
 
FORTUNE MINERALS LIMITED NICO DEVELOPER'S ASSESSMENT REPORT 

INFORMATION REQUEST RESPONSES 
 

 December 2011 
NRCan_

1-4-4 Report No. 09-1373-1004 

 

 

 

ATTACHMENT B 
NICO Tailings Dam and Process Plant Facilities: 2004 
Geotechnical Site Investigation 

 

 





EBA Engineering Consultants Ltd. 
Creating and Delivering Better Solutions

P.O. Box 2244, #201, 4916 – 49 Street, Yellowknife, Northwest Territories  X1A 2P7 
Tel: (867) 920-2287  -  Fax: (867) 873-3324  Email: yellowknife@eba.ca - Web Site: www.eba.ca 

NICO TAILINGS RETENTION DAM AND PROCESS PLANT FACILITIES 
2004 GEOTECHNICAL SITE INVESTIGATION 

Submitted To: 

FORTUNE MINERALS LTD. 
LONDON, ONTARIO 

Prepared by: 

EBA ENGINEERING CONSULTANTS LTD. 
YELLOWKNIFE, NORTHWEST TERRITORIES 

Project No.  1700127.002 

APRIL 2005 



1700127.002  April 2005

R01 2004 Geotech Site Investigation April 2005.doc 
                                    

EXECUTIVE SUMMARY 

Fortune Minerals Ltd. is planning construction of a tailings retention dam and process plant 
facilities at their NICO gold-cobalt-bismuth mine, located 160 km northwest of Yellowknife, 
NT.  EBA Engineering Consultants Ltd. (EBA) was retained by Fortune Minerals Ltd. to 
conduct a field investigation and provide feasibility stage geotechnical information.   

In the fall of 2004, EBA observed the drilling of six boreholes along the proposed alignment of 
the tailings dam and five boreholes at the proposed footprints of the process plant facilities.  
Thermistor cables for monitoring subsurface temperatures were installed by EBA at two 
borehole locations to determine ground temperatures within the proposed footprint of the tailings 
dam.  A single standpipe piezometer was installed in one borehole to monitor groundwater 
conditions at the southwest abutment of the tailings dam.  Single standpipe piezometers were 
also installed at two borehole locations at the proposed process plant site.

This report describes EBA’s site investigation and observations of the terrain and subsurface 
conditions with permafrost descriptions, ground ice classification, ground temperature data and 
laboratory soil and rock test results. 

The subsurface conditions in the valley bottom along the proposed dam alignment generally 
comprise frozen, ice-rich organic material up to 1.5 m thick overlying the undifferentiated 
frozen, ice-rich glaciolacustrine and lacustrine clayey and silty deposits up to 3.0 m thick.  The 
glaciolacustrine and lacustrine deposits are underlain by a 0.7 m thick layer of frozen, ice-rich 
sand with silt and gravel.  The sandy layer covers frozen gravelly, cobbly and bouldery material 
up to 4.0 m thick, which occurs on top of bedrock.  The bedrock consists predominantly of 
metamorphosed siltstone.  Rhyolite bedrock outcrops were identified at higher elevations on the 
valley slopes at the proposed dam abutments, and a rhyolite intrusion was encountered in one 
borehole.  The rock quality for both rock types varies widely.  Bouldery colluvial deposits occur 
on the valley slopes and near the base of the valley slopes. 

The subsurface conditions in areas of the proposed process plant developments comprise an 
apron of cobbly and bouldery deposits, up to 3.7 m thick overlying igneous and metamorphosed 
sedimentary bedrock.  The bedrock consists of rhyolite, quartz-feldspar porphyry and 
metamorphosed siltstone.  In general, the rock quality varies widely. 



1700127.002 - i - April 2005 

R01 2004 Geotech Site Investigation April 2005.doc 
                                    

TABLE OF CONTENTS 

Page
EXECUTIVE SUMMARY 

1.0 INTRODUCTION ........................................................................................................ 1 
2.0 GEOLOGICAL SETTING AND TERRAIN ............................................................... 1 

2.1 Geology............................................................................................................. 1 
2.2 Terrain ............................................................................................................... 2 

3.0 GEOTECHNICAL INVESTIGATION........................................................................ 3 
3.1 General.............................................................................................................. 3 
3.2 Borehole Locations ........................................................................................... 4 
3.3 Drilling and Sampling Methodology ................................................................ 5 
3.4 Laboratory Testing............................................................................................ 6 
3.5 Ground Temperature Monitoring...................................................................... 7 
3.6 Groundwater Monitoring .................................................................................. 7 

4.0 SUBSURFACE CONDITIONS ................................................................................... 8 
4.1 General.............................................................................................................. 8 
4.2 Tailings Dam..................................................................................................... 9 

4.2.1 Subsurface Soil Conditions................................................................. 10 
4.2.2 Bedrock ............................................................................................... 11 

4.3 Process Plant Facilities ................................................................................... 12 
4.3.1 Subsurface Soil Conditions................................................................. 12 
4.3.2 Bedrock ............................................................................................... 13 

5.0 LIMITATIONS........................................................................................................... 14 
6.0 CLOSURE .................................................................................................................. 15

FIGURES

PHOTOGRAPHS 

APPENDICES

 Appendix A: General Conditions 
 Appendix B: Borehole Logs 
 Appendix B.1: Tailings Retention Dam, Boperholes Along the Proposed Alignment 
 Appendix B.2 Process Plant Facilities, Boreholes at the Proposed Footprints 
 Appendix C: Laboratory Testing Results 
 Appendix D: Ground Temperature Measurements 



1700127.002 - 1 - April 2005 

R01 2004 Geotech Site Investigation April 2005.doc 
                                    

1.0 INTRODUCTION 

Fortune Minerals Ltd. (Fortune Minerals) is planning construction of a tailings retention 
dam and process plant facilities at the company’s NICO gold-cobalt-bismuth deposit, 
located 160 km northwest of Yellowknife, NT (Figure 1).   

EBA Engineering Consultants Ltd. (EBA) was retained by Fortune Minerals to conduct a 
geotechnical site investigation to provide feasibility stage geotechnical information for 
the design of the proposed tailings dam and process plant facilities.  The geotechnical site 
investigation was conducted between September 25 and October 16, 2004. 

This report describes EBA’s site investigation and observations of the terrain and 
subsurface conditions with permafrost descriptions, ground ice classification, ground 
temperature data and laboratory soil and rock test results. 

2.0 GEOLOGICAL SETTING AND TERRAIN 

The area of the proposed development is located approximately 3.5 km southeast of the 
existing NICO Lou Lake exploration camp.  The general topography of the project site 
and the proposed locations of the tailings retention dam and the process plant facilities 
are presented in Figure 1 and Photo 1.  Photo 2 shows the proposed alignment of the 
tailings dam. 

2.1 Geology  

The NICO deposit occurs in the southern part of the Great Bear magmatic zone (GBmz), 
which consists of Paleoproterozoic volcanic and plutonic rocks exposed from Great Slave 
Lake in the south to Great Bear Lake in the north (Golder, 2004). 

The oldest exposed rocks in the vicinity of the NICO deposit are metasedimentary rocks, 
which predate magmatic activity of the GBmz.  These rocks were mapped as Snare 
Group (Lord, 1942; McGlynn, 1968; Gandhi, 1994).  Recent comparative studies by 
Gandhi (1999; 2001) of the stratigraphy on both sides of the Wopmay Fault led to the 
proposed renaming of metasedimentary exposures west of the fault as “Treasure Lake 
Group” (Golder, 2004). 
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The NICO deposit is hosted within subarkosic wacke (dominant), siltstone and carbonate 
(minor) of the Snare/Treasure Group.  The wacke is widespread and generally 
non-bedded to thick-bedded.  Siltstone intervals are only locally apparent in the hanging 
wall of the deposit, but are common in the footwall where they are considered to 
represent the basal stratigraphic unit of the meta-sedimentary sequence.  The 
metasedimentary rocks are unconformably overlain by a generally fine-grained 
(aphanitic) to locally feldspar-phyric intermediate to felsic volcanic unit of the Faber 
Group.  At least some of the intermediate to felsic material of the Faber Group are 
high-level sill-type intrusive rocks rather than extrusive rocks due to their location below 
rather than above the metasedimentary rocks (Golder, 2004).  This is illustrated in a 
geological cross-section along the proposed tailings dam alignment (Figure 2).  
Borehole EBA-03 penetrated a rhyolite intrusion, which is overlain by metasedimentary 
siltstone rock. 

2.2 Terrain 

The terrain of the proposed NICO development is characterized by glacially sculptured 
rounded bedrock ridges and hills separated by valleys and depressions (Photo 1).  
Elevations range from 198 m to 365 m above sea level with maximum local relief of 
approximately 60 to 80 m.  Valley bottoms and depressions are underlain by frozen 
unconsolidated deposits of glacial and post-glacial origin (Figure 2).  These lower-lying 
areas also correspond to the metasedimentary rocks.  Hills and ridges correspond to the 
outcropping unfrozen igneous, predominantly volcanic (rhyolite) rocks, which overlie 
and intrude the metasedimentary rocks, as shown in Figure 2.  The metasedimentary 
rocks are also intruded by quartz-feldspar and quartz-porphyritic dykes. 

Hills and ridges in the project area exhibit well-developed cryoplanation terraces on their 
sides.  The terraces and the lower portions of the bedrock slopes are mantled by 
unconsolidated rock debris, boulders and soil.  Cryoplanation terraces are step-like 
benches thought to form on exposed bedrock slopes from intense frost wedging 
associated with snowbanks.  In fact, it is proposed to locate the process plant facilities on 
a cryoplanation terrace on the northeast-facing slope of the proposed tailings 
impoundment valley (Photos 3 and 4).  The terrace is up to 100 m wide. 
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Six boreholes drilled during the site investigation along the proposed tailings dam 
alignment have disclosed the presence of up to 8.4 m-deep buried channel (Figure 2) that 
was likely carved by glacial ice and later filled with locally derived glacial and 
postglacial deposits.

The project site is within the zone of discontinuous permafrost.  In the valley floor along 
the proposed tailings dam alignment, ice-rich organic soils were encountered overlying 
ice-rich perennially frozen glaciolacustrine and lacustrine clays and silts.  Preliminary 
ground temperatures measured two days after installation of the thermistor 
instrumentation suggest that the valley slope at the Borehole EBA-03 location may be 
unfrozen.

Vegetation at the valley floor consists of a thick Sphagnum moss cover and relatively 
dense stands of predominantly black spruce forest with some stunted trees leaning in 
random directions (Photo 5).  This stand condition is often called a drunken forest.  On 
flat lying terrain in permafrost settings drunken forests are often the result of repeated 
differential frost heave which occurs in the fine-grained perennially frozen soils.  The 
valley slopes, bedrock hills and ridges are sparsely vegetated with lodgepole pine, white 
spruce, white birch and aspen, as shown in Photo 6.

3.0 GEOTECHNICAL INVESTIGATION 

3.1 General 

The geotechnical site investigation program was conducted between September 25 and 
October 16, 2004 by Dr. Vladislav E. Roujanski, P. Geol. of EBA.  Dr. Kathryn L. Neale 
of Fortune Minerals was the client’s representative on site providing technical and 
logistical support to the program.  Access to the drilling locations was provided by a 
Hughes helicopter and an all terrain vehicle.

The investigation consisted of drilling, logging and sampling six boreholes along the 
proposed tailings dam alignment and five boreholes at the proposed process plant 
facilities site, as shown in Figure 1.
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The boreholes provided data regarding the overburden conditions, depth to bedrock and 
condition of the bedrock, which will be used for the tailings dam and process plant 
foundation design.  The boreholes were terminated at selected depths.  The maximum 
depth of drilling was 15.4 m.   

3.2 Borehole Locations 

EBA and Fortune Minerals staked the borehole locations along the proposed tailings dam 
alignment.  The borehole locations at the proposed plant site were staked by Fortune 
Minerals separately based on the recommendations provided by MetChem Canada Inc.  
As-drilled borehole coordinates were obtained with a hand-held “Garmin” GPS-V unit 
after completion of the drilling program.   

Approximate surface elevations of the borehole locations were derived from a digital 
topographic map (an AutoCAD file) of the project area, which was provided by Fortune 
Minerals.

No survey has been carried out to date.  All boreholes were staked for future survey.

The approximate coordinates and elevations for each borehole are presented on the 
respective logs and are summarized in Table 1.  Borehole locations are shown in 
Figure 1. 
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Table 1 
BOREHOLE SUMMARY

UTM ZONE 11

Borehole Northing1

(m)
Easting1

(m)

Surface
Elevation

2 (m) 

Water
Depth

(m)

Depth to 
Bedrock

(m)

Completion
Depth

(m)
EBA-01 7045498 513607 203.5 - 4.4 15.3
EBA-02 7045538 513625 204.6 - 4.4 7.3
EBA-033 7045608 513634 213.0 - 0.3 15.4
EBA-04 7045450 513593 203.5 - 8.4 10.8
EBA-053 7045406 513584 204.0 - 6.0 15.3
EBA-064 7045319 513556 210.0 - 4.3 15.0

MC-014 7046092 512436 229.5 - 0.0 10.0
MC-05 7045872 512418 231.0 - 0.8 10.0
MC-124 7045813 512377 232.0 - 2.6 12.5
MC-15 7045751 512473 230.2 - 2.2 12.0
MC-17 7045712 512538 229.3 - 3.7 14.0

Note:
           NAD27 Datum 
           1 - Borehole coordinates were obtained with a hand-held GPS unit.  Boreholes staked for future survey. 
           2 - Surface elevations were derived from a digital topographic map. 
           3 - Ground temperature cable installed to 15.0 m depth. 
           4 - Standpipe piezometer installed to the bottom of borehole.  

3.3 Drilling and Sampling Methodology 

The geotechnical boreholes were drilled using a skid-mounted, Boyles-25A diamond drill 
operated by Connors Drilling Ltd. of Yellowknife, NT.   

Frozen fine-grained soils and organic-rich overburden samples (clay, silt and peat) were 
recovered using a 1 m-long split core barrel (76 mm diameter core), shown in Photo 7.  
No drilling fluid was used during the coring.  The split core barrel was slowly advanced 
into the frozen overburden by slow rotation with applied pressure.

Thawed and unfrozen coarse-grained overburden samples (sand, gravel, cobble and 
boulders) and bedrock samples were recovered using an NQ wireline core barrel (48 mm 
core diameter) and conventional diamond drilling techniques.  Cold lake and stream 
water was used as the drilling fluid.  Coarse-grained overburden samples that either 
natural unfrozen or thawed by drilling were disturbed and the core recovery was poor.
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Thawed and unfrozen rock core samples were mostly of excellent to good quality. 

All frozen and unfrozen overburden and bedrock core was examined in the field and 
logged.  Soil and bedrock index parameters were determined immediately after sample 
recovery from the core barrel.  Soil logging was based on Modified Unified Soil 
Classification System guidelines and included classification of the ground ice and percent 
recovery.  Bedrock logging consisted of identifying the type of rock, degree of 
weathering, spacing of joints, fracture frequency (FF), rock quality designation (RQD) 
and percent recovery. 

Borehole logs containing soil and rock descriptions, classification of ground ice, the 
laboratory testing data, and the structural characteristics of the recovered bedrock core 
are presented in Appendix B.

All of the overburden and bedrock core were photographed.

Overburden samples were bagged and bedrock core was placed in wooden core boxes.

3.4 Laboratory Testing 

All bagged overburden core samples were sent to EBA’s Yellowknife laboratory.  
Testing included particle size analyses, moisture content, Atterberg limits, specific 
gravity, bulk density and permeability determination.  Selected bedrock core samples 
were shipped to EBA’s Vancouver laboratory for determination of point load strength 
index.  The remainder of the bedrock core was left on site. 

Appendix C provides a tabulated summary of all the laboratory test results from the 
borehole samples.  Particle size distribution curves of select overburden samples are also 
provided.  All laboratory testing was conducted in accordance with generally accepted 
geotechnical procedures and specifications.
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3.5 Ground Temperature Monitoring 

Ground temperature cables (GTCs) EBA-04-03 and EBA-04-05 were installed in 
Boreholes EBA-03 and EBA-05, respectively, inside 38 mm I.D. flush couple threaded 
PVC pipe.  Dry silica sand was placed inside the PVC pipe.  The annulus between the 
PVC pipe and the borehole walls was backfilled with coarse sand and/or grout.  Manual 
ground temperature readings were taken immediately after installation and two days later.
The ground temperature profiles are presented in Appendix D. 

Borehole EBA-03 is located on a narrow cryoplanation terrace in the upper portion of the 
southwest-facing bedrock slope at the northeast abutment of the tailings dam, as shown in 
Figures 1 and 2, and Photo 8.

Borehole EBA-05 is located at the bottom of the proposed tailings impoundment valley 
along the proposed dam alignment as shown in Figures 1 and 2, and Photo 9.   

Ground temperatures measured in EBA-03 two days after installation were above 0� C 
suggesting that the southwest-facing slope of the proposed northeast abutment is 
unfrozen.  Ground temperatures measured in Borehole EBA-05 two days after installation 
were approximately 0� C between ground surface and 4.0 m depth, varied between 0� C 
and - 2� C between 4.0 m and 7.2 m depths, and were approximately - 2� C between 
7.2 m and 15.35 m depths.   

Ground temperatures measured at the time of investigation may not have reached full 
equilibrium.  Therefore, further ground temperature measurements are required.   

In Borehole EBA-01, an ice plug formed inside the thermistor PVC casing at a depth of 
8.3 m.  Therefore, a ground temperature cable was not installed.

3.6 Groundwater Monitoring 

Standpipe piezometers constructed of rigid flush couple threaded PVC pipe (38 mm I.D.) 
with slotted ends were installed in three Boreholes (EBA-06, MC-01 and MC-12).  The 
standpipe piezometer installation details are presented on the borehole logs in 
Appendix B.  No water samples have been collected from the standpipe piezometers to 
date.
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4.0 SUBSURFACE CONDITIONS 

4.1 General 

The proposed tailings retention dam is situated in a flat-bottomed valley with relatively 
steep bedrock slopes (Figure 2).  The valley is closed at the northwest end and drains 
southeast to Peanut Lake.  The proposed alignment of the tailings dam crosses a small 
stream near the outflow of a muskeg lake (Pond 8) within the valley.  It is envisioned to 
turn the partially closed valley into a tailings impoundment reservoir, with the process 
plant and the associated facilities built upstream from the proposed dam on cryoplanation 
terraces located on the bedrock slopes. 

The subsurface conditions encountered during EBA’s 2004 site investigation are 
discussed in the following sections.  The discussions are based on the data collected 
during the drilling, logging and laboratory testing phases of the investigation.  Subsurface 
conditions between the borehole locations may deviate from the subsurface conditions 
discussed herein. 

Borehole logs are provided in Appendix B.  Table C.1 (Appendix C) summarizes the 
laboratory test results, which include moisture contents, Atterberg Limits and particle 
size distribution of the overburden.  The plotted particle size distribution curves are, also, 
presented in Appendix C.  Table C.2 (Appendix C) presents the rock sample point load 
strength test results.  These results are also shown on the borehole logs (Appendix B).  
The rock strength description terms used in this report are based on those suggested by 
ISRM (1981).  These terms are summarized in Table 2.   
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Table 2 
CLASSIFICATION OF ROCK WITH REGARD TO STRENGTH

Grade Strength
Classification Field Identification Method 

Range of 
Unconfined

Compressive 
Strength (MPa) 

R0 Extremely Weak Indented by thumbnail <1

R1 Very Weak Crumbles under firm blows of geological 
hammer; can be peeled with a pocket knife 

1 – 5 

R2 Weak Rock Can be peeled by a pocket knife with 
difficulty; shallow indentations made by a 
firm blow with point of geological hammer 

5 – 25 

R3 Medium Strong Cannot be scraped or peeled with a pocket 
knife; specimen can be fractured with a 
single firm blow of geological hammer 

25 – 50 

R4 Strong Specimen required more than one blow of 
geological hammer to fracture 

50 – 100 

R5 Very Strong Specimen requires many blows of geological 
hammer to fracture 

100 – 250 

R6 Extremely Strong Specimen can only be chipped by the 
geological hammer 

>250

4.2 Tailings Dam 

The generalized subsurface conditions encountered along the proposed tailings dam 
alignment are presented in Figure 2.  Boreholes EBA-01, EBA-02, EBA-03, EBA-04, 
EBA-05 and EBA-06 were drilled along the alignment.   

The valley bottom lithology can generally be described as a mantle of organic material 
overlying a blanket of undifferentiated glaciolacustrine and lacustrine deposits, which is 
underlain by gravelly, cobbly, and bouldery material.  The underlying bedrock consists 
predominantly of metamorphosed siltstone.  Bouldery colluvial deposits were 
encountered on the slopes upslope of the valley bottom and overlying valley bottom 
deposits along the flanks of the valley.  Rhyolite bedrock outcrops were identified at 
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higher elevations on the valley slopes at the proposed dam abutments and a rhyolite 
intrusion within the metamorphosed siltstone was encountered in Borehole EBA-03.   

4.2.1 Subsurface Soil Conditions 

Soil conditions at the bottom of the valley, along the proposed tailings dam alignment, 
generally comprise a mantle of organic material up to 1.5 m thick overlying 
undifferentiated glaciolacustrine and lacustrine deposits up to 3.0 m thick (Photo 10).  
The glaciolacustrine and lacustrine deposits overlie up to 0.7 m thick layer of sand with 
silt and gravel.  The sandy layer covers gravelly, cobbly and bouldery material up to 
4.0 m thick, which occurs on top of bedrock. 

The organic material is frozen and consists of peat (woody, coarse-fibrous with scattered 
chunks of wood), rootlets etc, as shown in Photo 10.  The moisture content of the organic 
material varies from 401.4% (EBA-01) to 675.0% (EBA-04).  Visually estimated ice 
contents vary from visible individual ice crystals or inclusions (Vx) with less than 15% 
ice (by volume) to visible horizontally oriented ice lenses (Vs) with 20-30% ice (by 
volume). 

Underlying the surface organic material are undifferentiated glaciolacustrine and 
lacustrine deposits that are comprised of clay and silt (CL, CI, OH and ML) with trace of 
sand.  The deposits get sandier with depth.  A 1.8 m thick layer of clayey silt with high 
content of organics was encountered at a depth of 1.5 m in EBA-04, as shown in 
Photo 10.  The glaciolacustrine and lacustrine deposits are frozen and ice-rich (Vs and 
Vr).  The moisture content of the deposits varies from 20.2% (EBA-02) to 87.5% 
(EBA-04).  Visually estimated ice contents vary from non-visible, well-bonded excess ice 
(Nbe) to visible stratified or randomly oriented ice formations (Vs and Vr) with more 
than 40% ice (by volume).  Layers of ice and clay (i.e. discrete ice formations in frozen 
soils that are greater than 50% by volume) were encountered in EBA-05 and EBA-01.  
The apparent specific gravity of the lacustrine clay and silt sampled in Borehole EBA-01 
(1.4-1.6 m depth) was determined to be 2.71 (Appendix C).

A constant head permeability test on a composite sample of the clay and silt (CL) with 
some sand obtained from Boreholes EBA-01, EBA-02, EBA-04 and EBA-05 was 
conducted in EBA’s Edmonton geotechnical laboratory.  The test results are presented in 
Appendix C. 
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The clayey and silty (glacio) lacustrine deposits are underlain by a layer of sand (SM) 
with silt and gravel, frozen, ice-rich.  Moisture contents vary from 16.9% (EBA-02) to 
29.7% (EBA-04).

The sandy layer covers frozen, gravelly, cobbly and bouldery material, which occurs on 
top of the bedrock.  The material is frozen and possibly ice-rich; however, its volumetric 
ice content was difficult to estimate because most of the core was disturbed and matrix 
washed away during drilling.

The apparent specific gravity of the silt and sand with trace of clay sampled in 
Borehole EBA-04 (4.2 - 4.4 m) was determined to be 2.68 (Appendix C).   

Upslope of the valley bottom and at the foot of the valley slopes are predominantly 
boulder and cobble colluvial deposits (Photo 6) that may form an apron overlying 
undifferentiated glaciolacustrine and lacustrine deposits.

4.2.2 Bedrock 

All six boreholes along the proposed tailings dam alignment confirmed top of bedrock at 
depths ranging from 0.3 m to 8.4 m, as shown in Figure 2.  The bedrock consists 
predominantly of metamorphosed siltstone, pinkish and greenish dark grey to black, with 
inclined pistachio green epidote and pink feldspar bands.  The metamorphosed siltstone is 
very fine-grained, fresh to highly weathered, extremely strong to weak and containing 
widely to extremely closely spaced joints.  Weak siltstone occurred within highly 
weathered intervals. 

The encountered metamorphosed siltstone is of fair to excellent quality, with fracture 
frequency (FF) values ranging from 1 to 11 per metre and rock quality designation 
(RQD) values ranging from 57 to 100%.  Clay, silt, calcite, chlorite and limonite were 
identified in both the sub-vertical and sub-horizontal joints.  Slight weathering and oxide 
staining were observed on the fracture planes.

A rhyolite intrusion was encountered in Borehole EBA-03 at a depth of 12.7 m, as shown 
in Figure 2.  The rhyolite encountered is burgundy pink with scattered greenish black 
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grains of biotite, fresh, medium strong to very strong and containing closely to very 
closely spaced joints.  It is characterized by partly glassy texture and conchoidal fracture.

The encountered rhyolite is of poor quality, with FF value of 17 per metre and RQD 
value of 31%.  Biotite alteration, slight weathering and oxide staining were observed on 
the fracture planes.   

A 9 cm thick fragmented zone formed by the intersection of very closely spaced joints 
was encountered in Borehole EBA-03 in the rhyolite intrusion at a depth of 13.3 m.  
Another fragmented zone was encountered in Borehole EBA-06 in metamorphosed 
siltstone at a depth of 5.1 m.   

4.3 Process Plant Facilities 

Figure 1 shows locations of the five boreholes, that were drilled at the proposed process 
plant facilities site which include:   

�� MC-01 at the proposed jaw crusher site (Photo 11);
�� MC-05 at the proposed concentrator site (Photo 12);
�� MC-12 at the proposed service building site (Photo 13);
�� MC-15 at the proposed pressure leaching site (Photo 3); and
�� MC-17 at the proposed oxygen plant site (Photo 4).

Borehole MC-01 is located on a cryoplanation terrace on the southwest-facing slope of 
the valley.  Boreholes MC-05, MC-12, MC-15 and MC-17 are located on a cryoplanation 
terrace on the northeast-facing slope of the valley that is up to 100 m-wide.  The lithology 
can generally be described as an apron of colluvial deposits overlying igneous and 
metamorphosed sedimentary bedrock. 

4.3.1 Subsurface Soil Conditions 

Overburden conditions encountered at the proposed process plant facilities site consist of 
bouldery deposits overlying bedrock.  The bouldery deposits are up to 3.7 m thick and 
possibly unfrozen as suggested by a ground temperature cable installed in 
Borehole EBA-03, which was drilled in similar terrain setting. 
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4.3.2 Bedrock 

All five boreholes drilled at the proposed process plant site confirmed top of bedrock at 
depths ranging from 0.0 to 3.7 m.  The bedrock consists of metamorphosed siltstone, 
rhyolite and quartz-feldspar porphyry. 

Quartz-Feldspar Porphyry
Quartz-feldspar porphyry was encountered in only one borehole (MC-01).  The quartz-
feldspar porphyry encountered is reddish brown (when wet) to grey (when dry) with a 
mottled appearance due to occurrence of white quartz grains and greenish black 
inclusions of altered siltstone, coarse-grained, fresh to slightly weathered, very strong 
with moderately spaced sub-horizontal and sub-vertical joints.

The rock is of fair quality, with an FF value of 6 per metre and with RQD value of 74%.  
The joints were found to be infilled with silt, clay and chlorite. The joint surfaces are 
slightly weathered and oxide stained.

Metamorphosed Siltstone
The metamorphosed siltstone encountered is greenish dark grey to black with inclined 
pink feldspar, pistachio green epidote and white quartz bands.  There are inclined zones 
of pyrite mineralization associated with feldspar bands.  The rock is very fine-grained, 
fresh to faintly weathered, medium strong to very strong with very closely to widely 
spaced sub-horizontal and sub-vertical joints.  

The rock is of good to excellent quality, with FF values ranging from 0 to 7 per metre and 
RQD values ranging from 81 to 100%.  Some joints were found to be infilled with 
chlorite, calcite and pyrite. Slight weathering, hematite occurrence, pyrite mineralization, 
oxide and malachite staining were observed on the fracture planes.   

A 0.45 m thick band of pink potassium feldspar with biotite veins, in-situ brecciated, with 
hematite occurrence and malachite staining on fracture planes was encountered at a depth 
of 7.3 m in MC-05. 

Rhyolite
The rhyolite encountered is greyish pink to burgundy pink to reddish brown with 
scattered greenish black grains of biotite and hornblende, fresh to faintly weathered, 
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strong to extremely strong and containing closely to very widely spaced sub-horizontal 
and sub-vertical joints.  It is characterized by partly glassy texture and conchoidal 
fracture.

The encountered rhyolite is of fair to excellent quality, with FF values ranging from 0 to 
12 per metre and RQD values ranging from 59 to 100%.  The joints were found to be 
infilled with limonite, chlorite, calcite and pyrite.  Biotite alteration, slight weathering, 
pyrite mineralization and oxide staining were observed on the natural fracture faces of the 
discontinuities.

5.0 LIMITATIONS 

This data report presents information collected during EBA’s 2004 geotechnical site 
investigation at the proposed tailings dam and the process plant.  The conditions 
encountered during the fieldwork are considered to be reasonably representative of the 
respective investigated sites.   

This report has been prepared for the exclusive use of Fortune Minerals Ltd., and their 
agents for specific application to the development of the NICO mine.  It has been 
prepared in accordance with generally accepted soil and foundation engineering 
practices.  No other warranty is made, either express or implied. 

Reference should be made to the General Conditions included in Appendix A of this 
report for further limitations. 
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