SRK 2020.  
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Figure 14 .11  Detailed cross section of geological model  

 
Note: Looking N35E, +/ -100 ft width.  

Source: SRK 2020.  
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14.9.2  Resource domains  

To constrain the estimation to the sulphide  zones for the Hoist House and Turnpike areas, ESM used 

indicator interpolants of Zn grades internal to the primary litho - structural domains. Zn grades in 

the continuous assays were composited to 5 ft lengths and evaluated above a 0.25% cut -off ( i.e.,  

the ESM definition of ñmineralizedò) and contoured in 3D to produce resource domain wireframes. 

Structural trends based on geological surfaces guide the interpolants, which feature ranges of 

between 100 to 150 ft. Probability factors of 50% are utilized to ens ure that the interpolants select 

intervals which have a better than 50% probability of being above the 0.25% cut -off. Statistics for 

the indicator volumes indicate reasonable performance of these shapes for excluding isolated 

samples above the cut -off grad e with limited incorporation of samples below the cut -off internal to 

the wireframes. The resulting indicator interpolants were then edited using sectional and 3D 

polylines to locally reduce / increase volumes and influence continuity based on geological 

interpretation. Controls on these domains are driven by the stratigraphy and structural features 

modelled  by ESM.  

Table 14 .10  Indicator interpolant performance metrics  

Indicator statistics  Hoist House  Turnpike  

Total number of samples  2,240  1,004  

Cut -off value  0.25  0.25  

 Ó cut-off  < cut -off  Ó cut-off  < cut -off  

Number of points  691  1,549  350  654  

Percentage  30.85%  69.15%  34.86%  65.14%  

Mean value  4.82  0.01  2.54  0.0 3 

Minimum value  0.25  0 0.25  0 

Maximum value  31  0.246  20.5221  0.2 5 

Standard deviation  5.7 6 0.0 40  3. 20  0.05  

Coefficient of variance  1.19  2.7 6 1.2 6 2.14  

Variance  33.13  0.00 2 10.23  0.00 3 

Output volume statistics  

Resolution  2  5  

Iso -Value  0.5   0.5   

 Inside  Outside  Inside  Outside  

Ó cut -off  

Number of samples  631  60  340  10  

Percentage  28.17%  2.68%  33.86%  1.00%  

< cut -off  

Number of samples  10  1,539  15  639  

Percentage  0.45%  68.71%  1.49%  63.65%  

All points  

Mean value  4.86  0.14 9 2.48  0.03 9 

Minimum value  0 0 0.025  0 

Maximum value  31  26.31  20.5221  3.73  

Standard deviation  5.83  1. 10  3.20  0.1 8 

Coefficient of variance  1.20  7.38  1.2 9 4.6 7 

Variance  34.0861  1.20  10.2444  0.03  

Volume  10,689,834  763,169,360  21,191,045  1,807,836,902  

Number of parts  6 8 2 2 

Dilution  1.6%   4.2%   

Exclusion  8.7%   2.9%   

Source: SRK 2020.  
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Based on reviews of the statistics internal to the primary domains, ESM split the Hoist House area 

into sub -domains due to lateral variations in grade distributions, morphology, or mineralization 

characteristics. These estimation domains are shown in Figure 14 .12 . In general, the HH domains 

dip 30 -  50 degrees to the west, while TP dips steeply to the west in the upper limb of a 

north -plunging syncline and is sub -horizon tal in the lower limb. These relationships are shown in 

Figure 14 .13 . SRK notes that only the Hoist House, Turnpike, and Pump House domains were 

developed for estimation  purposes due to the Old Pit area being mostly depleted, and drillhole 

orientations in this area being effectively parallel to the orientation of mineralization.  

Figure 14 .12  N2 pit area resource domains  

 
Source: SRK 2020.  
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Figure 14 .13  Oblique view of resource domains  

 
Source: SRK 2020.  

14.9.3  EDA, outliers, and compositing  

ESM conducted exploratory data analysis (EDA) on the three domains of interest. This started with 

a review of sample interval lengths within the domains. Samples were collected from the diamond 

drillholes at 5 ft intervals nominally, although some samples do extend up to 14 ft. SRK noted no 

bias of sample lengths to Zn grades in review of this work. ESM composited the sample intervals to 

a 10 ft consistent length within the domains for the purposes of scaling the data up to a volume 

variance more consistent with the projected block dimension / SMU. Overall, this impacts the mean 

with a redu ction of less than 5% for each domain.  

Statistics show that the domains feature discretely different populations. Descriptive statistics for 

both the raw assays and composited data for each domain are summarized in Figure 14 .14  through 

Figure 14 .17 . SRK notes that ESM did not elect to cap Zn assays in the samples or the composites. 

This was based on ESMôs review of the grade distributions and the relative consistency of the Zn 

mineralization in the domains. ESM did limit outliers in the TP domain through the use of outlier 

restrictions during the estimation, as discussed below.  
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Figure 14 .14  Sample length statistics  

 
Source: SRK 2020.  
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Figure 14 .15  Hoist House statistics ï Zn  

 
Source: SRK 2020.  
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Figure 14 .16  Pump House statistics -  Zn  

 
Source: SRK 2020.  



Empire State Mines 2021 NI 43 - 101 Technical Report (Amended)   

Titan Mining Corporation  720003 
 

amcconsultants.com  108 
 

Figure 14 .17  Turnpike statistics -  Zn  

 
Source: SRK 2020.  

14.9.4  Variography  

No variography was produced for the N2 Pits estimation and all estimates utilized an inverse distance 

weighting for interpolation purposes. SRK did conduct cursory review of variography as a part of 

this study and notes that the relative paucity of data an d relatively high variance of grade does not 

lend itself to robust variography at the moment. This is likely an area of improvement for the future 

as more drilling is conducted and should be reviewed considering the multiple orientations present 

in the mod el.  

14.9.5  Block model and estimation methodology  

ESM constructed the block model in Leapfrog EDGE and utilized this model for evaluating the 

estimations into the relevant domains. The model was sub -blocked along the geological and 

resource domain boundaries, as well as topography and as -builts for nearby underground workings. 

The parent block dimension is a 20 by 20 by 20 ft block size, which is broken down into four 

sub -blocks per parent (i.e. 5 x 5 x 5 ft sub -block). The model is rotated by moving the Y axis to  a 

30 degree azimuth as shown in Figure 14 .18 . 
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Figure 14 .18  Block model details  

 
Source: SRK 2020.  

Estimates were made using a single -pass inverse distance squared weighting. Search distances 

were generally based on drill spacing by the individual domain, and orientations were either set to 

the trend of the mineralized domain (PH) or made variable using the geological surf aces and trends 

via the variable orientation tool in EDGE. ESM reviewed the sample selection criteria through an 

iterative process and considered the results through validation. Of note are the estimation 

parameters for the HH  /  PH domains, which use a max imum of 20 to 40 samples, respectively. 

SRKôs initial concerns regarding smoothing of these domains were reviewed over the course of this 

study by adjusting estimation parameters and comparing the validation and reporting of the 

resources.  

SRK reviewed the  estimation parameters and tested alternatives such as utilizing different sample 

selection criteria, interpolation methods, and search distances and noted minimal changes to the 

resource tonnage (less than 5%) by modifying parameters such as adjusting the  ranges to 50% of 

current, and reducing sample selections to 3  /  15 for min  /  max. SRK is of the opinion that 

uncertainty with the estimation parameters, particularly around the PH domain, are also generally 

mitigated by the fact that there is relatively l imited data in the domain and the resource classification 

considers data spacing and estimation confidence. The estimation parameters for the N2 Pits area 

are summarized in Table 14 .11 . 

As noted previously, ESM limited the impact of outliers on the estimation of the TP domain using 

outlier restrictions in EDGE. This was applied as a limit on the distance over which the original 

composite grade is utilized, beyond which th e grade of that composite is reduced to a threshold 

value. SRK applied the same thresholds and distances to the other domains as a sensitivity check 

and noted impacts of less than 1% on the estimate considering no other changes.  
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Table 14 .11  N2 pits estimation methodology  
 

Search ellipsoid  Sample selection  Outliers  

Domain  Major  Semi  Minor  Dip  Dip Azi  Pitch  Min  Max  Max samples / hole  Threshold  Distance  

HH 250  250  100  Variable  6 20  5 NA NA 

PH 150  150  150  51.2  308.5  97.2  10  40  5 NA NA 

TP 300  300  100  Variable  3 10  2 8 10  

Source: SRK 2020.  

14.9.6  Bulk density  

Bulk density was estimated for the N2 Pits area from 704 SG samples taken within and external to 

the resource domains. SG was calculated by ESM geologists using the conventional immersion 

technique of weighing samples in air and in water and examining the displacement of the water in 

a controlled environment. SG is variable depending on factors such as lithology and sulphide 

content, and ranges in the collected data between 1.88 and 4.33 as shown in Figure 14 .19 . The 

distribution of the SG sampling is reasonable and covers the entire N2 Pits area, although the degree 

of sampling does decrease in the PH area to the south ( Figure 14 .20 ). Mineralized domains generally 

feature higher SG than the unmineralized rocks, as shown in Figure 14 .21 . All SG measurem ents 

were converted to bulk density using an assumption of equal relationship of SG to g/cm 3, and a unit 

conversion to a tf represented in short  tons/ft 3.  

A simple inverse distance weighted interpolation method was used to estimate SG from samples 

within t he domains into the domains themselves and utilized the same basic parameters as the 

grade estimate, including search orientations and numbers of samples. External to the estimated 

areas ( i.e.,  distal from sampling or within fill material  /  overburden) SG was assigned using 

assumptions about this material from averages of samples collected in the material or ESM 

experience managing this material. Average bulk densities for the various materials and domains 

within the model are shown in Table 14 .12 . All densities were depleted for previous mining prior to 

reporting.  
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Figure 14 .19  Histogram of N2 pits SG samples  

 
Source: SRK 2020.  
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Figure 14 .20  Oblique view of spatial distribution of SG  

 
Source: SRK 2020.  



Empire State Mines 2021 NI 43 - 101 Technical Report (Amended)   

Titan Mining Corporation  720003 
 

amcconsultants.com  113 
 

Figure 14 .21  Box plots of SG by resource domain  

 
Source: SRK 2020.  

Table 14 .12  SG interpolation values vs. calculated tonnage factor by domain  

Name   Block count  Mean  

Hoist House  SG 44,169  3.24  

Hoist House  TF 45,920  0.09  

Old pit  SG 0  

Old pit  TF 10,161  0.08  

OVB SG 0  

OVB TF 287,057  0.06  

Pump House  SG 3,397  3.25  

Pump House  TF 3,397  0.09  

Turnpike  SG 83,806  3.13  

Turnpike  TF 93,352  0.09  

External  SG 1,336,994  2.85  

External  TF 3,083,487  0.09  

Note: SG not interpolated into all areas. Those with 0 SG interpolation were assigned nominal tonnage factors based on ESM 
guidance for these materials.  
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14.9.7  Classification and reporting  

The N2 Pits area was classified and reported in a different manner than the other ESM underground 

resources. Measured, Indicated, and Inferred Mineral Resources are consistent with CIM guidelines 

for classification, the same overall guidelines as those utilized in the underground resources. 

Classification considered the following criteria for determining relative confidence in the estimate:  

¶ Measured: Internal to the Hoist House or Turnpike domains, generally using at least three 

drillholes within an average distance of less than or equal to 5 0 ft.  

¶ Indicated: Internal to the Hoist House or Turnpike domains, generally using at least two 

drillholes within an average distance of less than or equal to 100 ft.  

¶ Inferred: Any blocks within the domains where an estimate was made. No material external 

to the domains was categorized.  

½ Blocks south of the 3930 northing in Hoist House were made Inferred due to the nature 

of drilling and uncertainty with previous mining / stoping in these areas.  

½  Blocks below the 420 elevation level in Turnpike, and any block s within the lower limb 

were made Inferred due to lack of drilling and uncertainty with geological continuity in 

these areas.  

½ All blocks within the Pump House domain were made Inferred due to the sub -parallel 

nature of drilling in this domain.  

½  Any other blocks within a 20 ft buffer zone around surveyed underground workings were 

made Inferred due to uncertainty with that surveying.  

The classification scheme was designed to outline areas of relatively higher confidence in the 

estimation and reporting of Mineral Resources and was scripted for all blocks. Distances and sample 

selection were refined after iterative review of the results and adjusted as needed to reflect ESM 

and SRK geologists combined view of the mineralization. An oblique view of the cla ssified resource 

blocks is shown in Figure 14 .22 . The net impact of this approach to classification is a relatively 

restricted Measured resource, with comparably more In dicated in areas of reasonable drill support.  
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Figure 14 .22  Plan view of N2 pit area classification  

 
Source: SRK 2020.  

The primary difference in reporting of the N2 Pit area is related to the demonstration of  reasonable 

prospects for eventual economic extraction (RPEEE) and how this varies compared to the 

underground areas. AMC developed pit optimization scenarios for the N2 Pits resource using 

parameters for economics and slope stability derived from ESM expe rience and inputs on 

geotechnical design parameters from Knight Piésold . Overall pit slope angles are approximately 

40  to 45 degrees, and two pit shells are used for reporting purposes. Mineral Resources are reported 

above a cut -off and within these pit sh ells to ensure consistency with RPEEE. Grade cut -offs for 

resource reporting are based on the parameters assumed by AMC and the considerations of 

break -even cost scenarios within the pit for the non -mining related costs ( e.g.,  processing, G&A, 

selling). Co st /  pricing assumptions are shown below in Table 14 .13 . Considering the relevant costs 

and pricing scenarios, SRK has calculated an overall cost within the pit to be $ 31.50, which equates 

(considering $1.07/lb Zn and 94% recovery equating to unit value of $20.12/% Zn) to an overall 

Zn cut -off of 1.57%.  
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Table 14 .13  N2 pit area cost and pricing assumptions  

Block model  nf_2020 0117_bm_noclass  

Metal price Zn  1.07  $/lb  

Mineralization  and  waste mining cost  2.50  $/dry short ton (pit optimization only)  

Additional mineralization  mining cost  2.00  $/dry short ton (pit optimization only)  

Processing and  G&A cost  25.00  $/dry short ton  

Selling cost  6.50  S$/unit Zn metal (20 lbs)  

Mining loss  5.0%  Considered for pit optimization only  

Mining dilution  5.0%  Considered for pit optimization only  

Mill Zn recovery  94.0%  Based on actual ESM recovery  

Note: Costs in red are those considered for COG determination within open pit shell.  
Source: AMC 2020.  
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Figure 14 .23  AMC Resource pit shells  

 
Note: Pit Shell is described as W4X Export7_14 as provided by AMC.  

Source: SRK 2020.  

 



Empire State Mines 2021 NI 43 - 101 Technical Report (Amended)   

Titan Mining Corporation  720003 
 

amcconsultants.com  118 
 

14.10  Model validation  

14.10.1  Visual comparison  

SRK conducted validation of the block estimates for both the underground and open pit resources. 

Visual comparison of the estimated grades in the blocks to the informing composites is the first and 

most important validation step. Within the ESM deposits, m ost zones compare well, while a few 

perform less ideally. This is most directly observed where data density within a vein changes 

dramatically. Poorly performing areas are often unavoidable due to the variability of the composites 

and complex geometry bein g estimated. For areas where validation is not ideal, classification was 

used to address the inherent uncertainty in the estimate.  

Davis is provided as an example in Figure 14 .24  for the underground. Davis demonstrates both 

areas of excellent visual representation in the model and less ideal representation. Middle Davis 

drilling is clustered to the north (right side of the image) while the rest of Davis contains reasonabl y 

spaced data.  
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Figure 14 .24  Davis model and composite values for zinc  

 
Note: Oblique view looking west.  

Source: SRK 2020.  
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14.10.2  Swath plots  

SRK used swath plots to verify that the spatial distribution of grade in the composites is honored in 

the interpolated model. An example is shown below in Figure 14 .25  for the N2 Pits Area. Swath 

plots generally show agreement of the estimate to the composites, with an appropriate degree of 

smoothing.  
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Figure 14 .25  Swath plot Zn% -  N2 pits area  

 
Source: SRK 2020.  


































































































































































































