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1 Introduction 

1.1 Objectives 

1.2 Assumptions, limitations and delimitations 



1.3 Thesis structure 



2 Background and Theory 

2.1 The Hessjø deposit and Fundsjø Group 

2.1.1 The Hessjø deposit 

2.1.1.1 Location and historical setting 

Figure 1: Location of the Hessjø deposit (Hessjøforekomsten). Map modified from (Kartverket, n.d.) 



2.1.1.1.1 Geophysical investigations 



Figure 2: Extract of geophysical map given by Singsaas (1975). Yellow markings indicate the extent of 
lens A based on geophysical investigations, while red indicates where drillholes have intersected the 

mineralisation.   



Figure 3: Simplified profile of lens A. ‘Profil A-x’ refers to the main cross-sections on which drilling was 
conducted. Image adapted from Gvein (1976).  

2.1.1.1.2 Drillhole campaigns 



Table 1: Drillholes drilled on lens A, by year. Drillhole 238 is mentioned twice as it was begun in 1970 
and finished in 1971. No drilling took place on lens A in 1974, but drilling campaigns on the other 
mineralised lenses did. Complete overview over drillholes on all lenses was presented in Nørsett 

(2015). Table based on data from Gvein (1976) and Rui (1990). 

 Year 1970 1971 1974 1975 1976/1977 
D

ri
llh

o
le

 n
u

m
b

er
 

223 238  312 317 

224 239  313 318 

225 240  314 319 

232 242  315 320 

233 244   321 

234 246   322 

235 247    

236     

237     

238     

Figure 4: Drilling of the 745 m long drillhole 244. 
Picture taken in late summer of 1971 by Øystein 

Pettersen (Pettersen, 2011). 

2.1.1.1.3 Historical estimates 



Table 2: Historical estimates of the grades and tonnages of lens A. Axial length refers to the portion of 
the lens body, starting at ground level, used in the estimations. 

 % Cu % Zn Tonnage [Mt] Axial length [m] 

Bjerkgård (2007) 1.40 1.70 2.99 1060 

Gvein (1976) 1.28 1.91 2.4 746 

Bakke (1975) 1.96 1.60 3.4 669 

2.1.1.2 Geology and mineralogy 

⁰

⁰ ⁰



Figure 5: Regional geology surrounding the Hessjø deposit. Map from Norwegian Geological Society’s 
online ore database (NGU, 2011), lithological names from Norwegian Geological Society’s national 

bedrock database (NGU, 2009). 



Figure 6: Geological 
map of the Hessjø 

deposit area.  
Hersjøformasjonen 
corresponds to the 

Fundsjø Group, 
while Gulgruppen 
denotes the Gula 
Group. The line 

adjacent to Profile 
2600N refers to the 

placement of the 
geological profile 

shown in Figure 7. 
The outcrop of lens 
A is situated in the 

bottom right 
corner. Original 

format of the map 
is A1. (Bakke, 1975) 



Figure 7: Geological 
profile of the 

Hessjø deposit 
area, looking from 

the south-west-
south. Original 

format of map is 
A2. See Figure 6 for 
exact placement of 

profile. (Bakke, 
1975).  



⁰ ⁰

⁰ .

2.1.1.2.1 Geometry of lens A 



Figure 8: Cross-sections through lens A describing the geometry, as suggested by Bakke (1975, p.66). 
Numbers 1A-5A are equivalent to number of profiles A1-A5 in Figure 3. Note the vertical exaggeration 

of the cross-sections. 



2.1.1.2.2 Mineralogy of lens A 

 

 



Figure 9: Drillhole 312, 455.5 m down, lens A. Massive, half-compact pyrite ore with some sphalerite 
and pyrrhotite (Bakke, 1975). 



Figure 10: Drillhole 312, 460.0 m down, lens A. Pyrite porphyroblasts with inclusions of chalcopyrite in 
a chalcopyrite/sphalerite matrix (Bakke, 1975). 

Figure 11: Drillhole 312, 460.0 m down, lens A. Pyrite, magnetite, and pyrrhotite in a chalcopyrite 
matrix (Bakke, 1975). 



Figure 12: Drillhole 312, 465.4 m down, lens A. Rounded pyrite porphyroblasts in a chalcopyrite and 
sphalerite matrix (Bakke, 1975). 

Figure 13: Drillhole 312, 466.7 m down, lens A. Crushed pyrite ore injected by chalcopyrite- and 
magnetite veins (Bakke, 1975). 



Figure 14: Drillhole 312, 467.1 m down, lens A. Crushed pyrite/magnetite ore injected by chalcopyrite, 
pyrrhotite, and magnetite (Bakke, 1975). 

Figure 15: Drillhole 312, 469.4 m down, lens A. Massive pyrrhotite ore with chalcopyrite, pyrite, and 
magnetite (Bakke, 1975).  



2.1.2 Caledonian orogeny 

 

 

 



Figure 16: Location of the Hessjø deposit (yellow circle) in the Fundsjø Group. Modified from (Grenne 
et al., 1999) 



2.1.3 The Fundsjø Group 

Figure 17: Excerpt from larger map showing metallogenic deposits in Fennoscandia. Blue circles mark 
base metal deposits. Figure modified from (Eilu et al., 2009). 



2.1.4 Depositional environment 

 

 

 



Figure 18: From (Grenne, 1988), yellow circle marks the outcrop area of the Hessjø deposit. 



 

 

 





Figure 19: results from lead isotope sampling of Norwegian Caledonian massive sulfide deposits by 
Bjørlykke et al. (1993). Yellow circle marks the results from the Hessjø deposit. 



Figure 20: Schematic and interpreted section through the Fundsjø Group. (Grenne et al., 1999) 



2.1.5 Ore deposition and morphology 



Table 3: Deposits and occurrences in the Folldal-Meråker metallogenic area (N022, see Figure 17), 
with approximate tonnages and grade content. Adapted from Bjerkgård (2012, p.85). 

 
Deposit 

Tonnage [Mt] 

Cu [%] Zn [%] When mined Total Mined 

Nordre Geitryggen 3 2.5 1.3 3.2 1920–1926, 1936–1970 

Søndre Geitryggen >0.5 0.5 0.8 2.4 1770–1847, 1952–1965 

Folldal 2 1.15 1.9 1.1 1748–1940 

Grimsdalen 8.3 - 0.5 2.3 Test mining 

Sivilvangen 0.4 <0.01 0.69 4.31 Test mining 

Vingelen 0.2 0.03 1.3 3.8 1723–1835 

Hessjø 2.99 <0.01 1.7 1.4 1670–1699 

Killingdal 3 2.96 1.7 5.5 1677–1986 

Mannfjell 0.1 0.1 1.8 5.3 1901–1918 

2.1.5.1 VMS-deposits  



Figure 21: Schematic cross-section of a typical VMS deposit. From Hannington (2014, p.464), as 
adapted from Lydon (1984). 

2.1.5.1.1 Classification 





Table 4: Geometric mean concentrations of metals in each of the five principal types of VMS deposits 
(Franklin et al., 2005, p.530) 

 
Mafic 

Bimodal- 
mafic 

Pelitic-
mafic 

Bimodal- 
felsic 

Siliciclastic-
felsic 

Cu [wt%] 1.82 1.24 1.23 1.04 0.62 

Zn [wt%] 0.84 2.32 1.58 4.36 2.7 

Pb [wt%] 0.02 0.3 0.68 1.14 1.09 

Au [ppm] 1.4 0.81 0.75 1.06 0.59 

Ag [ppm] 11 21 19 56 39 

Total ore [tonnes] 2699466 3421075 4721093 3320784 7139305 

Total metal [tonnes] 63035 128515 132968 198461 324748 

N 76 291 90 241 106 

2.1.5.1.2 Formation and deposition 



2.1.5.1.3 Zonation 



Figure 22: Schematic illustrations of metal zoning at different scales in a typical VMS district (Noranda, 
Quebec). The figure on the left shows Cu-Zn zoning (in terms of Cu/Cu+Zn ratios) in a small massive 

sulfide deposit, while the figure to the right shows higher Cu/Cu+Zn ratios in deposits at the center of 
a field and lower ratios in deposits farther away from the main upflow zone. From Hannington (2014, 

p.476) as adapted from Knuckey et al. (1982, as cited in Hannington, 2014). 



2.1.6 Deformation and metamorphism 

2.1.6.1 Regional deformation 

2.1.6.2 Ore mineral textures 



an opportunity of preserving 

some evidence of pre- or synmetamorphic development (Craig & Vokes, 1993). 

 

 

 



Figure 23: Drillhole 216, 42.8 m down, lens B. Pyrrhotite mineralisation with pyrite porphyroblasts and 
some chalcopyrite, magnetite and sphalerite. (Bakke, 1975) 



Figure 24: Drillhole 220, 15.25 m down, lens C. Foliated pyrrhotite mineralisation with pyrite 
porphyroblasts, chalcopyrite, sphalerite, and magnetite. (Bakke, 1975) 



Figure 25: Drillhole 228, 114.2 m down, lens B. Fractured and folded pyrite crystal with chalcopyrite 
infillings, situated in pyrrhotite with additional magnetite and sphalerite. (Bakke, 1975) 



Figure 26: Drillhole 312, 468.5 m down, lens A. Brecciated magnetite with chalcopyrite infilling. (Bakke, 
1975) 

Figure 27: Drillhole 227, 101.6 m down, lens B. Tectonized border between coarse grained and 
medium grained pyrite, with chalcopyrite, pyrrhotite, and some magnetite and sphalerite. (Bakke, 

1975) 



Figure 28: ‘Chalcopyrite disease’ texture with fine chalcopyrite blebs and rods in sphalerite (dark grey) 
intergrown with chalcopyrite (light) and gangue (black). Gossan Lead, Virginia. Width of field: 1.1 mm, 

ordinary reflected light. Figure from Craig & Vokes (1992, p.105). 



Figure 29: Excerpt of Figure 10, modified with higher contrast. Indications of ‘chalcopyrite disease’ in 
sphalerite (sl), see text for further explanation. Figure modified from Bakke (1975). 



2.2 Geostatistics and modelling 

2.2.1 Geostatistics 

 

 

 

2.2.1.1 Semivariogram modelling 

𝛾(ℎ) =
1

2𝑁(ℎ)
∑ [𝑧(𝑥𝑖 + ℎ) − 𝑧(𝑥𝑖)]2

𝑁(ℎ)

𝑖=1

 

(2.1) 



 

 

 

 

 

 

 

 

 

2.2.1.1.1  The linear semivariogram model 

γ



 

𝛾(0) = 0
𝛾(ℎ) = 𝐶0 + 𝑝ℎ   𝑤ℎ𝑒𝑛  ℎ > 0

γ

 

 (2.2) 

 

Figure 30: Linear semivariogram model. (Edumine/Clark & Harper, 2014) 

2.2.1.1.2  The spherical semivariogram model 

𝛾(0) = 0

𝛾(ℎ) = 𝐶0 + 𝐶 (
3

2

ℎ

𝑎
−

1

2

ℎ3

𝑎3)  𝑤ℎ𝑒𝑛 0 < ℎ <

𝑎
𝛾(ℎ) = 𝐶0 + 𝐶   𝑤ℎ𝑒𝑛  ℎ > 𝑎

γ

 

(2.3) 

 

Figure 31: Spherical semivariogram model. (Edumine/Clark & Harper, 2014) 



2.2.1.2 Estimation and simulation 



Figure 32: Geostatistical estimation workflow. (Zhang, 2011) 

Figure 33: Geostatistical simulation workflow. (Zhang, 2011) 



2.2.1.2.1  Kriging 

�̂�(𝑥0) = ∑ 𝜆𝑖

𝑁

𝑖=1

𝑍(𝑥𝑖)
(2.4) 

 𝑍(𝑥𝑖)

 𝜆𝑖

 𝑥0

 𝑁

𝜆𝑖



 𝑚(𝑥)

𝑚(𝑥) = 𝑚,    𝑘𝑛𝑜𝑤𝑛 (2.5) 

 

𝑚(𝑥′) = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑏𝑢𝑡 𝑢𝑛𝑘𝑛𝑜𝑤𝑛 (2.6) 

 𝑚(𝑥′)

𝑚(𝑥)

𝑓𝑘(𝑥)

𝑚(𝑥′) = ∑ 𝑎𝑘(𝑥′)𝑓𝑘(𝑥′)

𝐾

𝑘=0

𝑎𝑘(𝑥′) ≈ 𝑎𝑘   𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑏𝑢𝑡 𝑢𝑛𝑘𝑛𝑜𝑤𝑛

 

(2.7) 

𝑎𝑘(𝑥′)

2.2.1.3 General limitations of geostatistics 



2.2.2 Leapfrog Geo 

2.2.2.1 Implicit modelling and RBF 



2.2.2.2 Interpolant functions in Leapfrog Geo 

2.2.2.2.1 Linear interpolant 



 

 

Figure 34: Principle of the linear interpolant used in Leapfrog Geo (Spragg/ARANZ Geo, 2013) 

2.2.2.2.2 Spheroidal interpolant 



Figure 35: Principle of the spheroidal interpolant used in Leapfrog Geo (Spragg/ARANZ Geo, 2013) 

2.2.2.2.3 Parameters 

Sill 

Base range 



Figure 36: Example of interpolant editing window in Leapfrog Geo (McLennan/ARANZ Geo, 2013) 
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2.2.2.3 Dual kriging 



2.3 Resource classification 

2.3.1 The JORC Code 

Figure 37: General relationship between exploration results, mineral resources and ore reserves, as 
defined by JORC (2012, p.9).  



 

 

 

 

 

 

 

 

 

2.3.2 Drillhole spacing 



 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 



3 Methods and data  

3.1 Evaluation and description of data  

3.1.1 Available material 



3.1.2 Collar data 

º

º



Table 5: Corrected elevation data. Where elevation data exists from both Bakke (1975) and Rui (1990), 
numbers from Bakke have been used to calculate the difference in elevation from Bjerkgård’s excel-

file.  

Drillhole 
number 

Elevation [m] 
 

Difference 
[m] 

From Bakke 
(1975, p.48) 

From Rui (1990),  
core log tables 

From excel-file 
Bjerkgård 

237 1006  1007 -1 

238 997.9  1000 -2.1 

239 1011.5  1010 1.5 

240 1024.4  1025 -0.6 

242 1018.1  1020 -1.9 

244 1086.1  1080 6.1 

312 1034.1 1034 1035 -0.9 

313 1040.9 1041 1040 0.9 

314 1017.5 1017 1015 2.5 

315 1000.1 1000 1000 0.1 

317  1076 1070 6 

319  1020 1020 0 

320  1020 1020 0 

321  1015 1017 -2 

322  1012 1016 -4 

Table 6: Position of drillholes 319 and 320, with adjusted coordinates for drillhole 319. 

 Drillhole number 

319 320 

Coordinates in local grid system 2337 N – 912 V 2740 N – 913 V 

Coordinates from Bjerkgård’s 
excel-file 

608388 East 
6951980 North 

608389 East 
6951985 North 

Adjusted coordinates 608377 East - 



6951947 North 

Figure 38: Drillhole 319 with mineralised zone (yellow) relative to model of lens A, after adjustment of 
collar position. 

3.1.3 Lithological data 



Table 7: Overview of who logged the various drill cores in lens A. NN-1 is most likely Ø. Pettersen (see 
text for reasoning). Table based on data from Rui (1990). 

Drillhole number Logged by 

312 S. Bakke 

313, 314, 315 G. A. Johannessen 

317, 318, 319, 320, 321 NN-1  

322 NN-2 

Figure 39: Example of the layout of the original core logs as given in the report by Rui (1990). The 
example is taken from drillhole 313 logged by G.A. Johannessen. Translations from Norwegian: 



Borhullets lengde = drillhole length, Boret meter = meters drilled, Bergart = Rock type, Kjernemangel = 
core loss, Skifrighet = schistosity. 

 Table 8: Summaries of lithologies in drillholes 317-321 logged by NN-1, as given in the report by Rui 
(1990), translated from Norwegian. 

Drillhole 317 

from [m] to [m] Lithology 

0 3.4 Soil 

3.4 128.0 Phyllite 

128.0 266.4 Mainly green phyllite (or chlorite rich schist) with calcium carbonate, 
locally highly calcareous. 

266.4 548.9 Varying greenstones, keratophyre resembling areas, metagabbro, 
porphyry. Distinct light coloured greenstone towards the end. 

548.9 721.05 Dark green greenstone with some schistose sections. Areas of porphyry. 
Formations of agglomerate in the lower part. 

721.05 722.0 Half compact ore, pyrrhotite, pyrite, chalcopyrite. 

722.0 736.5 Mainly chlorite schist. 

736.5 760.0 Varying greenstones, relatively light in colour, locally garnets. 
 

Drillhole 318 

from [m] to [m] lithology 

0 3.0 Soil 

3.0 126.0 Mainly grey phyllite. 

126.0 242.5 Green chlorite schist, highly calcareous 

242.5 560.0 Alternating between greenstone, keratophyrelike sections, 
metagabbro, and porphyry 

560.0 588.4 Light coloured, massive greenstone. 

588.4 733.0 Dark greenstone with some schistose sections. Porphyritic and 
agglomeratic sections in lower part. 

733.0 736.6 “Ore zone”. Weak impregnation of pyrrhotite and chalcopyrite. 

736.6 739.65 Chlorite schist 

739.65 769.0 Relatively light coloured greenstone with lesser chlorite sections. 
Garnet common.  

 

Drillhole 319 

from [m] to [m] lithology 

0 2.5 soil* 

2.5 117.0 Mainly light coloured, calcitic greenstone, often schistose. 



117.0 163.1 Mainly light and dark greenstones and porphyrys. 

163.1 324.1 Mainly dark coloured, fine grained, homogenous greenstone. Locally 
areas of agglomerate. 

324.1 412.2 Alternating between light and dark greenstones, gabbro, and porphyry. 

412.2 413.0 Chlorite schist 

413.0 418.9 Pyrite ore with zinc stripes and little chalcopyrite. Pyrrhotite and 
magnetite ore towards the footwall. 

418.9 422.8 Chlorite schist 

422.8 423.9 Pyrrhotite and magnetite with areas of chalcopyrite. 

423.9 427.0 Chlorite schist 

427.0 437.7 Partly massive and firm rocks, but still some chloritized areas.  

*original summary does not include soil, but is added here to maintain correspondence to the 
other summaries. 

Drillhole 320 

from [m] to [m] lithology 

0 3.7 soil* 

3.7 98.1 Mainly light coloured calcitic greenstone, partly schistose. 

98.1 149.1 Alternating light and dark greenstones and porphyrys. 

149.1 354.97 Initially dark greenstone, onwards alternatingly light and dark 
greenstones, gabbro, and porphyry. The rocks are firm up until the ore 
zone. 

354.97 366.0 Ore zone, initially with zinc stripes, poor in copper. Midsection is copper 
rich within pyrite and pyrrhotite. Pyrrhotite and magnetite dominate 
towards the footwall, not much copper. 

366.0 373.5 Chlorite schist with mainly pyrrhotite impregnation and some 
chalcopyrite. 

373.5 386.3 Partly massive and firm rocks. Lesser chloritized areas.  

*original summary does not include soil, but is added here to maintain correspondence to the 
other summaries. 

Drillhole 321 

from [m] to [m] lithology 

0 5.1 soil* 

5.1 90.6 Mainly light coloured greenstone, partly schistose. Calcite. Ending with a 
gabbroic section, as in drillhole 320. 

90.6 144.0 Dominated by light greenstone. Some dark sections and benches of 
porphyry. Calcite in veins and cracks. 

144.0 349.86 Initially dark greenstone. Continuing with alternatingly light and dark 
greenstone, gabbro, and porphyry. Some quartzitic sections. 

349.86 358.5 Ore zone in the usual pattern. Pyrite with zinc stripes in hanging wall, 
pyrrhotite and chalcopyrite in central section and magnetite in footwall. 
The magnetite makes up the last three meters where the first (upper) 
meter is chalcopyrite bearing in the crack. “Economical” ore zone is 
limited to 356.65 meters. 

358.5 361.8 Chlorite schist 



361.8 363.8 Secondary ore zone. Pyrrhotite, magnetite dominated with some 
chalcopyrite. Sections of chlorite schist. 

363.8 376.7 Alternating sections of chlorite schist and massive rocks. 

*original summary does not include soil, but is added here to maintain correspondence 
between the drillhole summaries. 

3.1.3.1 Initial digitisation  

 

 

 

 

 

 

 

 

 

 

 





3.1.3.2 Simplifications 

 

 

 

 

 

 



3.1.4 Downhole survey data 

3.1.4.1 Drillhole deviation 

 

 

 

3.1.4.2 Estimation of missing survey data 



Table 9: Dip angles calculated from drillhole paths in Figure 3 and Figure 7 where drillhole traces 
intersect lens A.  

Drillhole no. 
Calculated 

dip angle [º] 
Intersection depth 

downhole [m] 

237 71 170 

240 42 374 

244 39.5 717 

3.1.4.2.1 Estimation of mean directional deviation 



Table 10: Descriptive statistics for the rate of change using drillholes intersecting lens A, B, and C. The 
vertical rate gives degrees per meter upwards, while the horizontal rate gives degrees per meter 

counter-clockwise. 

Drillholes 306, 308-315 

 Vertical rate of 
change 

Horizontal rate 
of change 

Mean 0.105782998 -0.043205706 

Standard Error 0.008939659 0.114720638 

Median 0.1 0 

Mode 0.05 0 

Standard Deviation 0.109122439 1.395636793 

Sample Variance 0.011907707 1.947802058 

Range 1 18.1 

Minimum -0.2 -3.9 

Maximum 0.8 14.2 

Sum 15.76166667 -6.394444444 

Count 148 148 



Table 11: Descriptive statistics for the rate of change using drillholes intersecting lens A. The vertical 
rate gives degrees per meter upwards, while the horizontal rate gives degrees per meter counter-

clockwise. 

Drillholes 312-315 

 Vertical rate of 
change 

Horizontal rate 
of change 

Mean 0.07675 0.122395833 

Standard Error 0.007743521 0.193876603 

Median 0.075 0 

Mode 0.1 0 

Standard Deviation 0.069260155 1.734085054 

Sample Variance 0.004796969 3.007050974 

Range 0.425 16.7 

Minimum -0.2 -2.55 

Maximum 0.225 14.2 

Sum 6.14 9.791666667 

Count 80 80 

 



𝑑𝑒𝑝𝑡ℎ48.5⁰ =
𝑐𝑜𝑙𝑙𝑎𝑟 𝑑𝑖𝑝 − 48.5

0.07675

 

(3.1) 

3.1.4.2.2 Additional adjustments 

Table 12: Elevation values used for adjusting downhole survey estimators. In hole depth denotes 
where the adjusted dip angle is implemented. 

Drillhole 
no. 

Elevation of 
mineralisation 

[masl.] according 
to Bakke (1975) 

Adjusted dip 
angle [⁰] 

In hole 
depth [m] 

238 826.5 55 149.8 



239 854.4 43 149.8 

242 764.4 38 390 

3.1.5 Assay data 



Table 13: Summary of sample characteristics for Cu and Zn. Table based on data from Rui (1990). 

 Cu Zn 

Total no. of samples 210 208 

No. of zero value samples 7 44 

Percentage of zero values 3.33% 21.15% 

No. of lowest value samples (0.01%) 8 7 

Highest value registered 11.41% 12.75% 

Figure 40: Frequency plot of copper samples from lens A in the Hessjø deposit. 
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Figure 41: Frequency plot of zinc samples from lens A in the Hessjø deposit. 

3.1.5.1 Adjusting for sample values below the detection limit 
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3.2 Geometric modelling  

3.2.1 Lens A 



Figure 42: Curved polylines (green) with tangent discs defining the angle of the polylines, used to 
restrict the northerly and southerly extents of lens A. View from east, plunge zero. 



Figure 43: Extract of geophysical map given by Singsaas (1975), seen directly above final version of 
geometric model of lens A. Yellow markings indicate the extent of lens A based on geophysical 

investigations, while red indicates where drillholes have intersected the mineralisation.   

 

3.2.2 Host rock geology 



Figure 44: Screen clipping from Leapfrog Geo showing the various greenstone types as logged in 
drillholes, Bakke’s (1975) geological profile (inverted) in background. View towards south. 



Table 14: Simplified lithological groups used in Leapfrog Geo. 

Simplified group Original lithology

dark greenstone

light greenstone

greenstone

pillow lava

greenschist

chlorite schist

chlorite 

breccia 

Gabbros and porphyries gabbro 

metagabbro 

porphyry 

metadiorite 

Gula sediments conglomerate 

graphite 

phyllite 

schist 

Mineralisation mineralisation 

Soil soil 

Felsic rocks felsic volcanics 

agglomerate 

quartz 

quartzite 

Unassigned blue quartz 

calcite

clay gouge 

core loss 

garbenschiefer 

NA 





3.3 Qualimetric modelling 

3.3.1 Numeric interpolants 

3.3.1.1 Copper 



Figure 45: Interpolant values for Cu as used in Leapfrog Geo. 

3.3.1.2 Zinc 



Figure 46: Interpolant values for Zn as used in Leapfrog Geo. 

3.3.2 Indicator interpolants  

3.3.2.1 Copper 



Figure 47: Indicator interpolant values used for a 0.5% cut-off value for Cu. 

Figure 48: Indicator interpolant values used for a 1% cut-off value for Cu. 

3.3.2.2 Zinc 



Figure 49: Indicator interpolant values used for a 1% cut-off value for Zn. 

Figure 50: Indicator interpolant values used for a 3% cut-off value for Zn. 

3.3.3 Block modelling 



4 Results 

4.1 Geometric model 

º

Figure 51: Placements of cross sections given in Figure 52 (cross section 1), Figure 53 (cross section 2), 
Figure 54 (cross section 3) relative to lens A. View from above.  



Figure 52: Cross section 1 from geometric model of the Hessjø deposit, northern end of mineralisation. 



Figure 53: Cross section 2 from geometric model of the Hessjø deposit, central part of mineralisation. The two drillholes crossing at the lower end of lens A are 
no. 313 (eastern path) and no. 244 (western path). 



Figure 54: Cross section 3 from geometric model of the Hessjø deposit, southern end of mineralisation. The two drillholes crossing at the lower end of the lens 
are no. 313 (eastern path) and no. 244 (western path).



Figure 55: Screen clipping from Leapfrog Geo with geological profile georeferenced and imported into 
software. Figure shows model of lens A relative to the placement of lens A in geological profile by 
Bakke (1975). Positioning of profile is given in Figure 6, unmodified version of geological profile is 

shown in Figure 7.   



4.2 Qualimetric models 

4.2.1 Numeric interpolants 

4.2.1.1 Copper 

Table 15: Statistics for numeric interpolant model of copper, given in grade intervals. 

Cu 

Interval [%] 
Interval volume 

[m3] 
Approx. mean 

value [%] 
No. of units 

< 0.1 13551.35 0.1 1355.13 

0.1-0.5 278144.8 0.3 83443.4 

0.5-1.0 431649.5 0.75 323737. 

1.0-1.5 161671 1.25 202088. 

1.5-2.0 54205.75 1.75 94860.0 

2.0-2.5 31055.7 2.25 69875.3 

> 2.5 22827.27 2.5 57068.1 

    

  Approx. total: 832,428 



Figure 56: Qualimetric model of copper grades in lens A, generated by numeric interpolant in Leapfrog Geo. View from above (left) and below (right). North is 
upwards in the figure on the left side, and downwards in the figure on the right side.



4.2.1.2 Zinc 

Table 16: Statistics for numeric interpolant model of zinc, given in grade intervals. 

Zn 

Interval [%] 
Interval volume 

[m3] 
Approx. mean 

value [%] 
No. of units 

< 0.1 22788.59 0.1 2278.859 

0.1-0.5 233009.5 0.3 69902.86 

0.5-1.0 259256.1 0.75 194442.1 

1.0-1.5 184924.1 1.25 231155.1 

1.5-2.0 110224.4 1.75 192892.7 

2.0-2.5 67044.6 2.25 150850.3 

> 2.5 115858 2.5 289645 

    

  Approx. total: 1,131,167 



Figure 57: Qualimetric model of zinc grades in lens A, generated by numeric interpolant in Leapfrog Geo. View from above (left) and below (right). North is 
upwards in the figure on the left side, and downwards in the figure on the right side.



4.2.2 Indicator interpolants 

4.2.2.1 Copper 

Table 17: Statistics for indicator interpolant model of Cu at a cut-off value of 0.5%. 

Cu: cut-off at 0.5% 
 

Indicator statistics 

Total number of samples 148 

   

 ≥ cut-off < cut-off 

Number of points 81 67 

Percentage 54.73% 45.27% 

Mean value  2.29779 0.155176 

Minimum value  0.5 0.005 

Maximum value  11.41 0 

Standard deviation 2.25899 0.138498 

Coefficient of variance 0.983115 0.892523 

Variance 5.10305 0.0191818 

   

Output volume statistics 

Resolution 5 

Iso-value 0.1 

   

 Inside Outside 

≥ cut-off:   

Number of samples 81 0 

Percentage 54.73% 0.00% 

< cut-off:   

Number of samples 36 33 

Percentage 24.32% 22.30% 

   

All points: 

Mean value 1.72069 0.105557 

Minimum value 0.01 0.005 

Maximum value 11.41 0.4286 

Standard deviation 2.13698 0.109921 



Coefficient of variance 1.24193 1.04135 

Variance 4.56668 0.0120827 

Volume 815,730 177,375 

Number of parts 4 11 

Table 18: Statistics for indicator interpolant model of Cu at a cut-off value of 1%. 

Cu: cut-off at 1% 
 

Indicator statistics 

Total number of samples 148 

   

 ≥ cut-off < cut-off 

Number of points 58 90 

Percentage 39.19% 60.81% 

Mean value 2.91728 0.303504 

Minimum value 1.0088 0.005 

Maximum value 11.41 1 

Standard deviation 2.40175 0.287595 

Coefficient of variance 0.823283 0.94758 

Variance 5.76839 0.0827107 

   

Output volume statistics 

Resolution 5 

Iso-value 0.1 

   

 Inside Outside 

≥ cut-off:   

Number of samples 58 0 

Percentage 39.19% 0.00% 

< cut-off:   

Number of samples 29 61 

Percentage 19.59% 41.22% 

   

All points: 

Mean value 2.08193 0.252289 

Minimum value 0.015 0.005 

Maximum value 11.41 0.954 

Standard deviation 2.29621 0.263023 

Coefficient of variance 1.10292 1.04255 

Variance 5.27256 0.0691813 

Volume 644,386 348,718 

Number of parts 5 11 



Figure 58: Qualimetric model of zinc at cut-off of 0.5%. Inside (red) indicates grades above cut-off. View from above (left) and below (right). North is upwards 
in the figure on the left side, and downwards in the figure on the right side. 



Figure 59: Qualimetric model of copper at cut-off of 1%. Inside (red) indicates grades above cut-off. View from above (left) and below (right). North is upwards 
in the figure on the left side, and downwards in the figure on the right side.



4.2.2.2 Zinc 

Table 19: Statistics for indicator interpolant model of Zn at a cut-off value of 1%. 

Zn: cut-off at 1% 
 

Indicator statistics 

Total number of samples 148 

   

 ≥ cut-off < cut-off 

Number of points 46 102 

Percentage 31.08% 68.92% 

Mean value 3.5 0.165837 

Minimum value 1.01 0.005 

Maximum value 12.75 1 

Standard deviation 2.72983 0.237828 

Coefficient of variance 0.779952 1.43411 

Variance 7.45197 0.056562 

   

Output volume statistics 

Resolution 5 

Iso-value 0.1 

   

 Inside Outside 

≥ cut-off   

Number of samples 46 0 

Percentage 31.08% 0.00% 

< cut-off   

Number of samples 23 79 

Percentage 15.54% 53.38% 

   

All points: 

Mean value 2.40287 0.153385 

Minimum value 0.005 0.005 

Maximum value 12.75 0.955 

Standard deviation 2.72023 0.226166 

Coefficient of variance 1.13208 1.4745 

Variance 7.39963 0.0511511 

Volume 768,117 224,987 

Number of parts 2 6 



Table 20: Statistics for indicator interpolant model of Zn at a cut-off value of 3%. 

Zn: cut-off at 3% 
 

Indicator statistics 

Total number of samples 148 

   

 ≥ cut-off < cut-off 

Number of points 19 129 

Percentage 12.84% 87.16% 

Mean value 5.75239 0.531936 

Minimum value 3 0.005 

Maximum value 12.75 3 

Standard deviation 3.01398 0.772869 

Coefficient of variance 0.523953 1.45294 

Variance 9.08408 0.597326 

   

Output volume statistics 

Resolution 5 

Iso-value 0.2 

   

 Inside Outside 

≥ cut-off   

Number of samples 18 1 

Percentage 12.16% 0.68% 

< cut-off   

Number of samples 18 111 

Percentage 12.16% 75.00% 

   

All points: 

Mean value 3.6107 0.427948 

Minimum value 0.005 0.005 

Maximum value 12.75 7.65 

Standard deviation 3.0328 0.915597 

Coefficient of variance 0.83995 2.13951 

Variance 9.1979 0.838317 

Volume 288,934 704,170 

Number of parts 3 3 



Figure 60: Qualimetric model of zinc at cut-off of 1%. Inside (red) indicates grades above cut-off. View from above (left) and below (right). North is upwards in 
the figure on the left side, and downwards in the figure on the right side. 



Figure 61: Qualimetric model of zinc at cut-off of 3%. Inside (red) indicates grades above cut-off. View from above (left) and below (right). North is upwards in 
the figure on the left side, and downwards in the figure on the right side.



4.2.3 Block models 

4.2.3.1 Copper 

Table 21: Statistics for block modelling of copper grades [%]. 

Statistics block model Cu 

Minimum 0.0145896 

Lower quartile 0.441948 

Median 0.762865 

Upper quartile 1.11646 

Maximum 6.96685 

  

Mean value 0.917695 

Standard deviation 0.72309 

Variance 0.52286 



Figure 62: Block model of copper grades in lens A. View from above (left) and below (right). North is upwards in the figure on the left side, and downwards in 
the figure on the right side.



4.2.3.2 Zinc 

Table 22: Statistics for block modelling of zinc grades [%]. 

Statistics block model Zn 

Minimum 0 

Lower quartile 0.47615 

Median 0.96496 

Upper quartile 1.68272 

Maximum 5.29772 

  

Mean value 1.19366 

Standard deviation 0.904835 

Variance 0.818726 



Figure 63: Block model of zinc grades in lens A. View from above (left) and below (right). North is upwards in the figure on the left side, and downwards in the 
figure on the right side.



4.3 Drillhole spacing 

Figure 64: The distribution of drillholes on lens A of the Hessjø deposit. The drillholes are set to show 
with a diameter of 15 m for visualisation purposes. Grey overlay is the topography, outline of 

modelled lens in the background. Scale in meters, view from above. 



5 Discussion 

5.1 Geometric modelling 

 

 

 

 

 

 

 

 

 



5.2 Qualimetric modelling 

5.3 Resource classification 



 

 

 

 

 

 

 

 



6 Conclusion 

6.1 Suggestions for further work 
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