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Either way, TiO2 could be a good supplement for indicating the quality of the quartzite. Other 

oxides such as K2O and Na2O, which are expected to be correlated to Al2O3 as they typically 

constitute clay minerals, show a weaker correlation.  

Thus, it seems that both the mineralogical and textural maturity of the Gamasfjell formation 

increases upwards. It is not uncommon that sands in a sedimentary sequence show such a trend 

(Pettijohn et al., 1987). A progressive decrease in feldspar and rock particles with decreasing age 

can indicate multicycling (Pettijohn et al., 1987), for example, cycles of transgression and 

regression may have caused reworking of the sediments, making the last sediments deposited 

most mature.  

6.2 Diagenesis 

The Gamasfjell Formation formed as a result of intense chemical weathering of the Proterozoic 

surface. The sand was deposited in a shallow marine environment (Johnson et al., 1978), where 

the back and forth movement of the tide cleaned and rounded the sand.  

During burial, quartz precipitated as overgrowths completely filling intergranular pore spaces. 

The presence of concavo-convex and sutured boundaries could indicate that the source of silica 

came from pressure solution at grain contacts, but other sources are also possible (McBride, 1989 

and references therein). Although feldspar was not observed in this study, the Gamasfjell 

quartzite is described to contain some (Siedlecka, 1990). Most of the original detrital feldspar 

grains were likely dissolved during diagenesis. Wilkinson et al., (2001), found that dissolution of 

feldspar takes place at temperatures between 60 and 160 °C, during deep burial (1,5-4,5 km). 

Feldspars grains were likely replaced by sericite and probably also kaolinite. However, kaolinite 

was not observed in the Gamasfjell Formation. The more rare mineral pyrophyllite (Deer et al., 

1992) was detected. The presence of pyrophyllite indicates temperatures of at least 300 °C., but 

no more than 420 °C (Deer et al., 1992). This is a region between late diagenesis and early 

metamorphism (Worden and Burley, 2003). During burial, kaolinite probably reacted with quartz 

cement and formed pyrophyllite (Dyar et al., 2008). This is also what Fjellanger, (2007) thought 

to be the cause of pyrophyllite in the Hanglecearru Formation. The kaolinite may have contained 

titanium. The dissolution of kaolinite may then have led to titanium rich fluids that allowed for 

the precipitation of anatase (Morad and Aldahan, 1987).  
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The red color of the lower part of the Gamasfjell formation is due to hematite (Figure 5.10), 

while more recent weathering and hydration oxygenation has caused the rust color associated 

with iron hydroxide.  

Red quartz arenites are mostly associated with aeolian environments, while gray quartz arenites 

are associated with marine environments. Red beds may however form in in marine environments 

close to land (Mücke, 1994 and references therein). The Gamasfjell is interpreted as marine in 

origin (Johnson et al., 1978), the origin of the red color will be briefly discussed below.  

There are several explanations for the origin of hematite.  Mucke, 1994 summarizes the leading 

hypothesis as; 1) Iron hydroxide coating sand grains were dehydrated with during or shortly after 

deposition and converted to hematite. 2) Dissolution of Fe-bearing detrital minerals and 

precipitation of hematite during diagenesis. 3) Postdiagenetic replacement of iron hydroxides by 

hematite.  

Observations done in this thesis point mostly with the first two hypothesis 1) Thin films of 

hematite coat detrital grains (Figure 5.8) 2) Smeared out red layers (not following sedimentary 

layers) (Figure 5.3f)  and cavities (Figure 5.3e). The leached red quartzite surrounding what is 

most likely syntectonic quartz veins (Figure 5.21), suggests that the hematite was not of 

postdiagenetic origin, e.t formed after uplift.  

6.3 Structural geology:  

The Gamasfjell Formation is folded by an upright, sub horizontal, gentle fold. The folding of the 

Formation has not caused any significant deformation, evident by e.g, preserved primary bedding 

and unstrained quartz. 

The fractures were most likely created during uplift and denudation, as the poles to the fractures 

plot along the average bedding plane (Ramsay and Huber, 1987).  In areas bordering the 

fractures, the quartzite is often altered. Fjellanger, (2007) studied the nearby quartzite at the 

Hanglecearru Mountain and explained the altered quartzite as a result of teleogenisis, where 

water flushing through the joints over long periods of time weakened the mechanical strength of 

the quartzite. 
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Johansen, 1998 mapped the Gamasfjell Formation at Tananeset, and differentiated between 

quartzite and quartzitic sandstone. Johansen concludes that the quartzitic sandstone are layers that 

during burial were less cemented.  

From observations done during the present field study, altered quartzite seems to be related to 

fractures, however the highest concentration of altered zones is located around joints in Unit B. 

Unit B may be more in resemblance of a sandstone and less resilient towards weathering. The 

joints seem less affected by alteration closer to the flanks of the fold, as well as lower down in the 

stratigraphy. The uppermost stratigraphy (Unit A) has a more quartzitic texture (interlocking 

grains, triple junctions etc.), while Unit C, contains a higher abundance of clay, both of these 

facts may have prohibited water circulation. Unit B, having neither a high amount of clay, nor a 

quartzitic texture may therefore have been most effected by chemical weathering.  

The quartzitic texture of Unit A, may not be related to a higher strain, but rather a result of the 

absence of clay minerals, making grain boundary growth more extensive. Structurally, folds often 

experience outer arc extension and inner arc contraction, which would mean that Unit A 

experienced the least amount of strain. Outer arc extension also explains the jointing. Stored 

elastic strain was probably released during uplift, causing development of joints (especially in the 

hinge zone), extending down to the zone of contraction.  

Unit A has been completely eroded at the hinge zone. The layers in the hinge zone have a low 

dip, and the joints are normal to the bedding surface, which could have made chemical 

weathering more effective as water could be stored for longer periods, compared to the more 

steeply dipping limbs. 

Thus, Unit B, likely has the most porosity and permeability. The limbs of the fold were probably 

less effected by chemical weathering, as the layers are more steeply dipping. Unit C may be more 

resilient as a result of being closer to the zone of contraction.  

The association of joints with altered quartzite may reduce the volume of the resource. 

Particularly the master joints, which cross the whole mountain and are observed reaching all the 

way down to the valley bottom along the NNW rock face. When planning a drilling campaign the 

master joints should be avoided, as the drill crown can become stuck in these zones. J1-J3 are 

probably not as problematic for drilling, but may reduce the volume of the resource somewhat. 
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However, no altered quartzite was observed in drill-core VR-14-01. This may indicate that the 

altered zones surrounding J1-J3 do not penetrate very deep.  

In several areas, fracturing and weathering has caused the quartzite to break into blocks. Because 

the area was covered by cold based glaciers, which are not the type of glaciers that erode 

underlying bedrock, the blocks are interpreted to lay in situ (Fjellanger et al., 2006). It would 

therefore be interesting to set a profile across the blocks for comparison with DDH cores and 

other profiles. 

6.4 Assumptions, constraints and inaccuracies in model 

This chapter discusses some of the chemical and structural assumptions and constraints used 

when generating the 3D model and resource estimation. Inaccuracies in the model are also listed.  

Chemistry: 

 Unit B is more iron rich in the subsurface. If Unit B has a relative high porosity and 

permeability, hematite may have been washed out near the surface. There could also be 

lateral differences in the iron content. Since the whole core was sampled, it gives a better 

average and was therefore used to represent Unit B. More sampling and drilling must be 

conducted to establish if the surface is in fact less rich in iron and how extensive this 

eventually is.  

 In the subsurface, the good quality quartzite, extends 4,2 meters below where the 

boundary to Unit B is defined (Figure 5.27). That is, the upper part of the red colored 

quartzite is low in iron and aluminum. This, together with the first point, implies that the 

color of the quartzite is not necessarily correlated to the iron content. Generally, coarse 

grained hematite will barely influence color, while fine grained hematite will produce 

intense red colors (Mücke, 1994).  

 In the drill core the top 3.5m of Unit A is covered by iron hydroxides, giving it a rusty 

color and causing an increased iron content. It is not known if this is a local occurrence or 

if it is representative of the top meters throughout. It is assumed that it is local, therefore 

the top meter was modeled as Unit A.   
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  

Inaccuracies:  

 Unit B is modeled to thicken towards the upper part of the limb at the southern part of the 

SE fold limb. The thickness has likely been miscalculated. The miscalculation most likely 

occurred because of the change in strike in the location of profile 2 (see Figure 5.18) was 

not respected properly. A corrected thickness is presented in Figure 5.15. 

 

6.5 Future drilling campaign suggestion 

In order to increase geological knowledge, a future DDH campaign is proposed. The planned drill 

hole positions are incorporated in the 3D model. Collar and survey data are listed in Table 7.1 

and Table 7.2 respectively. The following considerations were taken when choosing the DDH 

positions:  

 The azimuth and dip of the DDH are (322/59), which is perpendicular to the fold axis 

strike (143) and the opposite to the angle of local dip (31) 

 Master joints are avoided, to prevent the DDH from becoming stuck. 

 The spacing between DDH positions is 200m.  

 The depth is chosen at 70m. This to include the lower part of the Vaggge Formation. 

 Unit B (intermediate quality) is expected to be hit at 38-42m depth below the Vagge 

Formation. 

 Unit C (Bad quality) is expected to be hit between 56 - 58m depth below the Vagge 

Formation.    

Table 6.1: Collar 

HOLE EAST NORTH ELEVATION DEPTH 

VR-YY-02 560660.7 7822310.8 404.2 70 

VR-YY-03 560808.1 7822445.2 428.1 70 

VR-YY-04 560970.2 7822562.8 436.8 70 

VR-YY-05 561140.0 7822668.33 436.5 70 

VR-YY-06 561315.65 7822764.5 436 70 
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Table 6.2: Survey 

HOLE DEPTH DIP AZIM 

VR-YY-02 70 59 322 

VR-YY-03 70 59 322 

VR-YY-04 70 59 322 

VR-YY-05 70 59 322 

VR-YY-06 70 59 322 
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 Conclusion 

 A gentle, upright, horizontal fold with an axial plane strike extending southeast, folds the 

Gamasfjell Formation. 

 Textural and mineralogical maturity decreases with depth impairing the quality of the 

quartzite.  

 Three units could be defined on the basis of visual characteristics and are associated with 

a recognizable geochemical signature (Table 7.1) 

Table 7.1: Characteristics of each unit and their associated quality and maturity. 

Units and 

depths 

Characteristics Quality 

D
ecr

ea
sin

g
 m

a
tu

rity
  

Unit A (0~38m) Light grey, 

massive 

Good quality  

Unit B 

(38~56m) 

Pink/red, 

smeared out red 

bands 

Intermediate 

quality 

Unit C (Below 

~56m) 

Altering colors 

of red, 

crossbedding 

Bad quality 

 

 Surface and DDH analysis are generally in good agreement with each other, both visually 

and chemically. Surface samples are therefore generally representative of the subsurface. 

There are however two main deviations. 

o Unit B is more iron rich in the subsurface.  

o The upper 4.2 m of Unit B in the subsurface resembles Unit A chemically. 

 There is a strong relation between TiO2, Al2O3 and depth. With decreasing depth, TiO2 

increases and reaches 350-400 ppm at the footwall. 

 The strata is highly affected by three main joint sets (J1-J3), in addition to a set of master 

joints. Joints are often open with weathered surfaces and altered quartzite extending 
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outwards from the fracture planes, particularly in Unit B. However, no altered quartzite 

was found in the drill core, indicating that the altered quartzite may not be pervasive.   

 The master joints are pervasive and penetrate deep. Severely altered quartzite is 

associated with these joints. Because the spacing between them is large, they should not 

be particularly problematic for mining, but the master joints should be avoided when 

drilling.  

 The resource estimation shows that there are large amounts of good and intermediate 

quality quartzite on the SE fold limb of the Vaggecearru Mountain (Table 7.2).  

If further drilling proves that the altered quartzite associated with fractures are non-

pervasive, the Vaggecearru Mountain should be a promising deposit.  

 

Table 7.2: Volume and tonnage from resource estimation (rounded to nearest 100 000. 

Quality Volume (m3) Tonnage  

Unit A (Good) 17 200 000 44 720 000 

Unit B (Intermediate) 11 700 000 30 160 000 
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 Futher Work 

For Elkem further work will be to continue mapping the area. A profile should be traversed 

between profile 1 and profile 2, although outcrops are difficult to find in that area. It would 

however be interesting to see if loose blocks are reliable for sampling, as they should be 

autoctounious. Diamond Drill holes can be placed at the suggested positions. It will be important 

to examine how pervasive the altered quartzite in relation to the joints are. HI and TSI test must 

be performed on more samples, as only four were tested during this project. The 3D model will 

be exported to a format that can be imported in Vulcan, the modelling software that Elkem uses. 

The model will have to be updated as geological knowledge increases.  

More generally, the Vaggecearru Mountain is a locality, where the region between diagenesis and 

metamorphism can be studied, as this region is not well defined. Structurally, the there are many 

interesting features, such as faults, joints and vein arrays that are well displayed. The origin of 

quartz arenites is still debated, e.g. Dott Jr (2003) suggests that they were formed as a result of, 

among other things, Precambrian subaerial life forms. The well preserved sedimentary structures 

makes the Gamasfjell formation well suited for studying quartz arenites.  
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Appendix A Sample Locations 
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Appendix B Material and methods 

List of methods used to analyze specific samples. 

Reference ICP - IOS Microscopy Microprobe XRD TSI 

Pr1-0m x x   x 

Pr1-2.5m x x    

Pr1-5.0m x     

Pr1-7.5m x x    

Pr1-12.5m x     

Pr1-17.5m x x   x 

Pr1-20.0m x x    

Pr1-22.5m x x    

Pr1-25.0m x x    

Pr1-27.5m x x x   

Pr1-30.0m x x    

Pr1-32.5m x x    

Pr1-35.0m x     

Pr1-45.0m x x    

PR2+30.0m x x    

PR2+19m x     

PR2+17.5m x x  x  

PR2+15.0m x     

PR2+13.5m x x x   

PR2+10m x x    

PR2+7.5m x     

PR2+5m x     

PR2+2.5m x     

PR2-0 x x    

PR2-2.5m x x   x 
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PR2-5m x x  x  

PR2-7.5m x    x 

PR2-10m x     

PR2-12.5m x     

PR2-15m x x    

PR2-17.0m x x    

PR2-19.5m x x    

PR2-22m x x x   

PR2-25m x x    

PR2-27.5m x     

PR2-30m x x x x  

PR3-0m x     

PR3-2.5m x     

PR3-5m x     

PR3-7.5m x     

PR3-10m x     

PR3-12.5m x     

PR3-15m x     

PR3-17.5m x     

PR3-30m x     

PR3-32.5m x     

PR3-37.5m x     

PR3-40m x     

PR3-42.5m x     

PR3-44m x     

VR-14-01-

001 

x     

VR-14-01-

002 

x     
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VR-14-01-

003 

x     

VR-14-01-

004 

x     

VR-14-01-

005 

x     

VR-14-01-

006 

x     

VR-14-01-

007 

x     

VR-14-01-

008 

x     

VR-14-01-

009 

x     

VR-14-01-

010 

x     

VR-14-01-

011 

x     

VR-14-01-

012 

x     

VR-14-01-

013 

x     

VR-14-01-

014 

x     

VR-14-01-

015 

x     

VR-14-01-

016 

x     

VR-14-01-

017 

x     
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VR-14-01-

018 

x     

VR-14-01-

019 

x     

VR-14-01-

020 

x     

VR-14-01-

021 

x     

VR-14-01-

022 

x     

VR-14-01-

023 

x     

VR-14-01-

024 

x     
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Appendix C Microprobe results 

Results from microprobe, expressed in Wt % (normalized) of element.  
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Appendix D XRD Results:  

Results of XRD. Lys corresponds to (Pr2+17,5), Mellom corresponds to (Pr2-5), Mørk 

corresponds to (Pr2-30), 
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150065: Mørk
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Appendix E Bulk chemistry of all samples 

Results from ICP – OES analysis. 
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Org. Ref: Al2O3 Fe2O3 TiO2 CaO Na2O K2O MgO MnO P2O5 B2O3

% % ppm % % % % ppm ppm ppm

PR3-0m 0.217 0.0346 166.8 0.0032 0.0031 0.0425 0.0034 37.2 40.8

PR3-2.5m 0.305 0.0437 131.6 0.0033 0.0051 0.0516 0.0033 44.7 52.8

PR3-5m 0.550 0.0645 240.0 0.0040 0.0042 0.1197 0.0057 13.4 102.8 15.0

PR3-7.5m 0.521 0.0512 294.3 0.0035 0.0052 0.1096 0.0058 34.1 44.7 15.5

PR3-10m 0.252 0.0383 197.7 0.0031 0.0036 0.0542 0.0035 23.7 62.4

PR3-12.5m 1.613 0.1745 644.6 0.0042 0.0146 0.2303 0.0093 7.7 107.7

PR3-15m 0.338 0.0739 226.2 0.0046 0.0084 0.0618 0.0038 19.6 54.8

PR3-17.5m 0.585 0.0504 223.7 0.0040 0.0101 0.1173 0.0054 9.9 48.4

PR3-30m 0.488 0.0570 489.9 0.0051 0.0081 0.0653 0.0053 17.7 64.6

PR3-32.5m 1.207 0.0924 419.9 0.0060 0.0139 0.1163 0.0061 4.3 74.7

PR3-37.5m 0.370 0.0431 179.8 0.0050 0.0070 0.0636 0.0049 6.6 53.6

PR3-40m 0.581 0.0458 234.0 0.0046 0.0078 0.1130 0.0061 6.9 94.1

PR3-42.5m 1.090 0.0834 509.6 0.0076 0.0075 0.2478 0.0106 6.8 225.1

PR3-44m 0.500 0.0655 430.5 0.0062 0.0061 0.1192 0.0068 13.0 57.8

Profile 3
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Appendix F Photo of core 
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Appendix G Structural measurements 

List of all field samples: 

Structural measurements 

Nr. Loc nr. 

(ArcGis) 

Azimuth Dip X Y Z Color/Formation Comment 

2 JP_2 171 27 561219.3 7822981.0 492 Pi/Rd QTZ   

4 JP_4 151 28 561212.5 7823020.8 494 Pi/Rd QTZ   

5 JP_5 154 14 561135.9 7823258.2 500 Pi/Rd QTZ   

6 JP_6 158 20 561084.0 7823357.6 501 Pi/Rd QTZ   

7 JP_7 162 30 560430.1 7822289.7 420 LG QTZ   

8 JP_8 148 23 560412.7 7822328.2 433 Pi/Rd QTZ   

9 JP_9 148 22 560370.4 7822400.1 450 Pi/Rd QTZ   

10 JP_10 151 23 560356.6 7822415.5 453 Pi/Rd QTZ   

11 JP_11 151 23 560536.2 7822506.2 464 Pi/Rd QTZ   

13 JP_13 155 23 560513.2 7822540.1 469 Pi/Rd QTZ   

14 JP_14 165 21 560637.0 7822719.7 482 Pi/Rd QTZ   

15 JP_15 153 38 560444.0 7822114.1 355 LG QTZ   

16 JP_16 125 32 560437.7 7822150.6 371 LG QTZ   

18 JP_18 175 14 560388.5 7823099.6 503 Pi/Rd QTZ   

19 JP_19 281 7 560363.1 7823219.2 501 Pi/Rd QTZ   

20 JP_20 311 20 560311.3 7823304.7 486 Pi/Rd QTZ   

21 JP_21 311 25 560240.6 7823403.1 450 Pi/Rd QTZ   

22 JP_22 321 31 560142.2 7823465.8 433 Pi/Rd QTZ   

23 JP_23 315 26 559925.4 7823663.8 406 Pi/Rd QTZ   

24 JP_24 311 20 560140.7 7823339.9 453 Pi/Rd QTZ   

25 JP_25 315 20 560110.4 7823307.6 457 Pi/Rd QTZ   

26 JP_26 325 17 560065.2 7823208.8 468 Pi/Rd QTZ   

28 JP_28 111 46 560311.6 7821719.3 295 Vagge   

29 JP_29 157 38 560341.1 7821731.0 297 Vagge   

30 JP_30 140 30 560439.8 7821826.5 315 Vagge   

31 JP_31 143 40 560607.5 7821908.0 321 Hangle - 

Vagge 
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32 JP_32 140 27 560724.4 7822170.7 402 Hangle - 

Vagge 

  

33 JP_33 155 18 559879.9 7822396.1 431 Pi/Rd QTZ   

34 JP_34 178 15 559639.5 7822589.9 437 Pi/Rd QTZ   

35 JP_35 179 15 559584.0 7822548.7 434 Pi/Rd QTZ   

36 JP_36 177 7 559518.9 7822711.4 441 Pi/Rd QTZ   

37 JP_37 319 4 559548.2 7822774.9 446 Pi/Rd QTZ   

38 JP_38 302 13 559647.5 7823047.1 451 Pi/Rd QTZ   

39 JP_39 291 28 559660.2 7823115.4 447 Pi/Rd QTZ   

40 JP_40 303 25 559797.9 7823645.1 400 Pi/Rd QTZ   

41 JP_41 307 23 560255.1 7824235.9 434 Pi/Rd QTZ   

42 JP_42 325 16 560233.9 7824377.7 323 Pi/Rd QTZ   

43 JP_43 317 26 559931.2 7824426.4 233 Pi/Rd QTZ   

44 JP_44 303 24 559688.9 7824775.4 154 Hangle - 

Vagge 

Contact 

46 JP_46 178 17 560230.0 7822431.7 451 Pi/Rd QTZ PR2 -

12.5m 

47 JP_47 166 18 560268.0 7822425.7 452 Pi/Rd QTZ PR2 -7.5m 

48 JP_48 165 18 560332.8 7822425.7 454 Pi/Rd QTZ PR2 -2.5m 

49 JP_49 153 40 558992.7 7820616.8 343 Hangle - 

Vagge 

Contact 

50 JP_50 150 34 558973.4 7820880.3 380 LG QTZ  Contact 

51 JP_51 155 33 558924.6 7820912.0 397 Pi/Rd QTZ - 

LG QTZ 

Contakt 

52 JP_52 150 22 558837.5 7820940.9 398 Pi/Rd QTZ   

53 JP_53 148 18 558844.4 7821006.0 385 Pi/Rd QTZ   

54 JP_54 166 20 560343.7 7822410.0 352 Pi/Rd QTZ PR2 -0m 

55 JP_55 140 22 560376.4 7822401.4 351 LG QTZ PR2 +5m 

56 JP_56 152 24 560405.1 7822378.0 346 LG QTZ PR2 +10m 

57 JP_57 142 21 560418.1 7822362.9 342 LG QTZ PR2 + 

12.5m 

58 JP_58 146 26 560468.6 7822369.5 340 LG QTZ PR2 

+17.5m 

59 JP_59 140 21 560493.8 7822383.7 341 LG QTZ PR2 +19m 

60 JP_60 168 18 560305.8 7822431.7 454 Pi/Rd QTZ PR2 -5m 

61 JP_61 175 20 560243.2 7822428.3 451 Pi/Rd QTZ PR2 -10m 
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62 JP_62 155 17 560217.2 7822434.0 450 Pi/Rd QTZ PR2 -15m 

63 JP_63 169 22 560204.2 7822473.7 454 Pi/Rd QTZ PR2 -22m 

64 JP_64 174 14 560198.2 7822512.0 458 Pi/Rd QTZ PR2 -25m 

65 JP_65 177 17 560182.2 7822521.3 458 Pi/Rd QTZ PR3 -

27.5m 

66 JP_66 180 16 560169.3 7822536.6 458 Pi/Rd QTZ PR2 -30m 

67 JP_67 168 16 560356.5 7822403.2 451 LG QTZ PR2 

+2.5m 

68 JP_68 166 23 560282.0 7822296.1 433 LG QTZ   

113 JP_113 150 28 561289.6 7822948.0 487 LG QTZ PR 1 0m 

114 JP_114 174 28 561283.9 7822951.0 488 LG QTZ PR 1 - 

2.5m 

115 JP_115 144 26 561269.1 7822954.2 489 LG QTZ PR 1 - 5m 

116 JP_116 166 27 561257.9 7822957.9 490 LG QTZ PR 1 -

7.5m 

118 JP_118 148 28 561282.0 7822982.1 491 LG QTZ PR 1 - 

12.5m 

119 JP_119 138 24 561276.1 7822993.0 492 Pi/Rd QTZ PR 1 -

17.5m 

120 JP_120 144 32 561272.1 7822997.0 492 Pi/Rd QTZ PR 1 - 

20m 

121 JP_121 140 21 560217.0 7822441.9 451 Pi/Rd QTZ PR2 - 

19.5m 

122 JP_122 157 21 560393.2 7822398.0 450 LG QTZ PR2 

+7.5m 

123 JP_123 148 20 560434.9 7822367.3 442 LG QTZ PR2 +15m 

124 JP_124 154 18 561220.5 7823073.0 497 Pi/Rd QTZ PR1 -45m 

125 JP_125 176 21 561214.9 7823026.4 495 Pi/Rd QTZ PR1 -35m 

126 JP_126 179 26 561227.8 7823019.4 494 Pi/Rd QTZ PR1 -

32.5m 

127 JP_127 166 24 561236.4 7823016.8 494 Pi/Rd QTZ PR1 -30m 

128 JP_128 164 19 561253.9 7823015.8 494 Pi/Rd QTZ PR1 -

27.5m 

129 JP_129 156 28 561262.2 7823013.1 493 Pi/Rd QTZ PR1 -25m 

130 JP_130 150 32 561275.3 7823010.7 493 Pi/Rd QTZ PR1 -

22.5m 
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133 JP_133 153 24 561351.0 7823065.9 494 Pi/Rd QTZ   

134 JP_134 142 27 561427.0 7823111.5 494 Pi/Rd QTZ   

135 JP_135 144 23 561478.0 7823194.9 496 Pi/Rd QTZ   

136 JP_136 140 24 561577.2 7823170.4 491 Pi/Rd QTZ   

137 JP_137 159 44 561544.2 7822765.1 437 Hangle - 

Vagge 

Contact 

138 JP_138 153 54 561502.0 7822740.9 430 Hangle - 

Vagge 

Contact 

139 JP_139 142 35 560901.2 7822311.5 416 Hangle - 

Vagge 

Contact 

140 JP_140 146 36 560836.7 7822248.6 410 Hangle - 

Vagge 

Contact 

141 JP_141 140 30 560572.1 7822155.0 352 Vagge   

142 JP_142 122 2 559976.2 7821955.3 363 Pi/Rd QTZ   

143 JP_143 168 6 559897.1 7821955.1 359 Pi/Rd QTZ   

144 JP_144 170 10 559814.1 7821879.9 329 Pi/Rd QTZ   

145 JP_145 160 2 559790.3 7822026.8 380 Pi/Rd QTZ   

146 JP_146 146 12 559758.2 7822069.3 390 Pi/Rd QTZ   

147 JP_147 164 15 559868.5 7822110.9 401 Pi/Rd QTZ   

148 JP_148 150 18 560002.1 7822193.9 320 Pi/Rd QTZ   

149 JP_149 150 18 560122.3 7822241.4 426 Pi/Rd QTZ   

150 JP_150 170 19 560141.9 7822582.8 461 Pi/Rd QTZ   

151 JP_151 160 18 560105.9 7822622.5 465 Pi/Rd QTZ   

152 JP_152 162 18 560071.5 7822750.6 476 Pi/Rd QTZ   

153 JP_153 178 16 560055.1 7822820.9 479 Pi/Rd QTZ   

154 JP_154 176 11 560067.3 7822877.0 481 Pi/Rd QTZ   

155 JP_155 162 11 559970.0 7822865.0 480 Pi/Rd QTZ   

156 JP_156 225 6 559966.1 7822905.9 480 Pi/Rd QTZ   

157 JP_157 226 1 559931.3 7822920.3 479 Pi/Rd QTZ   

158 JP_158 281 6 559840.3 7822939.8 471 Pi/Rd QTZ   

159 JP_159 330 10 559903.8 7823011.8 473 Pi/Rd QTZ   

160 JP_160 300 14 559963.5 7823051.5 474 Pi/Rd QTZ   

161 JP_161 294 10 560071.5 7823059.4 480 Pi/Rd QTZ   

162 JP_162 278 6 560136.1 7823078.5 486 Pi/Rd QTZ   

163 JP_163 222 6 560203.3 7823066.8 493 Pi/Rd QTZ   

164 JP_164 216 7 560245.6 7823073.2 498 Pi/Rd QTZ   
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165 JP_165 321 20 559871.5 7823152.2 450 Pi/Rd QTZ   

166 JP_166 322 19 559870.9 7823213.0 438 Pi/Rd QTZ   

167 JP_167 316 18 559909.2 7823247.4 438 Pi/Rd QTZ   

168 JP_168 316 18 560140.0 7823349.3 449 Pi/Rd QTZ   

169 JP_169 344 30 560215.0 7823453.7 438 Pi/Rd QTZ   

170 JP_170 324 24 560242.1 7823416.0 447 Pi/Rd QTZ   

171 JP_171 322 29 560297.0 7823453.4 446 Pi/Rd QTZ   

172 JP_172 311 27 560308.6 7823524.8 439 Pi/Rd QTZ   

173 JP_173 298 16 560443.0 7824176.6 389 Pi/Rd QTZ   

174 JP_174 300 14 560461.3 7824273.4 372 Pi/Rd QTZ   

175 JP_175 322 18 560451.7 7824309.9 368 Pi/Rd QTZ   

176 JP_176 323 18 560423.9 7824397.2 366 Pi/Rd QTZ   

177 JP_177 321 20 560423.9 7824433.0 367 Pi/Rd QTZ   

178 JP_178 321 22 560417.9 7824484.9 368 LG QTZ   

179 JP_179 300 18 560406.0 7824500.1 366 LG QTZ   

180 JP_180 300 22 560343.7 7824766.8 404 Hangle-Vagge Contact 

181 JP_181 319 22 560476.1 7824889.9 420 Hangle-Vagge Contact 

182 JP_182 312 23 560563.5 7825021.0 424 Hangle-Vagge Contact 

183 JP_183 317 28 561070.2 7825265.2 494 Hangle-Vagge Contact 

184 JP_184 302 19 560914.5 7824641.5 427 Pi/Rd QTZ   

185 JP_185 310 18 560888.0 7824519.8 428 Pi/Rd QTZ   

186 JP_186 312 22 561150.0 7824077.9 434 Pi/Rd QTZ   

187 JP_187 324 22 561171.1 7824001.2 445 Pi/Rd QTZ   

188 JP_188 328 19 561142.2 7823854.0 462 Pi/Rd QTZ   

189 JP_189 186 8 561116.0 7823516.7 499 Pi/Rd QTZ   

190 JP_190 162 10 561081.9 7823357.9 501 Pi/Rd QTZ   

191 JP_191 172 12 561005.9 7823312.2 502 Pi/Rd QTZ   

192 JP_192 171 12 560916.6 7823301.9 505 Pi/Rd QTZ   

193 JP_193 180 12 560809.9 7823270.0 513 Pi/Rd QTZ   

194 JP_194 170 10 560708.3 7823193.9 508 Pi/Rd QTZ   

195 JP_195 167 17 560858.2 7822837.3 494 Pi/Rd QTZ   

196 JP_196 138 24 560563.7 7822198.3 367 LG QTZ  - 

Vagge 

Contact 

197 JP_197 145 30 560564.3 7822184.0 361 LG QTZ  - 

Vagge 

Contact 
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199 JP_199 154 31 560557.3 7822156.0 351 LG QTZ  - 

Vagge 

Contact 

200 JP_200 146 32 560536.7 7822114.8 337 LG QTZ  - 

Vagge 

Contact 

633 Not imported 300 30 559731.0 7824575.5 112 LG QTZ PR3-0m 

634 Not imported 316 28 559741.8 7824551.4 122 LG QTZ PR3-2.5m 

635 Not imported 308 30 559790.7 7824519.9 148 Pi/Rd QTZ PR3-5m 

636 Not imported 310 32 559811.5 7824495.3 164 Pi/Rd QTZ PR3-7.5m 

637 Not imported 310 32 559862.8 7824466.4 183 Pi/Rd QTZ PR3-10m 

639 Not imported 314 28 559896.5 7824454.6 211 Pi/Rd QTZ PR3 -

12.5m 

640 Not imported 320 31 559909.1 7824445.5 213 Pi/Rd QTZ PR3 -15m 

641 Not imported 314 33 559932.2 7824423.9 227 Pi/Rd QTZ PR3 - 

17.5m 

642 Not imported 298 22 560256.1 7824359.6 322 Pi/Rd QTZ PR3 . 30m 

664 Not imported 310 22 560287.2 7824347.4 332 Pi/Rd QTZ PR3-

32.5m 

665 Not imported 290 21 560279.4 7824331.1 324 Pi/Rd QTZ PR3-

37.5m 

666 Not imported 291 20 560285.6 7824332.4 324 Pi/Rd QTZ PR3-40m 

667 Not imported 301 19 560293.4 7824322.9 322 Pi/Rd QTZ PR3-

42.5m 

668 Not imported 300 20 560305.1 7824323.3 323 Pi/Rd QTZ Pr3-44m 

643 JP_213 137 50 559942.5 7820952.2 179 Hangle - 

Unknown 

Contact 

644 JP_211 154 52 560031.4 7821030.1 231 Hangle - 

Unknown 

Contact 

645 JP_210 146 49 560228.8 7821239.3 262 Hangle - 

Unknown 

Contact 

646 JP_206 146 50 560320.9 7821311.6 268 Hangle - 

Unknown 

Contact 

647 JP_207 152 50 560522.7 7821469.3 283 Hangle - 

Unknown 

Contact 

648 JP_208 141 52 560744.2 7821673.7 295 Hangle - 

Unknown 

Contact 

649 JP_209 143 51 560941.6 7821917.5 316 Hangle - 

Unknown 

Contact 
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638 Not imported 324 33 559690.9 7824599.6 115 Vagge   

 

Appendix H Leapfrog data 

Stuctural data used when modelling outcropping boundaries: 

Structural data 

Unknown - Hanglecearru 

x y z dip azimuth 

559942.45 7820952.22 179 50 137 

560031.42 7821030.1 231 52 154 

560228.81 7821239.29 262 49 146 

560320.93 7821311.58 268 50 146 

560522.66 7821469.26 283 50 152 

560744.22 7821673.67 295 52 141 

560941.55 7821917.51 316 51 143 

Hanglecearru - Vagge 

x y z dip azimuth 

560607.5029 7821907.969 321 40 143 

560724.4489 7822170.701 402 27 140 

561544.2487 7822765.099 437 44 159 

561501.9858 7822740.947 430 54 153 

560901.2217 7822311.528 416 35 142 

560836.6632 7822248.557 410 36 146 
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560490.6065 7824784.767 433 22 319 

559682.4184 7824774.714 152 24 303 

Vagge - Unit A 

x y z dip azimuth 

560549.4691 7822154.162 351 31 148 

560390.7634 7824533.076 370 22 321 

559716.3214 7824591.054 140 28 316 

Unit A - Unit B 

x y z dip azimuth 

560358.4139 7822408.301 453 20 167 

560507.4729 7822530.899 469 23 153 

561276.4281 7822972.781 491 28 150 

560422.2518 7824457.258 369 22 321 

Unit B - Unit C 

x y z dip azimuth 

560189.6339 7822426.528 447 18 168 

560733.2565 7822806.186 499 19 166 

561237.2064 7823019.793 501 23 170 

561524.539 7823173.057 501 23 142 

560471.6369 7824402.348 374 18 323 
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