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Glossary of Terms 
Elements/Assays 
C, %C  carbon, weight, percent carbon 
Cg, %Cg  graphitic carbon, weight percent  
  carbon 
CO  carbon monoxide 
CO2  carbon dioxide 
Li  lithium 
Li+  lithium ion 
K  potassium 
Ar  argon 
40K/40Ar potassium 40/argon 40 dating  
  methodology 

 

Mass, Length, Area, Volume 
wt%  weight percent 
kg  kilogram(s) 
lbs  pounds 
t  metric tonne(s) 
t-conc  metric tonnes graphite concentrate 
$US per t US dollars per metric tonne 
tpa  metric tonnes per annum 
tpd  metric tonnes per day 
tpy  metric tonnes per year 
g/cm3  grams per cubic centimeter 
kg/m3  kilograms per cubic meter 
sg  specific gravity 
m2/g  square meters per gram 
m2  square meter 
km  kilometer(s) 
m  meter(s) 
mm  millimeter(s) 
µm  microns/micrometer(s) 
nm  nanometer(s) 
D50  50% passing particle size 

 

Financial/Tax Initialisms 
EBDIT  earnings before depreciation, interest, 
  & taxes 
IRR  internal rate of return 
NPV  net present value 
$  US dollars 
ACIT  State of Alaska Corporate Income Tax 
AMLT  Alaska Mining License Tax 
APR  Alaska Production Royalty 
B&O  Washington State Business &  
  Occupation Tax 
DAPD  Domestic Activities Production  
  Deduction 
EIC  Exploration Incentive Credit 
NSR  Net Smelter Return 

Time, Rate 
s  second(s) 
h  hour(s) 
pa  per annum 

 

Initalisms 
BET  Brunauer-Emmet-Teller 
CIM  Canadian Institute of Mining,  
  Metallurgy, & Petroleum 
EV  electric vehicle 
FOB  free on board 
FS  feasibility study 
GPS  global positioning system 
HMS  heavy media separation 
IGL  independent graphite laboratory 
IMPL  independent mineral processing  
  laboratory 
LNG  liquefied natural gas 
LOI  loss-on-ignition 
PFS  prefeasibility study 
QA  quality assurance 
QC  quality control 
QP  qualified person 
ROM  run of mine 
TPF  Thermal Processing Facility 

 

Symbols 
>  greater than 
<  less than 

 

Power/Energy/Temperature 
kW  kilowatt(s) 
kWh  kilowatt hour(s) 
MW  megawatt(s) 
MWh  megawatt hour(s) 
MWh-y  megawatt hours per year 
GWh  gigawatt hour(s) 
Ah/kg  Ampere hour per kilogram 
V  Volt(s) 
oC  degrees Celsius 

 

Graphite Products 
MG  milled graphite 
NMG  non-milled graphite 
NM-P-SG non-milled purified spherical graphite 
M-P-SG  milled purified spherical graphite 
CSG  coated spherical graphite 
M-P-CSG milled purified coated spherical  
  graphite
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1  Summary 

1.1 Project Overview 
¢ƘŜ DǊŀǇƘƛǘŜ /ǊŜŜƪ tǊƻǇŜǊǘȅ όǘƘŜ άtǊƻǇŜǊǘȅέύ ƛǎ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ YƛƎƭǳŀƛƪ aƻǳƴǘŀƛƴǎ ƻƴ ǘƘŜ {ŜǿŀǊŘ 

Peninsula approximately 60 km north of Nome, Alaska.  The Property consists of 176 ¼ section state 

claims after the recent transfer of 24 federal mining claims to State of Alaska mining claims.     

Graphite One Inc. recently completed its fifth season of exploration and fourth season of drilling on the 

Graphite Creek Property on the Seward Peninsula, Alaska, USA.  The Graphite Creek Property continues 

to show potential to be a significant domestic source of critical graphite materials based on its high-

grade, percentage of large-flake graphite, and near-surface mineralization.  Graphite One Inc. first 

acquired claims over the Graphite Creek Property in 2011 and did mapping and sampling over the 

Property.  In 2012, Graphite One initiated the first drill program on the Property and flew helicopter-

borne electromagnetics.  A resource estimate with indicated resources was calculated in 2014 using 

drilling from 2014 drilling on 50m centers. 

Graphite One contracted TRU Group in 2016 to complete a preliminary economic assessment (PEA) on 

the Graphite Creek deposit.  In June 2017 the PEA was finalized with an updated resource containing  

10.32 million tonnes of indicated resources at 7.2% Cg and 744,000 tonnes graphite.  Inferred resources 

were 71.24 million tonnes at 7.0% Cg and 4,969,000 tonnes graphite.  Cut-off grade was at 6% Cg. 

With the infill drilling results from 2018 and a more detailed block model, Graphite Creek now has a 

measured resource totaling 1.69 million tonnes at 8.0% Cg and 135,000 tonnes of contained graphite 

with a 5% cut-off grade.  Total measured and indicated resources are 10.95 million tonnes at 7.8% Cg 

with 850,000 tonnes of contained graphite at a 5% cut-off grade.  This represents a 6% increase in 

tonnage, an 8% improvement in grade and a 14% increase in contained graphite when compared to the 

2017 PEA indicated resource results. 

1.2 Geological Setting and Mineralization 
The Graphite Creek deposit is made up of the Kigluaik Group which consists of amphibolite and granulite 

facies metamorphic rocks which is divided into two sub-groups, an upper and lower assemblage.  

Amphibolite grade upper Kigluaik Group schist is exposed on the southern flanks of the Kigluaik 

Mountains.  The basal Kigluaik Group contains granulite grade schist and gneiss and is exposed on north 

flank of the mountains. The lower Kigluaik Group comprises coarse marble, quartzo-feldspathic gneiss, 

schist and gneiss of mafic and ultramafic composition, graphite-rich schist, and garnet lherzolite.  

The metamorphic rocks of the Kigluaik Group are composed of continental crustal material of 

Proterozoic to middle Paleozoic age that were subjected to crustal imbrication and thickening in middle 

Mesozoic time and widespread plutonic activity in mid-Cretaceous to late Cretaceous time (Sainsbury, 

1972, 1975; Bunker et al., 1979; Miller, 1994; Till and Dumoulin, 1994; Armstrong et al., 1986; Amato 

and Wright, 1998; Till et al., 2011).  However, some authors have proposed that at least part, and 

perhaps a significant part, of high-grade metasedimentary and metaigneous rocks of the Kigluaik Group 

(unit PzPh on Figure 3) was originally blueschist-facies rocks of the Nome Complex subsequent to a high-

grade metamorphic overprinting (Hannula and McWilliams, 1995; Till et al., 2011).  
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All of the formations of the Kigluaik Group are cut by intrusive rocks, the most common of which is 

granite.  These intrusions are more abundant in the lower part of the group. Besides granite intrusions, 

dykes and sills of diorite, diabase and pegmatite are present.  

Peak metamorphic grade in the area is thought to have occurred in the Cretaceous (91 Ma), immediately 

preceding or coincident with the intrusion of the Kigluaik Pluton (Amato and Wright, 1998).  Other 

dating methods have yielded younger ages.  40K/40Ar and 40Ar/39Ar dating have yielded ages of ~95-81 

Ma.  The younger ages likely date the onset of high-grade regional metamorphism of the Kigluaik Group 

(Adler and Bundtzen, 2011).  

There are two distinctive graphite-bearing schist intervals at Graphite Creek.  The first is quartz-biotite-

garnet-sillimanite schist that contains coarse, semi-massive and massive graphite segregations (Figure 

4).  The other interval unit is quartz-biotite schist that typically contains disseminated graphite.  The 

quartz-biotite-garnet-sillimanite schist is the principal host to higher grade graphite and makes up two 

distinctive layers in the metasedimentary sequence along the north flank of the Kigluaik Mountains.  A 

ǘƘƛǊŘ ǇƻǘŜƴǘƛŀƭ ƘƻǊƛȊƻƴ ƛǎ ŘŜŦƛƴŜŘ ōȅ ΨǇƻŘǎΩ ƻŦ quartz-biotite-garnet-sillimanite schist.  The position of 

these layers is most likely structurally controlled; that is a folded unit with the third pod-like layer 

forming in this style as uppermost erosional features (T. Hudson, personal communication, 2012).  

Hence, shallow-dipping erosional remnants of the southern-most third layer makes up a few 

discontinuous perched masses at higher elevations. The quartz-biotite-garnet-sillimanite schist layers 

strike obliquely to the mountain front and dip northwards at 40° to 80°.  

1.3 Drilling 
The primary goals of the 2018 drill program were to increase indicated resources to measured and to 

gather sufficient material for metallurgical tests.  To accomplish this, drill holes were planned within the 

core area of the resource at 50m-spaced down-dip step-outs.  Larger diameter HQ core (6.35 cm) was 

drilled in the 2018 program.  A total of 800.87 m of drilling in 6 drill holes was completed. 

All 6 drill holes encountered graphite mineralization where expected down-dip of known mineralization.  

Results from the drilling is presented in the Interpretation and Conclusions section of this report. 

The 2018 drilling continued to show that the upper zone of graphite mineralization is fairly consistent.  

The lower zone of mineralization is more variable in grade and thickness of higher grade graphite 

mineralization.     

1.4 Resources 
The Graphite Creek Resource estimate has been classified as ΨaŜŀǎǳǊŜŘΣΩ ΨLƴŘƛŎŀǘŜŘΩ ŀƴŘ ΨLƴŦŜǊǊŜŘΩ 

according to the CIM definition standards.  The classification was based on geological confidence, data 

quality and grade continuity. The most relevant factors used in the classification process were: 

 -  Drill hole spacing density; 

 -  Level of confidence in the geological interpretation where the observed stratigraphic horizons  

  are easily identifiable along strike and across the deposit, which provides confidence in  

  the geological and mineralization continuity; and 

 -  Estimation parameters (i.e., continuity of mineralization). 
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The 2019 resource update has calculated the following resources with a 5% cut-off grade: 

- Measured:  1.69 million tonnes containing 135,000 tonnes of graphite grading 8.0% 

- Indicated:  9.26 million tonnes containing 715,000 tonnes of graphite grading 7.7% 

- Inferred:  91.89 million tonnes containing 7,343,000 tonnes of graphite grading 8.0%  

It should be noted the dip and location of the Kigluaik Fault that trends parallel and is adjacent to the 

mineralization of the deposit is a controlling factor of the graphite resource. The updated fault surface in 

the area of new 2018 drill results indicated a potential dip to the NW and a location 20-100 meters to 

the south-east of the previous interpretation of the fault.  Outside of the new 2018 drilling, the fault has 

been interpreted as being vertical.   The vertical surface and new location of the fault results in a 

truncation in the down dip extension of mineralization in places. However, the observed stratigraphic 

horizons show remarkable consistency along strike with little deviation along strike which provides 

confidence in the geological and mineralization continuity. 

1.5 Environmental, Permitting, Social Impact 
Graphite One continued to conduct environmental baseline studies on the Graphite Creek project to 

examine the potential impact of the Project on the environment and on the land water use by Alaska 

Native communities.  In 2018, this work continued with hydrology and water quality sampling at the 

same sampling sites surveyed in past years (2014, 2015, and 2016).  An aerial salmon stream survey was 

also undertaken and identified 16 anadromous streams.  The salmon survey noted adult salmon 

distribution on the streams adjacent to Imuruk Bay being limited to the lower reaches of the streams.  

Pink salmon were the dominant species observed, with few observations of chum as a single or paired 

individuals, and one group of small Dolly Varden. 

Graphite One also continued community outreach activities so the closest Alaska Native villages are 

informed about the project.  Prior to the 2018 field season, Graphite One was invited to the villages of 

Teller and Brevig Mission to provide a project update, to review plans for the field season and 

employment opportunities.  During the 2018 field season, Graphite One provided site tours of the 

Property to members from surrounding villages as part of the Subsistence Advisory Committee (SAC).  

Three separate tours were given with community members ŦǊƻƳ ¢ŜƭƭŜǊΣ .ǊŜǾƛƎ aƛǎǎƛƻƴΣ aŀǊȅΩǎ LƎƭƻƻΣ 

and Nome.  The tour gave an opportunity for these local members to hear an update on the Graphite 

Creek project, see the current state of the project site, provide knowledge and insight to Graphite One 

personnel as to the regional subsistence resources and their importance to the surrounding 

communities, and voice comments and concerns, both positive and negative, on effects the project 

could have on their way of life.  After the field season, a follow-up facilitated meeting was convened in 

Nome to provide an opportunity to all SAC members to compare notes, ask questions, discuss concerns 

and provide feedback to the company for future planning and design considerations.  The company 

plans for the SAC tours and meeting to be held annually. 

1.6 Recommendations 
Follow-up drilling is needed to bring more indicated resources up to measured resources in the core 

area of the Graphite Creek deposit.  An estimated 30-50 drill holes averaging 150 m in depth are needed 

at 50m spacing.  Exploration drilling along strike of the deposit which is also open for kilometers on 

either side of the indicated resource area is also recommended but may not be necessary in the near 

term. 
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Drilling in 2018 encountered a large fault that appears to not have been intersected previously.  This 

fault is likely a part of the Kigluaik fault system, which is a basin-bounding fault system separating the 

entire Kigluaik Mountains from the Imuruk Basin.  This fault bounds the down-dip extent of the graphite 

mineralization.  Further drilling targeting to intersect this fault will give better definition to the extent of 

the graphite resource.  Understanding the nature of this structural zone will also be important in the 

mine planning process. 

Oriented core should be included in future drilling programs.  Oriented core will provide structural 

information which will aid in understanding the geologic controls on mineralization (folding, foliation, 

faulting, etc.) and also provide geotechnical information on joints, fractures, faults, etc. which will be 

important for mine design. 

Geotechnical drilling should also be implemented to begin studies for excavation stability analyses, 

optimal pit slope angles, and pit architecture for mine design purposes. 

Metallurgical studies should continue with the material collected in 2018 and 2014. 

Environmental baseline studies and community outreach should be ongoing. 

 

2 Introduction 
The United States Departmeƴǘ ƻŦ 5ŜŦŜƴǎŜ ǊŜŎŜƴǘƭȅ ƛŘŜƴǘƛŦƛŜŘ ƎǊŀǇƘƛǘŜ ŀǎ ŀ άŎǊƛǘƛŎŀƭ ƳƛƴŜǊŀƭέ ōŀsed on 

the high demand of graphite needed for national security/defense applications and the current 100% 

dependency the U.S. has on imports for graphite, mostly from China (United States Department of 

Defense, 2018).  This directive highlights the importance and support for finding a domestic source to 

ŦǳƭŦƛƭ ǘƘŜ ¦Φ{ΦΩǎ ƎǊŀǇƘƛǘŜ ŘŜƳŀƴŘΣ ǎǳŎƘ ŀǎ ǿƘŀǘ ŎƻǳƭŘ ōŜ ŦǳƭŦƛƭƭŜŘ ǿƛǘƘ ǘƘŜ DǊŀǇƘƛǘŜ /ǊŜŜƪ 5ŜǇƻǎƛǘΦ    

Graphite One Inc. recently completed its fifth season of exploration and fourth season of drilling on the 

Graphite Creek Property on the Seward Peninsula, Alaska, United States.  The Graphite Creek Property is 

a world-class graphite deposit based on its high-grade, percentage of large-flake graphite, and near-

surface mineralization which is subparallel to topography.   

The 2018 drill program focused on elevating indicated resources to measured resources and collecting 

mineralized material for metallurgical analyses.  A total of 800.87 m of drilling in 6 drill holes was 

completed between August 2nd and October 3rd, 2018. 

Work on an updated resource for Graphite Creek was started in January 2019.  With the infill drilling 

results from 2018 and a more detailed block model, Graphite Creek now has a measured resource 

totaling 1.69 million tonnes at 8.0% graphitic carbon (Cg) and 0.14 million tonnes of contained graphite.  

Total measured and indicated resources are 10.95 million tonnes at 7.8% Cg with 0.85 million tonnes of 

contained graphite.  This represents a 6% increase in tonnage, an 8% improvement in grade and a 14% 

increase in contained graphite when compared to the 2017 PEA indicated resource results. 
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3 Reliance on Other Experts 
Information in sections 13, 16, 17, 18, 19, most of 20, 21, 22, and 24 were taken from the 2017 PEA 

report by the TRU Group.  Section 14 was completed by Chris Valorose, M.Sc., MAusIMM of Valorose 

Consulting, Inc.  All other sections were compiled by Natalie King, M.Sc., of Alaska Earth Sciences, Inc. 

and project manager in 2018 of the Graphite Creek Project. 

All information in this report has been reviewed and approved by William T. Ellis, P. Geo with Alaska 

Earth Sciences, Inc.  Mr. Ellis provided oversite to the 2018 drilling and sampling program and updated 

resource estimate ŀƴŘ ƛǎ ŀ άvǳŀƭƛŦƛŜŘ tŜǊǎƻƴέ ǳƴŘŜǊ bL по-101 guidelines.  Mr. Ellis conducted a site visit 

on September 19-нлΣ нлму ǘƻ DǊŀǇƘƛǘŜ hƴŜΩǎ ǇǊŜǇ ƭŀō ŦŀŎƛƭƛǘƛŜǎ ƛƴ bƻƳŜΣ ¢ƛǎǳƪ ŎŀƳǇΣ ŀƴŘ DǊŀǇƘƛǘŜ /ǊŜŜƪ 

project site. 

 

4 Property Description and Location 
¢ƘŜ DǊŀǇƘƛǘŜ /ǊŜŜƪ tǊƻǇŜǊǘȅ όǘƘŜ άtǊƻǇŜǊǘȅέύ ƛǎ ƭƻŎŀǘŜŘ in the Kigluaik Mountains on the Seward 

Peninsula approximately 60 km north of Nome, Alaska (Figure 1).  The Kigluaik Mountains are a 70-km 

long east-west mountain range bounding the south edge of the Imuruk Basin.  The Kigluaik Mountains 

go from near sea level up to around 1000 m in elevation with the highest peak, Mount Osborn reaching 

1437 m.  The mountains are quite rugged with glacially carved U-shaped valleys and hanging valleys.  

The Property is at about 300 m in elevation on the northern flank of the Kigluaik Mountains, above the 

Imuruk Basin.   

The graphite outcrops at about 300 m and strikes roughly subparallel with the flank of the Kigluaik 

Mountains.  Creek drainages out of the mountains cross-cut the graphite perpendicular providing good 

exposure of bedrock.  Graphite Creek, Ruby Creek, and Christopherson Creek are notable drainages with 

good graphite exposure. 

The Property consists of 176 ¼ section state claims after the recent transfer of 24 federal mining claims 

to State of Alaska mining claims in March 2018.  The 28,160-acre Property is now 100% on State of 

Alaska land.   

A seasonal exploration camp was re-established at mile 49 on the Nome-Teller Highway near the Tisuk 

River.   
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Figure 1:  Location of Graphite One Resources Inc.'s state claims on the Seward Peninsula, Alaska. 

 

5 Accessibility, Climate, Local Resources, Infrastructure and 

Physiography 
The Graphite Creek Property is in the middle of the Seward Peninsula 60 km north of the city of Nome 

which has a year-round population of approximately 3,000 to 4,000 people.  The Property is 45 km to 

the south east from the village of Teller with a population of around 200 people.  Currently the property 

is only accessible by helicopter.  The closest road access is either 23 km to the south east through 

Mosquito Pass to the Kougarok Road (Nome-Taylor Highway) or 30 km west along the north flank of the 

Kigluaik Mountains to the Nome-Teller Highway. 

The Property lies within the subarctic climate with long, cold winters and short, mild summers.  Average 

high temperatures in Nome range from 4 to 16 oC May to September and -12 to 0 oC from October to 

April.  The wettest months are from July to September with an average of 2.5-8 cm of precipitation.  The 

Property site is 5 km from Windy Cove on the Imuruk Basin which is well known by locals as an area of 

high winds particularly in the late fall through the winter.  Water spouts are known to form in Windy 

Cove during these high wind events.  
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Much of the vegetation around the Property is typical of subarctic climates with abundant shrubs, 

tundra, moss, and lichen (Figure 2).  There are no trees on or near the Property.  The steeper Kigluaik 

Mountains are covered mostly in talus and bedrock.  In the lower elevations, such as near the deposit, 

rocky surfaces have more lichen cover and thin veneers of moss.  Discontinuous permafrost is also 

present throughout the region. 

  

Figure 2:  Photos of Property at drill site 18GC023 showing abundance of tundra and shrubs.  Photo on the left is looking 
northwest towards Windy Cove in the Imuruk Basin.  Photo on the right  is looking east at the drill site at the break in slope at 
the base of the Kigluaik Mountains. 

 

6 History 
Graphitic bedrock was first documented on the north side of the Kigluaik Mountains in the early 

twentieth century (Moffit, 1913).  The graphite showings are known to outcrop in incised creek valleys 

on the north side of the Kigluaik Mountains and it is from these exposures that the graphite showings 

have been described by various authors (e.g., Mertie, 1918; Coats, 1944; Cobb, 1972; Cobb and 

Sainsbury, 1972; Sainsbury, 1972; Weiss, 1973; Cobb, 1975; Hudson and Plafker, 1978; Hudson, 1981, 

1998; Swainbank et al., 1995; Adler and Bundtzen, 2011; Nelson, 2011).  From west to east these creek 

exposures include Christophosen Creek, Hot Springs Creek, Trail Creek, Glacier Canyon Creek, Ruby 

Creek and Graphite Creek.  A general historical overview of each of the historical graphite showings is 

described in Duplessis et al. (2013). 
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6.1 Historical Mining 
During the early 1900s, at least two companies mined in the area.  The first known claims were staked in 

мфлл ōȅ ¦ƴŎƭŜ {ŀƳ !ƭŀǎƪŀ aƛƴƛƴƎ {ȅƴŘƛŎŀǘŜ όά¦{!a{έύ ƛƴ DǊŀǇƘƛǘŜ .ŀȅΣ ƴƻǿ ƪƴƻǿƴ ŀǎ ²ƛƴŘȅ /ƻǾŜ 

(Harrington, 1919).  In 1912, USAMS shipped 120 tonnes of graphite to Seattle and the San Francisco 

Bay area, and by 1916 had stockpiled another 275 tonnes (Mertie, 1918).  The Alaska Graphite Mining 

Co. staked claims in 1905 and added additional claims in 1915 and 1916 (Mertie, 1918; Harrington, 

1919).  A total of 32 tonnes of graphite was mined from talus in 1907 (Coats, 1944).  Employing about 

seven people, 90 tonnes of graphite was mined in 1916 (Mertie, 1918).  This production was hauled a 

short distance overland to Windy Cove, from there to Teller by boat, and then shipped to Seattle and 

San Francisco (Harrington, 1919). 

6.2 Early Exploration 
After initial early 1900s production, the Graphite Creek Property lay dormant until 1943 when USGS 

geologist Robert Coats visited the area. His field crew sampled material from several sorted piles of 

previously mined graphite, and from several high grade graphitic lenses on the Property (Coats, 1944). 

Three specific areas underwent surface excavation work and were named by Coats as Christophosen 

Creek, Ruby Creek, and Graphite Creek.  Coats (1944) reported that exposed high-grade lenses in these 

three areas varied from a few centimeters to a meter in thickness with lengths that are ten to fifteen 

times their width and contained up to 60% graphite. 

The last known exploration interest in the area was in 1981 when a brief field examination of the 

showings was conducted by the Anaconda Copper Company when several samples were taken for 

analysis during a one-day visit (Hudson, 1981; Wolgemuth, 1982).   

6.3 Graphite One Exploration 
Exploration work performed by Graphite One during 2011 to 2014 consisted of a variety of programs, 

the details of which are reported in Duplessis et al. (2013), Eccles and Nicolls (2014), and Eccles et al. 

(2015).  Those programs are summarized in this report in the Exploration section.  

 

7 Geological Setting and Mineralization 
The following geologic sections were taken from Eccles et al., 2015. 

7.1 Regional Geology 
The Kigluaik Group consists of amphibolite and granulite facies metamorphic rocks and is therefore 

divided into two sub-groups, an upper and lower assemblage.  Amphibolite grade upper Kigluaik Group 

schist is exposed on the southern flanks of the Kigluaik Mountains.  Pelitic gneiss samples from the 

upper section of the Kigluaik group have been dated using Rb/Sr to ~735 Ma (Bunker et al., 1979).  The 

basal Kigluaik Group contains granulite grade schist and gneiss and is exposed on north flank of the 

mountains (Figure 3). These rocks have no direct counterparts in the adjacent mountain ranges and are 

believed to represent the deepest crustal rocks exposed in northwestern Alaska (Miller, 1994).  The 

lower Kigluaik Group comprises coarse marble, quartzo-feldspathic gneiss, schist and gneiss of mafic and 

ultramafic composition, graphite-rich schist, and garnet lherzolite.  
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The metamorphic rocks of the Kigluaik Group are composed of continental crustal material of 

Proterozoic to middle Paleozoic age that were subjected to crustal imbrication and thickening in middle 

Mesozoic time and widespread plutonic activity in mid-Cretaceous to late Cretaceous time (Sainsbury, 

1972, 1975; Bunker et al., 1979; Miller, 1994; Till and Dumoulin, 1994; Armstrong et al., 1986; Amato 

and Wright, 1998; Till et al., 2011).  However, some authors have proposed that at least part, and 

perhaps a significant part, of high-grade metasedimentary and metaigneous rocks of the Kigluaik Group 

(unit PzPh on Figure 3) was originally blueschist-facies rocks of the Nome Complex subsequent to a high-

grade metamorphic overprinting (Hannula and McWilliams, 1995; Till et al., 2011).  

All of the formations of the Kigluaik Group are cut by intrusive rocks, the most common of which is 

granite.  These intrusions are more abundant in the lower part of the group. Besides granite intrusions, 

dykes and sills of diorite, diabase and pegmatite are present.  

Peak metamorphic grade in the area is thought to have occurred in the Cretaceous (91 Ma), immediately 

preceding or coincident with the intrusion of the Kigluaik Pluton (Amato and Wright, 1998).  Other 

dating methods have yielded younger ages.  40K/40Ar and 40Ar/39Ar dating have yielded ages of ~95-81 

Ma.  The younger ages likely date the onset of high-grade regional metamorphism of the Kigluaik Group 

(Adler and Bundtzen, 2011).  

Bedrock is either exposed or covered minimally by surficial overburden material throughout most of the 

Property area, particularly in the incised creek valleys and/or relatively steep slopes adjacent to the 

Kigluaik Fault.  Surficial Quaternary deposits dominate the area to the north of the Graphite One 

Property. The surficial deposits include: glacially deposited sand, gravel, and boulders; fluvial gravel and 

sand; marine and fluvial terrace deposits; and wetlands (Till et al., 2011). 
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Figure 3:  Geologic map of the Seward Peninsula by Till et al., 2011. 
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7.2 Property Geology 
The Graphite Creek graphite deposit is located on the north side of the Kigluaik Mountains at about 300 

m elevation.  More specifically, the graphitic schist occurs on the upslope and footwall surface trace of 

the reactivated Kigluaik normal fault.  The Kigluaik Fault generally strikes at approximately azimuth 250o 

and dips 75o to the north over a distance of approximately 35 km.  Contemporary movement on this 

fault has uplifted the rugged and youthful Kigluaik Mountains to the south and down thrown the 

lowlands of the Imuruk Basin to the north (Hudson and Plafker, 1978).  

Graphite occurs as high-grade massive to semi-massive segregations and disseminations within 

amphibolite facies metasedimentary rocks, primarily quartz-biotite schist with zones of quartz-biotite-

garnet-sillimanite schist (Sainsbury, 1972).  Based on their apparent association with the Kigluaik Fault, 

the graphite-bearing schist strike subparallel to the mountain front and dips north between 40o and 75o.  

The 2012 geological mapping program confirmed historical observations of distinct geological layers 

comprising high-grade massive to semi-massive segregated and disseminated graphite in quartz-biotite-

garnet-sillimanite schist and disseminated graphite in quartz-biotite schist (±garnet). Based on strike/dip 

measurements, the layers consistently dip northwards such that these layers appear to represent 

continuous geological units and are not overly distorted by complex regional or large-scale fold belts. 

Small localized folding does exist on the <1 m scale, but is more or less confined within the high-grade 

graphite schist layers.  

7.3 Mineralization 
There are two distinctive graphite-bearing schist intervals at Graphite Creek.  The first is quartz-biotite-

garnet-sillimanite schist that contains coarse, semi-massive and massive graphite segregations (Figure 

4).  The other interval unit is quartz-biotite schist that typically contains disseminated graphite.  The 

quartz-biotite-garnet-sillimanite schist is the principal host to higher grade graphite and makes up two 

distinctive layers in the metasedimentary sequence along the north flank of the Kigluaik Mountains.  A 

third potential horizon iǎ ŘŜŦƛƴŜŘ ōȅ ΨǇƻŘǎΩ ƻŦ quartz-biotite-garnet-sillimanite schist.  The position of 

these layers is most likely structurally controlled; that is, a folded unit with the third pod-like layer 

forming in this style as uppermost erosional features (T. Hudson, personal communication, 2012).  

Hence, shallow-dipping erosional remnants of the southern-most third layer makes up a few 

discontinuous perched masses at higher elevations. The quartz-biotite-garnet-sillimanite schist layers 

strike obliquely to the mountain front and dip northwards at 40° to 80°.  

 
Figure 4:  Examples of graphite mineralization in different schists.  Photo on left is semi-massive graphite, center photo is quartz-
biotite-garnet-sillimanite schist, far right photo is quartz-biotite schist. 
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The quartz-biotite-garnet-sillimanite schist typically is fine to coarse grained, weathers grey, has a wavy 

and crenulated schistosity, garnet porphyroblasts (up to 2 cm across), and augen-shaped quartz grains. 

Discontinuous segregations (lenses and streaks) of coarse high-grade graphite, from centimeters to a 

few meters thick, are common. These high-grade graphite lenses in the quartz-biotite-garnet-sillimanite  

schist have up to 60% coarse, crystalline graphite and were likely the sources of hand-sorted graphite 

ǇǊƻŘǳŎŜŘ ƛƴ ǘƘŜ ŜŀǊƭȅ мфллΩǎΦ 5ƛǎǎŜƳƛƴŀǘŜŘ ŦƭŀƪŜǎ of graphite, up to 1 mm or more across, make up 

several percent of the rock.  

The quartz-biotite schist is fine-grained, weathers a rusty ochre color and has regular layering with 

individual layers commonly 3 to 10 cm thick. Graphite occurs as disseminated flakes up to about 1 mm 

across and can make up several percent of the rock. Higher grade graphite-rich layers, varying from 3 to 

25 cm in width are present, but are not as common as in the quartz-biotite-garnet-sillimanite schist. 

 

8 Deposit Types 
The following description of graphite deposits is taken from Eccles et al., 2015: 

Graphite deposits of commercial interest occur widely in regionally or thermally metamorphosed 

sedimentary rocks, and in hydrothermal and metasomatic deposits.  IŀǊōŜƴ ŀƴŘ YǳȌǾŀǊǘ (1996) 

identified five deposit types:  

1) Deposits formed by concentration and crystallization of carbon (from coal or carbonaceous 

sedimentary rocks) during regional or contact metamorphism (Cameron and Weiss, 1960; Graffin, 

1975; Krauss et al., 1988; Sutphin et al., 1991; Weiss, 1973; Weiss and Salas, 1978);  

2) Vein deposits, where graphite is thought to form epigenetically from carbon-rich hydrothermal 

or pneumatolytic solutions as interlocking aggregates of coarse graphite crystals in veins 

containing 75-100% carbon (Cameron and Weiss, 1960; Harben and Bates, 1984; Krauss et al., 

1988; Rumble et al., 1986; Sutphin et al., 1991; Weiss, 1973);  

3) Contact metasomatic (skarn) deposits resulting from a concentration of pre-existing carbon in 

sediments (Bugge, 1978) that could include calc-silicate hornfelses or reaction skarns (Evans, 

1993);  

4) Residual deposits that may be concentrated in deposits formed through weathering/leaching of 

graphitic gneiss and schist because of the unreactive nature of graphite (Dill, 2009; Murdoch, 

1967; Fogg and Boyle, 1987); and  

5) Early magmatic deposits (rare) such as peraluminous dacite and gabbro (Tsuchiya et al., 1991; 

Kanaris-Sotiriou, 1997), and alkaline pegmatite (Jaszczak et al., 2007; Satish-Kumar and Santosh, 

1998).  

Most economic deposits of graphite occur as flake graphite in high-grade metamorphic rock (i.e., 

granulite facies) forming under pressures of 1 GPa and 750o C.  Disseminated flake graphite deposits 

develop syngenetically from carbonaceous material in sedimentary rocks that have been subjected to 

garnet grade or higher regional metamorphism (Cameron and Weiss, 1960; Harben and Bates, 1984; 

Krauss et al., 1988; Sutphin et al., 1991).  Since graphite is a form of carbon, and all carbon oxidizes at 
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high temperature, graphite must have a reducing environment in order to be stable at high 

temperature.  

Flake graphite deposits may be any age but are commonly Archean to late Proterozoic in age. Host rocks 

typically consist of metasedimentary rocks such as quartz-mica schist, gneiss, micaceous quartzite, 

micaceous-feldspathic quartzite and marble.  Associated rocks are pegmatite, aplite, and granite 

intrusives.  Gangue mineralogy may include quartz, calcite, biotite, muscovite, feldspars, garnet, and 

sometimes amphibole, pyrrhotite, pyrite and magnetite.  A typical rock type where flake graphite may 

be found is sulfidic biotite-quartz-feldspar gneiss; such is the rock type of the Mesoproterozoic graphite 

deposits in the Highlands region of New Jersey, USA (Volkert et al., 2000).  

Deposits are usually stratabound and consist of individual beds or lenses in gneiss, schist, and marble 

that are richer in graphite than associated beds.  Deposits are typically up to 35 m thick and several 

kilometers or more, long.  Concurrent, intense large-scale folding of the metasedimentary sequences is 

common and graphite deposits commonly occur on the limbs of such folds. Deposits tend to occur in 

metamorphosed continental margin or intercratonic basinal sediments.  Regional depositional 

environments include regional metamorphism and large-scale deformation of carbon-rich sedimentary 

sequences.  Rarely, graphite veins may be associated with disseminated flake graphite deposits.  

aƻǎǘ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǇǊƻŘǳŎǘƛƻƴ ƻŦ Ŧƭŀƪe graphite comes from deposits of disseminated graphite in areas 

characterized by regionally metamorphosed rocks. Large deposits of flake graphite are known and/or 

have been mined in the United States, Central America, South America, Canada, Africa, India, Germany, 

Ukraine, Russia, Madagascar and China.  Small, localized deposits of flake or flake-like graphite are 

known from literally hundreds of other localities.  Mined flake graphite deposits commonly have grades 

of 10% to 12% graphite.  Mexico and South Korea are significant sources of amorphous, or 

microcrystalline, graphite.  Sri Lanka is home to the largest known deposits of crystalline vein graphite.  

Contact metasomatic or hydrothermal graphite deposits were mined in Canada and the United States, 

but these deposits are generally small and of relatively low grade. 

 

9 Exploration 
The exploration work completed by Graphite One on the Graphite Creek Property is summarized below. 

9.1 2011 Program 
In 2011, a helicopter-supported mapping and sampling program was completed.  Graphite-bearing 

meta-sediments were identified, and their distribution mapped along the north-central slope of the 

Kigluaik Mountains (Nelson, 2011).  Graphite-rich host rocks were reported across a continuous strike 

length in excess of five kilometers.  

Three 15-kilogram composite samples were collected from outcrop (Hudson, 2011).  The samples were 

characterized as high grade, mixed grade and mixed/disseminated grade.  The samples were submitted 

for petrographic and laboratory screen analysis.  The high-grade, mixed-grade and disseminated 

graphite samples contained 56.9%, 14.5%, and 8.2% graphite, respectively.  Screening analyses of the 

samples were crushed to -10 mesh and it was determined that they contained 84.3%, 93.6% and 76.5% 

large flake graphite (large flake being defined as flake size greater than 80 mesh in one dimension)  
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(Hudson, 2011).  Graphite flakes varied between a few microns to about 1.5 mm in its longest direction 

with averages between 150-250 microns. The graphite was described as consisting of lath-shaped 

particles with deformed or foliated texture, liberated crystals and intergrowths with other constituents. 

9.2 2012 Program 
The 2012 program consisted of an airborne geophysical survey, detailed 1:5,000 scale mapping and 

sampling, bulk pit sampling, and a diamond drilling program consisting of 4,248 meters in 18 holes. The 

results of the helicopter-borne time domain electromagnetic (EM) survey are shown in Figure 5. 

Interpretation of the geophysical survey results coupled with the mapping and sampling program 

indicates the potential for graphite mineralization along an 18 km corridor of metasediments on the 

north flank of the Kigluaik Mountains.  

 

Figure 5:  Heli-borne electromagnetic geophysical survey highlighting corridor with potential graphite mineralization. 

! ǘƻǘŀƭ ƻŦ рфм ǊƻŎƪ ǎŀƳǇƭŜǎ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ōȅ DǊŀǇƘƛǘŜ hƴŜΩǎ Ŏƻƴǎǳƭǘŀƴǘǎ !t9· Geoscience Ltd. across 

the Property (Figure 6). Graphite mineralization grading between 0.05% and 51% graphitic carbon (Cg) 

was found to occur within quartz-biotite schist and quartz-biotite-garnet-sillimanite schist units. The 

quartz-biotite-garnet-sillimanite schist is typically high-grade due to graphite concentrated as massive to 

semi-massive segregations that contain up to 80.9% Cg.  
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Figure 6:  Rock samples collected on Graphite One's Property highlighting graphite mineralization (Cg). 

Fifteen bulk samples of between 558 kg and 739 kg totaling 9,916 kg were collected from three different 

areas including the Graphite Creek, Christophosen Creek and Child Creek.  

The initial drill hole spacing was approximately 200 m between holes along strike, but later in the 

program infill drilling was carried out with hole spacings as close as 50 m (Figure 7).  Graphite 

mineralization was encountered in all drill holes, including the last hole, 12GCH008 which was collared 

approximately 2.3 km to the west along strike to test the lateral extent of the mineralization. 

Based on the 2012 drilling and exploration results, APEX reported an inferred mineral resource of 107.2 

million tonnes of graphite mineralization grading 5.78% Cg at a cut-off grade of 3.0% (Duplessis et al., 

2013). 

9.3 2013 Program 
The 2013 exploration program consisted of a small diamond drilling program, calculation of a new 

resource estimate, and a bench-scale beneficiation test.  The diamond drilling program consisted of 

1,024 m of drilling in ten drill holes (Figure 7). Again, graphite mineralization was encountered in all of 

the drill holes.  The holes were drilled with a collar spacing of approximately 250 m and increased the 
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mineral resource to a zone approximately five kilometers in length, and at depths from surface or near 

surface to depths of 147 m below surface. 

A new resource estimate was calculated based on the cumulative drill data from the 2012 and 2013 drill 

programs. The APEX geologists calculated that the deposit contained approximately 186.9 million tonnes 

of graphite-bearing mineralization at a grade of 5.5% Cg, using a cut-off grade of 3.0% Cg (Eccles and 

Nicholls, 2014).   

9.4 2014 Program 
The 2014 program consisted of diamond drilling, collection of metallurgical samples, and the calculation 

of a new resource estimate.  That program is described in detail in a technical report issued by Graphite 

One Resources in March, 2015 (Eccles et al., 2015). 

The drill program was designed to both increase the confidence level and the extent of the resource. 

The program consisted of 20 holes totaling approximately 2,221 m logged and assayed, and 2 holes 

totaling 91.6 m used for metallurgical testing.  The 2014 drill holes were collared on sections 

approximately 50 m apart and at least two holes were drilled on each section, in an effort to confirm 

continuity of the mineralization, both vertically and laterally (Figure 7).  

The increased drill density in the central region of the deposit, combined with the demonstrated 

continuity of the mineralization allowed the resource in this section to be classified as Indicated. The 

Indicated Mineral Resource area is spatially constrained by the boundary of the 2014 drill program and 

defines an area measuring: approximately 730 m along the northeast-striking trend of the graphitic 

schist; approximately 185 m across the strike of the schist; and to a depth of approximately 200 m below 

surface.  Using a base cut-off of 3% Cg, the Indicated Mineral Resource estimation contains 17.95 million 

tonnes of mineralized graphite schist at a grade of 6.3% Cg.  Based on this tonnage, grade and 3% Cg 

cut-off, the in situ graphite contained within the Indicated Mineral Resource area is estimated to be 1.13 

million tonnes. 

The Inferred Mineral Resource area is constrained by the drilled portions of the graphitic conductor that 

are not included within the Indicated Resource area. Accordingly, the Inferred Resource area is: 

approximately 5.0 km along the northeast- striking trend of the graphitic schist (minus the 730 m 

portion of the Indicated Resource); approximately 200 m across the strike of the graphitic schist; and to 

a depth of approximately 320 m below surface. Using a base cut-off of 3% Cg, the Inferred Mineral 

Resource estimates that 154.36 million tonnes of mineralized graphite schist at a graphite grade of 5.7% 

Cg are present at the Graphite Creek deposit. Based on this tonnage, grade and 3% Cg cut-off, the in-situ 

graphite of the Inferred Mineral Resource is 8.76 million tonnes. 
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Figure 7:  Drill holes completed by Graphite One from 2012 to 2014. 

 

10 Drilling 

10.1 2018 Program 
The primary goals of the 2018 drill program were to elevate indicated resources to measured, and to 

gather sufficient material for metallurgical tests.  To accomplish this, drill holes were planned within the 

core area of the resource at 50m-spaced down-dip step-outs (Table 1, Figure 8).  The plan was for all 

drilling to be completed using HQ-sized diameter core in order to gather sufficient material for 

metallurgical testing, however one drill hole did use BTW-sized core.   

Six drill holes totaling 800.87m were completed between August 2nd and October 5th.  All 6 drill holes 

encountered graphite mineralization where expected down-dip of known mineralization.  Results from 

the drilling are presented in the Interpretation and Conclusions section of this report. 
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Hole ID Easting Northing 
Elevation 

(m) 
Coordinate 

System 
Depth 

(m) Azimuth Dip Hole Status Drill Co. Core Size 

18GC021 474438.1 7212911 216.8 NAD83 Zone 3 67.06 160 -49 Abandoned Yukuskokon HQ3 

18GC022 474351.3 7212853 219.23 NAD83 Zone 3 156.97 160 -62 Complete Yukuskokon BTW 

18GC023 474421.5 7212960 210.41 NAD83 Zone 3 198.73 160 -58 Complete Boart Longyear HQ 

18GC024 474394 7212900 211.46 NAD83 Zone 3 144.78 160 -59 Complete Boart Longyear HQ 

18GC025 474482.6 7212941 213.92 NAD83 Zone 3 169.32 160 -66 Complete Boart Longyear HQ 

18GC026 474523 7212961 214.66 NAD83 Zone 3 64.01 160 -52 Complete Boart Longyear HQ 

Table 1:  Drill hole collars for 2018 drilling. 

 

Figure 8:  2018 drill hole plan map. 

 

11 Sample Preparation, Analyses and Security 

11.1  Sample Preparation 
Core samples were marked out by the geologist and sample tags stapled to the core boxes at the start of 

each sample interval.  Samples were mostly 1 m in length except for where there was a change in 

lithology or massive graphite mineralization.  Massive graphite intervals were broken out to their own 

sample if the length was 30 cm or longer.   
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After the sample intervals were marked, all the core boxes were photographed.   

After the samples were split in half using a core saw, half the sample was bagged in a polyurethane bag, 

the corresponding sample tag placed in the bag, and the bag was zip-tied shut.  Multiple sample bags 

were placed in rice bags which were labeled with the sample shipment, samples in the bag, and 

company name.  A shipment consisted of either samples from an entire drill hole or part of a drill hole.  

No shipments contained samples from multiple drill holes. 

Once a shipment was cut and bagged, samples were driven by Graphite One personnel from the Tisuk 

/ŀƳǇ ǘƻ DǊŀǇƘƛǘŜ hƴŜΩǎ ǇǊŜǇ ƭŀō ƛƴ bome, AK.  At the prep lab, an Activation Lab technician dried and 

crushed each sample.  The pulps were then packaged to be sent via FedEx from Nome, AK to the 

Activation Lab in Ancaster, ON for analysis. 

11.2  Analyses 
Graphitic carbon was the only element analyzed in the drill core samples shipped to Activation Lab in 

Ancaster, ON.  The analytical package used was 5D-C Graphitic. 

11.3  Security 
Samples were stored securely in Tisuk Camp by Graphite One personnel until a shipment was ready.  A 

chain of custody form tracked the handling of samples from Tisuk Camp, transportation by Graphite One 

personnel to Nome prep lab, and hand off to Activation Lab personnel at the Nome prep lab.  Samples in 

the prep lab were stored securely until a shipment was complete and ready to be sent to the assay lab.  

Sample pulps were tracked via FedEx tracking numbers from Nome to the Activation Lab in Ancaster, 

ON.   

 

12 Data Verification 
An alternating standard or field blank was inserted every 10th sample in sequence.  A field blank was also 

inserted after a semi-massive to massive graphite sample.  The three graphite standards used were GR1, 

GR3, and GR4 from CDN Laboratory.  Field blank material was composed of a metagranite from a quarry 

east of Nome.  This is the same field blank material used in all of Graphite OneΩǎ drill programs. 

Assay results were plotted to see if values fell within the accepted limits.  All of the field blanks values 

except one were below detection limit for graphitic carbon (Figure 9).  All the standard sample assay 

values fell within the accepted two standard limits of deviation (Figure 10, 11, 12).   

One field blank had a value of 0.51% Cg and was a blank placed after a semi-massive graphite interval.  

This sample may represent some contamination from inadequate lab cleaning.  Since this was the only 

sample with a higher value, there were no significant concerns about the quality of assay data at this 

time. 
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Figure 9:  2018 assay results for field blank material.  The one sample containing over 0.5% Cg was a blank placed after a high-
grade sample and may represent inadequate lab cleaning. 

 

Figure 10:  2018 assay results for standard GR1.  All results were within accepted upper and lower limits. 
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Figure 11:  2018 assay results for standard GR3.  All results were within accepted upper and lower limits. 

 

Figure 12:  2018 assay results for standard GR4.  All results were within accepted upper and lower limits. 
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13 Mineral Processing and Metallurgical Testing 
¢ƘŜ ŦƻƭƭƻǿƛƴƎ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ ǘŀƪŜƴ ŦǊƻƳ DǊŀǇƘƛǘŜ hƴŜΩǎ t9! ǇǊŜǇŀǊŜŘ ōȅ ¢w¦ Group dated June 30, 

2017. 

13.1 Hazen Research Inc. 

13.1.1 Analysis of Graphite Mineral Samples from Alaska (Hazen 2011) 
Hazen Research, Inc. carried out an analysis on three mineral samples varying from low to high 

grade graphite mineralization, referred to in order of increasing graphite grade as Disseminated 

(8.2% Cg), Mixed (14.5% Cg) and High (56.9% Cg). The purpose of the study was to quantify 

the graphite content by chemical analyses (carbon assays), determine the size distribution by 

screen analysis, and determine the textural characteristics by optical microscopy of three 

graphite mineral samples. 

 

As-received samples were stage-crushed to minus ½ inch with split samples for screen analysis 

further crushed to minus10 mesh. Samples intended for chemical and x-ray fluorescence 

analysis were pulverized to minus 200 mesh. All size fractions from the screen analysis were 

subjected to moisture determination, loss on ignition (LOI) at 850oC for 2 hours and CO2 assay 

evolution for carbonates. The graphite content was then calculated from the LOI determination 

after subtraction of moisture and CO2 from carbonates. 

 

Optical examination of polished sections of Disseminated graphite samples showed siliceous 

gangue (mostly quartz) with minor amounts of micas, magnetite, ilmenite, and titanium oxides. 

Graphite was very abundant, consisted of lath-shaped particles with sometimes deformed or 

foliated texture, occurred as liberated crystals, and also intergrown with the other constituents, 

Figure 13. The size of the graphite varied between a few microns up to about 1.5 mm in the 

long dimension and averaged about 150ςнрл ˃ƳΦ 

 

 
Figure 13:  Micrograph showing coarse and fine graphite (Gr) crystals forming intergrowths with gangue (G) and liberated 
crystals. 

Selected results of wet screening at 10, 40, 80 and 100 mesh and the carbon assay by size fraction 

appear in Table 2. In all three samples, the 10 by 40 mesh fraction holds bulk majority of the distributed 

sample mass and of the distributed graphite followed by the 40 by 80 size class. The two size fractions in 

generally accounted for over three-quarters of the mass and graphite in each sample. 
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Sample ID 
Mass  

Distribution 
Graphite  

Assay 
Graphite 

Distribution 

 % % Cg % 

High Grade       
10 by 40 57.5 55.9 56.7 
40 by 80 18.0 61.5 19.5 

Disseminated    

10 by 40 71.1 7.5 64.3 
40 by 80 7.7 11.5 10.7 

Mixed    

10 by 40 66.0 15 62.8 
40 by 80 16.6 19.3 20.3 

Table 2:  Selected results of screen analysis and graphite assay by size fraction for different graphite mineralization samples 

13.1.2 Upgrading of Coarse High Grade Graphite Mineral Samples (2012) 
The 40 by 80 mesh fraction from the High Grade graphite mineralization was subsequently examined by 

Hazen for upgrading to 95% Cg by way of gravity separation coupled with heavy media separation (HMS) 

and also by conventional flotation coupled with HMS. 

Previously crushed material was wet screened at 40 and 80 mesh and then fed to an eighth-size Wilfley 

table to separate heavier gangue from the lighter graphite concentrate. Initial HMS of the gravity 

concentrate effected at 2.6 sg produced a float concentrate grading 90.7% Cg.  Secondary (cleaner) 

stage HMS performed at 2.45 sg slightly increased the float concentrate grade to 91.7% Cg. TRU 

calculated the overall graphite recovery at 46.6% for the initial HMS and 45.7% following second stage 

HMS. Cleaning of the initial HMS float concentrate was also attempted by conventional flotation but did 

not much improve concentrate grade, which assayed at 92, 91.2, and 91.7% graphite (Cg) in triplicate 

analyses. 

Optical microscopy on polished sections of the float concentrates from both HMS stages revealed the 

presence of liberated particles of graphite and gangue along with graphite particles inter-grown with 

gangue in the initial concentrate while only liberated graphite and fewer graphite-gangue inter-grown 

particles were present in the second stage concentrate. The relative low graphite assay of the second 

HMS float concentrate and absence of discrete gangue particles implied that unliberated gangue was 

trapped between graphite flakes. 

Rougher flotation of the 40 by 80 mesh fraction followed by three stages of cleaner flotation yielded 

concentrate grading 76% Cg at a graphite recovery calculated by TRU to be approximately 73%. Further 

cleaning of this concentrate by HMS at 2.45 sg produced a float concentrate assaying at 86.8, 87, and 

87.3% Cg, which was not an improvement on the grade compared to the previous method using gravity 

separation with HMS. 

Hazen concluded that upgrading to 92% graphite was the limit for the 40- by 80-mesh fraction due to 

the intimate occurrence of impurities with the graphite. 

13.1.3 Analysis of Graphite Core Samples from Alaska (2012) 
Hazen also conducted screen analyses at 10, 40, 80 and 100 mesh and assay by size fraction on four drill 

core graphite mineralization samples identified as 12GPHFL001 (8.7 % Cg), 12GPHFL002 (13.7% Cg), 
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12GPHFL003 (14.9% Cg) and 12GPHFL005 (8.0 %Cg). XRD analysis was performed to determine of major 

constituents of the samples along with optical examination of polished sample cross sections of the 

different screening size fractions. 

Selected results of wet screening and the carbon assay for each fraction appear in Table 3. In all three 

samples, the 10 by 40 mesh fraction had the highest distribution of sample mass and graphite followed 

by the 40 by 80 fraction. Optical examination of the different size fractions again identified discrete 

particles of liberated graphite along with graphite intergrown with gangue. XRD patterns for all drill 

cores showed that all samples consist of major quartz, minor muscovite, sillimanite, chlorite, and minor 

to trace amounts of kaolinite. 

Sample ID 
Mass  

Distribution 
Graphite  

Assay 
Graphite 

Distribution 

 % % Cg % 

12GPHFL001       
10 by 40 51.5 7.3 42.2 
40 by 80 19.2 9.6 20.7 

12GPHFL002    

10 by 40 54.4 12.7 48.7 
40 by 80 19.9 15.2 21.3 

12GPHFL003    

10 by 40 43.7 13 38.9 
40 by 80 24.3 15.0 25.0 

12GPHFL005    
10 by 40 43.2 6.7 35.8 
40 by 80 21.0 9.1 23.5 

Table 3:  Selected results of screen analysis and graphite assay by size fraction on drill core samples 

13.2 SGS Lakefield Beneficiation Tests (2013) 

13.2.1 Scoping Level Evaluation of Graphite Creek Mineralization 
SGS Lakefield conducted a scoping flotation study on one composite sample of low grading graphite 

mineralization (5.41% C, 5.3% Cg) from the Graphite Creek property. Eight open circuit flotation tests 

were carried out with the objective of producing a concentrate grading 94%C. Investigated process 

variables included flowsheet configuration, polishing grind times, and grinding media size. 

Flowsheet FT6 seen in Figure 14 yielded the best results, which did not achieve the target concentrate 

grade. Initial flash flotation tails were subjected to a regrind and rougher flotation. Rougher concentrate 

was combined with the recovered flash concentrate and subjected to a polishing grind followed by four 

stages of cleaning. The fourth stage cleaner concentrate was screened at 80 mesh to divide the 

concentrate into two fractions that were further processed:  +80 Mesh (coarse) oversize was subjected 

to a polishing grind and three stages of cleaning and produced a concentrate grade of 91.7%C; -80 Mesh 

(fine) undersize was subjected to a polishing grind and four stages of cleaning and produced a 

concentrate grade of 89%C. The combined concentrate grade was 89.7% at a total carbon recovery of 

86.9%. 
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Figure 14:  SGS Conceptual Graphite Creek Flowsheet for the production of coarse (+80 Mesh) concentrate and fine concentrate 
(-80 Mesh). 

Screen analysis and assay by size fraction of the combined concentrates revealed the graphite grade was 

the highest in the coarse fraction of +48 mesh (300 microns) at 93.6% C and gradually decreased to 

89.6% C as flake size decrease although in the smallest size fraction of -325 mesh (44 microns) the grade 

increased to 91.7% C. Additionally, 18.6% of the concentrate mass reported to the +80 mesh (180 

microns) size fractions and 35.8% to the -80/+200 mesh products. The remaining concentrate mass of 

45.6% consisted of graphite flakes smaller than 200 mesh (75 microns). 

SGS attributed the inability of flotation to reach the grade target of 94% C to: the rapid flotation kinetics 

which resulted in the entrainment liberated gangue material with the floated graphite; impurities that 

attached to the surface of the graphite flakes or entered into crevices or pores on the graphite and were 

not removed; and complex associations of graphite and impurities possibly trapped between graphite 

layers. 

13.3 IGL STAX Graphite Characterization 
¢w¦ ƳŀƴŘŀǘŜŘ ŀƴ LƴŘŜǇŜƴŘŜƴǘ DǊŀǇƘƛǘŜ [ŀōƻǊŀǘƻǊȅ όǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άLD[έύ to characterize the basic 

physical properties of graphite recovered from selected mineralized drill core samples from Graphite 

hƴŜΩǎ DǊŀǇƘƛǘŜ /reek property. The investigation provided an early assessment of the recovered 

ƎǊŀǇƘƛǘŜΩǎ ǇƻǘŜƴǘƛŀƭ ǎǳƛǘŀōƛƭƛǘȅ ŦƻǊ ǾŀƭǳŜ-added products and end uses. Table 4 lists the drill hole core 

segments selected for characterization and gross sample masses received by IGL. All the samples were 

selected from the upper Quartz-Granite-Biotite-Sillimanite-Schist (QGBSS) layer associated with high 

graphite mineralization. 
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Drill Hole ID 
Drill Core Interval Measured from 

Surface 
Interval Length Sample Mass 

 From To   
  (m) (m) (m) (kg)  

13GCH012 37 46 9 7.0 
12GCH002 10 19 9 8.2 
12GCH003 3.9 20.1 16.1 10.6 
12GCH004 6.2 21.3 15.1 5.2 

12GC007 60 71 11 12.4 
12GC009 94.3 102.8 8.5 11.8 

Table 4:  Origin and mass of mineralized samples 

The graphite mineralization samples were subjected to modest crushing followed by a wet classification 

technique to extract rudimentary concentrates for characterization. The main physicochemical 

properties of the extracted graphite concentrate samples were elucidated from the analytical methods 

listed in Table 5. 

CHARACTERIZATION METHOD OUTCOME 

Screening Analysis Sizing of graphite mineralization samples and graphite concentrate 

Laser Light Scattering Statistical particle size distribution 

Scanning Electron Microscopy (SEM) Morphological and topological information 

Optical Microscopy Morphological and topological information 

Loss on Ignition (LOI) Characterization of carbon content 

Surface Area by BET Surface area 

Density Measurements Tap Density 

 Apparent (bulk) Density by Scott Volume method 

 True Density by Helium Pycnometry 

Inductively Coupled Plasma Spectroscopic method to characterize ash impurity contents 

Fourier Transform Infrared Spectroscopy Spectroscopy analysis that probes carbon-carbon bonds 

Table 5:  Graphite Characterization Techniques Employed by IGL 

13.3.1 Graphite Concentrate Extraction by Wet Classification 
A composite mineralized sample from each drill holes was moderately crushed and then floated by a 

proprietary wet classification technique to extract a graphite concentrate with a representative cross 

section of the graphite particle size fractions. The method facilitates separation of particles by weight 

under gravity; heavy particles, typically rock, sink while the light particles, graphite, that float. Addition 

of surfactant allows separation of both phases. 

CARBON CONTENT ON LOSS ON IGNITION 

All mineral samples and graphite concentrate samples featured in this study were assayed for carbon by 

Loss on Ignition (LOI) analytical technique as per ASTM C561 Standard Test Method for Ash in a Graphite 

Sample, Table 6. Noteworthy was that the lowest grading mineralization sample produced the highest 

grade concentrate with the highest concentration factor which indicative of the high degree of liberation 

from gangue. 
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Sample ID 
Graphite 

Mineralization 
Floated 

Concentrate 
Concentration  

Factor 
  (%C) (%C)   

13GCH012 14.1 67.4 4.8 
12GCH002 9.0 85.0 9.4 
12GCH003 29.7 79.4 2.7 
12GCH004 12.1 67.3 5.6 

12GC007 14.1 65.3 4.6 
12GC009 11.3 69.5 6.2 

Table 6:  Assays of graphite mineralization samples and floated concentrate 

SCREEN ANALYSIS 

Screening analysis results of all drill hole concentrates are shown in Figure 15. All concentrates 

contained a variable but sizeable fraction of the Ҍнл ƳŜǎƘ όурл ˃Ƴύ ǇŀǊǘƛŎƭŜǎ indicating the presence of 

coarse graphite. Sample 12GCH002 has the finest particle distribution and also attained the highest 

grade graphite concentrate after one pass of wet classification. The particle size distribution of 

12GCH002 concentrate may be considered the most representative of the native graphite at the 

Graphite Creek Property as the graphite was the most easily liberated from the gangue and produced 

the highest grade concentrate. Conversely the size data for the other drill core concentrates could have 

been influenced by the presence of a greater proportion retained gangue. This particular subject is 

complex as there were competing considerations in the extraction of graphite concentrate from the 

mineralized samples; achieving higher grade in the concentrate with more intensive processing or 

extracting a better representation of the graphite particles in a lower grade concentrate. The latter was 

deemed more important for this characterization study whose scope and objectives did not include 

maximizing graphite recovery or process development and optimization. 

In a later section, laser light scattering particle size analysis of coarse size fractions that were sonicated 

(subjected to high intensity sound waves) showed a demonstrable shift towards a finer particle size 

distribution. This occurrence was attributed to de-aggregation or disintegration of some of the unique 

morphologies identified in the graphite concentrates discussed below. 
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Figure 15:  Particle size distribution histograms based on screen analysis test. 

OPTICAL MICROSCOPE EXAMINATION OF THE COARSE PARTICLE FRACTIONS 

Differences in +25 mesh graphite particle features were evident between different drill hole 

concentrates: 12GC009 had a bulky morphology; 12GCH003 particles were three-dimensional structures 

reminiscent of vein graphite; while 12GCH004 graphite was a lot flakier. Flake type as a function of 

excavation location was not determined but merits further investigation. 

MORPHOLOGICAL UNIQUENESS OF GRAPHITE CREEK GRAPHITE 

Analysis of the overall distribution of graphite revealed unusual morphologies in the samples ς 

 I. High-aspect ratio, elongated thin flakes; 

 II. Ultra-thin, self-scrolling large sheets; 

 III. Pebble-shaped particles (naturally spherical graphite); 

 IV. Naturally expanded structures 

 V. Three-dimensional aggregates of ultra-fine flakes (so-called pressed flake); 

 VI. Classical natural flake graphite (so-called integral flake). 

All morphologies are seen concurrently in Figure 16. High resolution SEM images of the specific 

morphologies are seen in the sequence of Figure 17 to Figure 20. These unique morphologies may well 

turn out to be by far the major competitive advantage of Graphite One. A high-resolution SEM image of 

a pebble shaped particle from 13GCH012 concentrate is shown in Figure 20. The aggregate nature of 

this particle can be clearly observed. It should be emphasized that spherical/pebble shaped particles 

were found in the concentrates for each drill core examined by the IGL. The actual proportion of the 
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different morphologies and differentiation between aggregate and integral properties has not been 

quantified. 

 

Figure 16:  Various Morphologies from the +100 mesh cut in 12GCH002 graphite 

 

Figure 17:  Close up of an Aggregate of "Pressed Flake" 
from the +50 mesh fraction of 12GCH002 (C) 

 

Figure 18:  Classic Coarse "Integral Flake" from 12GC009 

 

Figure 19:  Graphite Unique Morphology in 12GCH003 
showing a natural expanded graphite structure 

 

Figure 20:  High resolution SEM image of a pebble-shaped 
particle from 13GCH012 concentrate 

NATURAL SPHERICAL MORPHOLOGY OF GRAPHITE CREEK GRAPHITE 

Optical examination of the various size classes for each of the drill hole composite concentrates revealed 

the presence of naturally occurring pebble/spheroidal shaped graphite. Visible progression of increasing 
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(natural) sphericity and proportion to other morphologies with decreasing particle size class can be 

observed in the optical micrographs of 12GCH002 ŎƻƴŎŜƴǘǊŀǘŜ ŦǊƻƳ Ҍро ˃Ƴ όҌнтл ƳŜǎƘύ ŀƴŘ Ҍнр ˃Ƴ 

(+500 mesh). 

 

Figure 21:  Optical micrographs showing progressive increased sphericity with decreasing particle size cut. 

LASER LIGHT SCATTERING OF MATERIAL TAKEN FROM CYLINDER TEST 

Laser light scattering was used to obtain particle size distributions, to fill in the missing size fraction from 

screening as well as to measure the stability/friability of the graphite. All samples examined were 

recovered from a graduated cylinder settling/float test. The limitation of the graduate cylinder settling 

ǘŜǎǘ ƛǎ ǘƘŀǘ ƛǘ Ŏŀƴ ƻƴƭȅ ŜȄǘǊŀŎǘ άŎƭŀǎǎƛŎέ Ŧƭŀƪȅ ǇŀǊǘƛŎƭŜǎ ǿƘŜƴ ƛǘ ŎƻƳŜǎ ǘƻ graphite which is coarser than 

Ҍол ƳŜǎƘ όслл ˃Ƴύ όƛΦŜΦ ǳƭǘǊŀ-coarse grades). 

Analysis of the data indicated that all the drill hole concentrates have bimodal particle size distributions 

with sizeable fraction of coarse particles. Example distributions are shown in Figure 22 for 12GCH002 

and 12GCH003 concentrates where it is evident that coarser particles dominate the distribution for 

12GCH002 whereas in 12GCH003 there is a greater ǇǊƻǇƻǊǘƛƻƴ ƻŦ пл ˃Ƴ ǇŀǊǘƛŎƭŜǎΦ 

 

Figure 22:  Bimodal particle size distribution in concentrates 12GCH002 and 12GCH003 

The stability of the graphite particles was also of interest due to the apparent morphologies of the flakes 

which included aggregate flakes, pebbles or other 3D shapes and ultra-thin integral flakes that could 

lead to friability. Friability here refers to the ability of the graphite solids to reduce to smaller particles 

under the application of external stresses. Friability was examined by comparing the shift in particle D50 

before and after heavy sonication in all screened size cuts from graphite concentrate 12GCH002. Non-

sonicated and sonicated 12GCH002 +20 mesh and +50 mesh concentrate size fractions are respectively 

compared in Figure 23 and Figure 24. The +20 mesh fraction is seen to highly friable; the coarse flake 

fraction is gone after ǎƻƴƛŎŀǘƛƻƴ ŀƴŘ ǘƘŜ ǊŜƳŀƛƴƛƴƎ ǇŀǊǘƛŎƭŜǎ ŀǊŜ ғ млл ˃ƳΦ /ƻƴǾŜǊǎŜƭȅΣ ǘƘŜ ǎƻƴƛŎŀǘŜŘ Ҍрл 

mesh size fraction retained a coarse fraction over a wider particle size distribution. 

12GCH002 12GCH003
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Figure 23:  12GCH002 +20 Mesh particle size distribution before & after sonication 

 

Figure 24:  12GCH002 +50 Mesh particle size distribution before & after sonication 

Detailed analysis of the various size fractions from 12GCH002 concentrate indicated that: 

¶ +20 and +40 mesh size cuts are highly friable; 

¶ +25 and +30 mesh have low friability and could survive downstream processing; 

¶ +50 mesh cut is highly stable with negligible friability. This cut contained three dimensional 

shapes which are mostly aggregates and rather unusual elongated flakes reminiscent of vein 

graphite; 

¶ -60/+70 mesh cut has limited friability and contains classic flake like particles; 

¶ +230 to +500 mesh cuts range is dominated by spherical and pebble type particles. In particular, 

the +325 mesh fraction has low friability. 

¶ -635 mesh fraction is composed mainly of flaky, mostly non-spherical particles. 

No link between particle morphology and friability could be established since the proportions of each 

morphology in each of the mesh cuts was unknown combined with the fact that light scattering provides 

an average diameter measurement for all particle types. 

ICP ANLAYSES OF LOI ASH 

ICP analysis was performed on LOI ash samples to determine concentrations of those impurities in 

graphite which are known to cause problems in electrochemical applications. Advanced battery systems 

have stringent purity requirements setting a minimum purity on the graphite precursor at 99.95 wt% C 

while the content of the remaining 0.05 wt% ash must respect a threshold concentration limit on certain 

άŎǊƛǘƛŎŀƭέ ƛƳǇǳǊƛǘƛŜǎΣ ǿƘƛŎƘ ŦƻǊ ǎƻƳŜ ŀǊŜ ƭƛƳƛǘŜŘ to singular digit values in ppm (parts per million). These 

critical elements include ς 
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¶ As (arsenic) 

¶ Cr (chromium) 

¶ Fe (iron) 

¶ Mo (molybdenum) 

¶ Sb (antimony) 

¶ Sn (tin) 

¶ Ca (calcium) 

¶ Al (aluminum) 

¶ Pb (lead) and others 

 

Table 7 summarizes the ash composition of the Graphite Creek concentrates. Immediately apparent is 

that As, Sb, Pb are at low levels. Sn, Pb and Al are relatively low melting point metals that can be easily 

removed by thermal purification. Refractory metals such as molybdenum could be problematic for 

thermal purification if its concentration exceeds 20 to 30 ppm as removal to tolerable threshold limits 

might prove challenging. 12GCH002 concentrate assayed 60.52 ppm for molybdenum. However, other 

graphite concentrates samples assayed one to two orders of magnitude lower than 12GCH002 in the 

range of 0.52 to 4.4 ppm, which is lower than typical occurrences in Chinese flake graphite. Blending 

with low-molybdenum mineralized samples could lower the overall molybdenum content and 

concentration. Improved mineral beneficiation could see partial removal of various impurities from the 

graphite structure. 

 

Table 7:  Elemental impurities by ICP in select Graphite Creek graphite concentrate 

Although all six drill core samples were treated under the same process conditions the resultant grade of 

the concentrate samples were different as was the color of ash and the shape of the unburned 

particulates, Figure 25, which are indicative of inhomogeneity between the drill core samples. 
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Figure 25:  Homogeneity / consistency by ash color - poor (naturally occurring) 

tw9[LaLb!w¸ L59b¢LCL/!¢Lhb hC /hathb9b¢{ Lb Dw!tIL¢9Ω{ D!bD¦9 

Golden colored particulates as seen in Figure 26 appeared in a number of crucibles with LOI/ash from 

burnt concentrate. Analysis of the 12GCH004 ash revealed the presence of precious metal and other 

valuable impurities such as titanium, chromium, platinum (and iron). More golden particles were found 

in the ash of oversized mineral sample that had not passed primary crushing to (-16 mesh). It is 

conceivable that these values could be recovered ahead of graphite recovery. More work is needed to 

confirm preliminary findings. 

 

Figure 26:  Coarse "golden" particles in the ash of graphite 12GCH004 

DENSITY MEASUREMENTS 

Measured density values for concentrate samples 12GCH002 (82.8% C) and 12GCH003 (79.4% C) are 

shown in Table 8 and compared to reference values. Tap and bulk density tests were run at the 

conclusion of the characterization effort; therefore, measurements. 

Density 

Parameter 
12GCH002 

82.8wt% C 

12GCH003 

79.4wt% C 

Reference Chinese 

flake K0598 98 

wt%C 

Theoretical Value at 293K 

for pure Mono-crystalline 

Graphite 

Commercial, 

Poly-crystalline 

Graphite 

 (g/cm3) (g/cm3) (g/cm3) (g/cm3) (g/cm3) 

True Density 2.174 ҍ 2.258 2.266 < 2.039 

Tap Density 0.604 0.658 0.663 - - 

Scott Volume ҍ 0.63 0.49 - - 

Table 8:  Measured density of select Graphite Creek concentrates vs reference values 

The main conclusions drawn from the density measurements are: 

¶ True density values for 12GCH002 at 82.8 wt%C and the Chinese reference at 98%C are 

sufficiently close to the theoretical value to be considered fully graphitic 
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¶ Both concentrates have similar Tap Density values which occupy the range from 0.604 to 0.663 

g/cm3. Lower values are indicative of finer particle size distributions 

CONFIRMING FLAKE GRAPHITE PROPERTIES BY FTIR SPECTROSCOPY 

Graphite powder was subjected to infra-red (IR) photons over broad spectrum of frequencies. ά/ƭŀǎǎƛŎέ 

flake graphite has a characteristic transmission signature under infrared scan. It manifests itself as a 

sloping, near straight line dependence of percent transmission as a function of wavelengths in the 

infrared region of electromagnetic spectra that also has a characteristic triplet peak in the range of 

wavelengths from 2,300 to 1,900 cm-1. From Figure 27 it was concluded that the FTIR signature of 

12GCH002 is typical of natural crystalline flake graphite. 

 

Figure 27:  FTIR patters of (A) control +50 mesh flake graphite K0598 and (B) 12GCH002 

SURFACE AREA BY BET 

Specific surface area is an important property of carbon material for batteries. Generally, the higher the 

value of surface area, the finer the material, and the more breaks and crevices on the surface. High 

surface area is generally a positive feature for applications of graphite in alkaline batteries. In contrast, 

lithium-ion battery applications require a surface area of grades as low as possible, albeit exceptions 

apply. Surface area reduction in lithium-ion batteries is one of the ways for ensuring low irreversible 

capacity loss on the anodes and enhanced battery safety. 

The surface area of the graphite powders was measured by a Quantachrome Instruments NOVA 2200e 

surface analyzer. The instrument utilizes a modified BrunauerςEmmettςTeller (BET) theory equation to 

quantify the physical adsorption of gas molecules on a solid, porous surface of carbon powder and relate 

it to surface area. 

Average surface area measurements for the drill hole concentrates appear in Table 9. The values range 

from low to moderate; the lowest measured BET value was 2.71 m2/g in 12GC009 while the highest was 

4.29 m2/g in 13GCH012. 
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Concentrate Sample ID BET Surface Area 

  (m2/g) 

13GCH012 4.29 
12GCH002 3.36 
12GCH003 3.60 
12GCH004 3.94 

12GC007 4.00 
12GC009 2.71 

Table 9:  BET surface area measurements 

IGL COMMENTARY RELATED TO GRAPHITE CREEK SAMPLES UNIQUENESS 

The Graphite Creek formation hosts some of the most uniquely shaped graphite particles which IGL has 

encountered in its many years of experience with the industrial graphite and carbon industries. This 

deposit contains some the following graphites ς 

¶ Naturally occurring spheroidal (pebble-shaped) graphite in the size range from +200 to +635 

mesh; 

¶ +20 mesh ultra-thin self-scrolling sheets; 

¶ +50 mesh graphite aggregates whose primary particles are 20-ол ˃Ƴ ƛƴ ŘƛŀƳŜǘŜǊΤ 

¶ Up to +20 mesh three-dimensional bulky and needle-shaped graphite (12GCH003); 

¶ Elongated high aspect ratio flakes of +200 to +100 mesh size; 

¶ Nanosized flake graphite material whose one dimension is naturally as thin as 100 nm 

(12GC009); 

¶ Naturally occurring flake graphite whose particle architecture closely matches that of expanded 

graphite without any intercalation, expansion and delamination done to it. 

13.3.2 Characterization Test Work Key Conclusions 

IGL CORE FINDINGS 

The following conclusions can be drawn from the characterization work ς 

ü Characterization points to natural crystalline flake: FTIR spectroscopy results along with Bulk, 

Tap and True densities, BET surface area confirmed crystalline flake graphite. 

ü Spherical/pebble shaped particles: Remarkably, natural spherical morphology was seen in all 

the Graphite Creek drill hole concentrate samples; first noted at below 100 mesh, the 

proportion increased relative to other shapes with decreasing size classes until +500 mesh. 

ü The graphite deposit is further unique: Observed morphologies ranged from flakes, and three 

dimensional expanded shapes to spherical and pebble shaped particles. Proportions varied by 

mesh size cut within each drill hole concentrate.  

ü Mineralization in-homogeneity: Graphite Creek mineralization of the selected drill holes 

displayed non-homogeneity as evidenced by the variability of the graphite grade, impurity 

content and ash appearance between drill hole concentrates. Mineralization blending could be 

used to mitigate such variations. 

ü Impurities: Drill hole concentrates impurity concentrations were largely within the treatment 

capabilities of thermal purification to achieve tolerances for battery applications; only 

12GCH002 concentrate had a high molybdenum concentration. Mineralization blending and 
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improved mineral beneficiation could reduce the concentration of molybdenum and other 

problem impurities to accepted threshold limits. Value impurities such as titanium and platinum, 

the latter detected in 12GCH002 LOI ash at 0.43 wt% could be investigated for recovery ahead 

of graphite extraction.  

ü Contains significant coarse flake proportion: Screening analysis and optical microscopy 

ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŀǘ DǊŀǇƘƛǘŜ /ǊŜŜƪΩs deposit possesses sizeable proportions of the coarse flake 

but further examination is required to assess the relative amount of integral versus aggregate 

flake and whether flake fragility will affect recovery. 

TRU INSIGHT ON THE CHARACTERIZATION RESULTS 

Advantages of uniqueness of the Graphite Creek graphite mineralization relate ς 

¶ Naturally occurring graphite in the shape of pebbles or spheres are close to the size ranges of 

interest for lithium ion battery grade graphite; 

o There is a possibility of increasing the yield of spherical graphite from the normal 

industry yield of 30%-40% to a yield as high as 70% (proven in Section 13.4 Exploratory 

Product Development ς Spherical Graphite). 

o Time in the spheronizing mill could be reduced, thus resulting in lower intensity milling 

(proven in Section 13.4) and lower operating and capital costs for this step 

¶ The inherent high aspect ratio and high friability of certain size ranges of particles could render 

them more amenable to milling and realize a 50% reduction in operating costs for the 

micronizing milling step in the Products Manufacturing Plant; 

This uniqueness also requires extraordinary future research and development to ς 

ü Determine whether there is a relationship between drill core interval depth and mineral grade 

with observed variation in particle morphology and particle size distribution. 

ü Discern whether 12GCH002 which showed high liberation from gangue during extraction is 

representative of the Graphite Creek mineralization in the upper QGBSS layer, is an outlier or is 

representative of a particular sector of graphite mineralization. 

ü Assess possible separation of integral from pressed flake; 

ü Identify particle types and morphologies that will survive the purification steps; 

ü Examine friable fractions that are more amenable to milling and assess the suitability of large 

aspect ratio / pressed flakes for making foil and sheet production18; 

ü Confirm ease of spheronizing and recovery rates in commercial equipment 

ά{¢!· Dw!tIL¢9έ .w!b5 hC ¢I9 ¦bLv¦9 Dw!tIL¢9 /w99Y aINERALIZATION 

TRU recommends that Graphite One brand the unique aspects of the Graphite Creek mineralization to 

distinguish it from other commercially mined graphite. TRU selected brand ƴŀƳŜ ά{¢!· DǊŀǇƘƛǘŜέ 

highlight the main descriptive morphological aspects of the graphiteς 

Á ά{έ ŀǎ ƛƴ Spheroidal 

Á ά¢έ ŀǎ ƛƴ ¢Ƙƛƴ 

Á ά!έ ŀǎ ƛƴ !ƎƎǊŜƎŀǘŜ 

Á ά·έ ŀǎ ƛƴ 9ȄǇŀƴŘŜŘ 
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Á STAX Graphite is unique and commercially important: The importance was demonstrated 

exploratory product development test work which achieved high conversion yield to spherical 

graphite which also achieved high performance during electrochemical testing. STAX graphite 

(subject to study in further extraordinary product development R&D) is projected as being 

uniquely amenable for use in several applications, including lithium-ion, alkaline batteries, 

greases and lubricants, friction, motor brushes, crucibles, etc. 

13.4 Exploratory Product Development ς Spherical Graphite 
An exploratory product development program was performed at USA-based IGL under the management 

of TRU Group with the following objectives: 

1) Develop experience and a knowledge base on the mechanical processing of STAX graphite; and 

2) Produce a preliminary spherical graphite product suitable for lithium ion batteries for EV 

applications and characterize the physical and electrochemical properties in CR2016 coin cells. 

Historical surface samples collected from the Graphite Creek Property were sent to IGL in November 

2015 as the raw feed to execute the test work. Graphite concentrate was extracted from the mineral 

samples in two-stage flotation with only prior pre-crushing of the mineralized material. The resulting 

concentrate was thermally purified to exceed the minimum threshold of 99.95% C required of graphite 

for lithium ion battery applications. Following thermal purification, the graphite was spheronized and 

classified into different size classes. The physical properties of each recovered size class were 

characterized; those fractions identified as suitable for anode material in lithium ion battery applications 

were electrochemically assessed in both non-coated and coated spherical graphite forms. 

13.4.1 Preparation of Graphite Concentrate 
Received mineral samples which were collected from the surface outcrop bulk sampling program of 

2012 were sorted by IGL into three lots on the basis of macroscopic mineralogy. Following the analysis 

of the three rock types, the lot which appeared as Gray Marble was selected for beneficiation and 

graphite extraction as they were determined to be have similar mineralogy to the Quartz-Garnet-Biotite-

Sillimanite Schist which is mineral zone of interest for crushed to -18 mesh. LOI 950 oC analysis of the 

rock yielded an assay of 48.2% C. Two stages of non-optimized flotation produced approximately 3.3 kg 

of bulk graphite concentrate assaying 79.6 %C by LOI 950oC. 

13.4.2 Thermal Purification of Graphite Concentrate 
Concentrate was thermally purified at USA-based Thermal Processing Facility (TPF) external to IGL at 

high temperature and under a halogen atmosphere to achieve minimum target purity of 99.95% C and 

threshold limits on certain individual impurities. The concentrate grade at 79.6%C grade was low by TPF 

processing standards and therefore a sample cut of 288 g was air-jet milled in advance by IGL and then 

submitted for trial purification. The increased surface area milled concentrate was intended to assist 

thermal purification. During this exercise, IGL observed that only 30-35 psi of the energy input was 

required to mill the Graphite Creek graphite as opposed to 100-1нл Ǉǎƛ ǘƘŀǘ ƛǎ ǘȅǇƛŎŀƭ ŦƻǊ άŎƻƴǾŜƴǘƛƻƴŀƭέ 

China flake. Following successful treatment of the trial sample, most (2733.4 g) of the remaining bulk 

concentrate was also air-jet milled ahead of thermal purification. A third concentrate sample cut of 

299.4 g was thermally treated without any prior air-jet milling. Analysis of the concentrate samples by 

LOI 950oC and recorded mass losses in Table 10 show that the target purity of 99.95% C was exceeded. 
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Mass loss was attributed to impurity volatilization and thermal decomposition of other minerals. 

Separate analyses for impurity content were also within threshold limits. 

Sample ID 
Initial Mass Final Mass Mass Loss LOI Assay 

(g) (g) (%) (%C) 

MG-Trial 288 202 30% 99.990 

MG-Bulk 2733.4 2041.2 25% 99.987 

NMG 299.4 198.4 34% 99.992 

Table 10:  Carbon assay and recorded mass loss of milled (MG) and non-milled (NMG) purified graphite samples 

13.4.3 Spherical Graphite Preparation 
Purified milled (MG) and non-milled (NMG) graphite samples were converted into spherical graphite in a 

single, non-optimized trial. Purified MG material was processed by normal production protocols with ς 

1) (Additional) air-jet milling of the MG bulk concentrate to ensure the mean particle size (D50) was 

between 25 and ор ƳƛŎǊƻƴǎ ό˃Ƴύ ǘƻ ƛƳǇǊƻǾŜ ŎƻƴǾŜǊǎƛƻƴ ȅƛŜƭŘ 

2) Mechano-chemical (spheronization) processing of the air-jet milled graphite to achieve the 

desired particle (spheroidal/potato) shape 

The NMG sample cut was directly fed to the spheronization mill without any prior air-jet milling as an 

investigative exercise on the potential outcome. 

Mechano-ŎƘŜƳƛŎŀƭ ǇǊƻŎŜǎǎƛƴƎ ƻǊ άǎǇƘŜǊƻƴƛȊŀǘƛƻƴέ Ǉrogressively transformed pre-cursor (air-jet milled) 

flakes into spheroidal or potato shapes in the sequence depicted below. 

 

13.4.4 Spherical Graphite Physical Characterization 
After spheronization, the recovered spherical graphite (SG) product was classified into different size 

fractions and characterized. Both the non-milled purified and spheronized graphite (NM-PSG) cut and 

the bulk milled purified and spheronized (M-P-SG) graphite were physically characterized. A carbon-

coated counterpart (M-P-CSG) of the latter was also physically characterized. There was insufficient 

quantity of non-milled graphite sample to manufacture a coated product. 

PRINCIPAL CHARACTERIZATION METHODS 

The techniques to characterize the physical properties above-mentioned purified, spherical graphite 

samples were similar to those used to characterize the graphite mineral samples from drill core 

segments which are summarized in Table 5, Section 13.3. 

Split Flakes Rosebuds SpheresFlakes
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CHARACTERIZATION OF NON-MILLED PURIFIED SPHERONIZED GRAPHITE (NM-P-SG) 

Non-milled graphite samples that were purified and directly spheronized (NM-P-SG) without any prior 

size reduction were classified into eight size fractions. Results of physical characterization and particle 

size analysis are presented in Table 11. Most significant was the high conversion yield at 74.6 wt% to 

spheroidal size cuts potentially suited for advanced lithium-ion battery applications ς highlighted 

samples PNM-SG-0 and PNM-SG-1. This result was achieved without any prior jet milling, i.e., direct 

spheronization, of the purified graphite, used the entire size distribution of the graphite feed, and 

required half the residence time with one third of the energy input to the spheronizing mill compared to 

conventional Chinese flake graphite. 

 

Sample ID 
Mass 

Mass 
Distribution 

Tap  
Density  

Scott  
Volume  

BET 
Sonicated Particle Size Analysis 

D10 D50 D90 Mean 

(g) (%) (g/cm3) (g/cm3) (m2/g) ό˃Ƴύ ό˃Ƴύ ό˃Ƴύ ό˃Ƴύ 

NM-P-SG-0 49.5 41.6% 1.17 0.76 11.9015 11.02 22.5 30.63 21.73 

NM-P-SG-1 39.4 33.1% 0.88 -- 10.1715 7.08 13.46 19.77 13.63 

NM-P-SG-2 18.1 15.2% -- -- 11.4095 -- -- -- -- 

NM-P-SG-3 2.4 2.0% 0.859 -- 16.66 4.26 8.04 13.18 8.5 

NM-P-SG-4 2.3 1.9% 0.87 -- 9.3 3.85 7.57 13.01 8.19 

NM-P-SG-5 2.4 2.0% -- -- 9.34025 4.77 8.26 13.94 8.97 

NM-P-SG-6 2.6 2.2% -- -- 10.491 5.7 7.93 10.37 7.99 

NM-P-SG-7 2.4 2.0% 0.708 --   3.03 5.72 9.91 6.22 

NM-P-SG-Mix-0-1 10   1.063     6.7 16.68 39.9 21.44 

Table 11:  Physical characterization of directly spheronized graphite by size cut 

Of the two size cuts, NM-P-SG-0 featured a verified Scott Volume of 0.76 g/cm3 with a Tap Density of 

мΦмт ƎκŎƳоΦ Lƴ ǘƘŜ LD[ ǘŜŀƳΩǎ Ƴŀƴȅ ȅŜŀǊǎ ƻŦ ǘŀngible experience with graphite for batteries, this is the 

highest packing density of all graphites seen. The remarkable packing density is achieved as a result of 

form factor and size of the resultant particles. Scanning electron microscopy (SEM) micrographs of NM-

P-SG-0 particles in Figures 28-29 show, dense spheroidal matter, very uniform, and aligned with 

expectations of graphite for applications in the advanced lithium-ƛƻƴ ōŀǘǘŜǊȅ ǎȅǎǘŜƳǎΦ tŀǊǘƛŎƭŜǎ ƻŦ ά-мέ 

cut range from spheroidal to the rounded edge three-dimensional shapes. Comparison between the 

unmilled "- 0" and "-1" size cuts reveals that the former has a higher degree of sphericity. This manifests 

itself in a greater packing density for the "-0" cut. NM-P-SG-0 and NM-P-SG-1 size cuts were mixed in 

amounts proportional to their yield for testing in uncoated form in CR2016 coin cell batteries. The 

resultant tap density of 1.063 g/cm3 is a sign of superior material for application in lithium-ion battery 

anodes. Sample cuts NM-P-SG-5 and NM-P-SG-6 are very fine and spheroidal in nature. Their packing 

density is in line with values of the NM-P-SG-1 cut, at 45% of the particle size. With particle D50 values 

ōŜǘǿŜŜƴ у ŀƴŘ ф ˃ƳΣ ǘƘŜǎŜ ǎǇƘŜǊƻƛŘǎ ŎƻǳƭŘ ōŜ ǎǳƛǘŀōƭŜ candidates for ultra-high-rate military lithium-

ion and plug-in hybrid electric vehicle batteries. Future studies should focus on yield optimization. 
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Figure 28:  SEM micrographs of spherical graphite from size cuts NM-P-SG-0 and NM-P-SG-1 

 

Figure 29:  SEM micrographs of proportionally mixed fractions of NM-P-SG-0 and NM-P-SG-1 

CHARACTERIZATION OF MILLED PURIFIED SPHERONIZED GRAPHITE (MG-P-SG) 

Density measurements (Tap, Scott Volume and BET) and particle size analysis of MG that was purified 

and spheronized (M-P-SG) are presented in Table 12. Top size cuts by particle size and tap density are: 

M-P-SG-0, MP-SG-1 and MP-SG-2 which represent 49% of the converted feed. Relative to the graphite 

that was directly spheronized, the conversion yield was lower and the degree of spheronization 

qualitatively less. 

Sample ID 
Mass 

Mass 
5ƛǎǘōΩƴ 

True 
Density 

Tap 
Density 

Scott 
Volume 

BET  
Sonicated Particle Size Analysis 

D10 D50 D90 Mean 

(g) (%) (g/cm3) (g/cm3) (g/cm3) (m2/g) ό˃Ƴύ ό˃Ƴύ ό˃Ƴύ ό˃Ƴύ 

M-P-SG-0 190.9 13% -- 0.93 0.529 4.394 9.77 18.31 27.43 18.56 

M-P-SG-1 325.5 22% 2.2341 0.91 0.492 4.472 8.26 18.06 31.92 19.49 

M-P-SG-2 207.71 14% -- 0.863 0.37 -- 6.63 14.36 24.16 15.07 

M-P-SG-3 177.2 12% -- 0.76 0.328 -- 5.97 12.2 20.41 12.85 

M-P-SG-4 114.38 8% -- 0.672 0.316 5.692 6.4 11.79 18.29 12.16 

M-P-SG-5 77.7 5% -- 0.683 -- 6.8805 4.99 10.74 19.35 11.8 

M-P-SG-6 69.2 5% -- 0.616 -- 5.116 4.98 10 16.67 10.54 

M-P-SG-7 321.1 22% -- 0.75 0.279 7.362 4.28 8.34 14.92 9.13 

M-P-SG-
Mix-0-2-5 

31.6     0.8938 0.589           

Table 12:  Physical characterization of milled spheronized graphite by size cut 

NM -P-SG-1NM -P-SG-0
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CHARACTERIZATION OF MILLED PURIFIED COATED SPHERONIZED GRAPHITE (MG-P-CSG) 

Non-coated spherical graphite will attain a higher first discharge capacity but at higher (double digit 

percentage) irreversible capacity loss compared to coated material. However, lithium ion battery 

applications require spherical graphite be coated with nano-sized particles to reduce BET surface area to 

improve (reduce) irreversible capacity loss and battery safety. Table 13 summarizes the physical 

properties of coated spherical graphite blended from size cuts of milled spheronized graphite above. As 

anticipated, the carbon coating resulted in lower True Density (due to the lower density of the coating); 

higher Tap Density and Scott Volume; and lower BET. 

Sample ID 
Mass 

True 
Density 

Tap 
Density 

Scott 
Volume 

BET  
Sonicated Particle Size Analysis 

D10 D50 D90 Mean 

(g) (g/cm3) (g/cm3) (g/cm3) (m2/g) ό˃Ƴύ ό˃Ƴύ ό˃Ƴύ ό˃Ƴύ 

M-P-CSG 325 220.2 1.911 0.8766 0.5954 0.938 17.08 65.56 193.2 87.78 

M-P-CSG -325/+400 61.7 -- 0.942 0.5639 0.868 10.71 21.78 28.72 20.48 

M-P-CSG -400/+450 429.1 -- 0.917 0.5841 -- 11.05 17.83 24.2 17.76 

M-P-CSG -450/+500 7 -- 0.902 0.588 0.867 10.2 14.8 19.6 14.86 

M-P-CSG-Mix-0-2-5 80.5 -- 0.85 0.5179 1.04 10.54 19.47 28.67 19.58 

M-P-CSG-Mix-4-7-6 291.6 -- 0.802 0.4287 0.998 8.23 14.7 22.96 15.24 

Table 13:  Physical characterization of coated spherical graphite samples 

13.4.5 Spherical Graphite Electrochemical Characterization 
Baseline electrochemical characterization was performed with uncoated and coated sphericalgraphite 

samples identified with physical characteristics suitable for use in lithium-ion batteries.Three spherical 

graphite samples tested in CR2016 coin cells assembled by IGL included: 

1. Non-milled purified spheronized graphite blended mixture (NM-P-SG-Mix-0-1) that were: 

a. Not carbon coated 

2. Milled purified spheronized graphite blended mixtures that were: 

a. Not carbon coated (M-P-SG-Mix-0-2-5) 

b. Carbon coated and heat treated (M-P-CSG-Mix-0-2-5) 

Initial electrochemical performance of lithium-ion battery grade active materials (uncoated and coated 

spherical graphite) was assessed in standard CR2016 coin cells. The cells were ŀǎǎŜƳōƭŜŘ ƛƴǘƻ ǘƘŜ άƘŀƭŦ-

ŎŜƭƭέ ŘŜǎƛƎƴ ǿƘƛŎƘΣ ƛƴ ǘƘƛǎ ŎƻƴǘŜȄǘ ŀǎǎǳƳŜǎ ǘŜǎǘƛƴƎ ǘƘŜ ƎǊŀǇƘƛǘŜ ŀƴƻŘŜ vs the Li/Li+ counter electrode. 

Cycling was performed at the following typical rates: C/20 (3 cycles), followed by C/10 ς 3 cycles; C/5 ς 1 

cycle; C/2 ς 20+ cycles from 1.1V to either 1.8 or 2.0 V vs. Li/Li+ for graphite materials of interest. 

ELECTROCHEMICAL CHARACTERIZATION OF SPHERONIZED GRAPHITE 

Electrochemical performance of non-carbon coated spheronized graphite was examined in two types of 

tests in order to provide a comparative baseline for coated spherical graphite: 

1. Initial galvanostatic cycling at C/20 rate to record and assess the first discharge capacity and 

irreversible (first cycle) capacity loss on coin cells manufactured with M-P-SG samples and NM-

P-SG samples followed by repeat charge-discharge cycle(s) to examine performance stability 

2. Short-duration continuous galvanostatic cycling at C/3 rate on one sample to examine cycling 

stability on one cell manufactured with NM-P-SG samples 
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Summary galvanostatic test results for uncoated spherical graphite are shown in Table 14. Selected 

galvanostatic curves from coin cells 1203, 1207 and 1211 appear in Figure 30 to Figure 33, respectively. 

Coin Cell ID 
Spherical Graphite 

Product  
First Charge 

Capacity 

First (Reversible) 
Discharge Capacity at 

1.8 V vs Li/Li+ 

First (Irreversible) 
Cycle Loss 

    (Ah/kg) (Ah/kg) (%) 

1203 M-P-SG-0-2-5 421.6 372.0 11.8 

1207 M-P-SG-0-2-5 395.5 370.9 6.2 

1208 M-P-SG-0-2-5 415.6 369.2 11.2 

1209 NM-P-SG-0-1 442.7 367.4 17.0 

1211 NM-P-SG-0-1 427.4 360.7 15.6 

Table 14:  Galvanostatic test results for coin cells made with M-P-SG-0-2-5 blend and NM-P-SG-0-1 blend 

 

Figure 30:  Initial galvanostatic cycling of CR2016 coin cell 
1203 vs. Li/Li+ counter electrode at C/20 rate (limited 

electrolyte) 

 

 
Figure 31:  Initial galvanostatic cycling of CR2016 coin cell 

1207 vs. Li/Li+ counter electrode at C/20 rate 

 
Figure 32:  Initial galvanostatic cycling of CR2016 coin cell 

1211 vs. Li/Li+ counter electrode at C/20 rate 

 

 

 

 
Figure 33:  Continuous galvanostatic cycling of CR 2016 

coin cell 
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IGL asserted that most of the galvanostatic curves are excellent as per: 

Á The reversible capacity of the uncoated spheronized graphite from Graphite Creek achieved at 

or near the theoretical reversible capacity of 372 Ah/kg for graphite; coin cell 1203 attained 

372.0 Ah/kg while coin cell 1207 reached 370.9 Ah/kg. 

Á The above performance was realised at an active material loading level of near 11 mg/cm2, 

which is used in commercial batteries. 

Á Repeatability of graphite performance was observed with consecutive cycling. Most cells 

consistent performance over multiple cycles (2-3 cycles) 

Á Even though IGL did not build cells with a specific design that would survive continuous cycling, 

coin cell 1211 shows good stability in short duration continuous recharge as seen in Figure 32 

for cycles #16 through #26 (50 hours). 

ELECTROCHEMICAL CHARACTERIZATION OF COATED SPHERONIZED GRAPHITE 

Summary galvanostatic test results for three CR2016 coin cells manufactured with M-P-CSG- 0-2-5 blend 

are seen in Table 15. All three coin cells experienced single digit irreversible capacity loss consistent with 

expectations relative to coin cells made with non-coated spherical graphite. Of the three, coin cell 1220 

performed best with respect to all parameters and also showed stability and reproducibility over three 

charge-discharge cycles, Figure 34; first discharge capacity was near theoretical at 370.1 Ah/kg for an 

irreversible capacity loss of 6.3%. 

Coin Cell ID 
Spherical Graphite 

Product  
First charge 

capacity 

First (Reversible) 
Discharge Capacity at 

1.8 V vs Li/Li+ 

First (Irreversible) 
Cycle Loss 

    (Ah/kg) (Ah/kg) (%) 

1220 M-P-CSG-0-2-5 395.2 370.1 6.3 
1221 M-P-CSG-0-2-5 401.1 364.1 9.2 
1228 M-P-CSG-0-2-5 398.8 367.9 7.8 

Table 15:  Galvanostatic test results for coin cells made with M-P-CSG-O-2-5 blend 

 

Figure 34:  Initial galvanostatic cycling of coated SG in CR2016 coin cell 1220 vs. Li/Li+ counter electrode at C/20 rate 

13.4.6 Summary 
Á Direct spheronization of non-milled, purified graphite achieved approximately 74.6 wt% yield 

of usable spherical product. 
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Á A record Tap Density value at 1.17 g/cm3 was measured with the non-milled spheroidal flake ς 

higher Tap Density translates to more particle insertion (higher energy density) in the electrode 

assembly. 

Á Carbon coating on to the spherical flake resulted in a low BET surface area product. 

Á Uncoated and coated spheronized graphite tested for their initial electrochemical properties in 

CR2016 coin cells both delivered near theoretical performance, which is promising for 

application in advanced lithium-ion battery systems. 

Á More work is needed in order to verify the stated levels of performance with graphite 

recovered and spheronized from subterranean formations at the Graphite Creek and to assess 

carbon coating performance in commercial equipment 

13.5 TRU Group Beneficiation Test Work 
Mineral processing test work under the management of TRU Group was conducted at another 

independent USA-based mineral processing laboratory (IMPL). Two series of flotation tests were carried 

with the first series using graphite mineralization from drill core segments grading 15-17 %C while the 

second series used graphite mineralization from drill core segments representative of the preliminary 

mine plan and grading 5-7% C High grade mineral pockets exit on the Graphite Creek property and 

mechanical concentration of such material provides data on feed variability recoveries. 

13.5.1 Mechanical Concentration of Graphite Mineralization 15-17%C 
The test work investigated the potential recovery of a coarse graphite concentrate (+80 mesh) and fine 

graphite concentrate (-80 mesh) from drill core segments with graphite mineralization grading at 15-17 

%C. One flowsheet examined in this series of tests appears in Figure 35. The objective was to produce 

two concentrates grading near or above 95% Cg. 

 

Figure 35:  Flowsheet to produce minimum 95% Cg grade in coarse and fine concentrates 

Feed ground to 16 mesh was subjected to flash and rougher flotation. The rougher and flash 

concentrates were combined and screened at 80 mesh. The oversize (coarse) and undersize (fine) were 

each subjected to four sequences of regrind/polishing coupled with cleaner flotation. The recovered 
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coarse concentrate was screened at 80 mesh; the amount of oversize (+80 mesh) was negligible and 

could not be analyzed. This finding does not pre-suppose that the fraction of true (integral) coarse 

particles was non-existent in the feed but may rather indicate that the intensity of processing was too 

high to preserve the original flakes that were either integral or aggregate structures. As per the 

characterization test work in Section 13.3, actual quantification of integral vs aggregate graphite flake in 

the mineralized sample is complex and detailed study will be required in a future investigation. 

13.5.2 TRU Proposed Mineral Processing Flowsheet 
Subsequent mineral processing test work investigated a simplified flowsheet proposed by TRU Group to 

produce a single concentrate from lower grade graphite mineralization samples consistent with and 

representative of the targeted exploitation zone discussed in Section 14. Table 16 summarizes the drill 

core segments used in this study identified by drill hole, drilling interval and assay for the interval 

according to drill core logs. The proposed simplified flowsheet, Figure 36, is the basis for the recovery 

methods appearing in Section 19 and is integrated to the requirements of spherical graphite product 

manufacturing. It requires less equipment for mineral processing with the consequent benefit of 

lowering capital costs and operating costs for the Graphite Creek Project. In addition, a higher 

proportion of value-added manufacturing is directed to spherical graphite product which has the highest 

projected growth of all graphite end-use segments and the highest unit selling price. 

Drill Hole ID 

Interval Mass Assay 

From To    

(m) (m) (kg) %Cg 

12GC004 25 47 60.7 6.78 

12GC007 65 75 27.6 7.05 

12GC007 114 124 27.6 7.05 

12GC009 57 77.06 55.3 7.81 
13GCH010 72 82 19.0 7.17 

Table 16:  Drill core segments used in performance baseline test and rougher flotation 

The design was supported by prior flotation test findings, which showed low recovery of actual coarse 

graphite while exploratory product development test work demonstrated high (75%) conversion of feed 

with a broad particle size distribution to spherical graphite. 

Flash flotation is excluded since there is no separate recovery of coarse graphite fractions. TRU 

attributes prior unsuccessful attempts to upgrade graphite mineralization from Graphite Creek to 95% 

Cg to insufficient mechanical liberation of the graphite largely due to the choice of grinding regimen, mill 

type and grinding media. Crushed mill feed material is fed to rod mill for primary grinding to a P80 of 

150 mesh. Rod mill slurry is conditioned with reagents and subjected to rougher flotation followed by 

cleaner flotation. The initial cleaner pulp is then re-ground in a ball mill and subjected to further cleaner 

flotation. The three tailings streams from rougher, initial cleaning and secondary cleaning are not 

processed further for graphite recovery. At the laboratory scale, three additional sequences of polishing 

grinding in vibratory mills coupled with cleaner flotation produce the final graphite concentrate. The 

tailings from these cleaner stages are sent for scavenger flotation; scavenger concentrate is recirculated 

to the first polishing grind while scavenger tails are not processed any further. 
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Figure 36:  TRU Proposed flowsheet to produce 95% Cg concentrate 

TRU projected performance of the flowsheet at the Graphite Creek Mineral Processing Plant based on 

composite test results is 80% graphite recovery in a concentrate grading 95% Cg. As the head grade of 

the graphite mineral samples was similar to that used in the SGS test work, a baseline performance test 

was conducted to confirm the reproducibility of SGS flotation test FT6 and establish cleaner 

performance. The results of the baseline performance test, Table 17, showed good agreement with SGS 

FT6 and established the high performance of cleaner flotation stages. Subsequent tests assessed the 

performance of rougher flotation with only prior grinding of the feed to P80 325 mesh, which resulted in 

a carbon recovery of 99% in a concentrate grade of 33-34%C at a mass pull of 17.4%. Increasing the P80 

size of rod mill grind to 150 mesh, employing flotation columns for the latter four cleaning stages, and 

using specialized mills for polishing grinds will, in TRU opinion, deliver the projected performance 

targets. Ongoing test work will validate the entire flowsheet, which will also generate concentrate for 

the further product development test work. 
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Product 

Overall  
Recovery % Wt 

Overall  
Recovery 

% C 

Individual  
Cleaner Recovery % 

C 

Concentrate  
Grade  
% C 

IMPL SGS IMPL SGS IMPL SGS IMPL SGS 

+80 CL3 Conc +80 0.5 
1.5 

8.5 
22.0 

Combined CL1-3 96.2 
91.7 

+80 CL3 Conc -80 0.4 6.1 97.4 97.3 94.6 

-80 CL4 Conc 4.7 4.7 76.7 64.9 
Combined CL1-4 94.3 

  
89.0 

96.4 93.8 

CL4 Conc 6.2 7.0 94.5 91.9 
Combined CL2-4 

88.1 84.4 
96.7 96.7 

CL1 Conc 8.1 8.6 97.7 94.9 99.0 99.2 69.4 71.6 

Flash/Rougher Conc 19.5 16.5 98.7 95.7   ----- 32.1 37.5 

Table 17:  Comparison of baseline performance test results with SGS test FT6 

 

14 Mineral Resource Estimates 

14.1 Introduction 
Modelling, resource estimation and statistics was performed by Christopher Valorose under the 

supervision of William Ellis.  The Measured, Indicated and Inferred Graphite Creek Resource estimate is 

reported in accordance with the Canadian Securities Administrators National Instrument 43-101 and has 

ōŜŜƴ ŜǎǘƛƳŀǘŜŘ ǳǎƛƴƎ ǘƘŜ /La ά9ǎǘƛƳŀǘƛƻƴ ƻŦ aƛƴŜǊŀƭ wŜǎƻǳǊŎŜǎ ŀƴŘ aƛƴŜǊŀƭ wŜǎŜǊǾŜǎ .Ŝǎǘ tǊŀŎǘƛŎŜ 

DǳƛŘŜƭƛƴŜǎέ ŘŀǘŜŘ bƻǾŜƳōŜǊ ноǊŘΣ нлло ŀƴŘ /La ά5ŜŦƛƴƛǘƛƻƴ {ǘandards for Mineral Resources and 

aƛƴŜǊŀƭ wŜǎŜǊǾŜǎέ Řŀǘed November 27th, 2010. Mineral resources are not mineral reserves and do not 

have demonstrated economic viability. There is no guarantee that all or any part of the mineral resource 

will be converted into a mineral reserve.  

! ΨaŜŀǎǳǊŜŘ aƛƴŜǊŀƭ wŜǎƻǳǊŎŜΩ is that part of a Mineral Resource for which quantity, 

grade or quality, densities, shape, physical characteristics are so well established that 

they can be estimated with confidence sufficient to allow the appropriate application of 

technical and economic parameters, to support production planning and evaluation of 

the economic viability of the deposit. The estimate is based on detailed and reliable 

exploration, sampling and testing information gathered through appropriate techniques 

from locations such as outcrops, trenches, pits, workings and drill holes that are spaced 

closely enough to confirm both geological and grade continuity. 

!ƴ ΨLƴŘƛŎŀǘŜŘ aƛƴŜǊŀƭ wŜǎƻǳǊŎŜΩ ƛǎ ǘƘŀǘ ǇŀǊǘ ƻŦ ŀ aƛƴŜǊŀƭ wŜǎƻǳǊŎŜ Ŧƻr which quantity, 

grade or quality, densities, shape and physical characteristics can be estimated with a 

level of confidence sufficient to allow the appropriate application of technical and 

economic parameters, to support mine planning and evaluation of the economic viability 

of the deposit. The estimate is based on detailed and reliable exploration and testing 

information gathered through appropriate techniques from locations such as outcrops, 

trenches, pits, workings and drill holes that are spaced closely enough for geological and 

grade continuity to be reasonably assumed. 

!ƴ ΨLƴŦŜǊǊŜŘ aƛƴŜǊŀƭ wŜǎƻǳǊŎŜΩ ƛǎ ǘƘŀǘ ǇŀǊǘ ƻŦ ŀ aƛƴŜǊŀƭ wŜǎƻǳǊŎŜ ŦƻǊ ǿƘƛŎƘ ǉǳŀƴǘƛǘȅ ŀƴŘ 

grade or quality can be estimated on the basis of geological evidence and limited 
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sampling and reasonably assumed, but not verified, geological and grade continuity. The 

estimate is based on limited information and sampling gathered through appropriate 

techniques from locations such as outcrops, trenches, pits, workings and drill holes. 

The project ŀǊŜŀ ƛǎ ōŀǎŜŘ ƛƴ ǘƘŜ ¦ƴƛǾŜǊǎŀƭ ¢ǊŀƴǎǾŜǊǎŜ aŜǊŎŀǘƻǊ όά¦¢aέύ ŎƻƻǊŘƛƴŀǘŜ ǎȅǎǘŜƳΣ bƻǊǘƘ 

!ƳŜǊƛŎŀƴ 5ŀǘǳƳ όάb!5έύ мфуо ŀƴŘ ¦¢a ½ƻƴŜ оΦ  aǳƭǘƛǇƭŜ ŘǊƛƭƭ ǇǊƻƎǊŀƳǎ ƘŀǾŜ ōŜŜƴ ŎƻƳǇƭŜǘŜŘ ƛƴ нлмнΣ 

2013, 2014 and 2018.  The 2018 drill season provides the entirety of new data in the resource model.  

The drill data was provided in multiple Microsoft ACCESS databases with original drill logs and assay 

certificates.  A total of 56 drill holes are included in the drill databases with 54 having assay data 

available (two holes were metallurgical holes with no associated assay results).  All collar coordinates, 

downhole surveys, assays, and geologic data were compared to original logs and assay certificates and 

no significant discrepancies were found.   

Results from previous resource estimations and geologic modeling were provided and used as basis for 

future modeling.  Updates to lithologic units, overburden, and faulting using the new 2018 data were 

also provided.  Mineral resource modelling, estimation and statistics was carried out using commercial 

mine planning software Vulcan (version 11.1).   

14.2 Data 

14.2.1 Drill Hole Database Validation 
Drilling data was provided in the form of multiple Microsoft Access databases, primarily split between 

the main drilling seasons of 2012-2014 and 2018.  Original logs in Microsoft Excel format for the 2012-

2014 drill holes were also provided, as were all assay certificates for all drill holes.  A full comparison of 

the drill hole databases to the original logs and assay certificates was completed. 

The 2012, 2013 and 2014 drill holes were surveyed using a Topcon static GPS system. Drill hole 

elevations were determined using a differential GPS and then cross-checked with the recently acquired 

IfSAR bare-earth DEM (DTM) data, which has a 5 m cell size resolution. Due to the vast topographic 

relief in places at Graphite Creek differences between the differential GPS and the IfSAR bare-earth DEM 

(DTM) data is to be expected. No major concerns were identified.  (Robinson et al., 2017) 

The 2018 drill collars were surveyed using Topcon and Javad high precision GPS equipment using typical 

RTK surveying methods to accurately locate 2018 collars in the same coordinate system used in previous 

exploration campaigns. 

When compared to original logs, minor differences were found in the 2012-2014 collar coordinates 

within the database provided.  One 2012 hole (12GCH008) had a 2 meter difference in the Y coordinate 

and all 2014 drill holes had minor X and Y coordinates discrepancies of less than 0.72 meters.  Difference 

in elevation up to 5.4 meters were also seen, primarily in 2012 drilling, with more minor difference seen 

in 2014 drilling.  In all cases, the discrepancies are considered insignificant and coordinates provided in 

the drill hole database were used in resource estimation as the database had been verified and used in 

previous estimates.   

Of the 50 drill holes completed during 2012-2014, 42 drill holes were drilled at an azimuth of 

approximately 160°, with the holes being drilled from the northwest to the southeast. The drill hole 

inclination of these holes varied from -49° to -78° with 40 drill holes (80%) having inclinations of 

between -49° to -65°. The remaining 8 drill holes were drilled vertically (-90°). Regular down hole easy 
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shot surveys were routinely collected every 30 m down the drill hole while the drilling was in progress, 

after which a follow up multi-shot survey was completed for each hole at regular 1 to 10 m intervals. 

The exception to this was drill holes: 12GC001; 12GC004; 12GCH006; 13GCH009; 13GCH010 13GCH012; 

13GCH013; 14GCH003; 14GCH010; 14GCH012; 14GCH013; 14GCH017 to 14GCH020, where only 5 to 30 

m interval easy shot surveys were completed. All spurious surveys were removed. 

The down hole surveys for the 2018 drill holes used the Reflex EZ-Trac multi-shot survey collecting a 

reading every 30m coming out of the hole.  Survey results were evaluated for validity and results that 

were deemed not good were not imported into the drilling database.  Drill holes 18GC021 and 18GC022 

did not have downhole surveys completed due to complications with tooling in the hole.  The survey for 

18GC025 was not good due to a rock stuck in the drill bit preventing the survey tool from going out into 

the open hole for good readings. 

All EZ Shot downhole surveys were compared with original logs and one discrepancy in hole 13GCH013 

was found and corrected.  Remaining multi-short surveys were reviewed visually when loaded in Vulcan 

and no significant issues were seen.  The 2012-2014 survey results all used a standard declination 

correction of 12.016777.  Due to the location of the project, declination can vary significantly year-to-

year and thus it was determined to use new correction factors for 2012, 2013, and 2014 data.  The 

declination was determined for each year using the magnetic field calculator on the National Oceanic 

and Atmospheric Administration website and can be seen in Table 18.   The maximum difference in 

sample location (the bottom sample in all holes) when using the new declination correction factor was 

less than 1.7 meters in all holes, and the average maximum distance is approximately 0.7 meters.     
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HOLE ID Max Difference  HOLE ID Max Difference 

12GC001 1.612  13GCH014B 0.761 

12GC002 1.364  13GCH015 0.791 

12GC003 0.965  13GCH016 0.572 

12GC004 0.962  13GCH017 1.065 

12GC005 0.895  14GC014 0.016 

12GC006 1.020  14GC018 0.060 

12GC007 1.002  14GCH001 0.959 

12GC008 0.840  14GCH002 0.452 

12GC009 0.798  14GCH003 0.755 

12GC010 0.816  14GCH004 0.925 

12GCH001 0.658  14GCH005 0.833 

12GCH002 0.618  14GCH006 1.207 

12GCH003 0.631  14GCH007 0.954 

12GCH004 0.602  14GCH008 0.918 

12GCH005 0.109  14GCH009 0.094 

12GCH006 0.669  14GCH010 0.110 

12GCH007 0.640  14GCH011 1.097 

12GCH008 0.674  14GCH012 0.052 

13GCH009 0.809  14GCH013 0.935 

13GCH010 0.779  14GCH015 0.642 

13GCH011 0.664  14GCH016 0.099 

13GCH012 0.681  14GCH017 0.948 

13GCH013 0.617  14GCH019 0.899 

13GCH014A 0.319  14GCH020 0.769 

     

AVERAGE 0.722    

 
Table 18:  Maximum difference in sample location using updated declination in downhole surveys 

Logged lithology in the drill database was compared to the original logs with no errors or omissions 

found. 

All assay results for Cg (%) were compared to original certificates and 100% of the assay results in the 

provided database were verifiable with no errors or omissions found. 

Density data was also provided but no comparisons back to original logs or certificates was undertaken.  

Rather a visual and statistical validation was undertaken with no significant errors discovered.   

After validation of the provided data, a Vulcan database was created for further modeling, statistics and 

resource estimation.  No overlapping samples or geologic intervals were found.  The Vulcan database 

used in resource modeling and estimation is considered reliable for mineral resource estimation 

purposes.   
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14.2.2 Data Summary 
The final database is composed of 56 drill holes.  Two holes are metallurgical holes with no assay data 

available leaving 54 drill holes with assay data available for resource estimation.  A summary of the final 

assay data available is provided in Table 19.    

 ALL Graphite Samples 

Count 7893 

Mean 3.17 

Standard deviation 4.73 

Maximum 59.10 

Upper quartile 3.90 

Median 1.90 

Lower quartile 0.44 

Minimum 0.02 

Coeff. Of Variation 1.49 

Variance 22.35 

Percentile 10 0.10 

Percentile 20 0.30 

Percentile 90 7.17 

Percentile 99 25.01 

Table 19:  Summary statistics for unconstrained graphite samples 

The Graphite Creek Resource estimate has been calculated utilizing the graphitic carbon (Cg) percent 

assay grade. Graphite is the only commodity at this stage that demonstrates potential for economic 

concentrations. Previous resource modeling interpreted nine mineralized lodes using an approximate 

3% Cg cutoff.  The interpretation was updated with the new 2018 drill results and new downhole survey 

correction factors.  All mineralized wireframes/solids were snapped directly to drilling to provide distinct 

contacts between mineralized and unmineralized zones (see Section 14.3.2, Lode Models).  It should be 

noted that the more densely drilled lodes with abundant samples have an excellent single population 

and Log normal bell curve (Lodes 01 to 03); whereas when the number of drill holes intersecting the 

respective lode decrease, the number of samples within that lode are less and as such the data 

populations are more erratic (albeit still exhibiting single populations). Because the Graphite Creek 

samples exhibit a single population, linear estimation techniques were applied.   Summary statistics, 

histograms, and log normal curves for each lode are provided in Figures 37-46. 



Graphite One Inc. 
NI 43-101 Resource Update 

A laska Earth Sciences, Inc .   2018 Graphite Creek  

65 

 

Figure 37:  Histogram and probability plot of Cg (%) sample data in all lodes. 

 

Figure 38:  Histogram and probability plot of Cg (%) sample data in Lode 1. 
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Figure 39:  Histogram and probability plot of Cg (%) sample data in Lode 2. 

 

Figure 40:  Histogram and probability plot of Cg (%) sample data in Lode 3. 
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Figure 41:  Histogram and probability plot of Cg (%) sample data in Lode 4. 

 

Figure 42:  Histogram and probability plot of Cg (%) sample data in Lode 5. 
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Figure 43:  Histogram and probability plot of Cg (%) sample data in Lode 6. 

 

Figure 44:  Histogram and probability plot of Cg (%) sample data in Lode 7. 
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Figure 45: Histogram and probability plot of Cg (%) sample data in Lode 8. 

 

Figure 46:  Histogram and probability plot of Cg (%) sample data in Lode 9. 
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14.3 Geological Models 

14.3.1 Topography 

During the 2018 season, LiDAR was flown over the project area along with the two proposed access 

corridors.  The full LIDAR dataset was provided, in addition to 2 meter contour lines.  The 2 meter 

contour lines were used to create a 3-D wireframe surface over the resource area.  All topographical 

references for resource estimation are in relation to this surface. 

14.3.2 Lode Models 
Nine different mineralized lodes have previously been recognized in the project area.  Previous 

estimations have used a 3.0% Cg lower cutoff for lode interpretation and this practice was continued 

with allowances of lower grade to allow for continuity of individual lodes.  The mineralized lodes were 

updated using the following process: 

 -  Wireframe solids of the previous estimation lodes were provided. 

 -  The wireframe points were extracted and relevant points were snapped to drill holes at  

  sample  locations accounting for a 3% Cg lower cutoff.   

 -  A hanging wall surface and footwall surface for each Lode was created.  The standard    

  smoothing and filtering process in Vulcan were used to create a smoother, more  

  geologically reasonable interpretation.  Care was taken to honor all drill hole snapping. 

 -  The resulting hanging wall and footwall surfaces were combined into a 3-D wireframe solid.   

  All Lodes were extended beyond overburden, topography, Graphite Creek Fault, and the 

  Kigluaik Fault. 

From previous reports, the mineralization was extrapolated down dip approximately 150 m from the 

drill hole and extrapolated up dip to surface. Rock chip samples collected during the 2012 field season 

confirmed mineralization at surface. The lodes were extrapolated half way to the next drill section or 90 

to 120 m along strike from the last drill hole.  

The top of the lodes were either cut by one of the overburden surfaces (see section 14.3.3) or the 

topographic surface described (see section 14.3.1). The down dip mineralization was either extended 

150 m down dip from the nearest drill hole, or was cut in instances where the extension of 

mineralization intersected one of the two interpreted Kigluaik Fault (see Section 14.3.5).  Lodes 1-5 

intersected the Graphite Creek Fault and are cut into an East and West Lode. 

14.3.3 Lithological Models 
The quartz-biotite-garnet-sillimanite schist was modelled snapping to the tops and bottoms of intervals 

in the drill holes.  Two main horizons were modelled.  All of the high-grade graphite mineralization is 

found within this unit.  Lower grade zones (1-3% Cg) were occasionally found outside the modelled 

lithology in the quartz-biotite schist.  The two horizons were fairly linear across the deposit with no 

major folding and only one major offset (less than 100m) at the Graphite Creek fault.  The quartz diorite 

sill was also modelled which lies mostly in the western part of the deposit above the upper quartz-

biotite-garnet-sillimanite schist.   

The lithology models were not used during resource estimation. 
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14.3.4 Overburden Model 
Two overburden models were created.  Within the area of new 2018 drilling and the previously 

recognized Indicated Resource an overburden model was created in a similar detailed manner as the 

lithology models described in section 14.3.2.  Outside of the area, the overburden model used in the 

previous resource models was updated in the following manner: 

 -  The polylines/strings used in previous models were updated and points snapped to the  

  current drill data.  Only the bottom surface of the strings was retained (footwall) as the  

  upper surface is above topography. 

 -  A 3-D wireframe surface was created from the resulting strings using an approximate 25 meter 

  grid-spacing.   

 -  The smoothing and filtering options in Vulcan were used to create a smoother surface.  Care  

  was taken to keep the wireframe snapped to drilling. 

All samples above the wireframe surfaces were flagged and not included in the resource estimation.   

14.3.5 Fault Models 
Three major faults are present in the project area: 

 -  The Graphite Creek Fault is a NW-SE trending fault and is a bounding surface for the   

  mineralized lodes.  The lodes that intersect the fault are split at the fault surface into an  

  East and West Lode.    

 -  The Kigluaik Fault is a major range-bounding fault trending NE-SW throughout the resource  

  area.  North of the fault is deep overburden.   

 -  The West Fault is N-S trending slightly west of the most recent 2018 drilling.  The West Fault is  

  not considered a bounding surface. 

The Graphite Creek Fault and the West Fault were not updated with new drilling.  Within the area of 

new 2018 drilling and the previously recognized Indicated Resource, the Kigluaik Fault was modeled as 

part of the modeling of Lithology described in section 14.3.2.  The updated Kigluaik Fault is 20-100 

meters further south-east of the previous model.   The previous model of the Kigluaik Fault was not 

updated outside of the new 2018 drilling and previously recognized Indicated Resource.   

It should be noted that if further drilling confirms the 20-100 meter offset location of the Kigluaik 

throughout the resource area it could truncate the remaining resource. 

14.4 Drill Hole Flagging and Compositing 
Drill hole samples situated within the mineralized lodes were selected and flagged with the wireframe 

name/code. The flagged samples were checked visually next to the drill hole to check that the automatic 

flagging process worked correctly and that wireframes were snapped to drill holes correctly.  All samples 

were correctly flagged and there was no need to manually flag or remove any samples. 

The drill hole sample width analysis showed a variable sample length from 0.1 m to 5.13 m with a 

dominant sample length population at 1.0 m (Table 20 and Figure 47 ). Previous estimations selected a 

composite size of 3.0 meters.  The current estimation selected a composite size of 2.0 meters because it 
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portrays a more realistic interval equivalent to the anticipated mining unit, provides more detail within 

mineralized lodes, and compares well with potential mining equipment size.  The majority of samples 

are a nominal 1.0 meter.  Within the mineralized lodes, only 12 samples are above 2.0 meters in length, 

(0.35%). 

 ALL 
Outside 

Lode Lode 1 Lode 2 Lode 3 Lode 4 Lode 5 Lode 6 Lode 7 Lode 8 Lode 9 

Count 7893 4464 1478 1055 438 142 72 78 44 19 103 

Mean 0.96 0.96 0.96 0.94 0.96 0.93 0.99 1.00 1.07 1.00 0.95 

Standard 
deviation 0.22 0.19 0.31 0.19 0.14 0.18 0.12 0.05 0.45 0.00 0.17 

Maximum 5.13 3.05 5.13 2.20 1.28 1.28 1.00 1.31 4.00 1.00 1.19 

Upper 
quartile 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Median 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Lower 
quartile 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Minimum 0.00 0.00 0.10 0.13 0.23 0.35 0.00 0.69 1.00 1.00 0.34 

Coeff. Of 
Variation 0.23 0.20 0.33 0.20 0.14 0.19 0.12 0.05 0.42 0.00 0.18 

Variance 0.05 0.04 0.10 0.04 0.02 0.03 0.01 0.00 0.20 0.00 0.03 

Percentile 10 0.70 0.71 0.65 0.64 0.84 0.61 1.00 1.00 1.00 1.00 0.71 

Percentile 20 1.00 1.00 1.00 1.00 1.00 0.90 1.00 1.00 1.00 1.00 1.00 

Percentile 90 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Percentile 99 1.32 1.34 1.50 1.28 1.17 1.25 1.00 1.07 2.74 1.00 1.16 

Table 20:  General statistics for sample length 
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Figure 47:  Histogram of sample lengths for drill core assay data 

Length weighted composites were calculated for all of the graphite assay samples. The compositing 

process starts from the first point of intersection between the drill hole and the mineralized wireframe 

and is stopped upon the end of the mineralized wireframe.  Un-assayed intervals were ignored in the 

composite process. 

Upon completion of the 2.0 m compositing process, the composites were examined to determine if 

there was any noticeable bias applied to the grades during the compositing process. There was little to 

no change in the grade for the Graphite Creek sample file.   Orphan composites (less than 2.0 meter 

length) were created at the end of the mineralized wireframes and it was determined to keep all 

orphaned composites.  Grade estimation weighted composite by sample length, and the number of 

orphan composites (less than 7.6%) is limited.   The composited samples were used for sample statistics, 

capping, estimation input file and validation comparisons. 

14.5 Grade Capping/Outlier Restrictions 
Composites within the nine lodes were examined for capping analysis. Log probability plots and 

histograms of the composites for each of the nine lodes are seen in Figures 48-57.   The figures show the 

graphite values (% Cg) belong to a consistent population within each lode and do not require capping of 

the data.  There is an appearance of a higher grade population seen as the tailing end of the histograms 

above approximately 10%.  However, this shows a continuity of the grade, is not seen as anomalous or 

outlier data, and such high grade is supported by field visits and observations in the core during all drill 

seasons.  Due to the low co-efficient of variation and lack of clear high grade outliers, it was decided not 

to apply any capping to the estimation. 
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It should be noted that a graphite value of 25% is the approximate 99th percentile and capping 

composites would only affect 14 composites, indicating the lack of capping would likely have limited 

effect on the estimation.     

 

 

Figure 48:  Histogram and probability plot of 2-meter composites for all lodes. 
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Figure 49:  Histogram and probability plot of 2-meter composites for Lode 1. 

 

Figure 50:  Histogram and probability plot of 2-meter composites for Lode 2. 
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Figure 51:  Histogram and probability plot of 2-meter composites for Lode 3. 

 

Figure 52:  Histogram and probability plot of 2-meter composites for Lode 4. 
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Figure 53:  Histogram and probability plot of 2-meter composites for Lode 5. 

 

Figure 54:  Histogram and probability plot of 2-meter composites for Lode 6. 
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Figure 55:  Histogram and probability plot of 2-meter composites for Lode 7. 

 

Figure 56:  Histogram and probability plot of 2-meter composites for Lode 8. 
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Figure 57:  Histogram and probability plot of 2-meter composites for Lode 9. 

14.6 Grade Continuity 
Variography on the composited data was used to produce spherical correlograms. As all nine lodes have 

similar orientations and grade characteristics, it was deemed appropriate to treat them all as one 

domain. The variograms were created along a 060° strike orientation, similar to the previous 

variography and similar to the strike of graphite mineralization.   Orthogonal variograms were created to 

determine appropriate ranges for estimation along the major, semi-major, and minor directions.   

The maximum range of the variogram in the major direction axis was approximately 300 meters, and 

approximately 100 meters in the semi-major direction, which is comparable to previous estimations.   
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Figure 58:  Major direction correlogram 

 

Figure 59:  Semi-major direction correlogram 
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Figure 60:  Minor direction correlogram 

 

14.7 Block Model Extents and Block Size 
A parent block size of 2 m (X) x 2 m (Y) x 2 m (Z) was chosen for the resource estimate. This differs from 

previous estimate and was chosen to provide more detail of mineralized lodes and represent equipment 

size in future mining scenarios.  The block model was rotated to an absolute bearing of 067 to be parallel 

to the strike of graphite mineralization.  The block model extents were extended past mineralized 

wireframes to encompass potential for grade. 

Table 21  presents the coordinate ranges and block size dimensions that were used to build the 3D block 

models from the mineralization wireframes. A comparison of wireframe volume versus block model 

volume was performed to ensure there was no overstating of tonnages . Each block was coded with the 

lode number to ensure the mineralized lodes were treated as hard boundaries. 

  Easting Northing Elevation 

Minimum 472160 7211350 -170 

Offset 5100 850 620 

Cell Size 2 2 2 

Rotation (Absolute Bearing) 067 067 067 

Table 21:  Block model extents and offset.  Offset are distance from origin. 
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14.8 Grade Estimation 

14.8.1 Estimation Methods 

The resource estimation of graphite (% Cg) was calculated using inverse-distance squared for each of the 

nine lodes.  A block discretization of 4 x 4 x 4 was applied to all blocks during estimation. Each lode was 

estimated as a hard boundary which means that only composites located within that lode were used to 

estimate the grade of the blocks within that lode.  Blocks not within a mineralized lode were not 

estimated with graphite and assigned a graphite value of 0.  After estimation, blocks above the 

topography surface, above the overburden surface, and north of the Kigluaik Fault were assigned a 

graphite value of 0.   

14.8.2 Sample Selection 
A multi-pass approach was used in grade estimation with variable sample selection criteria depending 

on the estimation pass (Table 22).  Identical selection criteria were used for each mineralized lode.  Prior 

to estimation of each individual lode, a single block search for all mineralized lodes was completed to 

allow any block pierced by a drill hole to be estimated.  For each of the nine mineralized lodes, a total of 

seven passes were completed. Passes 1,2,3, and 5 required at least 2 drill holes.  Passes 4 and 6 are 

ŎƻƴǎƛŘŜǊŜŘ ΨŘƻƴǳǘ ƘƻƭŜΩ ǇŀǎǎŜǎ ŀƴŘ ǊŜǉǳƛǊŜ ƻƴƭȅ ƻƴŜ ŘǊƛƭƭ hole at smaller distances in order to fill in 

blocks that may have been missed in previous passes.  Pass 7 was a final estimation requiring only one 

drill hole and closely followed the previous estimations final pass in order to fill in all remaining blocks 

within mineralized lodes.   

Pass Note 

Approximate 
factor of 
max. sill 
variance 
range 

Minimum 
# of 

Samples 

Maximum 
# of 

Samples 

Max. # 
per 

Drillhole 

Ellipse Range 
Corresponding 

Category 

Major  Semi-Major Minor 

 

BOX 
Box 

search N/A 1 99 1 1 1 1 Measured 

1   50% 2 5 1 45 22 8 Measured 

2   80% 2 5 1 100 50 20 Indicated 

3   
90% 

2 5 1 160 65 22 Inferred 

4 
"donut 
hole" 1 5 1 80 32 11 Inferred 

5   
100% 

2 5 1 250 100 40 Inferred 

6 
"donut 
hole" 1 5 1 125 50 20 Inferred 

7 

fill 
remaining 

blocks 300% 1 5 1 1500 500 500 Inferred 

Table 22:  Summary table of estimation criteria for Graphite estimation. 

14.8.3 Search Ellipsoid 
The directions of the search ellipse were defined in previous estimations and the same directions were 

used in the current estimation (Table 23).   
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Lode Search Ellipsoid Strike (°) Dip (°) Plunge (°) 

Lode 01 
Lode 01 E 60 53 0 

Lode 01 W 68 39 0 

Lode 02 
Lode 02 E 61 53 0 

Lode 02 W 70 44 0 

Lode 03 
Lode 03 E 61 57 0 

Lode 03 W 71 51 0 

Lode 04 
Lode 04 E 58 61 0 

Lode 04 W 67 55 0 

Lode 05 
Lode 05 E 60 62 0 

Lode 05 W 72 55 0 

Lode 06 Lode 06 61 61 0 

Lode 07 Lode 07 64 51 0 

Lode 08 Lode 08 66 55 0 

Lode 09 Lode 09 59 51 0 

Table 23:  Search ellipsoid orientation for the graphite estimation 

The multi-pass approach used increasing sizes of search ellipsoids based on the variogram ranges in each 
direction (see Section 14.6).  The ranges and passes were also used in defining the classification of 
resources (see Section 14.11).   After the initial box search, the search ellipsoid ranges were 
approximated to be equal to variable factors of the maximum sill variance range.  Pass 1, 2, 3, 5, and 7 
used approximately 50%, 80%, 90%, 100%, and 300% of the maximum sill variance range, respectively.  
Passes 4 and 6, with their less selective sample searches, used ranges equal to half of passes 5 and 7, 
respectively.   
 
After reviewing the ranges and comparing to previous estimate, adjustments were made to the ranges 

to provide continuity with previous estimates.   The ranges in the major direction of passes 1,2, and 3 

were increased from 35, 75, and 130 meters to 45, 100, and 160 meters, respectively.  The major 

direction is along strike of the graphite mineralization and its continuity is observed in the field and thus 

the increase in range is considered acceptable.   

14.9 Bulk Density (Specific Gravity) 
A total of 403  bulk density measurements were collected from the 2012, 2013, 2014, and 2018 drill core 

within the resource area.  These were collected at regular intervals, averaging 1.0 m, down each of the 

54 drill holes (excluding the two metallurgical drill holes).  The density measurements were calculated 

on site by Activation Laboratories Ltd. staff in 2012-2014 and by Graphite One staff in 2018 using the 

weight in air/weight in water methodology.   Of the 7,403 bulk density samples collected only 3,132 bulk 

density samples were situated within the mineralized wireframes.  A histogram and summary statistics 

of the density samples is shown in Figure 61 and Table 24.  
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Figure 61:  Histogram of bulk density (specific gravity) data 

 Outside Lodes Lode 1 Lode 2 Lode 3 Lode 4 Lode 5 Lode 6 Lode 7 Lode 8 Lode 9 

Count 4271 1296 999 379 142 72 78 44 19 103 

Mean 2.78 2.74 2.75 2.74 2.73 2.71 2.71 2.66 2.87 2.70 

Standard 
deviation 0.28 0.17 0.11 0.10 0.09 0.07 0.07 0.07 0.61 0.10 

Maximum 17.90 6.58 3.22 3.19 3.06 2.96 2.91 2.91 5.44 2.91 

Upper 
quartile 2.81 2.81 2.81 2.79 2.77 2.75 2.74 2.69 2.81 2.76 

Median 2.77 2.74 2.75 2.72 2.71 2.68 2.69 2.67 2.71 2.71 

Lower 
quartile 2.71 2.68 2.69 2.68 2.67 2.66 2.67 2.62 2.67 2.65 

Minimum 1.90 2.36 2.33 2.40 2.53 2.63 2.58 2.52 2.63 2.45 

Coeff. Of 
Variation 0.08 0.03 0.01 0.01 0.01 0.01 0.01 0.01 0.37 0.01 

Variance 0.10 0.06 0.04 0.04 0.03 0.03 0.03 0.03 0.21 0.04 

Percentile 10 2.66 2.61 2.64 2.65 2.64 2.64 2.62 2.57 2.66 2.55 

Percentile 20 2.69 2.66 2.67 2.67 2.66 2.65 2.66 2.60 2.67 2.62 

Percentile 90 2.88 2.88 2.87 2.87 2.84 2.80 2.80 2.71 2.84 2.81 

Percentile 99 3.05 3.02 3.05 2.98 2.97 2.93 2.90 2.86 4.95 2.86 

Table 24:  General statistics of bulk density data. 
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The 2012 Maiden Inferred Resource estimate of the Graphite Creek Property used a conservative 

density value of 2.7 kg/m3 (Duplessis et al., 2013). In 2013, the Expanded Graphite Creek Inferred 

resource estimate for Graphite Creek estimated the density value for each block using the density 

dataset collected (Eccles and Nicholls, 2014).   The high level of detailed density collection (i.e., one 

density measurement per every meter and in every drill hole)has been maintained during 2014 and 

2018 drill seasons, and accordingly, it was decided to estimate the value of density for each individual 

block within the block model (as was done for graphite assay data).  

The estimation technique used to calculate the density value for each block was inverse-distance 

squared. Unlike previous estimations of bulk density, the entire resource area was estimated as one unit 

rather than using the mineralized lodes with hard boundaries.  It was thought this would provide 

detailed and accurate density measurements for area outside of mineralization for future use in mine 

planning.   

A separate set of 2 meter composites was created for the bulk density measurements using an identical 

method as for the graphite composites. During estimation, only composites between 1.5 and 3.2 were 

selected as this was considered a valid range, effectively providing a top cut of 3.2 and removing 9 

composites from estimation.  Search ellipsoids were oriented along the average orientation of 

mineralization with a bearing of 064° and dip of 54° to the NW.  A multi-pass approach was used to 

estimate the bulk density with identical sample selection criteria and search ellipsoid ranges as the 

graphite estimation.  Blocks above topography were assigned a density value of 0.  Blocks above the 

overburden surface and north of the Kigluaik Fault were assigned a density value of 2.6 as were any 

remaining blocks without an estimation. 

It should be noted the use of soft boundaries and the overall lower density of graphite compared to the 

host rock likely resulted in slightly higher density measurements in the mineralized lodes due to 

composites outside of the graphite mineralization being used within mineralized lodes.  A comparison of 

estimated density to 2 meter composite density can be seen in Table 25.  In the primary lodes (Lodes 1-

3), the difference is less than 1%, and the maximum difference in all Lodes is 2.6%.   Thus, the effect for 

overestimation of density in the mineralized lodes is considered minimal. 

 Lode 1 Lode 2 Lode 3 Lode 4 Lode 5 Lode 6 Lode 7 Lode 8 Lode 9 

Raw 2.74 2.75 2.74 2.73 2.71 2.71 2.66 2.73 2.70 

2m Composites 2.74 2.75 2.74 2.73 2.71 2.71 2.66 2.73 2.70 

Blocks - ALL 2.75 2.76 2.77 2.76 2.74 2.76 2.73 2.73 2.71 

Blocks - M+I 2.74 2.76 2.74 2.77 2.74 2.76 2.64 2.74 2.69 
          

% Diff ALL vs 2m 0.44% 0.36% 0.99% 1.36% 1.44% 2.18% 2.60% 0.11% 0.30% 

% Diff M+I vs 2m 0.18% 0.33% -0.04% 1.43% 1.15% 2.18% -0.53% 0.59% -0.33% 

Table 25:  Comparison of mean specific gravity values between raw samples, 2-meter composites, and estimated blocks by Lode.  
There is a slight overestimation of specific gravity due to soft boundaries but is more pronounced in less-sample Lodes, and less 

pronounced in Measured and Indicated blocks and thus considered immaterial. 
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14.10 Model Variation 

14.10.1  Visual Validation 

The blocks were visually validated on cross sections and plan view comparing block grades versus the 

composite sample grades for all sections and drill holes (Figures 62-64 ). The estimated graphite showed 

good correlation to the composite values.  Reasonable variation and orientation of the grade was also 

observed.   

 
Figure 62:Section 4350E showing block model Cg (%) grades within mineralized lodes. 
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Figure 63: Section 4400E showing block model Cg (%) grades within mineralized lodes. 

 
Figure 64: Section 4500E showing block model Cg (%) grades within mineralized lodes. 
























































































































































































































































































































































