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1.0 SUMMARY 

The Nash Creek Property (Property) is located in Restigouche County in northeast New Brunswick and is situated 

approximately 18 kilometres (km) east of the Port of Belledune and 45 km northwest of the City of Bathurst. The 

Property is comprised of seven contiguous mineral claims, totalling 15,542.31 hectares and is 100% owned by 

Callinex Mines Inc (Callinex).  

Callinex has retained Tetra Tech Canada Inc. (Tetra Tech) to produce a National Instrument 43-101 (NI 43-101) 

technical report for the Property to report on updated mineral resource estimates for the Nash Creek Project (the 

Project or Deposit), which consists of the Hayes and Hickey Zones. The previous mineral resource estimate was 

prepared by Tetra Tech, with an effective date of August 22, 2016. The effective date of this updated report is 

March 21, 2018. This technical report has been prepared in accordance with NI 43-101 and the Canadian Institute 

for Mining Metallurgy and Petroleum (CIM) Best Practice Guidelines, and Terms and Definitions. 

Access to the Property is excellent via highway and an all-weather paved road. Numerous gravel logging roads 

exist within the mineral claim boundary. The Property is adjacent to the nearby Port of Belledune where there is a 

lead and silver smelter, power plant, deep water port and railway hub with direct access to a zinc smelter in 

Valleyfield, QC. There are several regular daily flights to both nearby cities of Moncton and Fredericton, and daily 

flights directly to Bathurst from Montreal and Quebec City. The drive to Bathurst from either Fredericton or Moncton 

is approximately three hours.  

The Property is located in the stable jurisdiction of New Brunswick, Canada; no known legal or political risks are 

believed to be associated with property.  The property is a green fields site with no known previous industrial 

activities; no known environmental risks are believed to be associated with the property. 

The Deposit is hosted within volcanic and sedimentary rock of the Devonian Dalhousie Group, within the Chaleur 

Bay Synclinorium of the central Appalachian belt. To the west of the deposit, the Black Point-Arleau Brook fault acts 

as a western terminus of an east dropping half graben which constrains the deposit and is interpreted to be 

associated with the mineralization concentrated within the deposit. 

The Nash Creek deposit is comprised of zinc (Zn), lead (Pb) and silver (Ag) occurring as polymetallic bearing 

sulphides in the form of: 

 Lateral mineralized zones, which are generally stratabound, however, may cross the boundary between the 
Sunnyside mafic volcanic pyroclastic tuffs and flows, and the Archibald Settlement Felsic flows and pyroclastic 
tuffs. This mineralization is typically as matrix replacement. 

 Fracture filling stringers, stockwork and veins occurring within both the mafic and the felsic rock units. 

 Discrete breccia zones that are with textures from multiple pulses that enriches some mineralized intervals. 

 Some small mineralized lenses that are near massive appear to have been deposited on the shallow water sea 
floor and would be considered stratabound. 

Sulphide mineralization intersected by drilling at Nash Creek includes pyrite, sphalerite, galena, and rarely 

chalcopyrite. Silver grades are fairly well correlated with each of the Zn and Pb sulphides however, is not always 

associated with the increasing Pb or Zn grade. The overall signature of the mineral distribution reflects an increase 

in grade from the northern extent of the Hickey Zone southwards to the Hayes Zone.  Mineralization has been 

intercepted from surface down to a maximum depth of approximately 300 m from surface at the Hayes Zone and 

to a depth of approximately 150 m below surface at the Hickey Zone. 
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The Hayes Zone is characterized by at least three sub-horizontal to gently east dipping stacked horizons containing 

replacement mineralization as discontinuous lenses spreading laterally from a sub-vertical and dominantly 

northwest-southeast trending structurally controlled zone of mineralization.  

The Hickey Zone is characterized by at least three sub-horizontal and slightly east dipping horizons containing 

discontinuous lenses of replacement sulphide mineralization. The lenses also appear to be undulating slightly; this 

may be caused by localized faulting that gives the appearance of discontinuity. Northwest-southeast controlling 

structures are apparent in the Hickey zone, however, are not as well pronounced compared to the Hayes zone.  

An extensive drilling program completed by Callinex between May and November 2017, included 59 drillholes 

totalling 10,586.7 m. Of these, 51 drillholes extended the previous limit of the Hickey mineral resource estimate to 

the north by approximately 750 m.  The remaining holes were twins of historical drilling in the Hickey Zone. 

1.1 Resource Statement 

Tetra Tech has updated the previously reported mineral resource estimate (Tetra Tech, 2016) for the Hickey Zone 

and the Hayes Zones on the Nash Creek Property for Callinex. The update includes new information collected from 

the 2017 Callinex drilling campaign and a revision to the resource cut-off grade from 2% zinc equivalent (ZnEq) to 

1.5% ZnEq. The ZnEq calculation was updated to reflect the current trailing 3-year average monthly metal prices 

and recoveries based on limited metallurgical testwork that was completed in 2007 and 2011.  

The resource was developed from geological interpretation and constrained by a manually constructed 1.5% ZnEq 

wireframe designed to minimize dilution, and which was refined from the previous model. A single block model with 

block dimensions of 5x5x5 m was created for the Hickey Zone and the Hayes Zone. Ordinary kriging was selected 

for grade estimation on the project. Search ellipsoid parameters were determined by developing a set of variogram 

models for each estimated element: Zn, Pb and Ag for each zone, respectively. The resource estimate is reported 

using a 1.5% ZnEq cut-off grade for both the Hickey Zone and the Hayes Zone.  The deposit is being contemplated 

for open pit mining. 

The results of the resource estimation study are presented in Table 1-1. 

Table 1-1: Nash Creek Mineral Resource Estimate, Contained Metal Summary (effective 

March 21, 2018) 

Zone Classification 
Cut-off  

(ZnEq %) 
Density (t/m3) Tonnes Zn (%) Pb (%) Ag (g/t) ZnEq (%) 

Hickey Indicated 1.5 2.82 6,601,000 2.37 0.57 16.8 2.90 

Hickey Inferred 1.5 2.83 4,343,000 2.69 0.45 13.8 3.11 

Hayes Indicated 1.5 2.84 6,991,000 2.96 0.58 18.9 3.51 

Hayes Inferred 1.5 2.83 1,586,000 2.63 0.53 14.3 3.12 

Total Indicated 2.83 13,592,000 2.68 0.58 17.8 3.21 

Total Inferred 2.83 5,929,000 2.68 0.47 13.9 3.11 

1) ZnEq calculated using 3-yr trailing metal price trends of $1.25 /lb Zn, $1.05 /lb Pb, and $17 /oz Ag. Recoveries were applied as 90% Zn, 
80% Pb, and 50% Ag based on preliminary metallurgical testwork, using formula ZnEq = Zn% + 0.747*Pb% + 0.011*Ag g/t. 

2) A cut-off value of 1.5% ZnEq was used as the base case for reporting mineral resources that are subject to open pit potential. The resource 
block model is not constrained by a conceptual open pit shell. Resource classification adheres to CIM Definition Standards; it cannot be 
assumed that all or any part of Inferred Mineral Resources will be upgraded to Indicated or Measured as a result of continued exploration. 

3) Density is calculated by block based on grade using regression formula: Bulk Density = 2.74 + 0.028*(Zn%+Pb%). 

4) All values are rounded. 
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1.2 Recommendations 

It is recommended that the project be developed into an advanced stage project rather than an exploration target. 

Recommendations for the project include development of a combined lithology-mineralogy-alteration-structure 

geological model, completion of geotechnical and hydrogeological investigation, completion of a comprehensive 

metallurgical evaluation for the various mineralization styles across the Hickey Zone and the Hayes Zone, and that 

the project proceed to the preliminary economic assessment (PEA) stage with conceptual mine plan development. 

An estimated budget for this recommended work is presented below. 

Table 1-2: Estimated Budget for Project Recommendations 

Work Scope Dollar per Unit (CAD) Cost (CAD) 

Infill Drilling 15,000 m $100 $1,500,000 

Exploration Drilling 5,000 m $100 $500,000 

Geological interpretation and development of 
comprehensive geological model 

$25,000 

Metallurgical sample collection, testwork and 
evaluation 

2,000 m 
$200 

(inclusive of testwork) 
$400,000 

Geotechnical and Hydrogeological Investigations 1,200 m 
$175 

(inclusive of testwork) 
$210,000 

Preliminary Economic Assessment $250,000 

Total Estimate $2,885,000 
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2.0 INTRODUCTION AND TERMS OF REFERENCE 

The Nash Creek Property (the “Property” or “Project”) is in Restigouche County in northeast New Brunswick and is 

situated approximately 18 km east of he Port of Belledune and 45 km northwest of Belledune. The Property covers 

seven mineral claim groups known as Nash Creek, Nash Creek West, Nash Creek South, Nash Creek SW 

Extension, Nash Creek East, Nash Creek Buffer and Mitchell Settlement that total 15,542.31 hectares. 

Callinex Mines Inc. (Callinex) is a publicly listed and Canadian registered base and precious metal exploration 

company that is actively exploring and developing base metal lead, zinc, copper and silver deposits in Manitoba, 

New Brunswick and Newfoundland. Callinex’s stock is listed on the Toronto Stock Exchange Venture Exchange 

(TSXV) and now trades under the symbol CNX. Callinex’s head office is located at 1555 - 555 West Hastings Street, 

Vancouver, BC V6B 4N6. 

2.1 Terms of Reference 

Callinex has retained Tetra Tech Canada Inc. (Tetra Tech) to produce an updated mineral resource estimate and 

NI 43-101 Technical Report for the Nash Creek Property. The work has been undertaken to incorporate new drilling 

completed by Callinex on the Property which includes 59 drillholes, totalling 10,586.7 m which were completed 

between May and November 2017. 

This Technical Report conforms to the standards set out in National Instrument 43-101 Standards and Disclosure 

for Mineral Projects (NI 43-101), has been prepared in accordance with Form 43-101F1 and incorporates the 

Canadian Institute of Mining Metallurgy and Petroleum (CIM) Definitions Standards. 

2.1.1 Effective Date 

The Effective Date of March 21, 2018, applied to this report reflects the cut-off date by which all scientific and 

technical information was received and used for the preparation of the Technical Report and the mineral resource 

estimate. The most recent drillhole assays were received from the laboratory and validated on March 21, 2018.  

2.2 Site Visit 

A site visit was conducted on February 14 - 15, 2018, by James Barr, P.Geo., Senior Geologist with Tetra Tech. 

Mr. Barr was accompanied during the visit by Mr. Derek Brown, a professional geologist and consultant to Callinex 

and whom has been involved in most major investigations completed by SLAM Exploration (SLAM) on the Property. 

The site visit included review of drillcore in storage at the New Brunswick government core library in the town of 

Madran, New Brunswick, and a Property site visit. Due to winter conditions at the time of the site visit, the Property 

was covered in snow which limited observation of general site conditions. Independent data verification completed 

as part of the site visit is discussed in Section 12.0. 

2.3 Reporting of Grades by Zinc Equivalent 

Throughout the report, reference is made to zinc equivalent (ZnEq) grade to aid in assessment of the polymetallic 

nature of the mineralization.  

The ZnEq value was formulated prior to development, and in support, of the mineralized grade shells and calculation 

of mineral resource estimate. The calculation uses trailing three-year metal prices (as of January 2018) of US$1.25 

per pound Zn, US$1.05 per pound lead, and $17 per ounce silver. 
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From limited metallurgical testwork completed in 2007 and summarized in Section 13.0, the average metal 

recoveries are 91% zinc, 82% lead and 50% silver into concentrates from grinding and flotation circuits. The positive 

results from the dense media separation testwork completed in 2011, are not considered in the ZnEq calculation.  

Assuming these stated metal prices and recoveries, the ZnEq calculation is: 

ZnEq = Zn%+(Pb%*0.747)+(Ag g/t*0.011) 

No smelter charge reduction and no metal losses are applied to this calculation. 
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3.0 RELIANCE ON OTHER EXPERTS 

The author has not relied on experts who are not qualified persons for information concerning legal, environmental, 

political or tax matters in preparing this technical. 
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4.0 PROPERTY DESCRIPTION AND LOCATION 

4.1 Location 

The Property is located: 

 Within National Topographic System (NTS) map sheets 21O/16 and 21P/13. 

 At approximately 47°53’ north (N) and 66°06’ west (W) in northeast New Brunswick, in eastern Canada. 

 Approximately 215 km north of Fredericton, the provincial capital city of New Brunswick. 

 Approximately 18 km east from the Port of Belledune and 45 km northwest from Bathurst, New Brunswick. 

 In the County of Restigouche. 

 Between the community of Nash Creek, in the north of the Property on Chaleur Bay and the Jacquet River 
Gorge Natural Protected Area adjacent to the south of the Property. 

 Approximately 30 km north-northwest from the Caribou Zine Mine (Trevali Mining Corporation) site. 

The Property is situated as shown in Figures 4-1 and 4-2. 

Figure 4-1: Location Map 
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Figure 4-2: Nash Creek Property Location Map 
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4.2 Purchase Agreement 

Callinex acquired the Property and existing data from SLAM through a joint property purchase agreement dated 

May 13, 2016. Under the term of the Agreement, Callinex agreed to purchase a 100% interest in both the Nash 

Creek and Superjack properties for a total of up to $450,000, and data for both properties at a sum of $300,000.  

SLAM has retained a 1% Net Smelter Return (NSR) over an area that covers the current mineral resource and is 

payable upon commercial production. The NSR is subject to adjustment based on zinc price, increasing by 0.25% 

if the price of zinc is above US$1.25/lb and an additional 0.25% if above US$1.50/lb. Callinex has the option to 

purchase 50% of the NSR royalty on the Nash Creek and Superjack projects for $500,000.  

4.3 Mineral Rights 

Mineral rights to the Nash Creek Property is 100% owned by Callinex and is currently comprised of seven 

contiguous mineral claims, totalling 15,542.31 hectares. All mineral claims comprising the project are shown in good 

standing as of the effective date of this report.  

Table 4-1: Nash Creek Project Mineral Claim Blocks 

Right 
Number 

Mineral Claim 
Name 

NTS 
Sheet 

Original Effective 
Date 

Expiry 
Date 

Statu
s 

Surface Area 
(ha) 

8736 Nash Creek Buffer 21 O/16 5/4/2018 5/4/2019 Active 368.32 

4010* Nash Creek 21 O/16 2/1/2002 2/1/2019 Active 2,404.52 

8712 Mitchell Settlement 
21 O/16, 21 

P/13 4/16/2018 4/16/2019 Active 4,073.99 

8391 Nash Creek East 21 O/16 9/21/2017 9/21/2018 Active 3,727.68 

8614 Nash Creek West 21 O/16 2/14/2018 2/14/2019 Active 802.27 

8711 
Nash SW 
Extension 21 O/16 4/16/2018 4/16/2019 Active 542.5 

8303 Nash Creek South 21 O/16 7/20/2017 7/20/2018 Active 3,623.03 

Total 15,542.31 

*Hosts the Nash Creek Deposit, with Hayes and Hickey Mineral Resource Estimates 

Source: Government of New Brunswick, Ministry of Natural Resources 

4.4 Surface Rights and Property Access Agreements 

The Nash Creek Project consists of mineral rights to a district-scale land package that spans more than 150 km². 

Surface rights to the lands underlying the Project are a combination of private and public land. The current mineral 

resources are located beneath private land. Callinex has purchased 126 acres of land which underlies a significant 

portion of, and is adjacent to the Nash Creek Deposit. The land purchase is wholly located within the Project 

boundary and also provides direct road access to the Deposit.  

Callinex has been successful in negotiating exploration agreements with all private landowners that it has 

approached. These exploration agreements provide compensation to private landowners for drillholes completed, 

new drill road construction and entitle the landowners to any fallen timber. The exploration agreements automatically 

renew on an annual basis unless otherwise notified.  

Additionally, the NB Mining Act provides a mechanism to permit continued exploration on private lands provided a 

modest environmental reclamation bond is provided. 
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4.5 Liabilities and Incumbrances 

The QP is not aware of any political, legal or environmental liabilities or other significant factors or risks that may 

affect access, title, or the right or ability to perform work on the property. 
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Figure 4-3: Nash Creek Property Mineral Claim Map 
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5.0 ACCESSIBILITY, CLIMATE, LOCAL RESOURCES, INFRASTRUCTURE 
AND PHYSIOGRAPHY 

5.1 Accessibility 

The Property is situated approximately 45 km northwest from the city of Bathurst, the business hub for northeastern 

New Brunswick. 

From Fredericton the Property can be accessed by following: 

 Lincoln Road west for approximately 12 km to join; 

 Highway 8 north and northeast for approximately 190 km to Miramichi and an additional 70 km to Bathurst to 
join; 

 Highway 11 northwest for approximately 70 km to the turn off for Doyleville and Nash Creek to join; 

 Hayes Road southwest towards Doyleville and to several secondary roads and logging roads that allows access 
to various parts of the Property (Photo 5.1).  

From Moncton the Property can be accessed by following: 

 Highway 15 northeast for approximately 13 km to Shediac to join; 

 Highway 11 northwest for approximately 120 km northwest to Miramichi where the highway intersects with 
Highway 8 from Fredericton and continues to the Property as described above. 

The drive from either Fredericton or Moncton to the Property is typically three hours. The drive from Bathurst to the 

Property is roughly half an hour. 

Photo 5-1: Typical access road on property, currently used as logging roads by the Property Owner 
(photo taken July 2016) 
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5.2 Climate 

The following section on Climate is adapted from Cullen and Barr, 2005. 

Northeastern New Brunswick lies in the northern temperate zone, characterized by large seasonal variations. Winter 

consists of freezing temperatures with substantial snowfall expected from late November through late March and 

warm summer conditions prevail from late June through early September. Shoulder seasons are typically cool and 

rainy. Environment Canada records for the 1971 to 2000 period for nearby Bathurst show modest rainfall and daily 

mean temperatures in the 13°C to 19°C range during the summer months with an average extreme summer 

maximum daily temperature of 36°C. Average winter temperatures range from minimums in the -30°C to -38°C. 

Average yearly precipitation for the period is 1,059 millimetres with an average of 314 centimetres of average 

snowfall accumulation. Weather and site conditions during the spring breakup period can prevent some exploration 

activities from being carried out due to high water levels in streams, unsafe ice conditions and impassable forestry 

access roads. For this reason, scheduling of field activities to avoid this period is advisable. 

5.3 Local Resources 

The Property is located approximately 45 km northwest of Bathurst, which is a local business hub for northeastern 

New Brunswick and the Bathurst Mining Camp. The Bathurst Mining Camp (BMC) is one of the largest VMS belts 

in the world with 45 deposits and more than 130 million tonnes of historic production. The BMC has a well 

established mining infrastructure and a skilled workforce, related to the development of several large lead-zinc 

deposits (Brown, 2007). 

The Property is situated approximately 50 km northwest of the past producing Brunswick #12, owned and operated 

by Xstrata (now Glencore) until April 2013, when it was officially closed. The facility operated at 10,000 tonnes of 

ore per day from underground operations.  

The Caribou Zinc Mine, located 40 km south-southwest of the Property, achieved commercial production on 

July 1, 2016. The mine is currently owned by Trevali Mining Corporation. The concentrator at the mine may provide 

additional support for any potential future mining operations on the Property. Trevali currently hauls concentrates 

to the Port of Belledune where the lead concentrate is processed and the zinc concentrate is sent via rail to the zinc 

smelter in Valleyfield.

Photo 5-2: Aerial View of the Port Facility at Belledune 
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5.4 Infrastructure 

The Property has excellent infrastructure with the northern extent of the deposit located approximately 1 km from 

Provincial Highway 11 and high-voltage (230 Kv) transmission lines that lead to the Port of Belledune, located 18 km 

to the east. The Port of Belledune hosts a deep-water port, 450 megawatt power plant and a lead-silver smelter 

that has railway access to a zinc smelter in Valleyfield, QC. 

The area has a well-developed network of paved highways and secondary roads. The Property also has several 

unpaved access and logging roads that allow access to several areas. The railway passes through the north end 

of the property and has rail yards located in Belledune and Bathurst. There are abundant sources of water both 

within and adjacent to the Property. 

Bathurst has a regional airport with service to several major hubs within the maritime region and has daily flights 

from Montreal. 

5.5 Physiography 

The description of physiography has been described previously by Cullen and Barr (2005) as a forested upland 

occurring at an average elevation of 100 m above sea level. The well-developed and moderately incised main 

drainage pattern is characterized by a dominant north-northeast trending system with northeast and northwest 

trending subsidiary systems. Geological interpretations indicate that this pattern may reflect bedrock structural 

trends in some areas of relatively shallow glacial overburden.  

Undulating topography found on the property is seen as local variation of approximately 5-15m around incised creek 

valleys, with overall decreasing elevation from the southwest to northeast. 

Vegetation consists of mixed boreal, deciduous and coniferous tree, cover accounts for 75% of the surface area in 

this region. The remaining area is characterized by cleared land associated with either active or inactive small farms 

and scattered residential properties. 

Local wetlands and small creeks cross-cut and partially overlie the deposits found at the Hickey and Hayes Zones. 

A small lake named Hayes Lake is located approximately 200 m to the southwest of the Hayes Zone. 
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6.0 HISTORY 

The history of the Property was previously described in detail by Brown (2007). Mineral exploration has been going 

on in the Nash Creek project area since at least the 1930s. However, a staking rush began in the early 1950’s with 

the discovery of Heath Steele Mines in the Bathurst-Miramichi area. Anomalous stream geochemical anomalies 

outlined by Hawkes, Riddell and Bloom sparked an increase in prospecting and claim staking in the immediate area 

of the Project (Olshefsky, 1989). Six areas within the nearby area have received periodic mineral exploration. These 

are Nash Creek, Mitchell Settlement, Knowles Vein, Jack Burns Lake, Falls Brook and McNeil Brook. The following 

is a summary of this work. 

6.1 Early Work (1950 – 1960) 

1953: Hawkes staked 10 claims for the Atwater Syndicate that were optioned by the American Metal Company. At 

the same time, Malartic Gold Fields Ltd. optioned a group of claims held by J.B. Anderson. 

1954: American Metal Company (AMEX) conducted geological mapping, magnetometer, and geochemical surveys. 

This preliminary exploration work was followed-up by 3,530 m of diamond drilling in 32 holes. Nine of these drillholes 

were located 1.4 to 3.2 km southwest of the deposit area and possibly west of the western Jacquet River Graben 

boundary. The drill logs filed for assessment do not include assay reports. Of the 23 holes drilled on the deposit 

several are described as having galena, sphalerite and pyrite associated with stringers and breccia fillings in 

conjunction with varying amounts of carbonate flooding. Pyrite also occurs as moderately heavy impregnations of 

altered rock. Mineralization occurs within altered flows, altered tuff and interflow 5 breccias. The most intense 

mineralization appears to be associated with breccias within the banded rhyolite. 

1954/1955: Malartic Gold Fields Ltd., undertook a geological mapping program, magnetometer and self-potential 
geophysical surveys, a soil geochemistry survey and drilled eight holes totalling 1,559.05 m. All drillholes were 
in the vicinity of what has become known as the MacMillan Zone mineralization and these drillholes intersected 
the first higher-grade mineralization. One drillhole tested an electromagnetic anomaly while the remainder 
evaluated soil geochemistry anomalies with corresponding magnetic highs. The best intersection reported 
5.02% lead and 2.15% zinc over 1.31 m. Lack of follow-up caused the claims to lapse.

6.2 1960 – 1970 

Early 1960s: Dome Exploration Ltd. (Dome) made option agreements for three properties between Mitchell 

Settlement and Belledune River on the eastern side of the Nash Creek Project. The area of main interest was the 

Knowles Vein that lies within limestone sediment intruded by mafic dykes and in close proximity to a granitic 

intrusive.  

Exploration consisted of 1,800 soil geochemistry samples, magnetometer and electromagnetic surveys, and 27 

drillholes.  

Two of well mineralized samples from drilling are; hole NB-10 2.16% zinc, 2.45% copper, 0.69% lead and 15.28 

ounces per tonne silver over 1.52 m, and hole NB-1 14.25% zinc, 3.23% copper, 11.32% lead and 19.42 ounces 

per tonne silver over 2.8 m. Some narrow higher-grade intervals have up to 39 ounces per tonne silver (GEOSCAN 

numbers 470492, 470493, 470494 and 470495).  

Encouraged by the results in this area, what is now the Nash Creek Deposit was staked with the results of 

exploration reported in 1962. The work reported consisted of a compilation map showing the location of the 
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23 AMEX drillholes with assay intervals, trenching and pitting, soil and silt (wetland) geochemistry and geophysical 

surveys. 

1965 - 1970: B.J. Cheriton held the ground overlying the Nash Creek Deposit. A geological mapping program and 

a geophysical EM survey were six followed by a five hole, 602.5 m diamond drill program. The first reported drillhole 

intersection from the McMillan Zone came from hole CM6702 with an intersection from 35 ft. to 111 .5 ft. of 

mineralized rock containing 2.28% lead, 2.53% zinc and 0.46 ounces/tonne silver. In 1970, C.G. Cheriton produced 

a geological map of the property. 

1967: Ryanor Mining Company Ltd. reported soil geochemistry, prospecting and trenching near Jack Bums Lake. 

Because the area is locally swampy the trenching was not successful in detecting the source of the soil anomalies. 

This area is of interest due the proximity with the Jacquet River Fault that forms the western margin of the Jacquet 

River half graben. 

1967 - 1968: Noranda Exploration Mining and Exploration Ltd. (Noranda) staked a property in the McNeil Brook 

area.  

Six hundred soil samples, 44 silt samples, line cutting and a self-potential were reported in the first year. Only 

copper results were reported for soil data.  

Three trenches, four drillholes for a total of 383.7 m and property scale geological mapping were reported in the 

second year. The mineralization consists of semi-massive to disseminated chalcopyrite, bornite, sphalerite, galena 

and pyrite in an andesite breccia along the Devonian mafic and felsic volcanic contact. The rock samples from the 

trenches produced the best assay results with a 2.7 m section having 2.09% copper, 0.61% lead and 0.43 

ounces/tonne silver. A lower grade stringer zone intersected in drilling yielded 0.05% copper, 0.58% lead and 1.45% 

zinc over 6.1 m (Irrinki, 1990 p43). Individual prospectors have held the ground since this reporting period and 

through their work have verified the results. 

6.3 1973 – 1979 

1973: World Wide Explorations Ltd. undertook a preliminary resource calculation on the resources located in the 

Knowles Vein (East Zone) and the West Zone. Both of these zones were drilled earlier by Dome. The results of this 

NI 43-101 non-compliant historical calculation are as follows (Alcott, 1973): 

Resource Category Tonne Cu% Zn% Pb% Ag oz./t 

Knowles Vein (East Zone) 

Probable 2,100 3.45 7.5 8.68 15.07 

West Zone 

Possible 548 1.95 5.8 5.18 10.32 

No methodology was shown for the calculation; however, the assays reported by Dome could support these results. 

These estimates are historical in nature and should not be relied upon. Callinex is not treating them as the current 

resources for the Property.  

1976: A barite occurrence was reported east of Jacquet River by Noranda in a report. The property was known as 

the Hickey Option.  

The work was comprised of 13.4 km of line cutting, soil geochemistry (300 samples), geological mapping and 

trenching. The mineralization occurs in a structural shear with a 0.61 metre barite core. There are several copper-
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pyrite occurrences reported in the vicinity. In 1989 M. McCombe reported drilling two holes and intersecting weak 

copper and barite mineralization. 

1977: Texasgulf Canada Ltd. (Texasgulf) staked 86 claims and completed an exploration program consisting of 

120 km of cut grid lines, geological mapping, soil geochemistry, 16 km of VLF and 110 km of magnetometer surveys.  

In 1978, additional soil geochemistry and geophysical surveys were conducted. Geophysical surveys included; 

15 km of Dipole-Dipole Induced Polarization (I.P.), 20 km of horizontal loop electromagnetic (HLEM), 7 km of Very 

Low Frequency (VLF) EM and 2 km of gravity.  

In 1979: This company carried out follow-up Dipole-Dipole I.P. surveys and diamond drilling. A total of 588.29 m of 

NQ core in 10 vertical holes, tested a broad I.P. target associated with the Hickey Zone originally intersected by 

AMEX in 1954. Drilling delineated a series of discontinuous sulphide lenses in holes NC7902 and NC7907 that 

range in grade from 3.17% zinc, 1.19% lead and 29.7 g/t silver over 4.95 m to 7.32% zinc, 2.26% lead and 41.9 g/t 

silver over 3.7 m. 

6.4 1987 – 1991 

1987: Donald Burton completed a metal mineral potential study on the Silurian and Devonian rocks west of the 

Jacquet River fault. During this survey he analyzed rock from a mineralized quartz vein on Big Hole Brook. The 

analytical results on this sample yielded 0.15% copper, 2.10% lead, 9.00% zinc, 21ppm gold and 5ppm silver. 

Burton stated “certain areas considered worthy of further investigation on the basis of encouraging trace-element 

associations.  

Recent gold discoveries in the Upsaiquitch Forks area and at Rocky Brook are known to be associated with Hg-Sb-

Ag-As-Bi. A number of samples were collected in the northern part of the belt, along tributaries of the Jacquet River 

known to be highly anomalous in their silt geochemistry. This area shows distinctive enrichments in some trace 

elements, particularly in Hg and Sb, that may represent alteration haloes associated with blind mineral deposits”. 

1988 - 1990: Falconbridge Limited began taking a serious look at the mineral potential of the project. The initial 

exploration programs included geological mapping, 93 km line cutting, lithogeochemical sampling, staking, 69.92 

km of Gradient I.P., 17.62 km of Schlumberger Array I.P., 4.36 km of Pole-Dipole and 0.52 km of Dipole-Dipole 

Array I.P., diamond drilling (8,831.86 m of NQ core in 36 holes) and flew an airborne VLF, EM and Magnetometer 

survey over the entire claim block.  

In 1991 Falconbridge completed 14 drillholes on three areas for a total 2,265.56 m. Seven of the holes were drilled 

on soil geochemistry and geophysical targets in the Mitchell Settlement area west of the Knowles vein. The 

remaining holes have tested targets near the Nash Creek mineralized horizons and along what is believed to be 

their southern extension. During this same year regional geological mapping and litho geochemical (344 samples) 

surveys were undertaken to examine the mineral potential for the area believed to encompass the Jacquet River 

half graben that hosts the Nash Creek mineral deposits.  

Falconbridge was the first company to begin to outline the Hayes Zone. It was identified over a 300 metre strike 

length and reached 100 m at the maximum width. A company reported a calculated tonnage (Olshefsky, 1990) of: 

Resource Category Tonnes Zn % Pb % Ag (g/t) 

Probable 940,000 4.58 0.85 26.23 

Possible 1,340,000 4.75 0.89 27.94 

These estimates are historical in nature and should not be relied upon. Callinex is not treating them as the current 

resource for the Property. 
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1989 - 1990: Novagold Resources Inc. filed three assessment reports covering work completed on the Falls Gulch 

property in 1989 and 1990. The first reported 50 km of line cutting, 40 km of gradient and total field magnetometer 

and VLF EM surveys and a 936-sample soil geochemical survey. This was followed-up in 1990 by a 16 km gradient 

I.P. survey and the six diamond drillholes for a total of 1056.6 m.  

Drilling completed by Novagold targeted I.P. and soil geochemistry anomalies outlined in the earlier surveys. The 

best silver results occurred in an altered mafic flow from 03-88-05 at 196.17 m to 201.33 m. The average grade 

was 15.1 parts per million (ppm) silver. The best lead-zinc interval came from hole 03-88-0 1 at 66.78 to 67.0 m 

that intersected sericitic lapilli tuffs and flows. The sample yielded 1.10% lead and 2.23% zinc over 0.22 m. The 

geology is comprised of felsic flow banded to massive flows and mafic pillow to amygdaloidal to vesicular to massive 

flows. 

6.5 2002 – 2011 

2002 - 2005: SLAM Exploration Ltd. acquired the property by staking in January 2002. The company expanded the 

claim group as more was learned about the mineral potential and geological environment of the property. The 

mineral exploration program commenced with a preliminary compilation of the Geoscientific database available 

from the New Brunswick Department of Natural Resources. 

In the winter of 2004 two airborne surveys were completed. The first, an Airborne Gravity survey, then followed by 

the MegaTEM II airborne time domain EM survey. The electromagnetic airborne survey indicated a broad flat lying 

to shallow east dipping conductive horizon that extended to the east from the deposit.  

In the fall of 2004 and winter of 2005 eight drillholes were completed at the Nash Creek Deposit over the Hayes 

Zone. As part of this program one hole was collared on a coincident soil anomaly over the conductive horizon and 

intersected what became known as the Central Zone 1600 m to the east of the main Hayes-Hickey trend. The 

drilling program on the Hayes Zone expanded the high-grade zone. In the fall of 2005 an additional six holes were 

drilled.  

In the spring of 2005 Mercator Geological Services Limited was contracted to undertake a NI 43-101 compliant 

Resource Estimate for the Nash Creek Deposit (Cullen and Barr, 2005). The results of this program were: 

Resource Category Tonnes Zn % Pb % Ag (g/t) 

Indicated 3,400,000 5.01 0.89 30.95 

Inferred 1,700,000 3.68 0.66 19.2 

These estimates are historical in nature and should not be relied upon. Callinex is not treating them as the current 

resources for the Property. 

Following the resource calculation SLAM continued drilling with six more holes completed in the fall of 2005. Four 

holes continued to explore the Hayes Zone while two holes drilled soil anomalies to the North of the Hickey Zone 

and East of the MacMillan zone.  

Also in the fall of 2005 a Mobile Metal Ion test survey consisting of 443 samples was completed. These samples 

defined the previously known soil anomalies and line 7200 North was extended to the east across the conductive 

horizon.  

2006: During 2006 the University of Toronto (UT) began doing a research project on the Nash Creek Deposit where 

the physical rock properties of the core were measured and found to be suitable for field testing of a new style down 
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hole and surface electromagnetic and resistivity measurement system. This research was conducted to characterize 

the deposit using gravity, specific gravity and electromagnetics for mineral occurrence targeting.  

In the winter of 2006, a 367 line kilometre VTEM survey was flown over the project area. This added coverage 

expanded the conductive horizon and indicated the conductive horizon may be controlled in part by the half graben 

structure.  

In the summer of 2006 another 16 drillholes were completed. Although most of the holes were in and around the 

Hayes Zone, hole NC06-16 expanded the Central Zone and hole NC06-31 tested a MegaTEM anomaly shown from 

the airborne on an Conductivity Depth Transform inversion. Hole NC06-31 intersected a barren alteration zone. UT 

was requested to re-evaluated the airborne data and provided a levelled magnetic survey that was calibrated for 

the surveys with the re-interpretation from drill results field mapping that was undertaken in the summer of 2007. 

SLAM also completed a detailed and regional gravity survey that has been used to help define drill targets from 

both the soil geochemistry and airborne conductivity surveys. Research work undertaken by UT included 

re-interpretation of the airborne data which has the potential to identify deeper electromagnetic anomalies for drill 

testing. 

2007: SLAM undertook preliminary metallurgical testwork program to evaluate mineralogy, grinding performance 

and recovery by flotation in composite mineralized samples collected from the Property. Results are discussed in 

Section 13.0. 

SLAM undertook a resource calculation on the Nash Creek Deposit (Brown, F. Derek). The results of the estimate 

are as follows: 

These estimates are historical in nature and should not be relied upon. Callinex is not treating them as the current 

resources for the Property. 

2008 - 2009: SLAM carried out additional drilling and commissioned Wardrop Engineering Inc. (now Tetra Tech) to 

produce a resource estimate for the Hickey and Hayes Zones which represent the most significant mineral 

resources on the Property. The remaining two zones, MacMillan and Central Zones, were intercepted with a small 

number of drillholes and not included in the estimate.  

Wardrop used ordinary kriging for grade estimation on the project. The resource estimate was completed using a 

2.0% zinc equivalent (ZnEq) cut-off grade for both the Northern Hickey Zone and the Southern Hayes Zone.  

In order to create the most representative resource estimate of the different zones, a ZnEq value was calculated 

from the composited assay values. Metallurgical values were incorporated in this formula, based on a 2007 

Metallurgical report completed for SLAM. 

The following formula was used to calculate ZnEq: 

ZnEq = ((([ZN%]*1.11*0.905*22.04622) + 

([CU%]*2.75*0.5*22.04622) + ([PB%]*0.78*0.815*22.04622) + 

([AG_g/t]*11.70/34.2857*0.5)/(1.11)))/22.04622 

The results of the 2009 estimate were as follows: 

Resource Summary 

Resource Type Tonnes 
Zinc Equivalency

(ZnEq) % 
Zinc (Zn) 

% 
Lead (Pb) 

% 
Silver (Ag) 

g/t 
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Northern Hickey Zone 

Indicated 3,044,300 3.00 2.50 0.56 17.83 

Inferred 198,100 2.67 2.19 0.55 16.78 

Southern Hayes Zone 

Indicated 4,763,000 3.36 2.86 0.55 18.53 

Inferred 1,013,600 3.23 2.75 0.52 18.25 

Total 

Indicated 7,807,900 3.22 2.72 0.55 18.26 

Inferred 1,211,700 3.14 2.66 0.52 18.00 

These estimates are historical in nature and should not be relied upon. All historical estimates herein are 

superseded by the updated mineral resources for the Property presented in Section 14.0.  

2011: SLAM drilled two holes totalling 1,165 m on the Property in January 2011. Drillhole NC11220 was drilled as 

a metallurgical test hole, specifically to examining the amenability to pre-concentration by Dense Media Separation 

(DMS). Results are discussed in Section 13.0.  Hole NC11221 was an exploration hole drilled 300 m east of the 

southeastern corner of the Hayes Zone. 

2016: Callinex acquired the Property and existing data from SLAM through a purchase agreement dated 

May 13, 2016. 
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7.0 GEOLOGICAL SETTING 

7.1 Regional Geology 

Bedrock architecture of New Brunswick follows a series of interrelated and complex tectonic events which occurred 

during the Paleozoic with closure of the Iapetus Ocean between Laurentia and Gondwana (incl. Ganderia), and 

subsequent closure of the Acadian Seaway (Fyffe et al., 2011). Northern New Brunswick and the adjacent Gaspé 

Peninsula in Québec are divided into four north to northeasterly trending tectonostratigraphic belts of Palaeozoic 

age, in part forming the Laurentian margin and peri-Laurentian/Iapetan accreted terrains of the Silurian to early 

Devonian Appalachians. From northwest to southeast these include: 1) Connecticut Valley-Gaspé Synclinorium 

(CG); 2) Aroostock Percé Anticlinorium (AP); 3) Chaleur Bay Synclinorium (CB); and 4) Miramichi Anticlinorium 

(MA) (Walker and McCutcheon, 1995; Walker, 2010).  

The youngest of these tectonostratigraphic belts is the CB, which has recorded complex marine transgression-

regression cycles, unconformities, and at least two phases of deformation and widespread volcanism (Wilson, 

2017). The regional, approximately east-west trending, Rocky Brook-Mill Stream Fault divides the CB into the 

southern part dominated by the Lower Devonian sedimentary and volcanic rocks of the Tobique Group, and the 

northern part is dominated by the Silurian sedimentary and volcanic rocks of the Chaleur and Lower Devonian 

sedimentary and volcanic rocks of the Dalhousie Groups. The Nash Creek Project is hosted by the Dalhousie Group 

rocks within the northern CB near the Bay of Chaleur (Figure 7-1). 

The Chaleurs and Dalhousie Group rocks are interpreted to have formed in a within extensional regime (Walker 

2010, ref. Dostal et al., 1989) generated by transpression during the oblique accretion of Ganderia (MA) and 

Avalonia onto the Laurentian margin during the Early Silurian to Early Devonian (Walker, 2010, ref. Dostal et al. 

1989; van Staal and de Roo 1995).  

The CB is in disconformable or in faulted contact with the older Miramichi Anticlinorium (MA), which lies to the 

present day southeast. The northeastern extent of the New Brunswick part in the Miramichi Anticlinorium is known 

as the “Bathurst Mining Camp”, host to the Brunswick #12 (past producer) and the Caribou Zinc Mine, both VMS 

related deposits.  
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Figure 7-1: Simplified Geological Terrane Map of  New Bathurst, showing northern 
tectonostratigraphic belts: 1) Connecticut Valley-Gaspé Synclinorium (CG); 2) Aroostock Percé 

Anticlinorium (AP); 3) Chaleur Bay Synclinorium (CB); and 4) Miramichi Anticlinorium (MA) 

7.2 Property Geology 

The Jacquet River Syncline (JRS) is one of many sub-basins within the CB and is located on the northern exposed 

portion of the CB. The JRS has been described as a generally north trending, doubly plunging, regional-scale fold 

containing the Chaleurs and Dalhousie Group Rocks (Walker, 2010). The Nash Creek deposit is mainly hosted 

within the Lower Devonian sequence of the Dalhousie Group rocks, bounded to the west by the north-south trending 

Black Point-Arleau Brook Fault (Figure 7-2) which divides the JRS into a northeastern and southwestern portion. 

West of this fault lie formations from the older Silurian Chaleur Group. 

7.2.1 Stratigraphy 

The main focus of mineral exploration at Nash Creek has been within the formations that comprise the Dalhousie 

Group. Generally, the lowermost formation represents a short-lived regression which was then overlain by rocks 

deposited within a successive transgression cycle. These formations include (from oldest to youngest): 

 Mitchell Settlement Formation: massive to amygdaloidal subaerial flows with interbedded with olive-grey 
micaceous finely laminated sandstone, siltstone and minor red siltstone. Near the base of the type section there 
is mafic volcanic peperitic breccias occurs within greyish red siltstone (“redbeds”) and a 30 metre bed of mafic 
tuff. The center part of the section is dominated by dark green-grey micaceous sandstone. The upper part of 
the section is orange weathered mafic flows with inter flow sediments. 
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 Jacquet River Formation: conformable on the Mitchell Settlement Formation and is the dominant formation for 
the Dalhousie Group. The formation comprises green-grey marine sedimentary rocks, micaceous sandstone 
and siltstone with minor interbedded limestone and mafic flows. The sediments are typically fossiliferous. Mafic 
flows occur near the top in several locations. The Jacquet River sediments, or similar rocks, are observed to be 
located between the Archibald and Sunnyside Formations, which is suggested by Wilson (2017b) that the 
volcanic units form lenticular bodies that are enveloped by these sedimentary rocks. 

 Archibald Settlement Formation: conformably overlain by the Sunnyside Formation and disconformably 
overlies, or is possibly enveloped by, the Jacquet River Formation. The formation outcrops in the northeastern 
part of the JRS and comprises flow banded rhyolite at the base of the section that is overlain with a sequence 
of pyroclastic and epiclastic with distinctive red rhyolite clasts and minor siltstone. The upper part of the section 
is made up of intermediate of felsic green-grey flows. Age 415.6+/-0.4 Ma (U-Pb, Wilson and Kamo, 2008). 

 Sunnyside Formation: Conformably overlain by the Big Hole Brook Formation and overlies the Archibald 
Settlement Formation. The base of the section comprises vesicular mafic flows with inter flow sediments. The 
upper part is intercalated massive and reworked hyaloclastite with minor lenses of massive lava. Locally the 
formation contains interbedded mafic tuff and pillow basalt. Age 415+/-0.4 Ma (U-Pb, Wilson and Kamo, 2008). 

 Big Hole Brook Formation: Unconformably overlain by the Carboniferous Bonaventure Formation in the north 
and conformably overlies the Sunnyside Formation. This formation constitutes the top of the Dalhousie Group. 
The unit comprises green-grey, micaceous, locally calcareous fine-grained sandstone and siltstone. It is 
typically thin to thick bedded with parallel laminations and cross bedding occurs near the upper contact.  

Gabbro and diorite mafic intrusive rocks are in contact with most of the Dalhousie Group rocks but do not have a 

common contact with the Carboniferous cover. It is believed that the Carboniferous rocks are the youngest in the 

stratigraphic column. 

The Nash Creek Deposit is hosted mainly within the bimodal volcanism of the Archibald Settlement and Sunnyside 

Formations with some overlap into the Jacquet River Formation sediments. In the deposit area, the formations are 

generally flat lying to gently east dipping, and the volcanics form lenticular masses (Wilson, 2010) within the volcanic 

sequences of the Archibald and Sunnyside Formations. 

7.2.2 Structure 

The Nash Creek Deposit is interpreted to lie within a half graben formed along the eastern boundary of the roughly 

north-south trending Black Point-Arleau Brook Fault. Although the northern extension of the half graben strikes 

unconformably under Carboniferous Bonaventure Formation, sufficient exposure remains to identify its nature. The 

furthest inland part of the graben runs 22 km east northeast before rotating northward for 25 km to Chaleur Bay. 

Along the Nash Creek deposit, influence from the fault can be seen across a 500 m thick shear zone, with high 

resolution digital elevation model (HRDEM) available through Service New Brunswick and collected as part of the 

CanElevation Series created in support to the National Elevation Strategy implemented by NRCan. Numerous 

smaller internal grabens exist within the Black Point-Arleau Brook Fault zone which appear to act as lateral bounds 

to the Hayes Zone and the Hickey Zone.  

Structural evolution of the host bedrock which influenced the mineralizing events associated with the Nash Creek 

Deposit are related to the mid-late Appalachian orogeny during the late Salinic (Silurian) and Acadian (early 

Devonian) orogenic phases. Detailed study of the structural regime in this area has not been conducted. The 

following series of events is suggested by the QP based on site observations and information contained within 

Wilson (2017b), however, further work is required to confirm and improve upon this model. 
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- Late Ordovician to Early Devonian (Salinic orogenic phase): 

o Major northwest-southeast (present day) directed folding and formation of JRS and deposition of 

Jacquet River Formation sediments 

- Mid-Late Devonian (Acadian orogenic phase):  

o Rifting or Extension, resulting in east directed down dropping normal fault bisecting the JRS, early 

stage development of the Black Point-Arleau Brook Fault and the Nash Creek half graben 

o Erosion of volcanic uplands continued deposition as polymict conglomerates as the Jacquet River 

Formation, and later the Big Hole Brook Formation 

o Bimodal volcanism depositing the Archibald and Sunnyside formations from various volcanic vents 

along the Black Point-Arleau Brook Fault 

o Contemporaneous and followed by north-south directed sinistral transpressional strike-slip faulting 

and NW-SE directed tension along the Black Point-Arleau Brook Fault, resulting in NW-SE directed 

structures related to hydrothermal or metasomatic Zn-Pb mineralization, most prominently in the 

Hayes Zones and also seen in the Hickey zone to cross cut volcanics 

Much of the mineralization is located within the upper portions of the more felsic Archibald Settlement Formation at 

the Hayes Zone and in the Sunnyside Formation at the Hickey Zone. Brecciation straddles the contact between the 

overlying Sunnyside Formation mafic flows and the Archibald Settlement Felsic flows and tuffs. Analytical results 

from core taken from the deposit indicate the highest grade mineralization, notably in the Hayes Zone, occurs within 

these brecciated mafic rocks. 

The geology of the east side of the property has some dispute over the age of the felsic volcanic and limestone 

sediments. Irrinki (1990b) suggest a lower Devonian age while the Map NR-1 indicated an early to late Silurian age. 

The units are comprised of felsic volcanic flows and tuff while the sedimentary bands are limestone (see Figure 

7-1). The limestone beds are proximal to a lower Devonian granite intrusive (Antinouri Lake). 

Locally mineralized quartz-carbonate veins within these limestones locally contain significant amounts of base metal 

sulphides and silver. The Knowles vein near Mitchell Settlement is the best example of this discovered thus far 

(Alcott, 1973). This environment may have the potential to host skarn type mineral deposits. 
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Figure 7-2: Simplified Geological of the Nash Creek Deposit Area, Northern New Brunswick (extracted 
from Walker, 2010) 

7.2.3 Mineralization 

7.2.3.1 General 

Sulphide mineralization at Nash Creek includes pyrite, sphalerite, galena and minor chalcopyrite. Silver consistently 

accompanies the sulphides, possibly the result of argentiferous galena or presence of a silver rich sulphosalt. 

Sulphide concentrations of potential economic interest occur as: 1) stratabound and/or laterally continuous zones 

of matrix filling or replacement style mineralization within coarse to fine grained pyroclastic deposits of both mafic 

and felsic affinity; 2) fracture filling, stringer or vein arrays mainly within competent flow units or flow breccia; and 3) 

discrete breccia zones (e.g., flow breccia, autobrecciation, etc.). Strong intraclast chlorite mineralization is 

associated with concentrations of Zn+Pb in the brecciated mafic rocks. 

Moderate to intense clay alteration and silicification are common in the mineralized zones and broader zones of 

strong carbonate, hematite and potassium alteration occur in footwall, and occasionally hangingwall, to mineralized 

host rocks. Mineralization occurs as multiple stacked zones of laterally extensive pyroclastic units and flow top 

rubble zones which are cross cut locally by north, northeast and northwest trending structures that may have acted 

as pathways for mineralized hydrothermal fluids (Cullen and Barr, 2005). 
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Four zones hosting stratabound mineralization have been identified on the Property by previous workers. These 

four zones are, roughly from north to south, the MacMillan, Hickey and Hayes zones and to the east, the Central 

zone (Refer to Figure 10-1). Drilling completed by Callinex in 2017 has extended the Hickey Zone to the north. 

Mineral resource estimates have been stated for the Hayes and Hickey Zones. 

7.2.3.2 MacMillan Zone 

This zone is located to the west of the Hickey Zone and is defined by 12 diamond drill holes, including 8 completed 

during the 1955 to 1967 period. As described by Olshefsky (1989) stratigraphy in this area differs somewhat from 

the Hickey Zone and is dominated by felsic flows and associated volcaniclastic intervals and is interpreted to be 

separate from the Hickey Zone by an east dropping normal fault. These host rocks may be associated with those 

seen within the Hayes Zone, to the south. The only hole in the area to intersect any significant amount of 

mineralization was CM-2, intersecting 76.5 feet at an average grade of 0.46% copper, 2.28% lead, 2.53% zinc. 

Falconbridge drilled 8 holes in the vicinity of the MacMillan Zone with overall poor results. Slam drilled one hole 

(NCO51O) 200 m east of CM-2 and intersected 3.9 m with an average grade of 4.77% zinc, 0.56% lead and 44.9 g/t 

silver. 

7.2.3.3 Hickey Zone 

The Hickey Zone is defined by 286 modern era holes, with 26 completed by Texasgulf/Falconbridge, 191 completed 

by SLAM, and 59 completed by Callinex. Three to four distinct and somewhat discontinuous flat lying horizons have 

been identified, which have been discretized in to 40 separate lenses, or domains. Mineralization is interrupted 

along strike from the Hayes Zone, and appears to be hosted in mafic dominated rocks, unlike the Hayes Zone. The 

mafic rocks are underlain, and overlain, by sedimentary rocks which are commonly calcareous, and is most 

prominent in the northern extent of the zone. Mineralized zones generally contain lower metal grades than those in 

the Hayes Zone. Despite the discontinuity of the lenses the soil geochemistry and gravity data indicate that there is 

potential to expand to the north and west of the known trends. 

Drilling completed by Callinex in 2017 has extended the zone by more than 750 m along strike, to a total of 

approximately 1.6 km, and an average overall width of approximately 200 m.  

Previously, the only hole in the area to intersect any significant amount of mineralization was CM-65-02, which was 

reported to intersect 76.5 feet (approximately 23.3 m) at an average grade of 0.46% copper, 2.28% lead, 2.53% 

zinc (this data is unverified and is not currently included in the database). Falconbridge drilled eight holes in the 

vicinity of what was referred to as the MacMillan Zone with overall poor results. SLAM drilled one hole (NC05-10) 

200 m east of CM-65-02 and intersected 3.9 m with an average grade of 4.77% zinc, 0.56% lead and 44.9 grams 

per tonne silver; no anomalous copper was detected. The mineralized intersection from hole NC05-10 was 

confirmed by Callinex drilling to extend laterally at least 120 m in hole NC17-235 which assayed 4.96% Zn, 

0.72% Pb, and 0.08 g/t Ag over 8.6m, and along strike 125 m in drillhole NC17-232 which assayed 4.11% Zn, 0.45% 

Pb and 14.83 g/t Ag over 7 m. 

7.2.3.4 Hayes Zone 

Sixty-eight modern era drillholes have been completed in and around the Hayes zone, with 43 completed by 

Texasgulf/Falconbridge, and 24 completed by SLAM. Results suggest that at least three stacked lead-zinc-silver 

mineralized horizons, divided in to 19 separate lenses, or domains. These horizons extend in a northerly to slightly 

north-westerly direction for a 500 metre strike length, and have a slight plunge to the south-southeast. Locally, the 

zones reach horizontal widths of 50 to 200 m. Olshefsky (1989) describes the mineralization as (1) matrix material 

in “auto-brecciated and hydro-brecciated portions of flows or flow margins, (2) discrete stringers and (3) as 
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disseminations within flows and/or amygdule infillings. Cullen and Barr (2005) reported the coarse pyroclastic 

lithology also carries matrix phase sulphides, with several of these mineralized horizons traceable over lateral 

extents of up to 200 m. 

The lowest stratigraphic interval in the Hayes zone area is a massive flow section of indeterminate thickness, termed 

the “Lower Rhyolite” Olchevsky (1989). The Lower Rhyolite is overlain by a mix of locally hematized mafic and felsic 

fragmental rocks, followed by a series of mafic flows and flow breccias that are host to the deepest matrix sulphide 

mineralization noted to date. The mineralized interval is overlain by a mix of mafic and felsic fragmental rocks 

followed by porphyritic andesite that locally carries stratabound matrix sulphide mineralization in flow breccia zones. 

Hematized basaltic flows overlie the andesites, also locally hosting sulphide mineralization in breccia. An upper flow 

banded rhyolite occurs above the basalt and is host much of the higher-grade sulphide of the Hayes Zone. 

Non-mineralized, massive porphyritic mafic flows overlie the rhyolite and are subsequently overlain by a distinctive 

calcareous conglomerate and volcaniclastic units grading to silty fossiliferous limestone.  

7.2.3.5 Central Zone 

The Central Zone was discovered by SLAM in 2005 when hole NC05-05 was drilled to test a soil geochemical 

anomaly and associated airborne EM anomaly. The hole was drilled approximately 1.6 km east of the Hayes Zone. 

The discovery was followed-up in 2006 with hole NC06-16 approximately 230 m to the north of hole NC05-05. 

The stratigraphy at the Central Zone is like the Nash Creek Deposit. To a depth of 60 m a sequence of 

conglomerates, calcareous siltstones and fossiliferous limestone are interbedded with mafic tuffs and flows. This is 

underlain to a depth of 275 m by rhyolite flows and fragmental units with interbedded conglomerates, calcareous 

siltstones and fossiliferous limestone similar to the above units. The conglomerates are derived from the underlying 

flows and sediments. Narrow (< 2 metre) fine grained, medium green-grey weakly magnetic mafic dykes occur with 

minor calcite veinlets. 

Both the rhyolite and basalt are locally altered with carbonate, sericite and/or hematite although more extensive 

rhyolite. The rhyolite varies from pale buff or orange, to maroon or to lime-green depending on the intensity and 

type of hydrothermal alteration. 

Hole NC0505 intersected a 2.5 metre zone of sulphide mineralization associated with brecciated and silicified 

rhyolite at a depth of 133.5 m. The mineralization consists of locally 5-10% very fine grained dark grey pyrite plus 

galena and sphalerite within the breccia matrix. The 2.5 metre interval averages 3.9% zinc, 0.4% lead and 15.5 g/t 

silver. 

This zone correlates with a 4.2 m interval in hole NC0616 that averages 2.6 1% zinc, 0.27% lead and 11.59 g/t 

silver at a depth of 113.8 m near the top of a rhyolite 21 unit. This interval includes a 1 metre section grading 6.46% 

zinc, 0.42% lead and 21.3 g/t silver. 

Both holes intersected a shallow zone of anomalous base metal and silver mineralization associated with brecciated 

and altered basalt. Hole NC0505 intersected 2 m grading 0.15% zinc, 1.26% lead and 6.5 g/t silver flanked by a 

semi-massive galena vein assaying 21.4% lead over 0.30 m at a depth of 50 m. Hole NC0616 intersected 11.4 m 

of anomalous zinc (0.32%), lead (0.06%) and silver (3.51 g/t) at a depth of 33.6 m. 
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8.0 DEPOSIT TYPE 

Sulphide mineralization identified at Nash Creek is hosted within the bimodal volcanic sedimentary succession of 

the Dalhousie Group. Sulphides occur mainly as: (1) matrix filling and/or replacement in brecciated rhyolite and 

basalt flows and flow top breccia; (2) disseminations and replacements along rhyolite flow banding; and (3) locally 

as quartz and carbonate in veinlet and stringer arrays hosted by fractured and altered bedrock mainly massive 

mafic flows. Footwall alteration observed from recent Callinex drilling in the Hickey Zone exhibits moderate to strong 

chlorite alteration in mafics with moderated to sericitization and silicification in the felsics. 

Predominance of zinc and lead mineralization with low iron and sulphur associations, paucity of gold and copper 

mineralization, geochemical indicators such as low Ba/Sr and high Y/Ho suggest the Nash Creek Deposit was 

formed in a lower temperature hydrothermal environment distal to a volcanic edifice or core black smoker. Bimodal 

volcanism, with dominant felsic flows and tuffaceous units overlain by dominant mafic flows and tuffaceous units 

are characterized by multi-episodic volcanic pulses. Mineralization is related to zones of hydrothermal focus and 

sulphide accumulation is found along, or in association with, areas of faulting or fracturing, as might be expected 

along a crustal weakness zone such as a graben boundary fault and/or related subsidiary structure. Development 

of local volcanic edifice or caldera structures can also be expected along such major weakness zones and related 

radial and ring system faults and fracture corridors could provide focus for sulphide mineralization of the styles 

recorded at Nash Creek. 

Intercalated calcareous sediments with localized fossiliferous calcareous mudstone which underlay and overlay the 

main mafic hosted mineralized sequence identify shallow marine, or possible near shore deposition.  

The white smoker deposit model is proposed for the Nash Creek deposit, in contract to a traditional black smoker 

deposit. These deposits types are described further in the section found below. 

8.1 Background 

Known seafloor ore deposit types include volcanogenic massive sulphide deposits (VMS), volcanogenic hosted 

massive sulphide deposits (VHMS), epithermal, porphyry, metalliferous mud, manganese nodules, placer gold, and 

placer diamonds, that have geochemical associations controlled by tectonic setting, volcanic substrates, and 

temperature-dependent solubility controls (Gemmell and Piercy, 2016). VMS deposits in particular form on, or 

below, the ocean floor and are typically associated with volcanic and/or sedimentary rocks. The deposits often have 

a strong metal zonation, seen as the segregation of various metal-bearing sulphides throughout a deposit. In 

general, copper sulphide (chalcopyrite) forms in the central (or higher temperature) parts of the deposit, such as in 

the stockwork and vent-proximal sulphide lenses. Gold concentrations can often be highest in these copper-rich 

zones. The massive or semi-massive accumulations of sulphide minerals form lens-like or tabular bodies parallel 

to stratigraphy or bedding (Foran Mining, 2015). 

VMS deposits result from chimneys formed from black, grey, and white smokers that exhaled metal-rich brines into 

the ocean when hot hydrothermal fluids mix with near-freezing seawater, and subsequently have characteristic 

deposit types primarily dependent on temperature and oxygen fugacity. A central black smoker complex can have 

a sulfide talus that circumferences the central system, with white smokers at the periphery. Black (sulfides) and 

white (sulphates) smokers have unique characteristics. 

Black smokers result from hot (~350 C) temperatures with lower oxygen fugacity, and produce ‘black ore’ deposits 

concentrated in Cu-rich sulphide (chalcopyrite), Fe-sulfide (massive pyrite and pyrite breccias), and Fe-

monosulfides. An anhydrite-rich zone can be associated centrally with the black smoker, with silicified and pyritized 

stockwork and/or vent-proximal sulphide lenses. Gold concentrations can often be highest in these copper-rich 
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zones. From the outer wall towards the central zone, colloform pyrite, a strong temperature gradient governs a 

decreasing trend in Tl, Ag, Ni, Mn, Co, As, Mo, Pb, Ba, V, Te, Sb, U, Au, Se, Sn, and Bi concentrations (Kingston 

et al., 1995). Therefore, the highest concentrations of most trace elements are found in colloform pyrite within the 

chimney’s outer wall, likely due to rapid precipitation under high temperature gradient conditions (Maslennikov et 

al., 2009). Black smoker systems have been found to have open central conduits with young chimney walls 

dominated by anhydrite or more mature walls exhibiting inner chalcopyrite and outer anhydrite walls (Kingston et 

al., 1999). Characteristically, Cu, Co, and Se reflect high temperature assemblages and good correlations exist 

between As, Sb, Pb, Ag, and Au. 

Grey smokers result from medium to high temperatures with an increasing oxygen fugacity (relative to black 

smokers) environment that forms both sulphides and sulphates, and deposit sphalerite, chalcopyrite, marcasite, 

and pyrite (Maslennikov et al., 2009). Cobalt and Mn likely substitute for Zn in the sphalerite structure (Maslennikov 

et al., 2009). Uranium and vanadium concentrate in the outer wall of most chimneys due to their extraction from 

seawater associated with more reduced fluids of black and grey smokers (Maslennikov et al., 2009). 

In contrast, white smokers result from cooler temperatures [intermediate- (100°–250°C) to high temperature 

(>250°C)] more distal to a central vent with a higher oxygen environment (cold, oxygenated seawater), and, relative 

to black smokers, produce smaller chimneys of ‘white ore’ mineral deposits rich in barium, calcium, and silicon. Zinc 

(sphalerite) and lead (galena) form in these more distal, lower temperature areas that are more commonly 

associated with silver concentrations. Generally, non-economic Fe-sulphides (pyrite and pyrrhotite) occur with base 

metal sulphides (e.g. galena, sphalerite). Fe-sulphides can also be zoned, typically with pyrrhotite associated with 

zones of more Cu-rich mineralization whereas pyrite associates with zones of Zn- and Pb-rich mineralization (Foran 

Mining, 2015). Sphalerite-quartz-barite assemblages can be associated with Zn-Pb, and bulk chemical analysis 

indicate high-Sr is consistent with a barite-rich (BaSO4) composition (Kingston et al., 1999). White smoker chimneys 

have been found to be enriched in Zn, Ag, Sb, Cd, and Pb, forming as precipitates on surfaces of mounds that 

formed from modified black smoker fluid that was mixed with entrained seawater (Maslennikov et al., 2009). 

Selenium concentrations are highest in black smokers and continue to decrease in grey smokers, with the lowest 

values associated with white smokers, which are also depleted in most elements except Ag, Tl, Te, Sb, and As, 

likely due to dilution of vent fluid by seawater which penetrates deeper in parts of hydrothermal systems 

(Maslennikov et al., 2009). Ion dissociation increases acidity as temperatures decrease, and ammonium consumes 

H+ to maintain a relatively high pH (Kingston et al., 1999). Flange samples have shown higher Zn, Cd, and Mn 

concentrations that are consistent with increased abundance of wurtzite (hexagonal crystalline structure of ZnS, in 

contrast to cubic sphalerite). Lower Sr and Cu are consistent with lower abundances of anhydrite and chalcopyrite, 

and low Cu-values and the absence of Cu-dominated lenses/layers is representative of lower temperature white 

smoker systems (Kingston et al., 1999). Characteristically, in VMS deposits, Se and Co correlate with Cu in high 

temperature black smoker systems, whereas Cd and Mn correlate with Zn in lower temperature white smoker 

systems. 

Present day active seafloor hydrothermal (white smoker) systems in back arcs of the southwest Pacific Ocean 

[southern Lau basin (Tonga-Kermadec arc), western Woodlark basin (Papua New Guinea), and eastern Manus 

back-arc (New Ireland)] exhibit similar ore and host-rock geochemistry and sulfosalt-rich mineralogy of white and 

black smoker VMS deposits located in the Alexander Terrane in Southeastern Alaska and Northwestern British 

Columbia (Taylor et al., 2008). In addition to the northern Windy Craggy and Palmer deposits, central to the 

Alexander Terrane is Greens Creek, one of the world’s richest VMS deposits representative of a white smoker 

polymetallic and sheet style system hosted by ultramafics, volcaniclastics, and argillite that formed in shallow water 

during early incipient stages of a rift-related tectonic setting ~ 210 Ma (Taylor et al., 2008; Gemmell and Piercy, 

2016). The footwall lithology is comprised of siliceous sedimentary rocks and phyllitic mafic and ultramafic rocks, 

whereas the hanging wall is Late Triassic argillite (Gemmell and Piercy, 2016). Four proximal to distal to proximal 
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zones in the footwall are 1) chlorite to 2) sericite to 3) quartz-sericite to 3) quartz-pyrite alteration zones (Gemmell 

and Piercy, 2016). 

The largest Zn-belt in the world is the Brunswick belt, of Ordivician age, where the Bathurst Mining Camp is situated. 

Discriminative ternary plots of Fe-Al-Mn help to determine high-Fe areas for Bathurst Mining Camp iron formations. 

A scatterplot of Fe/Mn ratio vs. distance from a known deposit helps to observe proximal vs distal to venting, since 

Mn travels further from the vent than Fe (Gemmell and Piercy, 2016; Peter and Goodfellow, 1993). 
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9.0 EXPLORATION 

Drilling undertaken by Callinex is discussed in Section 10.0. 

The recent work completed by the previous owner SLAM is summarized in Sections 6.0 and 10.0.  
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10.0 DRILLING 

As summarized in Section 6.0, previous drill programs on the Property have been carried out by American Metals 

(1955) Texasgulf (1979), Falconbridge (1988-1991) and SLAM between (2004-2008 and 2011). The following 

description of these drill programs is adapted from Cullen and Barr (2005), Brown (2007) and Jankovic and Moreton 

(2009).  

10.1 Logistics 

Lantech Drilling Ltd. of Moncton, NB provided drilling services for the 2004 and spring and summer of 2005, while 

Maritime Diamond Drilling Ltd. of Hilden, Nova Scotia delivered NQ core (4.76 cm diameter) for both of the 

programs. The 1988 Falconbridge drill program was carried out by Logan Drilling Limited of Stewiacke, NS and 

Longyear Canada Inc. provided drilling services in 1989, 1990 and 1991. The 1979 program by Texasgulf was 

carried out by Ideal Drilling Ltd. of Bathurst, but contractors for the pre-1979 programs were not determined. 

During the SLAM and Falconbridge programs drilling was typically carried out on a two shift, twenty-four hour per 

day basis with NQ size core (4.76 cm diameter) recovered. Conventional skid mounted drilling equipment was 

utilized in both instances. SLAM’s drill programs were coordinated from the company’s Miramichi exploration office 

and earlier Falconbridge programs were coordinated from that company’s Windsor, NS regional office. 

10.1.1 Drillcore Records 

Falconbridge core has been discarded and is no longer available. Data from this drilling has been preserved in the 

geological database and original drilling assessment is available from the original Assessment Reports, available 

through the New Brunswick Department of Natural Resources (NBDNR) online archive. 

The majority of the core collected by SLAM was recently archived outdoors at the secured NBDNR core library in 

the town of Madran, near Bathurst. The core quality has degraded from weathering. Data from this drilling has been 

preserved in the geological database and original drilling assessment is available from the original Assessment 

Reports, available through the New Brunswick Department of Natural Resources (NBDNR) online archive. The 

SLAM drilling and database has been reviewed by other Qualified Persons for use in previous NI 43-101 Technical 

Reports. 

At the effective date of this report, all drillcore collected by Callinex was archived indoors at the NBDNR core library 

in Madran.  

10.1.2 Drill Collar Surveys 

Drillhole collar locations for the Falconbridge were surveyed by a registered land surveyor using the New Brunswick 

provincial survey coordinate system and also coordinated to the local exploration grid by field personnel. SLAM 

used the hand chain method to find the collar locations and some cases the collar locations were located using a 

differential GPS while the UT research crew was available. Drill casings were generally left in the holes for potential 

future re-entry or cementing (Cullen and Barr, 2005). 
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Table 10-1: Summary Drilling - 1955 Through 2017 

Company Date No. of 
Holes 

Total 
Metres 

Status for Resources Estimate 

American Metals 1955 12 1,626.71 
Approximate hole locations only, holes not used in 

the resource estimate 

Betty Cheriton 1965-1970 5 602.5 
Approximate hole locations only, holes not used in 

the resource estimate 

Texasgulf Inc. 1979 10 588.5 
Holes, lithologies and assays included, holes 

twinned by Callinex in 2017 were not used in the 
resource estimate 

Falconbridge 1988 7 1,973.06 Holes, lithologies and assays included 

Falconbridge 1989 29 6,957.92 Holes, lithologies and assays included 

Falconbridge 1990 22 2,857.86 Holes, lithologies and assays included 

Falconbridge 1991 6 885.54 Holes, lithologies and assays included 

SLAM 2004 3 571 Holes, lithologies and assays included 

SLAM 2005 12 2,641.5 Holes, lithologies and assays included 

SLAM 2006 16 2,465.8 Holes, lithologies and assays included 

SLAM 2007 89 9,779.4 Holes, lithologies and assays included 

SLAM 2008 99 12,619 Holes, lithologies and assays included 

SLAM 2011 2 1,165 Holes, lithologies and assays included 

Callinex 2017 59 10,586.7 Holes, lithologies and assays included 

TOTAL 370 55,192.65 

10.2 SLAM Drilling – 2005 and 2006 

SLAM completed six holes in the fall of 2005 for a total of 2,641.5 m. Holes NC0510 and 11 were collared to test 

soil anomalies associated with an increase of the conductivity in the MegaTEM airborne in the Hickey Zone. The 

remaining holes were collared on the Hayes Zone. 

In the summer of 2006 SLAM completed an additional 16 holes for a total of 2,465.8 m. Hole NC0616 was drilled 

on the Central Zone and yielded positive results intersecting 4.2 m of anomalous rock and 1 m of 6.64% zinc. Hole 

NC0631 was collared 2.3 km east of the Hayes Zone near a mobile metal ion response and a deep coincident target 

identified on the MegaTEM conductivity transform. This hole intersected a barren alteration zone. The remaining 

holes were collared around the Hickey and the Hayes Zones (Figures 10-1 and 10.2). 

Many of these drillholes intersected mineralized zones that can be correlated between drillholes occurring along 

individual Sections. Continuity of mineralized zones along strike between sections is also noted in stacked sections. 

There are at least three lenses of significant mineralization with one near surface lens and one deeper lens having 

good continuity from section to section over 300 m. The remaining lenses are somewhat discontinuous and show 

continuity from section to section over 50 to 100 m on longitudinal projections of the mineralized drillhole traces. 

Good correlation between the SLAM and Falconbridge drilholes exists for both geological units and mineralized 

zones on the vertical cross-sections. The cross-sections also show a general easterly shallow dip to stratabound 

mineralized zones that are thickest near the main north-south Hayes Zone axis (Figure 10-3). Some disruption in 

continuity occurs in the vicinity of the rift and following compressive strain the rocks have undergone. 

These stratabound zones typically decrease in thickness and grade progressively outward from the axis but show 

substantial lateral continuity at thicknesses of 1 metre or less. Presence of a possible synclinal depression trending 

northerly along the axis of thickest mineralized intervals of the Hayes Zone was identified within the model. Its origin 
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is unclear at present but could be related to an original topographic control of permeable and porous volcano-

sedimentary lithofacies that have provided focus for mineralizing fluids (Cullen and Barr, 2005). 

The mineralization intersected in the Hickey Zone is typically observed as discontinuous to locally continuous 

lenses. The intervals with three correlated mineralized horizons that occur within a similar stratigraphic section as 

that described above for the Hayes Zone. Correlation is based on the lower rhyolite unit seen at the Hayes Zone 

and continues upward through the andesite section and overlying mafic flow section. Mineralized zones fowithin the 

Hickey Zone are of generally lower metal grade than those of the Hayes Zone. Despite the discontinuity of the 

lenses the soil geochemistry and gravity data indicate that to the north and west of the known trends there is 

sufficient promise for favourable results. 

10.3 SLAM Drilling – 2007 and 2008 

SLAM carried out an extensive diamond drilling program in 2007-2008, drilling 22,076 m of drill core. In 189 diamond 

drillholes (NC07-32 to NC07-120 and NC08-121 to NC08-219). Prior to this drilling, the bulk of the work the company 

was engaged in was research-oriented petrophysical, geochemical and geophysical work. The gravity, resistivity 

and soil geochemical surveys are the most useful tools in targeting hole locations. Collection of Rock Quality 

Determination (RQD) data commenced with hole NC0735 and continued for the remainder of the drill program. This 

data complements the sparsely reported data by Falconbridge. 

SLAM also concentrated on the detailed exploration of the Hickey Zone which was undertaken where previously 

spotty sulphide mineralization had been intersected. A reinterpretation of the resistivity data collected by 

Falconbridge and an examination of the sections constructed by SLAM in 2007 lead to the expansion of this zone. 

10.4 SLAM Drilling – 2011 

Two drillholes (NC11220 and NC11221) totalling 1,165 m were completed by SLAM in 2011.  

Hole NC11220 was collared near the central portion of the Hayes Zone. The primary purpose was to recover 

mineralized core from the Nash Creek deposit to supply rock for Dense Media Separation (DMS) metallurgical 

testing. A broad mineralized zone was intersected from 117.0 – 426 m core length, grading 12.71 g/t Ag, 0.37% Pb, 

and 1.92% Zn. The hole was extended 260 m beyond the original proposed depth of 320m because sulphide 

mineralization was intersected much deeper than planned. The results of the DMS are presented in Section 13.0. 

Hole NC11221 was collared approximately 300 m east of the southeastern corner of the Hayes Zone. The drillhole 

was selectively sampled with minor base metal mineralization intersected at a depth of 225.25 m with assays 

grading 2.54% Zn, 0.29% Pb and 4 g/t Ag over a downhole length of 5.05 m. The hole completed at a depth of 

582 m. 

10.5 Callinex Drilling – 2017 

Callinex undertook an extensive drilling program on the Nash Creek property between May and November 2017. A 

total of 59 drillholes (totalling 10,586.7 m) were completed to test the mineralized extension towards the north of 

the Hickey Zone (drillholes NC17-222 to NC17-280). Using targets generated from previous drilling results in the 

area and re-interpretation of the geophysical surveys collected by previous operators. Eight of these holes were 

drilled within the delineated Hickey Zone to twin historical holes, as described in Section 14.3.1. 

Results of the campaign included intersection of zinc, lead and silver mineralization with all but seven holes with 

intersections of equal to or greater than 1% Zn. The longest continuous interval highlights include hole NC17-249 
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which intersected 2.44% Zn, 0.35% Pb, and 1.51 g/t Ag, or 2.71% ZnEq over a continuous downhole interval of 

72.3 m (Photo 10-1). Intercept highlights with significant grades include hole NC17-257 which intersected 2 m of 

23.9% Zn, 1.26% Pb, and 21.8 g/t Ag, or 24.97% ZnEq between 123 and 125 m downhole (Photo 10-2). Both 

intersections represent stockwork and replacement style mineralization within altered mafic host. These holes are 

collared approximately 175 m from each other and mineralization is interpreted to be related to a NW-SE directed 

extensional structural corridor. 

Photo 10-1: Drillhole NC17-249, highlighting 3.88% Zn, 0.55% Pb, and 0.67g/t Ag, or 4.29% ZnEq over 8 m from 51 m 
to 59 m downhole 

Photo 10-2: Drillhole NC17-257, highlighting 23.9% Zn, 1.26% Pb, and 21.8 g/t Ag, or 24.97% ZnEq between 123 and 

125 m downhole 

Figure 10-1:  
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2017 Diamond Drillholes Plan View and Mineralized Zones General Location 
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11.0 SAMPLE PREPARATION ANALYSIS AND SECURITY 

11.1 Falconbridge Drilling Programs 

Detailed descriptions of core logging and sampling procedures are not presented in Falconbridge or earlier drilling 

program reports for the Property. Notwithstanding this point, review of drill logs and sampling records showed that 

continuous half core sampling through zones showing visible sulphide mineralization was typically carried out and 

that written drill logs with lithologic descriptions and sample interval data were prepared. Most Falconbridge core 

samples were either 1.0 m or 1.5 m in length with infrequent exceptions ranging length up to 4.42 m. Longer sample 

intervals sometimes reflected zones of poor core recovery. No minimum sample length appears to have been 

applied in any of the Falconbridge programs, but no samples less than 0.3 m in length appears in the compiled 

project data set. In addition to the above, Falconbridge carried out a litho geochemical core sampling program 

consisting of collection of non-biased core fragments over 3.0 m intervals spaced at intervals of approximately 30 

or 60 m down hole (Cullen and Barr, 2005). Falconbridge also carried out a standard testing program which showed 

up in the sample numbering, but was not explained. The author believes this represents a blind duplicated or a 

blank indicating concerns for quality control. 

Core samples were sent to ALS Chemex in Mississauga, Ontario where they were crushed and riffled to obtain a 

250 gram (g) split that was subsequently pulverized and screened to obtain minus 150 Mesh material for analysis. 

Standard core sample analysis followed which provided assay grade atomic absorption spectroscopy 

determinations for those samples with visually pre-determined levels of Zn, Pb, Ag and copper (Cu) exceeding 3%. 

Standard aqua regia digestion and atomic absorption spectroscopy determinations were returned for other samples 

with lower metal levels and in 1990 levels of cobalt (Co), iron (Fe), manganese (Mn), molybdenum (Mo) and nickel 

(Ni) were determined for the lower grade sample set. 

In addition to standard analyses noted above, litho geochemical samples were submitted to X-ray Assay 

Laboratories (X-Ray) of Don Mills, Ontario for determination of whole rock geochemical profiles. This included 

determination of both major oxide and trace element levels using x-ray fluorescence spectrometry. Sample 

preparation protocols were not specified in the Falconbridge drilling program reports. Multiple reference control 

samples were submitted in each of two litho geochemical whole rock sample shipments submitted by Falconbridge 

(Cullen and Barr, 2005). 

No reference to core logging or sampling security protocols appear in Falconbridge reports pertaining to the core 

drilling programs described in this report. Based on standard practices for the time the company applied levels of 

security to its Nash Creek drilling, logging, core sampling and sample shipment procedures that met or exceeded 

industry standard levels. The correlation between analytical values attained by SLAM and Falconbridge on cross 

section plots it is reasonable to assume that their actions were at a high level for industry standards. 

11.2 Pre-Falconbridge Drilling Programs 

Sampling procedures for the pre-Falconbridge drilling programs are not well described in historic reports, but 

sampling also appears to have been focused on visually determined zones of sulphide mineralization. Half core 

sampling was confirmed for the 1979 Texasgulf program, but could not be verified for earlier efforts. Texasgulf 

sampling does not reflect application of minimum or maximum sample length criteria, with samples ranging between 

0.05 m and 5.33 m in length (Cullen and Barr, 2005). Reports on drilling programs of this era are generally brief 
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and show no specific references to issues surrounding security of sites, drill core, core logging, core sampling or 

associated drilling information. This reflects common practice of the times, as represented in many assessment 

reports filed with the government, and should not be construed as an indication of substandard technical work or 

lack of attention to project security. 

Texasgulf data is the only pre-1980 data considered to be useful in a resource calculation in the “Inferred” category 

as there is good correlation between the SLAM core logging and assay data locally. 

Sample preparation and analyses was reviewed by Christopher Moreton, P.Geo., former lead senior geologist with 

Wardrop during the site visit. 

11.3 2005 – 2006 SLAM Drilling 

Drill core was logged by a SLAM geologist and a hard copy lithologic log prepared for each drillhole. Information 

from this log was subsequently entered into a digital (Microsoft Excel) spreadsheet incorporating lithocodes for 

various rock types and mineralization styles as well as sample record and assay information. Core sample intervals 

were laid out by the logging geologist and sample intervals recorded on the drill log. Sample intervals were also 

recorded on pre-numbered three tag sample books at this time, with one tag placed in the core box at the end of 

respective sample intervals, one included in the core sample split sent to the laboratory for analysis and the 

remaining tag retained in the sample book as a permanent record. 

SLAM geological staff was responsible for security of core and core samples after delivery from the drilling 

contractor. As described to the writer by SLAM staff in June 2005, logging and sampling were carried out in a secure 

indoor logging facility and samples were subsequently the responsibility of designated SLAM staff until shipment to 

the analytical laboratory by commercial services. Access to drill core and core samples was regulated by the 

company at all times   Core samples were cut by SLAM staff using a diamond saw or core splitter and one half of 

each interval was placed in a plastic sample bag along with one of the sample tags previously mentioned. The 

sample bag was labelled with the tag number, then sealed and stored in a secure location prior to shipment to the 

analytical laboratory. Sample intervals were laid out based on visually determined mineralized zone limits or 

lithologic boundaries, with individual samples typically not exceeding 1.5 m in length. The SLAM data set is also 

dominated by sample lengths in the 1.0 m to 1.5 m range, with a 1.6 m maximum noted. Review of sample records 

showed 0.3 m to be the minimum sample length (Cullen and Barr, 2005). 

Control of handling was accomplished by first matching a label to the bag and the box and the distance 

measurements were recorded in a field note book and on the remaining tab in the sample book. While preparing 

for shipment the sample names were recorded on the sample shipment forms. All samples were stored in a secure 

facility while awaiting shipment to ALS Chemex of Mississauga, Ontario for analysis. 

All samples were prepared using the standard Chemex rock preparation methodology that consists of drying at 110 

to 120 degrees Celsius, crushing to 70% minus 10 mesh followed by riffle splitting of a 250 gram split for subsequent 

pulverization to >85% minus 200 Mesh, Aqua Regia digestion and analysis of zinc, lead copper and silver levels by 

atomic absorption spectroscopy. The Chemex “AA46” analytical protocol was applied due to anticipated presence 

of high metal grades in some samples (Cullen and Barr, 2005). 

11.4 2007 – 2008 SLAM Drilling Program 

SLAM began the 2007 drill program on May 1st, 2007 and ending in late 2008 using the following Quality Control 

and Quality Assurance (QA/QC) programs at Nash Creek: 
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(1) Insertion of blank drill core samples into the sample sets sent for laboratory analysis. 

(2) Reliance upon laboratory supplied QA/QC standards for monitoring of precision and accuracy. 

Sample preparation was conducted by Derek Brown Exploration Manager of SLAM Exploration. 

Blank sample material was sourced from barren drill core sections available to SLAM and samples were inserted 

into the analytical stream at intervals ranging between 20 and 50 samples. Values for Zn, Pb and Ag returned from 

the blanks are consistent and are interpreted for reporting purposes as indicating an acceptable variation. 

Laboratory QA/QC standards were relied upon to monitor precision and accuracy of analytical processing and no 

independent standards were submitted by SLAM during the course of the core sampling programs. Analytical results 

for laboratory standards provided by ALS Chemex are considered by the laboratory to show acceptable limits of 

accuracy and precision. For the purposes of this report, this assertion has been accepted as presented and drilling 

data is considered to be of sufficient quality for use in the current mineral resource estimate (Cullen and Barr, 2005). 

On November 10, 2008, following a problem with some blank sample analysis, the QA/QC program was reviewed 

and a new program was implemented. Material for blanks was collected from barren crushed rock from a quarry. 

Standards provided by New Brunswick Department of Natural Resources and three different compositions for an 

independent provider were used to provide checks against the various labs used to analyze the core samples 

(Actlabs, Accurassy, and Polymet). The control samples, two standards and two blanks, were added for every 

25 samples. An attempt was made to vary the standards through the sample suite being readied for shipment. 

The lab reported one duplicate sample for every ten samples. 

11.5 2011 SLAM Drill Program 

Drill core from the 2011 program was delivered to SLAM’s secure coreshack for logging and sampling. Selected 

core samples were sawn and sent to Actlabs in Fredericton for preparation and subsequent analysis at Actlabs in 

Ancaster, Ontario. Activation Labs analyzed the samples using code 8AR for silver, zinc and lead. Selected samples 

were also tested using code Ultratrace 2 for multi-elements. SLAM used blank and standard samples for quality 

assurance and control. 

11.6 2017 Callinex Drill Program 

Individual samples were labelled, placed in plastic sample bags, and sealed. Groups of samples were then placed 

in security sealed bags and shipped directly to SGS Canada Inc in Vancouver, B.C. for analysis. Samples were 

crushed to 75% passing 2mm and pulverized to 85% passing 75 microns in order produce a 250g split.  

All copper, zinc and silver assays were determined by Aqua Regia digestion with a combination of ICP-MS and 

ICP-AES finish, with overlimits (>100 ppm Ag, >10,000 ppm Zn, and >10,000 ppm Cu) completed by fire assay with 

gravimetric finish (Ag) or Aqua Regia digestion with ICP-AES finish (copper and zinc). All samples were analyzed 

for gold by Fire Assay of a 30 gram charge by AAS, or if over 10.0 g/t were re-assayed and completed with a 

gravimetric finish.  

11.6.1 QA/QC Procedures 

QA/QC included the insertion and continual monitoring of numerous standards and blanks into the sample stream 

at a frequency of 1 per 10 samples, and the collection of duplicate samples at random intervals within each batch 

at a frequency of 1 per 10 samples. 
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CERTIFIED REFERENCE STANDARDS 

Four certified reference standard materials (CRM) were used to check for analytical accuracy. Three CRMs (CDN-

ME-1301, -1601, and -1402) were prepared by CDN Laboratory based in Langley, British Columbia, and a fourth 

CRM (OREAS 623) was prepared by Ore Research and Exploration based in Melbourne, Australia. 

CDN-ME-1301 

CRM CDN-ME-1301 was selected to evaluate analytical accuracy in range of <1% Zn. A total of 54 samples were 

inserted, with no significant sample failures or errors being identified. Figures 11-1 to 11-3 plot the assay results for 

Zn, Pb and Ag, respectively, against the expected CRM average value, the reported expected error range of +/- 

two standard deviations, and with the calculated error range of +/- 2 standard deviation of the analytical results. 

Figure 11-1: Analytical Performance of CRM CDN-ME-1301, for Zinc Grade 
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Figure 11-2: Analytical Performance of CRM CDN-ME-1301, for Lead Grade 

Figure 11-3: Analytical Performance of CRM CDN-ME-1301, for Silver Grade 

CDN-ME-1601 

A total of 35 samples of CRM CDN-ME-1601 were inserted, with no significant sample failures or errors being 

identified for zinc and lead. Assay values returned for silver analysis were reported on average to be higher and 

outside of the two standard deviation range for the CRM. Figure 11-4 to 11-6 plot the assay results for Zn, Pb and 

Ag, respectively, against the expected CRM average value, the reported expected error range of +/- two standard 

deviations, and with the calculated error range of +/- 2 standard deviation of the analytical results. 
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Figure 11-4: Analytical Performance of CRM CDN-ME-1601, for Zinc Grade 

Figure 11-5: Analytical Performance of CRM CDN-ME-1601, for Lead Grade 
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Figure 11-6: Analytical Performance of CRM CDN-ME-1601, for Silver Grade 

CDN-ME-1402 

A total of 31 samples of CRM CDN-ME-16402 were inserted, with no significant sample failures or errors being 

identified for zinc and lead. Silver assays generally reported within the expected two standard deviation range, with 

exception to two samples which plotted well below the expected value which may be realted to incomplete precious 

metal digestion of the sample using aqua regia. Figure 11-7 to 11-9 plot the assay results for Zn, Pb and Ag, 

respectively, against the expected CRM average value, the reported expected error range of +/- two standard 

deviations, and with the calculated error range of +/- 2 standard deviation of the analytical results. 

Figure 11-7: Analytical Performance of CRM CDN-ME-1402, for Zinc Grade 
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Figure 11-8: Analytical Performance of CRM CDN-ME-1402, for Lead Grade 

Figure 11-9: Analytical Performance of CRM CDN-ME-1402, for Silver Grade 

OREAS 623 

A total of 38 samples of CRM OREAS 623 were inserted, with no significant sample failures or errors being identified 

for zinc, lead or silver; both zinc and lead results plotted below the expected average, and silver values were 

distributed evenly within the range. Figure 11-10 to 11-12 plot the assay results for Zn, Pb and Ag, respectively, 

against the expected CRM average value, the reported expected error range of +/- two standard deviations, and 

with the calculated error range of +/- 2 standard deviation of the analytical results. 
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Figure 11-10: Analytical Performance of CRM OREAS623, for Zinc Grade 

Figure 11-11: Analytical Performance of CRM OREAS623, for Lead Grade 
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Figure 11-12: Analytical Performance of CRM OREAS623, for Silver Grade 

BLANKS 

Certified blank material CDN-BL-10 prepared by CDN Laboratories was used to test for sample contamination. The 

blank was certified to be barren of gold, platinum and palladium, however, was used to detect anomalous 

concentrations of zinc, lead and silver. Table 11-1 list the results of the Blank material assessment with number of 

samples identified with assay values being greater than five times the reported detection limit. 

The results of the assessment indicate that all samples reported detectible concentrations of zinc, lead and silver, 

more than five time the respective detection limits, however, the magnitude of the concentrations did not indicate 

that a contamination issue was prevalent. The source material used for the blank was derived from granitic rock, 

which may inherently contain low base metal concentrations. It is recommended that Callinex consider using a 

certified blank material suitable for base metal mineralization in subsequent phases of work. 

Table 11-1: Certified Blank Sample Insertion, Sample Contamination Summary Table 

Max Min Average 
Detection 

Limit 
Number of Samples 
>5x Detection Limit 

Au (g/t) 0.05 0.01 0.01 0.005 71 

Ag (g/t) 0.89 0.07 0.13 0.01 154 

Cu (ppm) 183.00 19.80 71.23 0.5 154 

Zn (ppm) 99.00 40.00 49.63 1 154 

Pb (ppm) 81.70 1.60 5.10 0.2 154 

Fe (%) 3.77 2.14 2.87 0.01 154 
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DUPLICATES 

Duplicate samples were collected randomly from drill core (field duplicates) and from sample pulps (preparation 

duplicates). These samples were analyzed and compared to the original assay grade to assess the precision of 

analytical methods.  

Generally, a high margin of error is expected from field duplicates, where it is desired to measure 90% of the sample 

population to have less than 30% relative percent difference (RPD). Conversely, preparations duplicates are desired 

to have much lower margin of error where 90% of samples should have less than 10% RPD. 

On average, the field duplicate data reported a RPD of 23% for zinc, 29% for lead and 24% for silver, and the pulp 

duplicates reported RPD values of 8% zinc, 10% lead, and 11% silver. 

Figure 11-13 depicts the RPD distributions by percentile rank showing that although average RPD values are within 

desired ranges, only approximately 75% of the samples returned RPD values within the desired ranges. 

Additionally, Figure 11-13 also shows that of the samples outside of the desired ranges of 30% and 10% RPD, 

respectively, few have grades in excess of 10,000ppm Zn.  

Duplicate scatter plots of zinc, lead and silver are shown in Figure 11-14 for field duplicates and Figure 11-15 for 

pulp duplicates. 

Figure 11-13: Chart of Percentile Rank, RPD and Zinc Grade of Duplicate Samples 
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Figure 11-14: Field Duplicate Analytical Performance, for Zinc, Lead and Silver 

Figure 11-15: Preparation (pulp) Duplicate Analytical Performance, for Zinc, Lead and Silver 
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11.7 QP Opinion of Adequacy of Sample Preparation, Analysis and 
Security 

The methods implemented by Callinex for sample collection, preparation and analysis were developed using 

industry standards and best practices. Analytical results for QAQC insertions were monitored by Callinex geologist 

upon receipt. The procedures maximize use of sample volumes to measure physical and chemical parameters 

relevant to current and future project studies. The laboratory selected by Callinex is a recognized accredited 

laboratory which adheres to recognized ISO, ASTM or internally reproducible Standards. Sample handling and 

processing was completed with appropriate chain of custody and storage was in a secure facility. The QP confirms 

the collection, analysis and security is reliable and adequate. 
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12.0 DATA VERIFICATION 

A detailed data verification was undertaken by Wardrop (now Tetra Tech) in 2009 as part of the original data 

verification for the 2009 technical report; this review is repeated here as this data review forms the basis for the 

current geological database. Wardrop carried out an internal validation of the drillhole database provided by SLAM. 

Wardrop reviewed the database of all the drillholes from the 2004 to 2008 drilling programs. Overall, the results of 

the database review found 42 entries with errors out of 8,009 entries checked for an error range of 0.05%. The 

results are listed in Table 12-1. Unless otherwise specified, Tetra Tech has relied on this verification. 

Table 12-1: Verification of the Drillhole Data (completed 2009) 

Year 
Range of 
Drillholes 

Number. of 
Drillholes 

Number of 
Collar Entries 

Number of 
Survey Entries 

Number of 
Assay Entries 

Totals 

2004 1-3 3 3 3 - 

2005 4-15 12 12 37 - 

2006 16-31 16 16 33 466 

2007 32-120 89 89 177 2,462 

2008 121-219 99 99 264 4,348 

Total 
Entries 

N/A 219 219 514 7,276 8,009 

Total 
Errors 

N/A 0 0 16 26 42 

% 
Errors 

N/A 0% 0% 3% 0.04% 0.05% 

12.1 Errors in Survey Database 

Out of the 514 entries, 16 errors were encountered, cross-referenced with the original drill log and corrected. Some 

examples of errors in the drillhole survey database are listed in Table 12-2. 

Table 12-2: Selected Examples of Errors in the Drillhole Survey Data 

Hole ID  Error Found 2009 Notes  2016 Notes 

NC05-5 UTM coordinate incorrect Corrected OK 

NC05-11 
Order of drillhole azimuth and 

dip reversed  
Corrected 

OK 

NC05-14 UTM coordinate incorrect Corrected OK 

NC05-15 UTM coordinate incorrect Corrected Coordinates moved to match coordinates in drill log. 

NC06-18 UTM coordinate incorrect Corrected 
Drill log coordinate and orientation is same as hole 

NC06020.  Coordinate in dataset accepted to be correct, 
however, should be verified by surveyor on field. 

NC06-25 Elevation incorrect Corrected OK 

NC06-31 UTM coordinate incorrect Corrected OK   

NC07-39 
Order of drillhole azimuth and 

dip reversed 
Corrected 

OK 
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12.2 Errors in the Assay Database (2009) 

A total of 7,276 sampled intervals were verified for assay values of Pb, Zn, Cu, Ag and Fe. Of these 7,276 entries, 

42 were found with errors. These errors included missing values and rounding errors which were cross-referenced 

to the assay certificate and corrected. Please note that the assay certificates used for cross-referencing were digital 

copies and not signed originals. 

It should also be noted that the original database was delivered with assay values that were lower than the 

detectable limit (e.g. ‘<0.01%’ Zn). These are not considered errors. For these entries a value of half the detection 

limit was given. For example, if a value of ‘<0.01%’ Zn was in the database, the value of 0.005% was entered in its 

place. 

From the original assay and the drillhole database on five (4.4%) of the 113 drillholes used by Noranda. Wardrop 

validated the dataset by comparing the original assay certificates and associated data against the digital dataset. 

In total, 124 samples were checked. Data verification was completed on Ag, Au, Cu, Pb and Zn values. These 

values were checked against the values in the validation sample in the ACCESS database. 

Minor errors are present and appear to relate to mistakes in rounding. Note that the assay values were not checked 

against signed assay certificates. 

Overall, the precious metal data verification had less than 1% error and based on the nature of the errors Wardrop 

recommended proceeding with a resource estimate. 

12.3 Sample Analysis Check (2009) 

During a site visit, in September 2008, three samples were collected from the 2007 and 2008 drill core. The samples 

were sent to ALS Chemex in North Vancouver (ISO 9001:2000) and sampled for the same elements in the drillhole 

database: Pb, Zn, Cu, Fe, Ag and Au. These samples were taken mainly to verify the presence of Pb and Zn 

mineralization. 

The results of the assay analysis and comparison are listed in Table 12-3 below. 

Table 12-3: Comparison of Check Assay Results to the Original Assay Results 

Hole ID Sample # 
Pb 
(%) 

Zn 
(%) 

Cu 
(ppm) 

Fe 
(ppm) 

Ag 
(ppm) 

Au 
(ppm) 

NC07-55 155898 

Client 4.75 13.6 0.022 12.7 94.22 

Wardrop 4.62 15.9 0.02 13.95 101 0.013 

Difference 3 17 9 10 7 

NC07-77 399743 

Client 8.7585 16.286 0.0563 5.5125 111.32 

Wardrop 16.95 19.3 0.06 3.46 144 0.003 

Difference 94 19 7 37 29 

NC08-219 534883 

Client 2.52 4.7585 0.0145 8.6245 111.23 

Wardrop 7.03 10.8 0.03 17.45 260 0.001 

Difference 179 127 7 2 34 
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12.4 2016 Site Visit 

In July 2016, Cam Bartsch, Senior Geologist and Qualified Person with Tetra Tech at that time, visited the Nash 

Creek Property. Drill collar locations were examined during the site visit. Coordinates for each collar were collected 

using a handheld GPS unit and recorded in UTM (NAD83), the same datum as used in the resource database. A 

total of 14 collars were identified in the field, all of which retained the drill casing and an aluminum casing cap 

embossed with the hole number (Photo 12-1). 

Photo 12-1: Typical drill casing with aluminum collar marker (July 2016) 

Locations identified in the field were then compared against those in the database to check for inconsistencies. The 

results of the collar comparison are listed in Table 12-4 below. 
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Table 12-4: Comparison of Check Assay Results to the Original Assay Results 

Of the 14 collars compared, all but one (NC08168) are within what is reasonably considered to be the margin of 

error for a handheld GPS unit. The single errant hole, NC08168, was off by 30 m along the Y axis and within only 

a few metres of another drillhole (NC08144) recorded in the database. This would suggest that the hole ID may 

have been transcribed incorrectly during compilation of the drillhole database, or the incorrectly marked in the field. 

The location of the 2011 drillhole was identified using coordinates in the drillhole database originally provided by 

SLAM to Callinex. The site was recently cleared relative to the other hole location; however, the collar ID embossed 

on the casing did not match the record in the drill database. What is referred to as NC11220 in the dataset contained 

an aluminum marker with the hole ID “LAQ-27-10-400”. It is possible that the hole ID was re-assigned after drilling; 

however, Tetra Tech was not able to verify this through SLAM exploration records. 

The identification of two possible errors in the drill database in a relative small sample set would suggest that 

additional verification work in the form of a complete collar survey would increase confidence in the drillhole 

locations and the resulting resource estimate. Tetra Tech recommends this be undertaken prior to updating the 

resources in the future. 

12.5 2017 Site Visit 

A site visit was conducted on February 14-15, 2018, by James Barr, P.Geo., Senior Geologist and Qualified Person 

with Tetra Tech, visited the Nash Creek Property and core storage at the New Brunswick government core library 

located in the town of Madran, New Brunswick. The site visit included review of drillcore, review of field logs, sample 

collection and handling procedures, and general layout of the property site. Due to winter conditions at the time of 

the site visit, the Property was covered in snow which limited observation of general site conditions (Photo 12-2). 

During the visit, Mr. Barr was accompanied by Mr. Derek Brown, a professional geologist and consultant to Callinex 

and whom has been involved in most major investigations completed by SLAM Exploration on the Property.  

Hole-ID UTM_X (SLAM) UTM_Y (SLAM) UTM_X (TT) UTM_Y (TT) Delta_X Delta_Y

NC05007 716601.0 5307226.0 716596.0 5307234.0 5.0 -8.0

NC0629 716539.0 5307279.0 716539.0 5307273.0 0.0 6.0

NC0745 716839.0 5307775.0 716835.6 5307774.3 3.4 0.7

NC0746 716836.0 5307814.0 716835.0 5307820.0 1.0 -6.0

NC0750 716850.0 5308009.0 716855.0 5308005.0 -5.0 4.0

NC0751 716807.0 5307821.0 716808.9 5307816.8 -1.9 4.2

NC0760 716772.0 5307909.0 716772.6 5307905.0 -0.6 4.0

NC08140 716955.0 5307717.0 716961.0 5307722.0 -6.0 -5.0

NC08146 716922.0 5308073.0 716924.0 5308078.0 -2.0 -5.0

NC08149 716937.0 5307716.0 716938.0 5307722.0 -1.0 -6.0

NC08166 716891.0 5307719.0 716887.0 5307719.0 4.0 0.0

NC08167 716971.0 5308053.0 716973.0 5308054.0 -2.0 -1.0

NC08168 716951.0 5308084.0 716951.0 5308054.0 0.0 30.0

NC11220 (LAQ-27-

10-400)
716664.0 5307164.0 716661.0 5307170.0 3.0 -6.0
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Photo 12-2: View looking down of winter conditions at the Nash Creek Property; hole dug in attempt to 
find collar of Callinex Hole NC17-256, twin of historical hole NC79-07 (visible at edge of hole) 

12.5.1 Independent Data Verification 

During the site visit and as part of the drill core review, the QP collected quarter core samples for independent 

analysis and data verification. 
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Table 12-5: List of Drillholes Reviewed at the Core Storage Facility 

Hole From To 

NC17-255 110 150 

NC17-257 100 140 

NC17-253 20 60 

NC17-256 0 40 

NC17-278 40 100 

NC17-275 35 60 

NC17-249 0 80 

NC17-264 150 170 

NC11-220 217 275 

Table 12-6: Independent Sample Results Summary, February 2018 

Hole ID From To  Identification Sample Number Zn (%) Pb (%) Ag (%) 

NC17-255 133 134 
CNX Sample 34030 4.6 0.4 0.11 

Tt Sample 500470 3.59 0.348 <1 

RPD 24.66% 13.90% n/a 

NC17-255 134 135 
CNX Sample 34031 3.06 0.25 0.07 

Tt Sample 500473 2.4 0.322 <1 

RPD 24.18% 25.17% n/a 

NC17-255 135 136 
CNX Sample 34033 9.15 0.64 0.39 

Tt Sample 500471 6.04 0.435 <1 

RPD 40.95% 38.14% n/a 

NC17-255 136 137 
CNX Sample 34034 10.1 0.94 0.35 

Tt Sample 500472 4.66 0.583 1 

RPD 73.71% 46.88% 96.30% 

BLANK - LST-11 
BLANK blank - - - 

Tt Sample 500474 0.013 0.005 <1 

RPD - - - 

NC17-278 72 73 
CNX Sample 45057 7.06 1.69 73.2 

Tt Sample 500475 8.18 1.855 81 

RPD 14.70% 9.31% 10.12% 

NC17-278 73 74 
CNX Sample 45058 9.18 2.64 75 

Tt Sample 500476 10.2 2.76 71 

RPD 10.53% 4.44% 5.48% 

CRM ME-1402 
CRM CRM 15.23 2.48 131 

Tt Sample 500477 15.15 2.43 130 

RPD 0.53% 2.04% 0.77% 
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12.6 QP Opinion on Data Verification 

The QP has audited the field data and drilling logs, compared digital analytical data to laboratory certificates, 

compiled the geological database and conducted independent sample verification following a site visit.  The QP is 

satisfied that the geological database accurately reflects field observations and laboratory analysis and is adequate 

to support mineral resource estimation. 
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13.0 MINERAL PROCESSING AND METALLURGICAL TESTING 

No metallurgical testwork has been conducted by Callinex. 

13.1 2007 – Preliminary Flotation Testwork 

In 2007, SLAM commissioned RPC’s Process and Environment Technology Group to carry out initial lab test work 

and mineralogical studies on the Property. The results are reported from a November 26, 2007 Nash Creek Zinc-

Lead-Silver Deposit Beneficiation Tests report, prepared by “RPC, The Technical Solution Centre” for SLAM 

Exploration Ltd. 

The principal sulphide minerals from SEM-EDS mineralogy examination were pyrite, sphalerite and galena in varied 

proportions. Approximately 75% of the mineralization was made up of coarse grained in homogeneous fragments 

subdivided into monomineralic zones of either pyrite or sphalerite together with coarse galena. Some of the sulphide 

mineralization (approximately 25%) was made up of narrow veins of sphalerite and/or galena or fine grained 

granular intergrowths (pyrite/sphalerite/quartz). The principle gangue mineral in these samples is quartz, with lesser 

fine grained potassium feldspar and uncommon barite/ankerite. The coarse grained galena and sphalerite will 

present no problems for their sequential separation flotation with coarse primary grinds of ~100 μm. The finer vein 

and concentric mantling occurrence of both sphalerite and galena seen in some sections may require a regrind of 

the rough concentrate. Fine primary grinding in the presence of the clay minerals present in the Nash Creek 

mineralization could be detrimental to recovery by flotation (RPC, 2007). 

Preliminary Nash Creek potential recoveries based on open circuit losses to tailings were estimated at 91% for Zn 

and 82% for Pb. Estimated Ag recoveries of 31% were attained for both Pb and Zn concentrate circuits; further 

work on Ag recovery was recommended by RPC. 

13.2 2011 – Preliminary Dense Media Separation Testwork 

As part of the 2011 drill program, four samples of sawn core were submitted to the RPC research facility for Dense 

Media Separation (DMS) testing. Each sample was crushed to -6 mm and approximately 12% of each sample was 

separated by sieving the -1mm fraction. The coarse (1 to 6 mm) fraction of each sample was immersed in heavy 

liquids with specific gravity of 2.8, 2.95 and 3.1, with best results achieved in liquid with SG of 2.8. This separated 

the light gangue minerals from the heavier metallic sulphides, effectively upgrading the metal content up to 291% 

for lead-zinc and up to 338% for silver. The weighted average of this enriched material recombined with the fine 

fraction represents the potential mill head feedgrade, as detailed in Table 13-1 below. The DMS test data show an 

amenability for the mineralization to the DMS pre-concentration process.  

Table 13-1: Results of DMS Testing on 2011 Core 

Sample 
ID 

Interval* Original Sample Grade Mill-Feed Grade (post-DMS) 
Upgrade 

Factor (%) From 
(m) 

To 
(m) 

Lead % Zinc % Silver % Lead % Zinc % Silver % 

3 181.1 190.9 1.19 6.64 10.6 1.7 9.05 15 140 

4 264.5 269.1 0.85 4.27 23.8 2.33 11.95 63 273 

5 composite 3& 6 0.8 4.9 12.5 1.22 7.25 19.3 152 

6 144.8 151.0 0.23 1.53 12.8 0.39 2.5 24.4 175 

* All samples from hole NC11-220 
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14.0 MINERAL RESOURCE ESTIMATES 

14.1 Basis of Current Mineral Resource Estimate 

This mineral resource estimate has been completed by Tetra Tech to incorporate new information collected from 

Callinex drilling into the existing model. The modelling has been completed using Geovia GEMS v.6.8. 

The 2017 drilling campaign completed surface 59 drillholes, totalling 10,586 m, and collection of 4,169 drill core 

samples totalling 3130.7 m. The program focused on deposit extension drilling to the north of the previously defined 

Hickey zone, and resulted in an overall strike extension of approximately 750m m along a 300 m wide corridor. 

Current metal pricing and preliminary mining parameter assumptions have been incorporated to calculate a ZnEq 

cut-off value of 1.5%, which is applied to the mineral resource estimate. This is described in Section 2.3. 

14.2 Previous Mineral Resource Estimate 

Mineral resource estimates were previously reported for the property in 2016 by Tetra Tech for the Hayes and 

Hickey Zones (Table 14-1). The 2016 work incorporated up to date pricing assumptions, detailed specific gravity 

data by metal composition, revised grade shells for resource modelling using Geovia GEMS v6.7.3 (GEMS), and 

results of preliminary metallurgical results of samples collected from drillhole NC11-220. The 2016 model was 

reported at a 2% ZnEq cut-off grade.  

This resource statement is superseded by the current mineral resource estimate and is no longer relied upon. 

Table 14-1: Previous Mineral Resource Estimate, effective date August 22, 2016 

Zone Classification** Cut-off (ZnEq%) Tonnes Zinc (Zn %) Lead (Pb %) Silver (Ag g/t) ZnEq (%) 

Hickey Indicated 2 3,174,000 2.38 0.53 15.8 3.09 

Hickey Inferred 2 177,000 2.24 0.68 16.7 3.09 

Hayes Indicated 2 5,859,000 3.01 0.59 19.4 3.84 

Hayes Inferred 2 936,000 2.95 0.55 15.3 3.67 

Total Indicated 9,033,000 2.79 0.57 18.16 3.58 

Total Inferred 1,113,000 2.83 0.57 15.51 3.58 

1) ZnEq calculated using 3-yr trailing metal price trends of $0.90 /lb Zn, $0.87 /lb Pb, and $17.73 /oz Ag. Recoveries were applied as 90.5% 

Zn, 81.5% Pb, and 50% Ag based on preliminary metallurgical testwork. 

2) A cut-off value of 2% ZnEq was used as the base case for reporting mineral resources that are subject to open pit potential.  The 

resource block model is not constrained by a conceptual open pit shell. Resource classification adheres to CIM Definition Standards; it 
cannot be assumed that all or any part of Inferred Mineral Resources will be upgraded to Indicated or Measured as a result of continued 
exploration. 

3) All values are rounded. 
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14.3 Database 

The complete dataset consists of core drilling information in the vicinity of the Hayes and Hickey Zones that totals 

370 drillholes that includes collar, survey, lithology and assay information. A total of 346 of these drillholes were 

used for the mineral resource estimate. The complete summary of the data is shown in Table 14-2. 

Drilling data for historical drilling completed by American Metals in 1955 and Betty Cheriton between 1965-1970 

were removed from the resource database due to lack of spatial control, lithology logs and assay data. These holes 

have been retained in the database, however, were not included in the mineral resource estimate. 

Additionally, nine drillholes from the 1979 dataset were twinned by Callinex and were not included in the mineral 

resource estimate, as described in Section 14.3.1 below. 

Table 14-2: Total Records in Database 

Diamond Drillholes Coordinates Survey Lithology Assay 

Records 370 370 1,021 4,744 14,520 

Used in MRE 346 346 995 4,608 14,416 

14.3.1 Twinned Drillholes 

The 2017 Callinex drilling campaign included nine twin drillholes (Table 14-3) to replace historical drilling from 1979. 

Callinex identified selective sample collection methods implemented for this historical work may have under 

represented the true width of zinc, lead and silver mineralization. Assay data for these 1979 drillholes has been 

retained in the drillhole database, however, since drillcore and original records of these drillholes were not available 

the holes were replaced with the 2017 assay results for the purpose of mineral resource estimation.  

Table 14-3: List of 1979 Drillholes Replaced by 2017 Callinex Twin Drillholes 

2017 Callinex Drillhole Twinned Drillhole 

NC17-258 NC7908 

NC17-264 NC7905 

NC17-261 NC7902 

NC17-256 NC7907 

NC17-253 NC7909 

NC17-267 NC7910 

NC17-265 NC7903 

NC17-272 NC8946 

NC17-273 NC7904 

14.4 Exploratory Data Analysis 

Exploratory Data Analysis (EDA) is the application of statistical tools to elucidate the characteristics of the data, 

such as the shape of the relative frequency distribution and cumulative frequency distributions, as shown on 

histograms and probability plots, and statistics such as the mean, standard deviation and coefficient of variation. 

The coefficient of variation (CV) is the standard deviation divided by the mean. This is a useful tool to measure the 

relative dispersion of a distribution. A CV which is less than one generally depicts syngenetic deposits. Coefficients 

of variation of one to two are typical of hydrothermal processes. The presence of "bonanza" high-grade shoots or 
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veins may cause the CV to reach three or greater. Where the CV is greater than three, the mixture of two or more 

distinct ore-forming processes (or mineralization) is often identified. 

In polymetallic deposits, the use of scatterplots and correlations tables with the Pearson’s coefficient can be useful 

in demonstrating correlations (positive and negative) between the assays. 

Identification of the spatial continuity by means of variography is an EDA tool which is later used to perform kriging 

and to adjust frequency distributions for change of support (volume) of units considered. 

Descriptive statistics of the raw assays, assays within grade domains and composite grades within the grade 

domains are shown in Tables 14-4 and 14-5 along with a correlation matrix for the Hayes and Hickey zones, 

respectively. 

Table 14-4: Descriptive Statistics for Hayes Assay and Composite Data 

Means and Variances of Hayes Assay Data, Not Capped

Number of Records 3,093 

Field Mean Variance CV Min Max 

AG_PPM 13.418 307.7 1.31 0 199.54 

AU_PPM 0.001 6.437 16 0 0.02 

CU_PCT 0.007 0 1.67 0 0.68 

FE_PCT 1.057 10.92 3.12 0 89 

PB_PCT 0.448 0.44 1.49 0 12.9 

ZN_PCT 1.929 6.87 1.36 0 20.88 

Means and Variances of Hayes Assay Data in Grade Domains, Not Capped

Number of Records 2,084 

Field Mean Variance CV Min Max 

AG_PPM 19.1 422.7 1.08 0 199.54 

AU_PPM 0.001 0.001 17.23 0 0.02 

CU_PCT 0.008 0 2.37 0 0.68 

FE_PCT 1.325 9.96 2.38 0 41 

PB_PCT 0.634 0.62 1.24 0 12.9 

ZN_PCT 2.891 8.46 1.01 0 20.88 

Means and Variances of Hayes 3m Composite Data in Grade Domains, Not Capped

Number of Records 835 

Field Mean Variance CV Min Max 

AG_PPM 17.764 287.1 0.95 0 152.115 

AU_PPM 0.001 0 21.08 0 0.02 

CU_PCT 0.007 0 1.13 0 0.111 

FE_PCT 1.368 8.75 2.16 0 17.69 

PB_PCT 0.577 0.33 0.99 0 4.34 

ZN_PCT 2.704 5.15 0.84 0 14.2 
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Correlation Table of Hayes Assay Data, Pearson’s Coefficient  

Field AG_PPM AU_PPM CU_PCT FE_PCT PB_PCT ZN_PCT 

AG_PPM 1 

AU_PPM 0.03 1 

CU_PCT 0.26 0.01 1 

FE_PCT 0.33 0.09 0.07 1 

PB_PCT 0.56 0 0.28 0.23 1 

ZN_PCT 0.58 0.09 0.16 0.29 0.53 1 

Table 14-5: Descriptive Statistics for Hickey Assay and Composite Data 

Means and Variances of Hickey Assay Data, Not Capped

Number of Records 11,080 

Field Mean Variance CV Min Max 

AG_PPM 6.371 136.7 1.84 0 355.32 

AU_PPM 0.001 0.00004 10.01 0 0.51 

CU_PCT 0.005 0 3.42 0 0.68 

FE_PCT 4.636 8.74 0.64 0 50 

PB_PCT 0.206 0.28 2.59 0 11.8 

ZN_PCT 0.714 2.34 2.14 0 26.5 

Means and Variances of Hickey Assay Data in Grade Domains, Not Capped

Number of Records 2,532 

Field Mean Variance CV Min Max 

AG_PPM 15.901 380.3 1.23 0 355.32 

AU_PPM 0.001 0 5.63 0 0.07 

CU_PCT 0.008 0 3.22 0 0.68 

FE_PCT 4.603 13.77 0.81 0 31.8 

PB_PCT 0.561 0.84 1.63 0 10.69 

ZN_PCT 2.25 6.44 1.13 0 26.5 

Means and Variances of Hickey 1m Composite Data in Grade Domains, Not Capped

Number of Records 2,782 

Field Mean Variance CV Min Max 

AG_PPM 15.06 270.4 1.09 0 293.49 

AU_PPM 0.001 0 5.25 0 0.04 

CU_PCT 0.008 0 3.28 0 0.68 

FE_PCT 4.429 12.61 0.8 0 31.8 

PB_PCT 0.524 0.58 1.45 0 9.725 

ZN_PCT 2.128 4.62 1.01 0 24.6 
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Correlation Table of Hickey Assay Data, Pearson’s Coefficient  

Field AG_PPM AU_PPM CU_PCT FE_PCT PB_PCT ZN_PCT 

AG_PPM 1 

AU_PPM -0.02 1 

CU_PCT 0.33 0.01 1 

FE_PCT 0 0.1 0.02 1 

PB_PCT 0.47 0.01 0.29 -0.03 1 

ZN_PCT 0.71 -0.01 0.21 -0.01 0.5 1 

14.4.1 Assays 

Drillhole data of 14,173 assay results were uploaded into GEMS, which is used for the interpretation of the 

mineralized zones. Data analysis was conducted for the complete dataset (see Tables 14-3 and 14-4) and for the 

captured assay results within the Hickey and Hayes Zone respectively. 

A total of 2,532 assay intervals were captured within the Hickey Zone as 40 individual domains, and total of 2,084 

sample intervals were captured within the southern Hayes Zone, as 19 individual domains, using 1.5% ZnEq cut-

off values to define the zones. Data analysis was conducted by creating probability, histogram plots and standard 

normal deviate plots of the data. 

14.4.2 Composites 

Different compositing strategies were applied to the Hayes Zone and the Hickey during preparation of the data.  

At the Hayes Zone, compositing strategy was maintained to be consistent with the 2016 model, whereby the raw 

assay information was composited into three metre downhole lengths from the top of the hole. Selection of 3 m 

composite lengths was based on use of historical data where by various raw sample lengths were used with 

common length of 3 m, and to represent a minimum bench height. Where sample assay data was missing or below 

detection value, implicit or explicit to composites, a value of zero was used for that length of drillcore. This resulted 

in a continuous record of 3 metre composites along the entire drill string. The mineral wireframes were developed 

from the 3 m composites. Only 3 m composites falling within the mineral wireframes were used in the mineral 

resource estimate.  

At the Hickey Zone, compositing strategy was revised to better correspond with the 2017 Callinex drilling, whereby 

the raw assay information was composited into one metre downhole lengths within the mineralization wireframes, 

starting from the uphole side. Residual sample lengths that were less than 0.25 m, or ¼ of the composite length, 

were not composited. Where sample assay data was missing or below detection value, implicit or explicit to 

composites, a value of zero was used for that length of drillcore. 

A summary of the composite data is provided in Tables 14-4 and 14-5. 

14.4.3 Capping 

When frequency distributions are skewed, a very small number or proportion of samples may represent a large 

amount of the contained metal in the resource. Frequently, these samples may be scattered through the deposit 

and not restricted to spatially identifiable or continuous zones. Sometimes, small clusters of high-grade 

mineralization may be present, and it may or may not be possible or practical to restrict their influence. Other times, 

the very high-grade samples may be the result of laboratory errors; pulps sometimes segregate high specific gravity 
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materials like electrum or pyrite and may produce biased results if the pulps are not re-homogenized prior to aliquot 

selection for analysis. 

Even when the assays are valid, linear interpolation (weighted average) grade estimation methods can be adversely 

affected. When these methods are used, the inclusion of a high-grade sample will have a greater influence on the 

estimate than a lower grade sample. This can lead to undue projection (or smearing) of the effect of high-grade 

material into areas for which there is no evidence on hand that the high-grade material continues to occur. Under 

such circumstances, restriction of the influence of the higher-grade material is considered as a best practice. 

On the basis of a review of probability and histogram plots and a decile analysis of the composite sample data, it 

was concluded that there is a reasonable justification for capping of the Zn, Pb and Ag values. Breaks in the slope 

of the cumulative probability imply that a few higher-grade samples are spatially discontinuous from the remainder 

of the data set. The samples were then further investigated by decile and percentile analysis where often the top 

decile (greatest 10% of the sample population) contained more than 40% of the metal.  

Based on this analysis, capping of raw assay data was applied at 23.2% Zn, 7.49% Pb and 161.76 g/t Ag for the 

Hickey Zone (see Table 14.5) and 14.05% Zn, 4.29% Pb and 103.37 g/t Ag for the Hayes Zone (see Table 14.6). 

A total of five Zn samples were capped within the Hickey Zone and six samples within the Hayes Zone; five and six 

Pb samples were capped for each zone. 

14.4.4  Bulk Density 

Based on Specific Gravity (SG) measurements conducted by SLAM (2008) (n = 1,169) and Callinex (2017) 

(n = 4,169) in the Nash Creek area, it has been shown that there is a weak correlation between Zn and Pb grades 

with SG.  

Highly variable density values are encountered due to mineral variation within styles of mineralization and the 

alteration zones throughout each zone, with in situ SG measurements ranging from 2.24 to 4.30, and mean value 

of 2.80.  

It is noted that when barren rock and mineralized rock is considered, an increasing trend in SG may still be observed. 

The increased in density is attributed to sulphide concentrations. A simple regression was completed for the data 

between Zn%+Pb% grades, as a proxy for sulphide concentration, and the average density value for the 

corresponding sample interval. Consideration for barren pyrite has not been taken onto account for this calculation. 

The resulting linear function for density was applied to estimate local density, where unmineralized rock is defined 

as having a specific gravity of 2.74 and mineralized rock has specific gravity proportion to 2.74 + 

(0.028*(Zn%+Pb%)). This relationship is seen in Figure 14-1. 

Specific gravity has been assumed to be a reasonable proxy for bulk density and the size of the dataset provides a 

reliable estimate. However, specific gravity lacks representation of internal cavities or voids which may exist within 

mineralized materials due to the hydrothermal alteration process, and could over estimate the in-situ bulk density 

of the rock materials. 

Tetra Tech recommends that Callinex continue to refine the SG model using the existing data to characterize each 

of the mineralized styles found on the property in order to refine the density and tonnage distribution through the 

deposit. This would include completing bulk density measurements with wax coated intact rock samples to calibrate 

the SG values.  
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Figure 14-1: Density versus Assay Zinc+Lead Concentration Percentage 

14.5 Geological Interpretation 

The geological interpretation of the Nash Creek Deposit was originally conducted by Bob Jankovic from Wardrop 

(2009, now Tetra Tech) and refined by the QP for the present report. The wireframes were built using GEMS v6.8 

and Datamine Studio.  

The mineralization at Nash Creek was broken into multiple domains reflecting differences in either grade (high or 

low) or mineralization type (massive or disseminated). The presence of some geological features such as contacts, 

faults and late dykes can negatively affect the accuracy of an estimate, if not properly accounted for. Wireframes 

are constructed in order to determine the shape and location of these features. 

Overburden depths on the property average in the range of 3 to 5 m. The area is flat lying and often water saturated 

which minimizes the penetration of surface weathering and oxidation depth in bedrock. For these reasons, an 

overburden model and an oxide model were not developed for the project. 

Mineral wireframes based on at least two composite samples with average values greater or equal to 1.5% Zinc 

Equivalency (ZnEq) to construct a 3D graphical environment for each of the two zones and different domains within 

them. Where applicable, composite pairs with average grade less than 1.5% ZnEq were included at the edges of 
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the mineral shells to act as boundary conditions, where boundary samples were not available, the wireframe was 

truncated according to interpreted continuity of the mineralization trend. 

In order to create the most representative resource estimate of the different zones, a ZnEq value was calculated, 

based on the assumptions described in Section 2.3. The following represents the formula applied for this type of 

polymetallic mineralization, based on assumptions listed in Table 14-6: 

ZnEq = Zn%+(Pb%*0.747)+(Ag g/t*0.006) 

Table 14-6: Three Year Average Metal Prices (as of February 2018) 

Parameter Value 

Zn Price US$1.25 

Pb Price US$1.05 

Ag Price US$17 

Zn Recovery 91% 

Pb Recovery 82% 

Ag Recovery 50% 

Pounds per metric tonne 2,204.62 

Grams per ounce (troy) 31.1035 

Numerous structures are noted in the Hickey and Hayes Zone, with prominent mineralized trend in association with 

the northwest trending Hayes Fault Zone. Tetra Tech recommends that a detailed investigation of the structural 

interpretation should be carried out. The output of this product would increase the potential discovery of the new 

lenses, which are offset from the interpreted mineralized zones. 

Two main zones were analyzed and distinguished in the interpretation: 

 Hayes Zone, constrained by 19 domains and representing at least three horizons as sub-horizontal stratabound 
type of mineralization and inclined stockwork or vein style mineralization (Table 14-7). 

 Hickey Zone, constrained by 40 domains and representing at least three horizons as sub-horizontal stratabound 
type of mineralization or vein style mineralization (Table 14-8). 

The total volume of the wireframes compare very well with the block model volumes (all blocks within wireframe).  

Table 14-7: Summary of Wireframe Volumes in the Hayes Zone 

Volume (m3) 

Wireframe Model within Block Volume Difference Percent Difference 

3,648,200 3,648,487 287 0.01% 

Table 14-8: Summary of Wireframe Volumes in the Hickey Zone 

Volume (m3) 

Wireframe Model within Block Volume Difference Percent Difference 

1,629,499 1,596,735 32,764 0.04% 
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14.6 Variography 

Geostatistical study combines a variety of tools to describe the pattern of spatial continuity, or strength of the spatial 

similarity of a variable with separation distance and direction. The correlogram measures the correlation between 

data values as a function of their separation distance and direction. If we compare samples that are close together, 

it is common to observe that their values are quite similar and the correlation coefficient for closely spaced samples 

is near 1.0. As the separation between samples increases, there is likely to be less similarity in the values and the 

correlogram tends to decrease towards 0.0. The distance at which the correlogram reaches zero is called the "range 

of correlation", or simply the range. The range of the correlogram corresponds roughly to the more qualitative notion 

of the "range of influence" of a sample; it is the distance over which sample values show some persistence or 

correlation. The shape of the correlogram describes the pattern of spatial continuity. A very rapid increase near the 

origin is indicative of short scale variability. A more gradual increase moving away from the origin suggests longer 

scale continuity. 

Directional sample correlograms were calculated along horizontal azimuths of 0, 30, 60, 90, 120, 150, 180, 210, 

240, 270, 300, and 330 degrees. For each azimuth, sample correlograms were also calculated at dips of 30 and 60 

degrees and horizontally. 

After fitting the variance parameters, the algorithm then fits an ellipsoid to the thirty-seven ranges from the 

directional models for each structure. The final models of anisotropy are given by the lengths and orientations of 

the axes of the ellipsoids. 

Variography, using Datamine Studio software, was completed on the assay dataset. This analysis was reviewed 

and incorporated into the present block model interpolation. Separate sets of experimental grade variograms were 

calculated for each of the elements (zinc, lead and silver) and each zone respectively. A downhole variogram was 

created to determine the nugget effect and the correlograms were modelled to determine spatial continuity of the 

composited mineralization. Tables 14-8 and 14-9 summarize the results of the variography. 
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Table 14-8: Grade Variogram for Hickey Zone 

VRefNum VAngle VAxis Nugget X 

1st Structure
Range Z C_Values SILL X 

2nd Structure
Range Z C_Values SILL 

Y Y 

Zn 1 0 1 0.200 70 16 12 0.161 0.361 59 31 33 0.048 0.409 

Pb 2 0 1 0.237 41 3.5 12 0.205 0.441 59 31 16 0.088 0.53 

Ag 3 0 1 0.237 41 9 15 0.155 0.391 59 31 32 0.058 0.449 

Table 14-9: Grade Variogram for Hayes Zone 

VRefNum VAngle VAxis Nugget X 

1st Structure 
Range Z C_Values SILL X 

2nd Structure
Range Z C_Values SILL 

Y Y 

Zn 1 0 1 0.171 21 26 21 0.287 0.458 14 24 15 0.11 0.568 

Pb 2 0 1 0.171 21 26 21 0.287 0.458 14 24 56 0.087 0.544 

Ag 3 0 1 0.171 21 26 21 0.287 0.458 14 24 15 0.06 0.518 
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14.7 Block Model 

A single block model was created to capture the entirety of the Hayes and Hickey Zones. Table 14-10 summarizes 

the block model limits of the mine grid system. The block model was not rotated. 

Table 14-10: Resource Block Model Dimensions for the Hickey and Hayes Zones 

Coordinate Origin (corners) Number of Blocks Block Size (m) Model Extent (m) 

X (min) 716180 296 5 1,480 

Y (min) 5306540 522 5 2,610 

Z (max) 360 90 5 450 

The drillhole spacing varies from 205 to 50 m along the sections, and 50 to 75 m between the sections across the 

deposit. A block size of 5 m x 5 m x 5 m was selected in order to accommodate the type of mineralization and the 

composited length.  

Ordinary kriging was selected as the most suitable method of the resource estimation on the Property due to 

relatively closely spaced data and low nugget identified from downhole variography. With proper application, 

Ordinary Kriging can account for geological continuity as well as grade variability (the nugget effect). 

Search volume dimensions are defined from the variogram models, based on the maximum range of the second 

structure in each direction. Limits are set for the minimum and maximum number of samples used per estimate and 

as a restriction on the maximum number of samples used from each hole. 

14.8 Interpolation Plan 

The estimations were designed as a three-pass system which were run independently within each individual 

wireframe using composite data constrained by the wireframe. Table 14-11 below summarizes search distances 

and rotations for estimating a block as well as minimum and maximum number of composites required.
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Table 14-11: Search Ellipse Parameters Hickey and Hayes Zones 

Hickey Zone (1m composites) 

Pass 
Number 

Search Distance (m) Rotation Number of Composites 

X Y Z Z X Z Min. Max. Max. per Drillhole 

Pass 1 40 34 10 60 8 0 6 15 4 

Pass 2 70 60 18 60 8 0 5 15 4 

Pass 3 140 120 35 60 8 0 4 15 4 

Hayes Zone (3m composites) 

Pass 
Number 

Search Distance (m) Rotation Number of Composites 

X Y Z Z X Z Min. Max. Max. per Drillhole 

Pass 1 21 26 21 -30 -15 -10 4 8 2 

Pass 2 42 52 42 -30 -15 -10 3 8 2 

Pass 3 42 52 42 -30 -15 -10 2 8 2 

14.9 Resource Classification 

Several factors were used in the determination of the mineral resource classification as follows: 

 CIM Definition Standards. 

 Experience with similar deposits. 

 Demonstrated spatial continuity of mineralization. 

 Drillhole spacing. 

 Number of sample composite values used in block grade estimation. 

No known environmental, permitting, legal, title, taxation, socio-economic, marketing or other relevant issues are 

known to the authors that may affect the estimate of a mineral resource. Mineral reserves can only be estimated on 

an economic evaluation that is used in a preliminary feasibility or a feasibility study on a mineral project, thus no 

reserves have been estimated, and the mineral resources that are reported are not yet demonstrated to have 

economic viability for extraction. 

Table 14-12: Resource Classification Criteria 

Indicated Inferred 

Distance to nearest composite within the 1st and 2nd passes 
for Hickey and for Hayes. 

Distance to nearest composite within the 3rd pass for 
Hickey and for Hayes. 
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Figure 14-2: Plan View Showing Hickey and Hayes Zone 1.5% ZnEq Wireframe Domains 

Figure 14-3: Plan View Showing Block Model with Interpolation Passes and Resource Classification 
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Figure 14-4: Long Section, Looking West, Showing Hickey Zone and Hayes Zone 2% ZnEq Wireframe 
Domains 

Figure 14-5: Long Section, Looking West, Showing Hickey Zone and Hayes Zone Block Model with 
Interpolation Passes and Resource Classification 
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14.10 Resource Tabulation 

The mineral resource estimation at Nash Creek is tabulated in Tables 14.17 and 14.18 respectively for the Indicated 

and Inferred Resources. Ordinary kriging interpolation is used for the resource tabulation for both the Hickey Zone 

and the Hayes Zone. Figures 14-6 and 14-7 show a plan view and longitudinal view, respectively, of grade 

distribution in the model as >2%ZnEq and >5% ZnEq isoshells. 

Table 14-13: Nash Creek Mineral Resource Estimate (effective March 21, 2018) 

Zone Classification Cut-off (ZnEq %) Density (t/m3) Tonnes Zn (%) Pb (%) Ag (g/t) ZnEq (%) 

Hickey Indicated 1.5 2.82 6,601,000 2.37 0.57 16.8 2.90 

Hickey Inferred 1.5 2.83 4,343,000 2.69 0.45 13.8 3.11 

Hayes Indicated 1.5 2.84 6,991,000 2.96 0.58 18.9 3.51 

Hayes Inferred 1.5 2.83 1,586,000 2.63 0.53 14.3 3.12 

Total Indicated 2.83 13,592,000 2.68 0.58 17.8 3.21 

Total Inferred 2.83 5,929,000 2.68 0.47 13.9 3.11 

1) ZnEq calculated using 3-yr trailing metal price trends of $1.25 /lb Zn, $1.05 /lb Pb, and $17 /oz Ag. Recoveries were applied as 90% Zn, 

80% Pb, and 50% Ag based on preliminary metallurgical testwork, using formula ZnEq = Zn% + 0.747*Pb% + 0.011*Ag g/t. 

2) A cut-off value of 1.5% ZnEq was used as the base case for reporting mineral resources that are subject to open pit potential. The 

resource block model is not constrained by a conceptual open pit shell. Resource classification adheres to CIM Definition Standards; it 
cannot be assumed that all or any part of Inferred Mineral Resources will be upgraded to Indicated or Measured as a result of continued 
exploration. 

3) Density is calculated by block based on grade using regression formula: Bulk Density = 2.74 + 0.028*(Zn%+Pb%). 

4) All values are rounded. 

Table 14-14: Nash Creek Mineral Resource Estimate, Contained Metal Summary (effective 

March 21, 2018) 

Zone Classification Tonnes Zn Cont lbs. Pb Cont lbs. Ag Cont oz. ZnEq Cont lbs. 

Hickey Indicated 6,601,000 345,462,000 83,140,000 3,561,000 422,221,000 

Hickey Inferred 4,343,000 257,887,000 43,277,000 1,930,000 298,158,000 

Hayes Indicated 6,991,000 456,594,000 89,870,000 4,240,000 541,171,000 

Hayes Inferred 1,586,000 92,145,000 18,511,000 729,000 108,972,000 

Total Indicated 13,592,000 802,056,000 173,010,000 7,801,000 963,392,000 

Total Inferred 5,929,000 350,032,000 61,788,000 2,659,000 407,130,000 

1) ZnEq calculated using 3-yr trailing metal price trends of $1.25 /lb Zn, $1.05 /lb Pb, and $17 /oz Ag. Recoveries were applied as 90% Zn, 
80% Pb, and 50% Ag based on preliminary metallurgical testwork, using formula ZnEq = Zn% + 0.747*Pb% + 0.011*Ag g/t. 

2) A cut-off value of 1.5% ZnEq was used as the base case for reporting mineral resources that are subject to open pit potential. The 
resource block model is not constrained by a conceptual open pit shell. Resource classification adheres to CIM Definition Standards; it 

cannot be assumed that all or any part of Inferred Mineral Resources will be upgraded to Indicated or Measured as a result of continued 
exploration. 

3) Density is calculated by block based on grade using regression formula: Bulk Density = 2.74 + 0.028*(Zn%+Pb%). 

4) All values are rounded. 
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Figure 14-6: Plan View Showing Isoshells of >2% ZnEq (green, transparent) and >5% ZnEq (red) from 
Ordinary Kriging 3D Block Model 

Figure 14-7: Longitudinal Section, Looking West, Showing Isoshells of >2% ZnEq (green, transparent) 
and >5% ZnEq (red) from Ordinary Kriging 3D Block Model 
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A grade-tonnage curve for the Hickey Zone is shown in Figure 14-8 and for the Hayes Zone in Figure 14-9. Grades 

are reported as ZnEq%. 

Figure 14-8: Grade-tonnage Curve for the Hickey Zone, Shown with ZnEq (%) 

Figure 14-9: Grade-tonnage Curve for the Hayes Zone, Shown with ZnEq (%) 
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14.11 Model Validation 

The Nash Creek mineral resource estimation was validated by the following methods: 

 Visual comparisons of block grade distribution against diamond drillhole grades (see Figure 14-10 for the block 
model section within the Hayes Zone). 

 Visual analysis and comparison of a swath plots for eastings, northings, and elevation through each of the 
deposit models. 

14.11.1 Visual Comparison 

The visual comparison of block model grades against raw sample grades of the metal indicate a reasonable 

correlation between the values. No significant discrepancies were apparent between the sections. Figure 14-10 

contains a representative section for the OK model estimates and original drillhole sample for the Hayes Zone and 

Figure 14-11 for the Hickey Zone. 

Figure 14-10: Hayes Zone ZnEq Model, Section 7187.5_N, Looking North 
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Figure 14-11: Hayes Zone ZnEq Model, Section 7375.0_N, Looking North  
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14.11.2 SWATH Plot Analysis 

Swath plots were generated along eastings, northings and elevation in the OK, NN and ID3 block models for each 

of the Hayes and Hickey Zones. These swaths were then plotted along with the count and grade of the composite 

samples which fall within each of the swath slices. The resulting plots for the Hayes Zone are shown in Figure 

14-12, and the Hickey Zone in Figure 14-13. The block model swaths show good correlation between the OK, NN 

and ID3 models, where the ID3 model is the least smoothed, the NN is the most smoothed and the OK model is 

often somewhere between in areas where there are fewer samples. The OK model appears to be less smoothed in 

areas where there is more sampling and higher confidence in grade trends. Overall, all three models show a strong 

smoothing trend in comparison to the average composite grades shown for each section. This is attributed to the 

regional averaging of composite grades into each block, and is considered to be a reasonable spatial estimation for 

the composite sample grades. 

Figure 14-12: Swath Plot for the Hayes Zone Model 
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Figure 14-13: Swath Plots for the Hickey Zone Model 
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15.0 ADJACENT PROPERTIES 

There are no significant mineral claims or operating mines immediately adjacent to the Property. 

15.1 Nearby Operating Mines 

The Caribou Zinc Mine is owned and operated by Trevali Mining Corporation. The underground mine is located 

approximately 30 km directly southwest of the Nash Creek Property and processes 3,000 tonnes per day through 

a mill and sulphide flotation recovery plant. The following information has been extracted from Trevali (2018) and 

has not been verified since the QP has not visited the site. The successful operations at the Caribou Mine do not 

imply economic viability of the Nash Creek Deposit; the operation of this mine may differ from a potential future 

operation at Nash Creek. 

 Geology: the geological setting varies slightly from the Nash Creek Property as it is hosted within older 
Ordivician rocks at the base of the Spruce Lake Formation (California Lake Group). It was deposited sediment- 
covered back-arc continental rift during periods when the basin was stratified with a lower anoxic water-column. 

 Mineralization: the deposit style is representative of a more typical black smoker VMS system with presence of 
black carbonaceous shale hosting footwall stringer sulphides and massive sulphides, with economic 
concentrations of copper, zinc, lead and silver. 

 Operation: the Caribou Zinc Mine is currently in operation with Proven and Probable Reserve (December 31, 
2017) of 5.22 Mt grading 6.34% Zn, 2.37% Pb, 0.38% Cu and 71.2g/t Ag. 
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16.0 OTHER RELEVANT DATA AND INFORMATION 

There is no other information that the QP and author is aware of relevant to this Technical Report. 
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17.0 INTERPRETATION AND CONCLUSIONS 

The Property is situated within the Devonian age Dalhousie Group, within a regional structure known as the Jacquet 

River Graben. Stratabound and structurally controlled mineralization observed on the property is interpreted to be 

influenced by the west boundary of a half graben structure marked as the north trending black Point-Arleau Brook 

Fault. 

Continental rifting and in-plate extension during the late Silurian and early Devonian followed by transpression in 

the Devonian is associated with faulting and extension structures formed along the Black Point-Arleau Brook Fault. 

Mineralization found on the property includes concentrations of Zn, Pb and Ag, and is generally void of Cu and Au 

mineralization that is typically associated with black smoker VMS systems found throughout the central 

Appalachians. Evidence of cooler temperature hydrothermal alteration, and emplacement in shallow marine 

environment further suggest deposit affiliation to a white smoker VMS deposit style. 

The stratigraphy, size and shape of the polymetallic mineralization of potential economic interest is found as semi-

discontinuous lenses contained within generally consistent horizons. At least three mineralized horizons have been 

identified in both the Hayes and Hickey Zones, which include a total of 19 domains at the Hayes Zone, and a total 

of 40 domains at the Hickey Zone. Additional drilling with structural interpretation is required to better define the 

deposit along the northern extension. As a result of extensive drilling completed by Callinex in 2017 that extended 

the northern portion of the Hickey Zone, mineral resources reported for the Hickey Zone were increased; most of 

the resources were classified as Inferred due to wide drillhole spacing. Overall, tonnage of the Hickey and Hayes 

mineralized zones within the currently defined limits was increased relative to the previous mineral resource 

estimate (Tetra Tech, 2016), due to a revised ZnEq cut-off grade from 2.0% (2009, 2016)  to 1.5% (2018), based 

on preliminary mining and processing costs, limited metallurgical sampling and 3-year trailing average monthly 

metal prices. 

The 3D wireframe of the mineralized envelope contains all mineral intersections related to these two zones. 

Data verification conducted prior to this model update of the drillhole database suggested that the information is 

reliable and adequate for resource estimation. 

The specific gravities of the various types of polymetallic mineralization have been measured by laboratory 

pycnometer methods which has assembled a vast database of values. For the resource estimation Tetra Tech used 

a function for density based on a relationship between zinc and lead with specific density measurements, where 

unmineralized material was defined with a factor of 2.74 t/m3 which variable increased by a factor of 

0.028*(Zn%+Pb%) t/m³. 

Tetra Tech has updated the mineral resource estimate for the Hickey and Hayes Zones on the Nash Creek Property. 

These are polymetallic mineralized zones hosted within volcano-sedimentary rocks consisting of disseminated to 

semi-massive sulphides containing concentrations of Zn-Pb-Ag. The resource was based on composited ZnEq 

assayed data derived from cored drilling. The estimate was restricted to an updated 3D wireframe of the interpreted 

mineralized envelope using a 1.5% ZnEq. The calculation for ZnEq has been revised from previous resource 

estimates to reflect current three-year trailing monthly average metal prices of Zn, Pb and Ag. 
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18.0 RECOMMENDATIONS 

The 2018 resource update focused on adding new data collected from 2017 drilling within the Hickey Zone, and on 

modifying and constraining the interpreted mineral wireframes to a 1.5% ZnEq for both the Hayes and the Hickey 

Zone. This adjustment has increased the mineral resource volumes relative to the previous estimate (Tetra Tech, 

2016). 

It is recommended that the Nash Creek project now be developed into an advanced stage project rather than an 

exploration target. Collection of additional samples for metallurgical testwork will be required to characterize the 

difference in mineralization styles observed in the Hickey and Hayes Zones. 

Infill drilling is recommended to reduce spacing between the 2017 drill collars in order to better constrain individual 

polymetallic lenses and increase confidence in the mineral resource estimate. Some drilling should be inclined 

towards the southwest to test continuity of NW-SE striking structures that are apparent in the block model grades.  

Continued exploration is also recommended to expand the existing resource and to develop satellite deposits (i.e., 

Central) in addition to potential new discoveries. 

Development of a geological model is recommended to consolidate the information collected from various operators 

on the property and to develop a structural model related to mineralization found on the property. 

Recommendations for advancing the project are as follows: 

1. A combined lithology-mineralogy-alteration-structure geological model be constructed to augment the current 

grade model. The model would enhance understanding of the various geological domains identified in the 

deposits and endeavour to identify potential structure controls on the mineralization.  

2. Infill drilling in the northern Hickey Area to increase density between the 2017 Callinex holes 

3.  Exploration drilling to focus on regional targets and to test for expansion potential to the south of Hayes. 

4. Undertake a comprehensive metallurgical evaluation be conducted for the various mineralization styles across 

the Hickey Zone and the Hayes Zone. This may be achieved by sampling of existing drill core in combination 

with additional target metallurgical drilling. Continued study of dense media separation and other pre-

concentrating processes. 

5. In conjunction with metallurgical drilling, it is recommended that core holes are logged for initial geotechnical 

assessment for determination of appropriate rock stability parameters. 

6. Initiation of baseline environmental data collection, including hydrogeological investigations, in future 

campaigns on the project for consideration of permits and other potential regulatory requirements. Advance 

collection of this information can strongly favour future permit application. 

7. Tetra Tech recommends the project proceed to a preliminary economic assessment (PEA) state and a 

conceptual mine plan be developed, including constraining resource to an open pit and examining various cost 

scenarios including owner vs. contract operator and local vs. toll milling. 
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An estimated budget for this recommended work is presented below. 

Table 18-1: Estimated Budget for Project Recommendations 

Work Scope Dollar per Unit (CAD) Cost (CAD) 

Infill Drilling 15,000 m $100 $1,500,000 

Exploration Drilling 5,000 m $100 $500,000 

Geological interpretation and development of 
comprehensive geological model 

$25,000 

Metallurgical sample collection, testwork and 
evaluation 

2,000 m 
$200 

(inclusive of testwork) 
$400,000 

Geotechnical and Hydrogeological Investigations 1,200 m 
$175 

(inclusive of testwork) 
$210,000 

Preliminary Economic Assessment $250,000 

Total Estimate $2,885,000 
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_____________________________ 
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