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EXECUTIVE SUMMARY 

Knight Piésold Ltd. (KP) was retained by Tintina Resources Inc. (TRI) to undertake geotechnical and 
hydrogeological site investigations for the Black Butte Copper Project (the Project) in 2015. This data 
report summarizes the work carried out and the observations made during the site investigation 
program. The key objectives of the site investigation were to: 
• Collect geotechnical and hydrogeological information to support a feasibility level design for the 

construction of the Cemented Tailings Facility (CTF), Process Water Pond (PWP) and Non-
Contact Water Reservoir (NCWR). 

• To collect geotechnical and hydrogeological information for the conditions at the proposed plant 
site (to be designed by others). 

• To complete test pit excavations over the project area to characterize soil depth to bedrock and 
suitability as potential for construction material borrow sources. 

The site investigation program included the following work: 
• Drilling with standard penetration testing (SPT) in overburden, Lugeon packer testing in bedrock, 

and detailed geotechnical logging of core or characterization of drill-cuttings. 
• Installation of standpipe piezometers. 
• Excavation of test pits through overburden until contact with (weathered) bedrock. 
• Sample collection of soil for index testing and bedrock for strength testing. 

The site investigation was conducted between March and May 2015, and included 24 drillholes and 
44 test pits. It was split into two phases. Phase 1 was carried out in March 2015 and included  
19 geotechnical drill holes; 4 holes had standpipe piezometers installed. The second phase was 
carried out in May 2015 and consisted of 5 geotechnical drillholes and 44 test pits. All Phase 1 holes 
were drilled with a Sandvik 710 track mounted mud rotary drill rig. Phase 2 drillholes were completed 
with an LF 70 track mounted mud rotary drill rig. 

Results of the site investigation program indicate: 
• The geology of the project area consists mainly of calcareous shale rocks of the Newland 

Formation (shales) and mostly low permeability rocks (diorites) of a local intrusive suite. 
• Overburden typically consists of a compact, silty sand and clay matrix supporting fine gravel with 

rare cobbles. Overburden thickness ranges from 0.2 to 6.7 m, but is generally 1 m thick or less. 
• Hydraulic conductivities for the bedrock units encountered throughout the project area ranged 

from 2 x 10-3 to 6 x 10-6 m/s. These values are based on passive response testing (falling head) 
in competent, fractured and/or weathered rock units. 

• The groundwater levels in the drillholes varied from site to site but were generally in the range of 
5 to 8 m below ground surface (mbgs) when observed under static conditions. One drillhole 
(SC15-184) exhibited artesian conditions due to its location at a topographic low on the property 
and with a significant thickness of confining, low permeability, till materials over the bedrock. 

• Field estimates of UCS for weathered bedrock units encountered within the project area ranged 
from 5 to 25 MPa with competent bedrock ranging from 30 to 150 MPa. The RMR ranged from 
38 to 62 indicating a rock mass designation of FAIR. 
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 INTRODUCTION 1 –

 PROJECT DESCRIPTION AND BACKGROUND 1.1

The Black Butte Copper Project (the Project) is a proposed copper/cobalt mine in the Strawberry 
Butte area of Montana, located approximately 32 kilometres (km) north of White Sulphur Springs and 
5 km off of U.S. Highway 89. Figure 1.1 shows the location of the Project site. 

Knight Piésold Ltd. (KP) was retained to produce feasibility level designs for the waste and surface 
water management facilities at the Project. As part of the scope of work, KP completed a 
geotechnical Site Investigation (SI) to collect data for the design of the waste and water management 
facilities. 

 

Figure 1.1 Project Location Map 

 SCOPE OF WORK 1.2

A geotechnical SI program was completed to collect the data required for the waste and water 
management systems design. The SI program scope included the following: 
• Geotechnical investigation of the Cemented Tailings Facility (CTF), Process Water Pond (PWP), 

and Non-Contact Water Reservoir (NCWR), including previously identified alternative locations, 
and waste dump foundation conditions. 

• Geotechnical investigation of the plant site foundations and provision of foundation design 
parameters to facilitate foundation designs by others. 



TINTINA RESOURCES INC. 

 BLACK BUTTE COPPER PROJECT 
 

2015 GEOTECHNICAL SITE 
INVESTIGATION REPORT 

2 of 24 VA101-460/3-1 Rev 3 
September 6, 2016 

 

• Identification of construction materials and borrow areas for the project facilities. 
• Integration with the hydrogeological study to establish groundwater levels and hydraulic 

conductivity values, as appropriate. 

The SI program was planned using the most current site layout available with the intent of gaining an 
understanding of the geology and geotechnical conditions of the project area as a whole. 

The site investigation was completed in two phases. Phase 1 consisted of a geotechnical drilling 
program completed in March 2015. The Phase 2 program consisted of test pitting and additional 
geotechnical drill holes, and was conducted in May 2015 after the snowmelt and ground thaw had 
occurred. Figure 1.2 shows the distribution of drill holes and test pits across the Project area. 

 

Figure 1.2 Overall Site Investigation Plan 

  

 



TINTINA RESOURCES INC. 

 BLACK BUTTE COPPER PROJECT 
 

2015 GEOTECHNICAL SITE 
INVESTIGATION REPORT 

3 of 24 VA101-460/3-1 Rev 3 
September 6, 2016 

 

 GENERAL SITE CHARACTERISTICS 2 –

 PHYSIOGRAPHY AND CLIMATE 2.1

The climate is typical of uplands in central Montana with moderate summers and cold winters. The 
average daily minimum and maximum temperatures for White Sulphur Springs (elevation  
1,609 masl) are -10°C during the winter months and up to 17°C in the summer. Temperature 
typically varies from -30°C in winter, up to 40°C in summer. The average annual precipitation and 
evaporation of the project area are approximately 416 mm and 514 mm respectively. The project lies 
between an elevation of 1,700 and 1,850 metres above sea level (masl), and is located in the Little 
Belt Mountains, resulting in cooler temperatures and higher precipitation than those recorded at 
White Sulphur Springs (Tintina, 2013). 

 REGIONAL GEOLOGY  2.2

The copper-cobalt deposits of Black Butte occur in middle Proterozoic sediments of the Belt 
Supergroup which are extensively exposed in an eastward protrusion of the Rocky Mountain chain 
called the Helena salient in central Montana (Zieg and Leitch 1993). 

During formation of the Belt Basin, a deep water middle Proterozoic calcareous shale facies 
(Newland Formation) deposited in an embayment, known as the Helena embayment, which 
extended in trough-like fashion east into the craton through central Montana (Godlewski and Zieg 
1984). The northern boundary of the deeper water portion of the Helena embayment lays along the 
southern flank of the Little Belt Mountains north of White Sulphur Springs. During the Cretaceous 
Laramide orogeny, renewed faulting along the ancestral northern margin of the Helena embayment 
formed the Volcano Valley thrust fault (Winston 1986). The bedded massive sulphides of the Black 
Butte are concentrated along the northern margin of the Helena embayment along the Volcano 
Valley Fault (VVF) zone. 

 SURFICIAL GEOLOGY 2.3

Newland Formation sedimentary rocks and diorite intrusive rocks occur as localized, weathered 
outcrops throughout the property. The overburden material varies in thickness over the property with 
the depth to weathered bedrock typically 1.0 m. The overburden material varies slightly around the 
property, but generally consists of a relatively thin cover of silty sand or sandy silt with clay and 
gravel (glacial till). 

 BEDROCK GEOLOGY 2.4

The Newland Shale consists of a lower shale-dominated part which measures approximately 760 m 
thick and an upper carbonate-dominated part which measures approximately 350 m thick. The shale 
was deposited as microturbidites in a sub-wavebase depositional setting. Debris flow conglomerates 
punctuate the section along the northern margin of the embayment. 

Igneous rocks intrude the Newland Formation rocks throughout the property and are seen 
predominantly in the north and northwestern section of the property in the areas of the Process 
Water Pond and the south CTF impoundment. These igneous intrusive rocks consist of diorite and 
granodiorite and have been emplaced predominantly as sills and lesser dikes within the sedimentary 
package. 
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 STRUCTURAL GEOLOGY  2.5

There are several major east trending fault systems in the region, as shown in Figure 2.1. Within the 
Project area the Copper Creek segment of the Volcano Valley fault (VVF) shows an orientation of 
roughly N80E. At Butte Creek, a N50E trending structure offsets the VVF in sinistral fashion to a 
point 1 km northeast of its previous location. From this point, the Black Butte segment of the VVF 
continues east north of Black Butte for approximately 2 km and gradually arcs toward the southeast 
for 7 km at a bearing of S45E toward Newlan Creek. From its entrance into the Newlan Creek valley, 
the Newlan Creek segment of the VVF continues with an easterly bearing for at least 16 km. The 
flexures in the VVF at Butte Creek and at Newlan Creek are joined by a S65E trending northeast 
directed reverse fault called the Black Butte Fault (BBF) which carries Chamberlain shale over 
Newland Shale. The area enclosed between the Black Butte segment of the VVF and the BBF 
contains all known copper resource at the Project (Tintina Resources Inc., 2013). 

Based on the above, none of the proposed infrastructure for the project is impacted by the Volcano 
Valley or Black Butte fault systems. Smaller scale faults and shear zones have been observed in drill 
core, but were localized and over short intervals. 
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 2015 GEOTECHNICAL SITE INVESTIGATION PROGRAM 3 –

 GENERAL 3.1

The 2015 geotechnical Site Investigation program was divided into two phases. Phase 1 started on 
March 3 and was completed on March 22, 2015. Phase 2 commenced on May 26 and completed on 
June 5, 2015. The primary objective of the SI program was to evaluate the geotechnical and 
hydrogeological conditions at the proposed Plant Site, Process Water Pond, and the proposed East, 
Central, West and South Tailings Impoundment locations. The data collected will support the 
feasibility level engineering design of the site facilities. Long-term groundwater monitoring wells were 
installed in order to support environmental baseline studies and ongoing groundwater monitoring. 

The 2015 geotechnical SI program included the following activities: 
• 724 metres drilled in 24 geotechnical drillholes using both tricone and mud rotary methods. In-

situ packer testing was conducted during drilling to evaluate the hydraulic conductivity of the rock 
mass. The geotechnical holes were completed to assess the soil and rock foundation conditions 
of various proposed mine site facilities locations, primarily at the proposed CTF (the south 
tailings impoundment location). Geotechnical logging of drill core was carried out in all drillholes 
to characterize the rock mass. 

• Long term monitoring wells were installed in 4 of the 24 geotechnical drillholes. Upon completion 
of well installations, well development and response testing was left to be carried out by Tintina 
Resources Inc. 

• 44 test pits were excavated throughout the project area at the proposed facilities to determine 
overburden thickness and to characterize the overburden material. 

• Drill core samples were collected for laboratory UCS testing. Laboratory testing of the rock 
samples was conducted by Mine Design Engineering in Kingston, Ontario, Canada. 

• Samples of soil materials recovered from the geotechnical drillholes and test pits were taken for 
soil index testing. One triaxial test was performed on a soil sample collected downstream of the 
CTF embankment. 

The SI plan is shown in Figure 3.1. The South Impoundment location was selected as the preferred 
location for the CTF prior to commencing the site investigation, and therefore has a higher density of 
drillhole coverage. 
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All drill collars were surveyed at the completion of drilling by KP staff using a handheld Garmin GPS 
Map62. All survey information uses the UTM-NAD 83 coordinate system. 

Ruen Drilling Inc. completed all drilling using a Sandvik 710 drill rig capable of drilling PQ3 and HQ3 
sized diamond drilling in overburden and bedrock. All drilling was completed under the supervision of 
KP field personnel. Detailed geotechnical logging of soil and drill core was conducted in all drillholes 
in order to evaluate and characterize the ground conditions. Drillholes were grouted to surface at 
completion by Ruen personnel, with the exception of the four monitoring well locations. 

The Sandvik 710 drill rig was equipped with a hydraulic drop-hammer to perform Standard 
Penetration Tests (SPTs). SPT results and sample descriptions were recorded by KP field 
personnel. SPTs were conducted through overburden until contact with weathered bedrock and 
“refusal” of the sampler. 

 GEOTECHNICAL DRILLING 3.2

A total of 724 m of drilling was completed in 24 geotechnical drillholes during the 2015 SI program. 
The depth of drilling was to a minimum of 30 m with at least 6 m penetration into competent, 
unweathered bedrock. Geotechnical and hydrogeological data was collected for various mine 
facilities, primarily at the CTF and stockpile areas. Table 3.1 provides a summary of the geotechnical 
drillholes. The site general arrangement and SI plan are provided in Figure 3.1. 

SPTs were conducted in holes SC15-181, SC15-184, SC15-192, SC15-193, SC15-195, SC15-198, 
and SC15-201 to SC15-205 at 1.5 m intervals. Monitoring wells were installed in holes SC15-184, 
SC15-185, SC15-194 and SC15-198. The monitoring well installations involved the use of 1.5-inch 
PVC standpipe piezometers installed at specified depths within bedrock contacts, fractured/fault 
zones, or highly permeable zones. The installations were conducted by Ruen Drilling Inc. under the 
direction and supervision of KP field personnel. 
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Table 3.1 Summary of Geotechnical Drillholes 

Drillhole  Drillhole Location 

Coordinates 1 Total 
Depth 

Depth to 
Bedrock Northing Easting Elevation 

(m) (m) (m) (m) (m) 

SC15-180 Plant Site 5,179,835 506,568 1,788 30.2 0.6 

SC15-181 South Impoundment Embankment 5,178,968 506,592 1,770 30.1 6.7 

SC15-182 South Impoundment Embankment 5,178,759 506,619 1,794 30.2 0.2 

SC15-183 South Impoundment Embankment 5,178,913 506,510 1,779 30.2 0.6 

SC15-184 Seepage Collection Pond 5,178,970 507,044 1,756 30.0 4.6 

SC15-185 South Impoundment Embankment 5,179,087 506,358 1,806 30.2 0.3 

SC15-186 South Impoundment Embankment 5,179,101 506,698 1,786 30.2 0.3 

SC15-187 South Impoundment Embankment 5,179,260 506,740 1,786 30.2 0.3 

SC15-188 South Impoundment Embankment 5,179,124 506,563 1,792 30.2 0.2 

SC15-189 Plant Site 5,179,630 506,679 1,782 30.2 0.3 

SC15-190 Process Water Storage Pond 5,179,665 507,205 1,761 30.2 0.5 

SC15-191 Process Water Storage Pond 5,179,469 507,024 1,768 30.2 0.5 

SC15-192 West Impoundment Embankment 5,178,984 504,689 1,792 30.5 2.1 

SC15-193 West Impoundment Embankment 5,178,786 504,857 1,787 30.2 2.1 

SC15-194 Central Impoundment Embankment 5,179,849 506,024 1,774 30.1 0.5 

SC15-195 East Impoundment Embankment 5,179,502 507,728 1,736 30.1 0.2 

SC15-196 East Impoundment Embankment 5,179,697 507,619 1,751 30.5 1.5 

SC15-197 Central Impoundment Embankment 5,179,619 506,194 1,775 29.9 0.2 

SC15-198 SAG Mill 5,179,745 506,592 1,787 30.0 1.4 

SC15-201 Process Water Storage Pond 5,179,571 506,316  1,783  30.3 0.6 

SC15-202 Process Water Storage Pond 5,179,446 505,959  1,795  29.8 1.4 

SC15-203 Process Water Pond (Alternate) 5,178,408 506,469  1,794  30.2 1.2 

SC15-204 Non-Contact Water Reservoir  5,178,748 507,939  1,761  30.2 0.3 

SC15-205 Non-Contact Water Reservoir 5,178,618 507,971  1,773  29.9 0.7 

NOTES: 
1. Coordinates are based on final collar survey data using the NAD83 UTM Zone 12N coordinate system. 
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 Overburden Drilling and Logging 3.2.1

Overburden drilling in the geotechnical drillholes was typically completed by Ruen Drilling Inc. using 
diamond drilling methods. A tricone drill bit was used on several occasions to advance the drill 
through unstable overburden materials or to assist with the advancement of the casing through the 
overburden. 

SPTs were completed at selected overburden depth intervals in 11 drillholes. SPTs were not 
conducted where bedrock was encountered close to ground surface. SPTs were completed every 
1.5 m (5 feet) and then terminated at refusal of the sampler, typically when bedrock was 
encountered. A 140-lb automatic hammer with a 30 inch drop setup, equipped with a 24 inch split 
spoon sampler was utilized for each test. Blow counts were recorded over four 15 cm (6 in) intervals 
for a total of 60 cm (24 in) of sampling length. The SPT ‘n’ value was determined by adding the blow 
counts from the second and third intervals of the test. 

Soils were logged according to guidelines specified in the Canadian Foundation Engineering Manual 
and according to the Visual-Manual Procedure for Standard Practice for Description and 
Identification of Soils (ASTM D2488-06). 

 Bedrock Drilling and Logging 3.2.2

Bedrock coring involved the use of a diamond drill bit with a standard wireline barrel set-up and a  
1.5 m core barrel. This coring method allowed for continuous core sampling as the drillhole was 
advanced. Twenty-one drillholes were drilled with HQ3 size equipment using a triple tube core barrel 
set up. Three drillholes were drilled using PQ3 size equipment. 

All geotechnical drillholes were advanced using water as the main drilling fluid. Additives such as 
polymers and/or drill mud were used sparingly, and only as required to stabilize drillholes. 

Detailed geotechnical logging of the drill core was carried out in all of the geotechnical drillholes in 
order to characterize the rock mass quality using Bieniawski’s Rock Mass Rating (Bieniawski, 1989) 
classification system. On a run-by-run basis, the following information was collected: 
• Core run interval 
• Core recovery 
• Rock Quality Designation (RQD) 
• Lithological Description 
• Field estimated Unconfined Compressive Strength (UCS) of rock 
• Number of discontinuities 
• Discontinuity Types, and 
• Joint Conditions of Discontinuities (i.e. roughness, infilling, weathering/alteration, aperture, etc.). 

 TEST PIT EXCAVATIONS 3.3

A total of 44 test pits were excavated in the project area during the 2015 Phase 2 Site Investigation 
program. Six test pits were completed in the proposed Process Water Pond area, sixteen in the 
South Tailings Impoundment and downstream embankment area, seven in the alternate Process 
Water Pond location, eleven in the Non-Contact Water Reservoir and four in the area of the Portal. 
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All test pits were excavated using a Komatsu 210 excavator. Test pit depths ranged from 0.2 to  
3.9 m and were terminated when they could not be excavated further, typically in weathered 
bedrock. The test pit sites were accessed by walking the machine to each site, and care was taken 
to minimize environmental disturbance. Wherever possible, the surface organic material and 
vegetation was stripped prior to excavating the test pit and stockpiled separately. The exposed soils 
in the pit walls and spoil piles were logged for geotechnical characteristics and select samples were 
collected and sealed in heavy duty plastic sample bags for laboratory testing. All of the test pits were 
backfilled and the surface was re-contoured upon completion. The final activity at each site involved 
the replacement of the surface material and vegetation to recreate, as much as possible, the pre-
investigation conditions. 

A summary of the test pits, including their locations and depths, is presented in Table A1.2. The 
locations of the test pits for the 2015 Site Investigations are shown in Figure 3.1. Detailed logs of 
each test pit are presented in Appendix A4 which includes a photograph of the test pit excavation. 
The test pit soil results are summarized in Table C1.1 and the laboratory reports are included in 
Appendix C1. 

 ROCK MASS CLASSIFICATION 3.4

Bieniawski’s Rock Mass Rating (RMR) classification system (1989) was used to describe the rock 
mass condition. The RMR system is based on determining values for the following five key rock 
mass parameters: 
• Intact Rock Hardness and/or UCS – Estimated in the field and later verified with laboratory 

testing. 
• RQD – The sum of the lengths of all intact core pieces greater than 10 cm in length, as a 

percentage of the drill run length. 
• Fracture Spacing – The number of natural fractures encountered per drill run length. 
• Fracture Condition – An evaluation of fracture persistence, roughness, infilling, aperture, and 

weathering determined by examination of the discontinuities. The persistence is conservatively 
assumed to have a rating of 0, consistent with high persistence, because delineating the actual 
persistence of a discontinuity is impossible due to the relatively small diameter of the drill core. 

• Groundwater Condition – The groundwater rating is 15, which corresponds to dry conditions. 
This allows the RMR values to be consistent with geological strength index (GSI) values that can 
be used to estimate rock mass strength (Hoek et al. 1995). 

The RMR rating and rock mass quality classification system is presented in Appendix F2. Table F2.1 
shows the numerical values that were applied to each of the five parameters. The sum of these 
ratings defines the rock mass quality as an RMR value. This value can range from less than 20 and 
up to 100 and corresponds to the following rock mass quality descriptions: 
• VERY GOOD: RMR 81 to 100 
• GOOD:  RMR 61 to 80 
• FAIR:  RMR 41 to 60 
• POOR:  RMR 21 to 40, and 
• VERY POOR: RMR < 20. 

Drillhole logs and detailed RMR logging spreadsheets are presented in Appendices A1 and A3, 
respectively. Drill core photographs are included in Appendix E1. 
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 PACKER TESTING 3.5

Packer testing (Lugeon or Falling Head) was completed in the geotechnical drillholes to estimate the 
hydraulic conductivity of the rock mass. The packer testing was completed under the supervision and 
direction of KP field personnel using an HQ wireline nitrogen-inflated packer test assembly. 

Packer tests were performed while the drillhole was being advanced and testing was conducted after 
encountering the first zone of bedrock that was suitable to seat the packer. The target interval for 
packer testing was every 7 m for tailings and water storage facility foundations, and 15 m for the 
plant site foundations. However, the bedrock to seat the packer requires suitable rock quality so that 
damage will not occur to the packer system during inflation and deflation. The packer test intervals 
were varied as needed based on the rock mass quality and assessment by KP field personnel. 

General methodology for the packer tests included the following: 
• Flushing the drillhole until the drill return was clear of cuttings. 
• Calculating how many rods needed to pull out of the drillhole to expose the test zone and 

calculation of the required nitrogen inflation pressure and Lugeon test pressures for each packer 
test depth. 

• Pulling the drill rods out of the hole to expose the desired test section. 
• Lowering the packer equipment with a pressure transducer enclosed in a housing unit below the 

packer to the drill bit with the wireline and nitrogen line. 
• Inflating the packer bladder with nitrogen to isolate the test interval. 
• Establishing a stable water level in the drillhole. 
• Completing the test. The following tests were conducted based on groundwater conditions: 

o Response testing was conducted in select intervals which involved filling up the rods with a 
known quantity of water after the packer was inflated and allowing the static groundwater 
level to recover. These tests were conducted in zones that were fully submerged beneath 
the groundwater level. 

o Lugeon testing which involved pumping water into the isolated test interval at three 
ascending and two descending water pressure stages and recording the flow rate of water 
into the rock mass. These tests were conducted in zones that were partially or fully above 
the groundwater level. Leakage was measured for each pressure stage and the values were 
recorded. 

• Measurements were collected with a mechanical flowmeter measuring in gallons and a water 
pressure gauge in pounds per square inch (psi). The pressure transducer monitored the water 
pressures throughout the testing stages. 

• Any observations about the testing were noted where appropriate. 

Individual packer test analysis sheets are provided in Appendix B1. Hydraulic conductivity results 
based on the packer testing are summarized in Table A1.1 in Appendix A1. 

 MONITORING WELL INSTALLATION 3.6

Groundwater monitoring wells were installed in four of the completed geotechnical drillholes during 
the 2015 SI program. All monitoring wells were drilled and installed by Ruen Drilling Inc. with the 
supervision of KP field personnel. 
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The wells were installed at four of the proposed mine facilities, SAG Mill (Plant Site), Seepage 
Collection Pond (for the South Tailings Impoundment), Central Tailings Impoundment and South 
Tailings Impoundment, in order to monitor baseline groundwater quality conditions. A single well was 
installed at each location in bedrock below the water table. Table 3.2 provides a summary of the 
monitoring wells and their locations can be seen in Figure 1.2. 

Table 3.2 Summary of Monitoring Well Installation and Hydrogeological Testing 

Drillhole  

Piezometer Information 1 

Completion Zone Stick Up 
Height 

Static Water 
Level  

Hydraulic Conductivity 
(Falling Head) 2, 

From (m) To (m) (m) (mbgs) (m/sec) 

SC15-184 14.9 27.5 1.60 
Artesian flow 
~10 gal/min 

- 

SC15-185 17.2 25.9 3.05 7.0 5 x 10-6 

SC15-194 21.6 28.8 0.6 N/A 6 x 10-6 

SC15-198 15.8 22.9 0.6 N/A 7 x 10-7 

NOTES: 
1. All monitoring wells were installed with 1.5” diameter PVC. 
2. Values reported are pre-installation over the same interval as completion zone. 

The wells were installed at specified depths in areas of interest such as fractured/fault zones or 
highly permeable zones as identified by geotechnical logging and packer testing results. The 
purpose of the installation is to be able to measure the groundwater level, conduct falling/rising head 
response tests in the isolated completion zone and collect samples for environmental baseline water 
quality data. 

The piezometers were constructed with 1.75-inch diameter, decontaminated, flush-threaded, 
Schedule 40 polyvinyl chloride (PVC) riser pipes. The screened completion zones are 1.75-inch 
Schedule 40, Slot 20 PVC threaded installed across the zone of interest, and 1.75-inch Schedule  
40 PVC threaded blank pipe was installed to the surface. Bentonite pellets were used to backfill the 
drillhole, if it was not desirable to set the completion zone at the bottom of the hole. The annular 
space around the completion zone was backfilled with 10/20 silica filter sand. The completion zone 
was sealed at either end with hydrated bentonite chips or pellets. A cement/grout mix was used to 
backfill the drillhole to surface above the top bentonite seal. Monuments were installed to protect and 
prevent tampering to the PVC pipe, which extends above the ground surface. The monitoring well 
completion details are presented in Appendix A1. 

 LABORATORY TESTWORK 3.7

Selected bedrock and soil samples from the drillholes were collected for laboratory strength testing 
and material characterization. Detailed summaries of the results from all soil and rock laboratory 
testing are provided in Appendix C. 
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 Soil Testing 3.7.1

SPT soil samples and grab samples from test pit excavations were selected for laboratory testing in 
order to characterize the types of materials found at the drillhole locations. Particle Size Analysis 
(PSA), moisture content and Atterberg limits testing were completed. 

PSAs were conducted in accordance with ASTM D-422 procedures using both conventional screen 
and hydrometer methods, in order to assess the particle distribution and grading characteristics of 
the material deposits on site. A hydrometer analysis was used to determine the silt and clay fraction 
particle sizes for material with a fine fraction exceeding 15% of the total sample. 

Soil testing results and PSA summaries for the various mine site facilities are presented in Appendix 
C1. Table 3.3 summarizes the number of tests and test types performed. A summary of the soil 
laboratory test results is presented in Appendix C1. 

Table 3.3 Soil Laboratory Testing Summary 

Test Type Number of Tests 

Particle Size Distribution 29 
Moisture Content 16 
Atterberg Limits 29 

Multi-stage Triaxial  1 

 Rock Testing 3.7.2

Seventeen rock core samples were collected during Phase 1 of the 2015 SI program, of which 
twelve were subject to unconfined compressive strength (UCS) testing and five (being too short to 
test for UCS) were tested to point load failure. Testing was carried out at Mine Design Engineering in 
Kingston, Ontario, Canada. Representative samples of the rock types on site without pre-existing 
planes of weakness were collected when possible. 

No additional rock core samples were collected for testing during the Phase 2 SI program. 

A summary of the lab results is presented below in Table 3.4 with the complete results in  
Appendix C2. 
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Table 3.4 Summary of Rock Mass Strength Properties 

Sample 

Mean Rock Strength (MPa) 

Density 
(g/cm3) 

Young’s 
Modulus 
(GPa) 2 

 

Poisson’s 
Ratio 2 

 

Point 
Load 
Index 
(MPa) UCS  

Foliation 
Break Intact  

SC15-181-UCS#1 50.9 (pf) --- 2.68 11.560 0.14 --- 
SC15-182-UCS#1  170.6 2.66 24.173 0.30 --- 
SC15-183-UCS#1 --- --- --- --- --- 0.21 
SC15-183-UCS#2 2.2 (f) --- 2.30 0.179 --- --- 
SC15-187-UCS#1 --- 124.3 2.60 19.273 0.15 --- 
SC15-187-UCS#2 --- 56.8 2.67 20.782 0.22 --- 

SC15-188 --- 76.3 2.59 10.025 0.37 --- 
SC15-189-UCS#1 --- --- --- --- --- 0.32 
SC15-190-UCS#1 --- --- --- --- --- 1.38 
SC15-191-UCS#1 36.1 (pf) --- 2.69 12.050 0.14 --- 
SC15-193-UCS#1 --- 106.7 2.74 16.537 0.17 --- 
SC15-197-UCS#1 --- --- --- --- --- 0.41 
SC15-197-UCS#2 --- 76.8 2.60 17.186 0.23 --- 
SC15-198-UCS#1 --- 42.9 2.69 16.049 0.24 --- 
SC15-198-UCS#2 14.3 (f) --- 2.70 8.773 0.27 --- 
SC15-198-UCS#3 1.8 (f) --- 2.62 0.592 --- --- 
SC15-198-UCS#4 --- --- --- --- --- 0.33 

NOTES: 
1. Data is based on 2015 geotechnical holes. 
2. Sample failure occurring along pre-existing foliation surface denoted with (f). 
3. Sample failure partially occurring along pre-existing failure surface denoted with (pf). 
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 MATERIAL CHARACTERIZATION 4 –

 GENERAL 4.1

Three primary geotechnical units were observed during the 2015 SI program, overburden, weathered 
bedrock, and competent bedrock. 

 OVERBURDEN 4.2

Overburden ranges in thickness from 0 to 6.7 m in the project area with the thickest overburden 
cover observed in the proposed East and West Tailings Impoundment areas. Overburden mainly 
consists of sandy silt or silty sand and gravel, with trace to some cobbles and boulders, and trace 
clay. Moisture content ranged from 14% to 25%, with an average of 19%. The overburden is typically 
loose to compact, dry to moist, with sub-angular to sub-rounded particles. The gravel particles are 
typically sub-angular to sub-rounded and poorly graded. Localized variation in overburden 
composition is discussed in the following sub-sections. 

A topsoil veneer covers the Black Butte project area, consisting of dry to moist, spongy, fibrous, dark 
brown silt and sand with organics. The topsoil layer typically ranges in thickness from 0.1 to 0.3 m. 

 WEATHERED BEDROCK 4.3

Two main rock types of bedrock were encountered during the 2015 SI; intrusive and sedimentary. 
The intrusive rocks predominantly comprise granodiorite whereas the sedimentary package 
consisted mostly of shale punctuated by localized intervals of related calcareous sediments and 
debris flow conglomerates. 

Weathered bedrock is characterized by an orangey brown discoloration or staining of the rock mass, 
joints and fractures, by iron oxide. The rock typically has a high degree of fracturing and may be 
rubbleized or, in some cases, completely decomposed to a saprolitic material. 

Weathered bedrock is between 0.2 and 6.7 mbgs with an average overburden / weathered bedrock 
contact at 1.1 mbgs. The weathered bedrock thickness varies between 0.3 to 17.5 m. 

 COMPETENT BEDROCK 4.4

Bedrock across the project site consists predominantly of rock of the Newland Formation; calcareous 
and dolomitic shales and debris flow conglomerates. In the areas of the Process Water Pond and the 
South Tailings Impoundment, intrusive diorite rocks were encountered in some drill core and test pit 
excavations. These rocks have likely been emplaced as sills and vary in thickness and occurrence 
throughout this area of the property. 

 ROCK MASS PERMEABILITY 4.5

Hydrogeological testing was conducted to assess the hydraulic conductivity of the rock mass at 
various intervals. Two testing methods were adopted: Lugeon (Single Packer) Permeability testing 
and Falling Head Response tests. A total of 59 Lugeon tests were conducted in all geotechnical 
drillholes of which 12 were completed in zones of weathered bedrock and the remaining 47 in 
unweathered bedrock.  
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The test results indicate that the weathered bedrock across the project area typically has a moderate 
permeability with hydraulic conductivities in the order of 2 x 10-9 to 1 x 10-5 m/sec. Competent 
bedrock across the project area typically has a low to moderate permeability with hydraulic 
conductivities in the order of 1 x 10-9 to 1 x 10-6 m/sec. 

The individual packer hydraulic conductivity test sheets are presented in Appendix B1 and are 
summarized in Table A1.1 in Appendix A1. 
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 GEOTECHNICAL CONDITIONS 5 –

 GENERAL 5.1

The geotechnical conditions of the overburden and bedrock for the proposed facility locations were 
assessed using the information collected during the 2015 SI program and previous exploration 
resource drilling. Geotechnical cross sections through the proposed infrastructure are provided in 
Appendix D. 

 TAILINGS IMPOUNDMENT AREAS 5.2

Four impoundment areas were initially proposed for the storage of tailings at the project site; 
identified as the Central, West, East and South Impoundments. Thirteen geotechnical drillholes were 
completed over these areas. An alternatives assessment of the impoundment options deemed the 
South Impoundment the preferred option for the CTF; however two drillholes were completed along 
the embankments for each of the Central, West and East Impoundments. 

The geotechnical characteristics of the proposed impoundment areas are summarized as follows: 
• Central Impoundment: 2 geotechnical holes (SC15-194 and SC15-197) were completed along 

the embankment centerline during the 2015 SI program. The overburden is characterized as 
loose, silty sand with clay with a thickness from 0.2 to 0.5 m. Bedrock underlying the overburden 
was identified as shale with weathering of this unit pervasive for 8 to 10 mbgs. The average field 
estimated UCS of the shale was approximately 50 MPa and the average RMR was 44 indicating 
a rock mass designation of FAIR (Bieniawski, 1989). Five falling head tests were completed for 
the 2 drillholes with an average hydraulic conductivity of 2.5 x10-6 m/s. This is based on testing in 
all types of shale encountered during drilling, including competent and highly fractured and/or 
weathered sections. 

• West Impoundment: 2 geotechnical holes (SC15-192 and SC15-193) were completed along 
the embankment centerline. The overburden is characterized as compact, silty sand and sandy 
clay with sub-angular to sub-rounded gravel (till). The overburden thickness was approximately 
2.1 m. Bedrock underlying the overburden was predominantly shale with minor granodiorite 
intrusion near surface. Weathering of this unit was pervasive for 7 to 10 mbgs. The average field 
estimated UCS of the shale was approximately 40 MPa and the average RMR was 47 indicating 
a rock mass designation of FAIR (Bieniawski, 1989). Four falling head tests were completed for 
the 2 drillholes with an average hydraulic conductivity of 6 x10-7 m/s. This is based on testing in 
all types of shale encountered during drilling, including competent and highly fractured and/or 
weathered sections. 

• East Impoundment: 2 geotechnical holes (SC15-195 and SC15-196) were completed along the 
embankment centerline. The overburden is characterized as clayey sand with sub-angular to 
sub-rounded gravel (till). The overburden thickness varies in thickness from 0.2 to 1.5 m. 
Bedrock underlying the overburden was predominantly shale with associated sedimentary rocks. 
Weathering of this unit was pervasive for 2 to 7 mbgs. The average field estimated UCS of the 
shale was approximately 35 MPa and the average RMR was 42 indicating a rock mass 
designation of FAIR (Bieniawski, 1989). Four falling head tests were completed for the  
2 drillholes with an average hydraulic conductivity of 1 x10-6 m/s. This is based on testing in all 
types of shale encountered during drilling, including competent and highly fractured and/or 
weathered sections. 
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• South Impoundment: 7 geotechnical holes (SC15-181 to SC15-183 and SC15-185 to  
SC15-188) were completed along the embankment centerline and within the impoundment area. 
The overburden is characterized as compact, silty sand with sub-angular to sub-rounded gravel 
and some clay (till). The overburden thickness varies from 0.2 to 6.7 m. Bedrock underlying the 
overburden was predominantly granodiorite with shale, limestone and conglomerate. Weathering 
was evident for up to 13.4 mbgs although in the majority of the drillholes the weathering only 
persisted for 1 to 2 mbgs. The average field estimated UCS of the granodiorite and shale in the 
South Impoundment drillholes was approximately 100 MPa and 30 MPa, respectively. The 
average RMR across the embankment centreline was 55 indicating a rock mass designation of 
FAIR (Bieniawski, 1989). Thirteen falling head tests were completed for the 4 drillholes along the 
embankment centreline with an average hydraulic conductivity of 1 x10-6 m/s. This is based on 
testing in all types of granodiorite and shale encountered during drilling, including competent and 
highly fractured and/or weathered sections. 

 PROCESS WATER STORAGE POND 5.3

Two geotechnical drillholes (SC15-190 and SC15-191) were completed along the initially proposed 
embankment area of the Process Water Pond (PWP). The overburden mainly consists of dense, 
moist, sandy silt with clay and gravels. The gravel is sub-angular to sub-rounded and poorly graded. 
The overburden contains some roots and organics and is roughly 0.5 m thick. Bedrock underlying 
the overburden was predominantly shale and limestone. Weathering of this unit was pervasive up to 
7 mbgs. The average field estimated UCS of the shale and limestone was approximately 35 MPa 
and the average RMR was 41 indicating a rock mass designation of FAIR (Bieniawski, 1989). Five 
falling head tests were completed for the 2 drillholes with an average hydraulic conductivity of  
5 x10-6 m/s. This is based on testing in all types of shale and limestone encountered during drilling, 
including competent and highly fractured and/or weathered sections. 

The PWP was relocated east of the plant site prior to the Phase 2 site investigation, and  
2 geotechnical drillholes (SC15-201 and SC15-202) were completed along the main embankment of 
the new location. The overburden at the relocated PWP consists of compact to stiff, silty sand with 
trace clay and gravel. The gravel is composed of shale clasts and is sub-angular, poorly graded and 
up to 1.5 m thick. Bedrock underlying the overburden was predominantly shale with some 
granodiorite intrusive rocks (less than 3 m). Weathering of this unit continued for up to  
13.4 mbgs in SC15-202. The average field estimated UCS of the shale was approximately 50 MPa 
and the average RMR was 48 indicating a rock mass designation of FAIR (Bieniawski, 1989). Seven 
falling head tests were completed for the 2 drillholes with an average hydraulic conductivity of  
4 x10-6 m/s. The first falling head test for SC15-202 reported a hydraulic conductivity of 2 x 10-3 m/s 
through highly weathered granodiorite near surface. 

An alternative PWP location was also identified south of the South Impoundment, and one 
geotechnical drillhole (SC15-203) was completed within that area. The overburden at the alternate 
Process Water Pond was similar to the primary PWP foundation area and consisted of a loose to 
compact silty sand with trace clay and fine gravel. The gravel component is sub-angular, poorly 
graded shale. The bedrock at this drillhole was shale with a field estimated UCS of approximately  
60 MPa and an RMR of 54 indicating a rock mass designation of FAIR (Bieniawski, 1989). The 
average hydraulic conductivity from three falling head tests was 2 x 10-7 m/s through mostly 
competent shale. 
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 PLANT SITE  5.4

Three geotechnical drillholes (SC15-180, SC15-189 and SC15-198) were completed within the 
proposed plant site area. The overburden consists mainly of firm to compact, moist, sandy silt and 
clayey sand with some gravel. The gravel is sub-angular to sub-rounded and poorly graded. The 
overburden contains some roots and organics and. The thickness varies from 0.3 to  
1.4 m. Bedrock underlying the overburden was predominantly shale with associated sedimentary 
rocks. Weathering of this unit was pervasive for 16.5 mbgs in SC15-180 but significantly less in the 
other 2 drillholes The average field estimated UCS of the shale was approximately 35 MPa and the 
average RMR was 42 indicating a rock mass designation of FAIR (Bieniawski, 1989). Nine falling 
head tests were completed for the 3 drillholes with an average hydraulic conductivity of 3 x10-7 m/s. 

 NON-CONTACT WATER RESERVOIR 5.5

Two geotechnical drillholes (SC15-204 and SC15-205) were completed along the main embankment 
of the proposed Non-Contact Water Reservoir location during the Phase 2 SI. The overburden 
consists mainly of firm to compact, moist, sandy silt and clayey sand with some gravel. The gravel is 
sub-angular to sub-rounded and poorly graded. The overburden contains some roots and organics 
and. The thickness varies from 0.3 to 1.4 m. Bedrock underlying the overburden was predominantly 
shale and conglomerate. Weathering of this unit was pervasive for 4 to 8 mbgs. The average field 
estimated UCS of the shale was approximately 50 MPa and the average RMR was 53 indicating a 
rock mass designation of FAIR (Bieniawski, 1989). Six falling head tests were completed for the  
2 drillholes with an average hydraulic conductivity of 2 x10-6 m/s. This is based on testing in all types 
of shale and conglomerate encountered during drilling, including competent and highly fractured 
and/or weathered sections. 
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 SUMMARY AND RECOMMENDATIONS 7 –

 SUMMARY OF 2015 SI PROGRAM 7.1

The 2015 geotechnical and hydrogeological site investigation program was performed to support a 
feasibility level design of the site facilities. Twenty-four geotechnical drillholes were completed over 
the property at the proposed infrastructure sites with 4 piezometers installed, and 44 test pits were 
excavated. 

Results of the investigation program indicate the following: 
• The geology within the Project area is comprised of two major rock types; shales and associated 

sedimentary rocks of the Newland Formation and igneous intrusive rocks composed mainly of 
diorite. 

• The South Impoundment centerline overlies both Newland Formation (shales) and granodiorite 
intrusive rocks. 

• Hydraulic conductivities ranged from 1 x 10-4 to 1 x 10-9 m/s for the bedrock units encountered 
along the South Impoundment centerline. These values are based on Falling Head testing in 
competent, fractured and/or weathered rock units. 

• The Process Water Pond also overlies Newland Formation (shales) and granodiorite intrusive 
rocks. Hydraulic conductivities ranged from 2 x 10-3 to 8 x 10-8 m/s for the bedrock units 
encountered along the Process Water Pond embankment. These values are based on Falling 
Head testing in competent, fractured and/or weathered rock units. 

• The Non-Contact Water Reservoir overlies Newland Formation (shales and conglomerates) 
Hydraulic conductivities ranged from 9 x 10-6 to 8 x 10-8 m/s for the bedrock units encountered 
along the reservoir embankment centerline. These values are based on Falling Head testing in 
competent, fractured and/or weathered rock units. 

• Test pit investigations in the overburden material throughout the project area have indicated that 
the material consists of silty sand or sandy silt with clay and gravel, covered by a thin topsoil 
veneer. Test pitting and sampling were conducted in shallow depths as the depth to weathered 
bedrock through the overburden was generally quite shallow (less than 1.5 metres), with a 
maximum depth of 7 m. 

• Field estimates of UCS for weathered bedrock units encountered within the Project area ranged 
from 5 to 25 MPa, with competent bedrock ranging from 30 to 150 MPa The RMR ranged from 
38 to 62 indicating a rock mass designation of FAIR within the Project area. 

• The geology and geotechnical conditions for the proposed plant site / mill area have been 
forwarded to the designers for inclusion in their work on these facilities. 

 RECOMMENDATIONS FOR FUTURE WORK  7.2

As the Project moves onto the detailed design phase it is recommended that additional site work be 
conducted to build on the current geotechnical and hydrogeological database. The next phase of site 
investigations for detailed design will be developed based on comments and recommendations 
made by the Project Independent Review Panel, and will consider comments from the Project’s Mine 
Operating Permit Application. This work may include: 
• Additional geotechnical drilling and test pitting to better delineate overburden, weathered 

bedrock, and competent bedrock profiles. 
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• Installation of additional monitoring wells within the facility footprints more accurately define the 
groundwater table elevation. 

• Additional rock and soil laboratory testing to establish suitability of available construction 
materials, including slake testing of bedrock to determine the potential of long term strength 
degradation, and testing for potential acid generation of the bedrock. 

This data will be used to refine KP’s understanding of the foundation conditions for the various 
facilities and better define construction material quantities. 
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APPENDIX A 
 

GEOTECHNICAL DRILLHOLE DATA 
 
Appendix A1 Geotechnical Drillhole and Test Pit Summary Tables 
Appendix A2 Geotechnical Drillhole Logs 
Appendix A3 Geotechnical Drillhole Logging Records 
Appendix A4 Test Pit Logs  
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GEOTECHNICAL DRILLHOLE AND TEST PIT SUMMARY TABLES 
 

(Page A1-1 to A1-4)  
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GEOTECHNICAL DRILLHOLE LOGS 
 

(Page A2-1 to A2-28)  
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APPENDIX A3 
 

RMR LOGGING SHEETS 
 

(Pages A3-1 to A3-43)  
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APPENDIX A4 
 

GEOTECHNICAL TEST PIT LOGS 
 

(Pages A4-1 to A4-45)  
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APPENDIX B 
 

HYDROGEOLOGICAL DRILLHOLE DATA 
 

(Pages B-1 to B-72)  
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APPENDIX C 
 

LABORATORY TEST RESULTS 
 

Appendix C1 Soil Laboratory Testing Results 
Appendix C2 Rock Laboratory Testing Results  
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APPENDIX C1 
 

SOIL LABORATORY TESTING RESULTS 
 

(Pages C1-1 to C1-43)  
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APPENDIX C2 
 

ROCK LABORATORY TEST RESULTS 
 

(Pages C2-1 to C2-5)  













TINTINA RESOURCES INC. 

 BLACK BUTTE COPPER PROJECT 
 

2015 GEOTECHNICAL SITE 
INVESTIGATION REPORT 

 VA101-460/3-1 Rev 3 
September 6, 2016 

 

APPENDIX D 
 

CROSS SECTIONS 
 

(Pages D-1 to D-7)  
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APPENDIX E 
 

PHOTOGRAPHS 
 
Appendix E1 Core Photographs 
Appendix E2 SPT Photographs  
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