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ABSTRACT 
 

The Malmberget deposit is one of the largest apatite iron ore (Kiruna type) in the world, located in 

northern Norrbotten, 70 km north of the article circle and this area is one of Sweden’s major ore-producing 

regions. The apatite iron ores in the Kiruna area occurs in an early Proterozoic continental setting. It is 

related to a Paleoproterozoic succession of greenstones, porphyries, and clastic metasediments that rest 

uncomformably upon a 2.8-2.7 Ga Archaean basement. The ore bodies are hosted by mafic to intermediate 

volcanic rocks and is intruded by felsic and mafic rocks. The area has experienced at least two metamorphic 

events: the first at 1.88 Ga and the second at 1.80 Ga. 

The present work is a petrochemical and structural geological study of the host rock of the 

Printzsköld ore body in the central part of the Malmberget deposit. The aim is to clarify if there are any 

petrographical and chemical differences between the footwall and the hanging wall of the Printzsköld ore 

body and to make clear the importance of local structural geology for the ore body geometry. Moreover it 

implies to identify the original character of the leptites which host the Printzsköld ore body. 

Seven drill cores were logged in order to outline the spatial distribution and character of rock types 

and the variation in alteration. Two of them have been sampled for analysis. Analytical methods that were 

used are whole rock geochemistry and optical microscopy. The structural geological studies were carried out 

both on the drill cores and through underground mapping.  

The host rock is composed of strongly altered rock types, which are intrusive felsic rocks of aplitic 

and pegmatitic character, intrusive mafic rocks and extrusive mafic to intermediate metavolcanic rocks. The 

intrusions occur widespread both in the hanging wall and in the footwall.  

The common alteration minerals are biotite, albite, amphibole, K-feldspar, sericite and chlorite. 

Amphibole alteration strongly affects the aplites and extends into the adjacent mafic to intermediate 

metavolcanic rocks. The K-feldspar alteration is developed both in the footwall and in the hanging wall 

which will affect both the aplites, the pegmatites and the metavolcanic rocks. The K-feldspar alteration is 

overprinting the amphibole alteration. The biotite alteration is widespread in the metavolcanic rocks and may 

result in the formation of biotite schist. The hanging wall contact and the footwall contact of the ore are 

marked by strong amphibole alteration and biotite enrichment respectively. 

The strong alteration and metamorphism makes the use of mobile element for rock characterisation 

difficult. These alterations also affect other elements and only few high field strength elements (Zr, Ti) are 

not mobile in the system and can be used to characterise the different rock types. The geochemical results 

show that the mafic rocks have basaltic character and the intermediate rocks have andesitic character. The 

rare earth elements show large variations in their concentrations and are consequently affected by alterations. 

The host rock show geochemical similarities with the Kiruna Porphyry Group.  

The large scatter patterns of most element plots indicate that the felsic and mafic intrusions, the 

basalts and the andesites surrounding the Printzsköld ore body are affected by a varying degree of alteration 

and metamorphism. The character and distribution of the alterations is more controlled by the rock type than 

the location either in the hanging wall or in the footwall.  



 2 

Comparing the regional foliations with the foliation in the host rock of Printzsköld, we notice a 

significant difference of strike and plunge.  The Printzsköld ore body does not follow the general structure of 

the ore horizon. These observations could be the result of either a folding event or a W-E oriented shear zone 

which might controls the host rock geometry and is the cause of the steep NE-SW foliation.  

The structural geology study needs to be extended in Printzsköld and to the host rock of the others 

ore bodies in order to give conclusions on the control of the geometry for all the ore bodies. 
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1 INTRODUCTION 
 

The Printzsköld ore body is situated in the Malmberget deposit, in northern Norrbotten, 70 km north 

of the article circle (Figure 1). This ore province is an important mining area dominated by Fe- and Cu- 

deposits. Economically, the Kiirunavaara and Malmberget deposits are the most important for the region 

with an annual production of c. 31 Mt (Martinsson, 2004). The Malmberget deposit is one of the world’s 

largest apatite-iron ores. It is related to a Paleproterozoic succession of greenstones, porphyries, and clastic 

metasediments that rest uncomformably upon a 2.8-2.7 Ga Archaean basement (Martinsson and Wanhainen, 

2004). The ores are hosted by metavolcanics rocks intruded by granite and pegmatite. It is strongly affected 

by ductile deformation and the structural geology is controlled by at least two phases of folding (Martinsson 

and Wanhainen, 2000). Extensive alterations are developed in this area, including K-feldspar alteration, 

albitisation, scapolitisation and biotite enrichment. 

 

 

 

Figure 1: Simplified geological map of the Northern Norrbotten ore province with the economic deposits market in red, 

modified from (Martinsson et al., 2004). 
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2 MINING HISTORY 
 

The apatite iron ores are economically one of the most important type of deposits of the northern 

Norrbotten area. The area also contains copper and gold with Aitik as the most important deposit. The 

Malmberget deposit was known as early as the 1660s. The town of Gällivare is an historic Lappish trading 

centre which grew in prominence after the discovery of iron ore at Malmberget and the construction of the 

railway from the Baltic coast in 1888. The Malmberget mine started as an open-pit, but since the mid-1920, 

all the ore bodies have been mined underground (LKAB, 2006). 

 

 

3 OBJECTIVE OF THE THESIS 

3.1 Background 
 

The present work is a petrochemical and structural geological study of the host rock of the 

Printzsköld ore body situated in the central part of the Malmberget deposit (figure 4). From the beginning 

Malmberget was probably part of a more or less continuous ore lens, which was exposed for at least two 

events of deformation and metamorphose. Today the individual ore bodies stretch parallel to the fold axis 

dipping 40-50° toward SSW (Bergman et al., 2001). Many of the ore bodies show a sinuous shape with a 

Printzsköld local thickening in the western end of the body. This might be a result of folding or the 

expression of a locally increased thickness. Traditionally, in Malmberget area the metavolcanic rocks has 

been mapped as leptites, which differ by their colours from red to grey. The leptites occur in the footwall and 

in the hanging wall. 

 

The interpretation and understanding of the local geology is important for the future exploration of 

the Printzsköld ore body could be improve by:  

• Petrologic and geochemical characterisation of the host rock which in this case can be used as a tool in the 

mining exploration and mine planning by providing a better guide to drill the ore at its expected positions. 

• To understand what controls the spatial distribution of the ore and its geometry. 

• Provide a better understanding of the importance of the structural geology that controls the ore bodies’ 

position and also the geometry throughout the Malmberget mine. 

• Should outcome from the thesis be successful, this may warrant further projects (theses or PhD) with 

geological structures and/or petrographic focus to include other ore bodies or parts of the mine. 

 

Both the chemical and textural properties of the ore minerals are affected by the plastic deformation 

which occurred after the ore had formed in Malmberget. The redistribution of elements, the recristallisation 

texture and the mechanical deformation can have influenced the distribution of the ore mineral (Lund, 2009). 
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3.2 Aim 
 

The objective of this study is to clarify if there are petrographic and chemical differences between 

the footwall and the hanging wall of the Printzsköld ore body and to make clear the importance of local 

structural geology for the ore body geometry. This objective implies to identify the leptites which host the 

Printzsköld ore body. The intention is also that this knowledge may be useful more generally in Malmberget 

mine. 

 

3.3 Approach 
 

The Printzsköld ore body was chosen for its high iron resource and a position in the middle part of 

the Malmberget deposit. Furthermore a PhD study of the mineral processing properties of this ore is on going 

(Lund, 2009). In order to study the host rock, seven drill cores were chosen. First, the drill core logging will 

give a general petrological view, and then the sampling will give the mineralogy and the texture of the rock 

types. 

The sampling approach was built on an hypothetical geological history:  

1. The primary rock type could have been an intermediate to mafic rock as lava (grey leptites). 

2. The iron ore formation intrudes the grey leptites and causes the first generation of alterations. The 

alterations does not affect the mineralogy of the mafic rocks but transform the texture into a fine-

grained texture. The first generation of alterations is biotite-magnetite-amphibole-scapolite-apatite 

minerals associations. It is different types of alteration which have been foliated during later 

deformation. 

3. The primary event is the formation of the iron ore which was followed by a period of metamorphism 

and deformation. 

4. It is assumed that the less deformed grey leptites may represent mafic dykes. 

5. In conditions of higher temperature, aplite and pegmatite intrusions generate a second generation of 

alterations pyroxene-amphibole-feldspars-+/-sulfides-+/-titanite. The amphibole could also come 

from a retrograde alteration from pyroxene of the first alteration to amphibole.  

 

 

4 THE ORIGIN OF THE KIRUNA TYPE OF IRON ORES 
 

The majority of the known deposits are found within Early to mid-Proterozoic host rocks (1,1-1,8 

Ga) (Hitzman et al., 1992). There are a couple of metallogenetic provinces in the world that host iron ores of 

the Kiruna type: the northernmost and central Sweden, the Ural Mountains in Russia, Avnik Area in Turkey, 

Bafq province in Iran, Iron Springs and SE Missouri in the United States, Great Bear in Canada, the Cerro 

Mercado in Mexico and El Laco in Chile (Geijer 1931) (Figure 3).  
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The deposits are situated in areas that were cratonic or continental margin environments during the 

late Lower and Middle Proterozoic, and there is often a definite spatial and temporal association with rifting 

environments. The host rock of the Kiruna type deposit may be igneous or sedimentary (Hitzman et al., 

1992). Many of the deposits occur within alkaline to sub-alkaline magmatic rocks which have solidified at 

the surface or intruded at small depths with a large fault system and overlying an older basement (Archean 

craton).  

These ore bodies are characterised as ores of either magnetite or hematite, with a moderate to low 

amount of gangue minerals (fluorite, apatite, amphibole and pyroxene), and other minerals as titanite and 

sulphide are accessories (Geijer, 1931). The host rocks are generally strongly altered. There is a general trend 

from sodic alteration at deep levels, to potassic alteration at intermediate to shallow levels, to sericitic 

alteration and silicification at very shallow levels. In addition, the host rocks are locally intensely Fe-

metasomatized (Hitzman et al., 1992).  

In spite of these similarities, the Kiruna type deposit occurs in a various host rock lithology, host-

rock relation, host-rock alteration, phosphorous content and accessory elements. The host rock of Kiruna 

type deposits have in some extent different chemical characters. Most of them belong to rather alkaline types 

(the north of Sweden, in the Urals, in SE Missouri, and at Iron Springs, Utah). The Cerro Mercado deposit in 

Mexico has more siliceous rocks, rhyolite or quartz- porphyries. Moreover, diorite porphyries and andesite 

have been encountered in Chile and in the north Swedish region surrounding by siliceous rocks. It is possible 

to divide the deposits into two distinct groups: a breccia type and a stratiform-stratabound type (Martinsson, 

2004).  

According to previous geochemical studies, the apatite iron ores can be distinguish from magmatic 

and sedimentary ores by their generally low titanium content between 0,04 % and 0,31 %, associated with a 

high content of vanadium in the range of 317-2310 ppm (Loberg and Horndahl 1983). Apatite iron ores have 

a dominance of light rare earth elements (Parák, 1973a; Frietsch and Perdahl, 1995).  

The origin of iron ores of Kiruna type has been subject of discussion for more than 100 years. The 

discussion is argued with geological data concerning the relation between the ores and their host rocks, and 

chemical data on iron oxides and apatite. The magmatic model is defended by (Geijer, 1910; Park, 1961; 

Frietsch, 1984; Nyström and Henríques et al., 2003), suggesting intrusion-related high-temperature processes 

during orogenesis. This magmatic origin is emphasised by similarities with El Laco in Chile. In the 

explanation of the magmatic model, two processes can be mentioned either the original magma was 

segregating through a fractionation of early-formed magnetite crystals, resulting in an enriched deposit. The 

other possible form of magmatic origin is that the crystallised ore is from a highly fractionated melt after the 

bulk of the primary magma had solidified as rocks. The magmatic hypothesis can explain the regularly late 

position of the ore in magmatic sequence, and also the span of transitional forms leading all the way to 

clearly hydrothermal deposits. The problem of magmatic against hydrothermal is also the question of the 

mise-en-place of the ore substance, by replacement or by intrusion. 

The hydrothermal processes were introduced by Hitzman et al., 1992, based on genetic ideas 

regarding the Olympic Dam deposit in Australia. The hydrothermal hypothesis points out a gradual process. 
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Moreover, the mise en place of the ore could have been taken both by fissure filling and by a replacement 

(Geijer, 1931).  

Most feature of the Kiruna type deposit could suggest either a magmatic or a hydrothermal origin. 

Consequently, both processes probably have been active, explaining the large range of different deposit style 

(Martinsson, 2004). The temperature is indicated by the mineral association (magnetite, apatite, diopsidic 

pyroxene, and actinolitic amphibole). The association mentioned suggests an elevated temperature (Geijer, 

1931). 

 

 

   Table 1: General characteristics of apatite-iron deposits (Edfelt, 2007 and references therein). 

 

 

 
Figure 2: Location of apatite-iron deposits. 

 

Characteristics Apatite iron ore (Kiruna type) 

Age  Paleoproterozoic to Pliocene-Pleistocene 

Tectonic setting Intracratonic settings to subduction zones, emplacement related to 

regional fault zones 

Host rock Calc-alkaline to alkaline volcanic rocks 

Morphology Large disk-like bodies, concordant bodies vein systems, impregnations, 

lava flows, pyroclastic material 

Mineralogy Magnetite-hematite-apatite and calcite- actinolite-diopside 

Alterations  Silicification, sericitization, epidotisation, albitization with minor 

actinolite and carbonates 

Ore genesis Magmatic intrusive and extrusive and/or hydrothermal replacement 

Cerro de Mercado 

El Laco 

Iron Springs 
SE Missouri 

Kiruna District 

Ural Mountains 

Great Bear 

Avnik Area 

Bafq provice 

Bergslagen 
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5 GEOLOGICAL SETTING 

5.1 Regional geology 
 

In the northern part of Norrbotten, the 2.5-2.0 Ga Karelian and c. 1.9 Ga Svecofennian units 

discordantly overlay the 2.83 Ga Archean basement. The Archean rocks are dominated by tonalite-

granodiorite intrusions. The lowest part of the Karelian rocks is the Kovo Group formed of a basal unit of 

quartzite and conglomerate followed by basaltic and andesitic volcanic rocks and volcaniclastic rocks 

(Martinsson, 1999b). These rocks are overlain by a 2 to 4 km thick pile of basalts, tuffites and chemical 

sediments, which is called the Kiruna Greenstone Group. The Svecofennian supracrustal rocks are 

represented by arc-related volcanic rocks and associated sediments that include the Porphyrite Group, the 

Porphyry Group (the Kirunavaara Group) and the youngest Svecofennian unit, the Hauki Quartzite, mix of 

volcanic and sedimentary rocks. The Porphyry group consists of metamorphosed high-titanium basalt, 

trachyandesite, rhyodacite-rhyolite and minor metasediments in the lowest and middle part. In the central 

Kiruna area, the footwall of Kirunavaaara is represented by the trachyandesite lithology. Rhyodacite-rhyolite 

in the hanging wall is characterised by large phenocrysts of microperthite and albite (figure 3) (Martinsson, 

1997). Finally, there is one more unit that is also of importance, because of its relationship with Kiirunavaara 

ore: the porphyry dikes which show an intermediate composition and texture between the trachyandesites 

and the rhyodacite-rhyolites. In some areas between the two former, a conglomerate is intercalated with sub 

rounded to rounded pebbles of porphyry.  

Apatite iron ores are mainly restricted to Kiruna and Malmberget areas which occur in a mid-

Proterozoic continental setting. Geochronological studies of the Kiirunavaara and Luossavaara deposits 

indicate a mise en place at c. 1.89 Ga (Cliff et al., 1990; Romer et al., 1994). Thus the Kiruna apatite iron 

ores seem to be spatially and temporally close to the Porphyry Group or the Porphyritic Group. The 

mineralisations exist in the stratiform to stratabound type but also develop breccia along the wall rock 

contact. In some places, the Kirunavaara ore is cut by porphyry dikes and granophyric to granitic dikes with 

an age of 1880±3 (Cliff et al., 1990).  

The common alterations are scapolitisation, albititsation, sericitisation, actinolite and biotite-chlorite 

association. The Kiruna area is also characterised by a low degree of metamorphism with mostly well 

preserved primary structures of the rocks (Bergman et al., 2001).  
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Figure 3: Lithostratigraphy of Archean and Paleoproterozoic units in the Kiruna area, from Martinsson et al. 

(1999). 

 
 

5.2 Deposit geology 
 

The Malmberget deposit consists of about twenty larger and smaller ore bodies spread over an area 

of five kilometres in a W-E direction and two kilometres in a N-S direction. Only ten of the ore bodies are 

currently being exploited.  

The Malmberget deposit is divided into a northern-western part and an eastern part (figure 4). The 

NW part of the deposit is almost a continuous ore horizon. The ore bodies contain magnetite and hematite 

with a high amount of apatite. In the eastern part, the individual ore bodies are constituted of magnetite with 

a low amount of apatite. The main gangue minerals are apatite, amphibole, pyroxene and biotite. The ore 

bodies are stratabound and frequently surrounded by ore breccia or skarn breccia types. These types are 

characterised by a vein system and impregnations of hornblende with magnetite, apatite, biotite, and a 

number of other minerals. The ore bodies are strongly affected by metamorphic recrystallisation and ductile 

deformation. Large granite intrusions of the granite-pegmatite association are situated near the deposit (SGU, 

1996). 

The ore bodies are hosted by rocks of a felsic to mafic composition. These host rocks are used to be 

called leptites in the Malmberget area. The Malmberget deposit has experienced at least two metamorphic 

events (Martinsson, 2004) and is stronger metamorphosed and deformed than the Kiirunavaara deposit. It has 

been exposed to ductile deformations. It is only possible to observe the plagioclase phenocrysts and the 

occasionally occurring amygdules of hornblende, diopside, titanite and magnetite in the host rocks (Geijer, 

1930). Amygdules are a clue mainly for an extrusive origin and a primary character similar to that of the 

Kiruna porphyries. The porphyritic texture can be observed in the felsic rocks. The ores are mainly 

surrounded by mafic rocks traditionally named grey leptites. Most of the mafic rocks seem to be extrusive, 
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but some of them are probably dykes. Dykes of granite and pegmatite are frequently found in the host rocks 

like the Lina granite northwest of the Malmberget deposit (figure 4). Some of the pegmatites are rich in 

coarse-grained hematite, apatite and titanite. A couple of the granite-pegmatite dykes show a similar shape of 

deformation as the individual ore bodies (Martinsson and Wanhainen, 2000). The host rock close to the ores 

is often rich in K-feldspar or amphibole. Albitic rocks are more locally observed. Mafic rocks are usually 

biotite-rich and sometimes scapolite-altered. The footwall of the western part of the deposit consists of 

gneiss containing sillimanite, muscovite, and quartz. Andalusite and corundum are occasionally found in this 

rock (Geijer, 1930a). 

The structural geology reported by Magnor and Mattsson (unpublished data, LKAB, 2009), indicates 

an early deformation aged 1.9-1.85 Ga. The main compressive deformation WNW which affects Malmberget 

area, particularly the Kiruna Porphyry lithology is aged 1.85-1.8. In Printzsköld ore body, it is possible to 

observe a result of this plastic deformation in the biotite foliations parallel to the ore. It has been followed by 

a more brittle deformation, which is caused by a compression SW-NE. These plastic and brittle deformations 

are not easily detectable in Malmberget but occur at a regional scale. A third deformation is more observable. 

It is a local deformation, caused by granite-pegmatite intrusions in the mining area and dates from 1.75 Ga. It 

is a deformation under high pressure and temperature associated with shear zone and amphibole alteration. 

Some brittle structures occur in the host rock. In the area, it is difficult to distinguish the different 

deformations. Instead it could describe different episodes in a longer period of deformation over the time, 

different directions and different structures. Those episodes evolve with a decrease of temperature and of 

metamorphic grade and with deformations more and more shallow (Magnor and Mattsson, unpublished data, 

LKAB, 2009). In the Malmberget area, the general ore shape generated by plastic deformation is mainly 

parallel to a fold axis plunging 40-50° towards SSW.   

The target of the present work is the Printzsköld ore body (figure 4). The ore body extends about 

1500 m in WE direction with a width between 10-80 m and has its top around level 780m. Typical for the 

footwall are mafic rocks converted to biotite schistes in varying proportions.  

 

Figure 4: Simplified geological map of the Malmberget deposit, showing the magnetite and hematite ore bodies 

modified from (Bergman et al., 2001). 
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6 METHODOLOGY 

6.1 Drill core logging 
 

Drill core logging is one of the most fundamental methods used in the characterisation of ore deposit 

geology. A preliminary scheme of the spatial distribution and character of rock type and variation in 

alteration can be outlined and used to guide subsequent sampling. It consists in observing the mineralogy and 

its proportions, the texture, the noticeable contacts, the deformations and the fractures. Consequently, it leads 

to define different rock types and alterations, and then delineate their occurrences. The drilling exploration in 

Printzsköld ore body is mainly established at the level 1000m oriented N-S (figure 5). A total of 2500 meters 

of drill cores, intersecting the ore body from the hanging wall to the footwall were logged and sampled at the 

LKAB Malmberget. 

 

 

 

Figure 5: A mine map of the planned drifts at the Printzsköld ore body including the intersecting seven logged drill 

cores at level 1000m. 

 

 

6.2 Sampling 
 

The sampling needs to take into account the different events in the geological history. Consequently, 

the samples were order in five groups of interests: the least altered metavolcanic rocks, the first generation of 

alterations, the second generation of alterations and the intrusive rocks (pegmatite/aplite). Excepted the 

intrusive rocks, the three sampled rock types are the leptites which are the main interest in this study. 

N 



 14 

Two drill cores, from two different profiles separated by 50 meters were logged. One core was with 

40º angle dipping and the other was with 60º angle dipping. 45 samples were collected from the hanging wall 

and in the footwall for the geochemistry and the petrographical analyses.  

37 thin sections and 4 polished thin sections were made for optical microscopy analyses. All the 

samples were examined and 32 of them were chosen for analyses of major, minor and trace elements. 

 

6.3 Analytical work 

6.3.1 Whole-rock geochemistry 
32 whole-rock samples were prepared at ALS Laboratory group in Piteå, Sweden for analyses of 

major, minor and trace elements at ALS Laboratory group in Canada. The chemical analysis is a 

combination of a number of methods; a complete sample characterisation can be obtained. Those analyses 

are whole rock analysis using XRF or ICP-AES plus carbon and sulfur to quantify the major elements in the 

sample. Trace elements, including the full rare earth element suite are quantified by a lithium borate fusion 

and inductively coupled plasma mass spectrometry (ICP-MS) analysis. This technique dissolves most 

minerals species, including those that are highly refractory.  

 

6.3.2 Optical microscopy  
The 41 thin section and polished thin sections representing different rock and alteration types were 

prepared by Vancouver Petrographics Ltd in Canada and examined on a standard optical microscopy in both 

transmitted and reflected light at LKAB, Malmberget. 

 

 

7 RESULTS 

7.1 Petrography and mineralogy of the host rock 
 

Detailed information of the minerals within the deposit defines alteration and mineralisation 

assemblages. The textural relationships give information of the temporal evolution of the deposit.  

The drill core logging indicates that the Printzsköld ore body is hosted by strongly altered rocks.  

Six different rock types were identified: pegmatite, undeformed aplite, deformed aplite, which are 

either strongly altered or weakly altered, intrusive mafic rocks and extrusive mafic and intermediate 

metavolcanic rocks. Historically, these different rock types are called leptites and are subdivided according 

to their different colours, varying from red to grey. The Printzsköld ore body and its host rock are divided 

into a footwall, an ore zone and a hanging wall, based on the structural boundaries. The footwall and the 

hanging wall are constituted both of intrusive felsic and mafic rocks alternating with extrusive metavolcanic 

rocks.   
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The matrix is mainly fine-grained, consisting of quartz-plagioclase-K-feldspar-biotite assemblages. 

Associated plagioclase-amphibole-pyroxene porphyroblasts and coarse-grained quartz and feldspars occur in 

the matrix. 

Different alteration types were described and their occurrences were estimated. The host rock 

exhibits strong alterations characterised by the minerals magnetite, scapolite, K-feldspar, albite, amphibole, 

pyroxene, andalusite and cordierite. Especially the amphibole alteration is widespread in the host rock. 

 

7.1.1 Intrusive felsic rocks 

 
The felsic rocks are red to white-grey in colour. They are named red leptites because of their reddish 

potassic feldspars alteration. They occur both in the hanging wall and in the footwall without a spatial 

relation to the ore mineralisation. The sharp contact with the ore mineralisation and the metavolcanic rocks is 

often obscured by alteration including minerals as amphibole, pyroxene, feldspars, magnetite, titanite and 

apatite.  

 

7.1.1.1 Pegmatite 

 
These intrusive felsic rocks are light in colour from white to pink. The groundmass is coarse grains 

of quartz, feldspars and biotite. At the macroscopic scale, it is possible to see that the pegmatites contain 

phenocrystals of biotite, pyroxene, apatite and titanite. The pegmatite intrusions are undeformed and weakly 

to strongly amphibole altered. 

 

7.1.1.2 Aplite 

 
The intrusive felsic rocks are also aplitic rock types and they show an equigranular texture with a 

grain size of 0.5-1 mm, and also some pyroxene-amphibole porphyroblasts of 2 mm. It is possible to observe 

a finer grain size of the texture, 0.50 mm in the hanging wall.  

 
Deformed or undeformed weakly altered aplite  

The mineralogy is 30% of K-feldspar, quartz, plagioclase, biotite, 10% of green and brown 

hornblende. It occurs 7% of disseminated magnetite and some titanite. The groundmass is middle-grained. 

The minerals are undeformed. There is a weak sericitisation affecting quartz and feldspars. 

 

Strongly altered aplite 

The aplites are often strongly altered. Amphibole and pyroxene alteration is extensive both in the 

hanging wall and in the footwall. The amphibole crystals are 0.25-2 mm in size and occur in thin to large 

veinlets or in clusters. Amphibole alteration affects the felsic rocks and spread into the adjacent mafic to 

intermediate metavolcanic rocks (figure 7). A feature observed in thin sections shows amphiboles which are 
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overprinted by younger feldspar alteration. Skarn is the strongest grade of amphibole alteration and occurs in 

the hanging wall contact.  

A frequent alteration which is seen in the hanging wall and distal from the ore mineralisation 

consists of a potassic feldspar-rich alteration. It is widespread in the hanging wall, post dating amphibole-

pyroxene alteration and is associated to massive magnetite with coarse grains of apatite in veins. The 

feldspars grains are sericite-altered. 

In the aplite close to the ore, magnetite occurs disseminated with a grain size of 0.012 to 0.500 mm, 

or massive and in veinlets or in clusters. Coarse-grained apatite occurs often as rims around magnetite in the 

veinlets. The magnetite impregnations are also a feature visible in underground mapping (figure 6).  

Anhedral titanite is secondary in the matrix. It may also contain small euhedral titanite and anhydrite. 

Few disseminated sulphides grains (pyrite and chalcopyrite) and clast of pyrrhotite occur locally.  

 

 
Figure 6: Photographs of disseminated magnetite in a felsic intrusion, level 920, drift 3920. 

Decreasing of Mag  
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7.1.2 Intrusive mafic rock 

 
During the drill core logging, it is possible to observe a rock mapped as grey leptites in sharpe contact with 

the adjacent rocks. They are undeformed and unaltered. They are mafic dikes, but the chilled margins like for 

the intrusive felsic rocks, are obscured by alterations (figure 8). 

 

 

Figure 7: Photographs of drill cores and a cut-off showing altered intrusive felsic rocks A. Altered 
(Px=pyroxenes) pegmatite in drill core 6837. B. Undeformed weakly altered aplite in the drill core 6859. C. 
Deformed and weakly altered aplite in the drill core 6837. D. K-feldspar alteration overprinting the 
amphibole (Amph) alteration and magnetite veinlets. E. Deformed amphibole and feldspars (Fsp) alteration.  
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Figure 8: Intrusive mafic rock in the drill core 6859. 

7.1.3 Extrusive metavolcanic rocks 
 

The metavolcanic rocks are more widespread rock types and are situated both in the hanging wall 

and in the footwall. They are red, light grey to black in colours and moderately to strongly altered. 

Historically, these rocks are named grey to red leptites because of their colours. It is possible to distinguish 

between the mafic metavolcanic rocks and the intermediate metavolcanic rocks, based on the mineral 

composition.  

 

7.1.3.1 Mafic metavolcanic rocks  

 
The mafic metavolcanic rocks occur in the hanging wall and in the footwall close to the ore. They 

exhibit either a graded contact or a sharp contact to the adjacent rock types. The mafic metavolcanic rocks 

are often cut by felsic intrusions. 

This rock type contains biotite, amphibole and pyroxene as the main mafic minerals. It is 

characterised by a high biotite content of 50% (figure 9A-D). The other main minerals are magnetite, apatite, 

feldpar and quartz. Magnetite is seen as disseminations in the mafic matrix. Coarse-grained apatite is 

commonly associated with magnetite in 1 to 3 cm veinlets. In the hanging wall, pyroxene phenocrystals of 

3 mm are potentially amygduls surrounded by magnetite (figure 10). Titanite occurs as anhedral grains of 

0.1 mm in the matrix and as rims around magnetite. Anhydrite is a secondary mineral occurring close to 

magnetite and the biotite foliation (figure 9A). A chloritisation affects magnetite, apatite and biotite.  

The mafic metavolcanic rocks are fine-grained, 0.3-1 mm and porphyroblasts of pyroxene up to 

3 mm (figure 11D) in size occur occasionally. In thin sections, the grain size can be smaller than 0.5 mm or 

larger depending of the recrystallisation. The grain size of disseminated magnetite is smaller than 0.5 mm. 

Variable amounts of feldspars, amphiboles and biotites define a banded structure of the mafic metavolcanic 

rocks. 

The least altered rocks are in the hanging wall and the strongest altered rocks occur at the hanging 

wall contact. The former are affected by a strong albitisation giving a dark reddish colour due to a hematite 

staining (figure 9C). The mafic metavolcanic rocks are often altered into biotite-schiste (figure 11C) close to 

the ore zone and in the footwall. Amphibole and pyroxene are pervasive as disseminations and as clusters. 

The presence of chlorite and serpentine is indicative of retrograde metamorphism. Small amount of sulphides 

(pyrrhotite, pyrite and chalcopyrite) are seen as weak disseminations, as thin veinlets of 2 mm and as clusters 
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of 6 cm large. Subhedral andalusite-cordierite grains occur with none spatial relation to the ore but are 

associated with biotite (figure 11E). 

 In thin section, it is possible to observe two different orientations of foliations (figure 11C). It might 

originate from two generations of deformations but it is not possible to distinguish which generation of 

biotite is the youngest on such a small seccion. Magnetite, apatite, amphibole and pyroxene are commonly 

oriented with the long axis parallel to one of these foliations. Recrystallised quartz is deformed parallel to the 

biotite foliation.   

 

7.1.3.2 Intermediate metavolcanic rocks 

 
The intermediate metavolcanic rocks occur in the hanging wall and in the footwall. The intermediate 

metavolcanic rocks, compared to the mafic metavolcanic rocks, are red to light grey in colour and less 

biotite-rich. 

The intermediate metavolcanic rocks are very fine to fine-grained smaller than 0.5 mm with 

porphyroblasts of 3 mm of plagioclase, amphibole, pyroxene and biotite (figure 11D). Biotite grains are 0.5 

to 1 mm, and unequally distributed or clearly foliated.  

Pyroxene aggregates are potentially amygduls in the hanging wall (figure 10). Amphibole and 

pyroxene, if present, occurs as undeformed clusters, oriented patches parallel to the biotite foliation and are 

associated with magnetite infiltration. Magnetite-apatite occurs in veinlets (figure 9B) and are oriented 

parallel to the biotite-pyroxene-amphibole foliation. The grain size of disseminated magnetite is 0.1 to 

0.5 mm. Titanite occurs as rims around magnetite and forms anhedral grains smaller than 0.1 mm. 

The red colour is due to the widespread potassic alteration which is overprinting or adjacent to the 

amphibole alteration. Pyroxene-amphibole alteration is pervasive as clusters. Feldspars are sericite-altered. A 

chloritisation affects feldspar, quartz and biotite. A common alteration assemblage is pyroxene, scapolite, 

coarse biotite and magnetite. It is also possible to identify coarse-grained apatite, up to 1mm, in this mineral 

assemblage. These rocks are also affected by a strong albitisation in the hanging wall. It develops albite 

porphyroblasts of 2 mm. Andalusite occurs occasionally associated with biotite and K-feldspar. 

 

Table 2: Mineralogy in the Printzsköld host rock 

+ = primary essential magmatic or metamorphic mineral; - = accessory magmatic or metamorphic mineral; 

A=Alteration mineral (plagioclase=Pl). 
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Figure 10: Photographs showing potential pyroxene amygduls in metavolcanic rocks. 
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Figure 9: Photographs of drill cores showing examples of extrusive mafic to intermediate metavolcanic rocks A. 

The least altered basaltic rock (anhydrite=Anh). B. Amphibole-feldspar alteration with disseminated biotite and 

magnetite-apatite veinlets. C. Amphibole-magnetite alteration and albite strongly impregnated by hematite 

(pyroxene=Px). D. A common biotite-rich-magnetite-amphibole foliation in the footwall. 
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Figure 11: Photomicrographs showing different mineral assemblages and texture in the host rock of the Printzsköld ore 

body (transmitted light). A. A chlorite alteration in a matrix of quartz, feldspars, magnetite, amphibole and few biotite, 

plane polarised light. B. Strong serpentinisation on mafic metavolcanic sample, cross polarised light. C. Biotite foliation 

in a mafic metavolcanic sample, cross polarised light. D. Pyroxene (Px) porphyroblast occurring in an intermediate 

metavolcanic sample, cross polarised light. E. and F. Two deformed textures: coarse grained quartz-feldspars-

magnetite-biotite-cordierite assemblage and a finer grained with the similar minerals assemblage, cross polarised light.  

 

 

Bt Qtz 

Aug 

Bt 

Crd 

Qtz 

Mag 

Bt 

Chl 

Hbl Mag 

Bt 

Bt 

Chl 

Srp 

Qtz 

Mag 

Mag 

Ttn 

Fsp 

A B 

C D 

E F 



 22 

Table 3: Main alteration minerals and styles in the host rock of the Printzsköld ore body. 

Mineral Associated 
minerals Style Location 

Spatial relation 
to  

Fe-
mineralisation 

Quartz 
 
 
 
 
K-feldspars 
 
Albite 
 
Scapolite 
 
Biotite 
 
 
 
Apatite 
 
 
Hornblende 
 
 
 
Actinolite 
 
 
Pyroxene (Px) 
 
 
Chlorite 
 
Sericite 
 
 
Magnetite 
 
 
 
Titanite 
 
 
 
Cordierite 
 
 
Andalusite 
 
 
Pyrite 
 

Ab-Kfs-Hbl-Bt-
Ap-Mag-Px 
 
 
 
Qtz 
 
Qtz-Kfs 
 
Bt 
 
Hbl-Scp-Px 
 
 
 
Hbl-Qtz-Mag 
 
 
Px-Mag-Ap-Bt 
 
 
 
Bt-Hbl-Px 
 
 
Hbl-Ap-Bt-Qtz 
 
 
Bt-Mag-Hbl 
 
Qtz-Ab 
 
 
Qtz-Bt-Hbl-Px-
Ttn 
 
 
Hbl-Bt-Mag-Px 
 
 
 
Kfs-Ab-Qtz-Bt-
Hbl-Px 
 
Kfs-Ab-Qtz-Bt-
Hbl-Px 
 

Disseminated 
 
 
 
 
Disseminated 
 
Disseminated 
 
Porphyroblasts 
 
Pervasive and foliated 
 
 
 
Disseminated  
 
 
Veinlets, 
porphyroblasts and 
pervasive 
 
Veinlets and 
porphyroblasts 
 
Porphyroblasts and 
pervasive 
 
Fracture filling 
 
Pervasive and 
overprinting 
 
Disseminated and in 
veinlets. 
 
 
Patches and rims 
 
 
 
Disseminated 
 
 
Disseminated 
 
 
Veinlets and 
disseminated 

Everywhere 
in the host 
rock 
 
 
Close to the 
amphibole 
alteration 
 
 
 
Everywhere 
in the host 
rock 
 
Close to the 
ore zone 
 
 
Related 
with felsic 
rock and 
widespread 
in volcanic 
rocks 
 
Related 
with felsic 
rock and 
widespread 
in volcanic 
rocks 
 
In the  
aplite and 
close to the 
ore zone 
 
 
 
 
Everywhere 
in the host 
rock 
 
Everywhere 
in the host 
rock 

None 
 
 
 
 
Some 
 
Some 
 
 
 
Close if foliated 
 
 
 
Close  
 
 
Close 
 
 
 
 
Close 
 
 
 
 
None 
 
 
 
 
 
 
 
 
Close 
 
 
 
None 
 
 
None 
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7.2 Geochemistry 
 

The major and trace element analyses were performed on representative drill core samples to 

characterise the host rock of Printzsköld ore body. The results are presented in the table 4. All samples are 

affected by alteration which varies from weak to strong and which make the mobile element interpretation 

difficult.  

 

Firstly, the standard elements (Si, Na and K) have been plotted in different classification diagrams. 

The samples collected from the host rock of the Printzsköld deposit range from 5 to 11 wt % in combined 

alkalis (figure 12A) and 40.5 to 70.6 wt % in silica. A considerable number of samples are plotted outside of 

the igneous spectrum in the diagram after Hughes (1973) as the result of a high degree of metamorphism and 

alteration. The group of felsic samples which plots outside the igneous spectrum, displays a very strong 

amphibole alteration. The other samples which plot outside the igneous spectrum, are affected by albitisation 

and widespread amphibole alteration. The sample with the highest K2O/K2O+Na2O value is affected by 

potassic alteration. The rock samples show a large scatter in both of the classification diagrams which 

indicate the standard elements can not be used to characterise the different rock types at the Printzsköld ore 

body (figure 12).  

 

 

 

7.2.1 Element mobility during alteration and mineralisation 
 

The effect of alteration on elements which normally are considered to be immobile (Zr, TiO2, Al2O5, 

Y, Th and Nb) was studied by plotting elements against each other and also to other selected elements. In the 

Zr vs. TiO2 plot (figure 13A), the least altered samples display one group but will not be repeated in the other 

plots. By plotting the altered samples, they will show a large scattered trend. Nevertheless, it is possible to 

distinguish one high Zr-TiO2 group and one high Zr-low TiO2 group (figure 13A). Consequently, the Zr-TiO2 

elements might be reliable to characterise the rock types. 

Figure 12: Classification diagrams, for the host rock of Printzsköld ore body A. Igneous Spectrum, after Hughes 

(1973). B. Samples plotted in the Total-alkali Silica diagram (Le Bas et AL., 1986) U1 = tephrite and basanite, 

U2 = phonotephrite, U3 = tephriphonolite, S1 = trachybasalt, S2 = basaltic trachyandesite, S3 = trachyandesite, 

T = trachyte and trachydacite. 
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In ratio diagrams TiO2/Al2O5 vs. TiO2/Zr (figure 13B), there are three tighter groups. If these 

elements are immobile, the ratios diagram eliminates the gain of mass and the loss of mass from the reactions 

of alteration. Three well defined rock types can be distinguish suggesting that Zr-TiO2-Al 2O3 were for the 

most part immobile in the system. The first group with both low ratios represents felsic extrusive and/or 

intrusive rocks. The one with high TiO2/Al 2O5 and TiO2/Zr ratios has basaltic composition. Finally the high 

TiO2/Al 2O5 and lower TiO2/Zr group has an intermediate composition. This group characterised the andesitic 

rocks.  

The behaviour of some of the elements which are normally to be considered as immobile is 

illustrated in the figure 13C, D and E. The discrimination diagrams Th vs. Nb. and Zr vs.Y show very 

scattered patterns. Moreover, by plotting the ratios diagram Zr/Th vs. Zr/Nb, it does not obtain distinct tight 

groups (figure 13D). The scattering suggests that Nb-Th-Y were, for the most part, not really immobile and 

could not be used for classification. Only Zr-TiO2-Al 2O5 seem to be reliable and Th in some of the cases.  

The samples are plotted in the rock classification diagram Nb/Y vs. Zr/TiO2*0.0001 after Winchester 

and Floyd (1997) (revised by Pearce [1996]) (figure 13F), which confirms that most samples retain a 

basaltic, andesitic and rhyolite-dacite affinity even after metamorphism and intense hydrothermal alteration. 

It is possible to notice that the ratio Zr/TiO2 works well compare to the ratio Nb/Y which is not realible and 

cause some scatter along the X axis. The samples plotting in the Alk-Bas group might be due to alterations 

(figure 13F). 

 

7.2.2 Geochemistry of the rock types 
 

The effects of alteration do not allow to characterise the rock types with more than the silicate 

percentage. The K2O, Na2O, CaO and TiO2 percentages will be used to evaluate the different grade of 

alteration. The widespread potassic alteration is characterised by values of K2O above 4 wt% (max. 7,1 wt%) 

and the sodic alteration by a Na2O contents reaching 8,53 wt %. The potassic alteration affects equally all the 

three identified rock types. The felsic rocks are more strongly amphibole altered. 

The metavolcanic samples have been plotted in Total-alkali Silica diagrams and ratio diagrams. 

These diagrams allow to name and characterise those metavolcanic samples as basalts and andesites. 

 

7.2.2.1 Aplitic rocks 

 
The aplitic samples are easily recognised by their quartzo-feldspathique composition. In the Total-

alkali Silica diagram, the felsic samples display a close group with the highest SiO2 percentage. The felsic 

samples are characterised by a SiO2 range between 56,3 wt% and 70,6 wt% (figure 12B, table 4). A strong 

amphibole alteration affects this rock type and explains this large variation. There is a significantly lower 

TiO2 content, down to 0,23 wt% compare to the mafic and intermediate types, and a higher CaO content 

between 1,4 and 11 wt%. The K percentage is either very low or high values. The ratio diagram Zr/Th vs. 

Zr/Nb (figure 13D) shows a loss of Nb, which is associated to the strong amphibole alteration. The Zr 

content is significantly higher than the mafic and intermediate rocks. 
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7.2.2.2 Basalts 

 
In the figure 13B, the basaltic rock type display a narrow group with a high TiO2/Zr ratio.  In the 

Total-alkali Silica diagram, the basaltic samples show a close group with the lowest silica percentage. The 

SiO2 content of the basalts varies between 43,9 wt% and 49,1 wt % (figure 12B, table 4). The basaltic 

samples are not the most K-altered and Na-altered rocks with respectively values reaching 4,58 wt% and 

7,09 wt%. The Fe2O3 content ranges between 16,25 wt% and 24 wt% with TiO2 reaching a maximum of 

1,27 wt%. The Zr content shows a narrow variation from 92 to 127 ppm. The mafic samples are clustered in 

most of the discrimination diagrams, which argue that they are the least altered rock type. 

 

7.2.2.3 Andesites 

 
The andesites are metavolcanics rocks with a lower TiO2/Zr ratio and a higher silica value (45-50 %) 

than the basalts. In this case, they are characterised by a SiO2 content from 40,5 to 61,5 wt % (figure 12B, 

table 4). This large variation depends of the reactions of alteration. Amphibole alterations affect the 

geochemistry by a gain of calcium and magnesium and a dilution of silica. It explains the very low 

percentage in silica of a couple of samples. Most of the samples show a sodic character although some of 

them have a K2O content up to 7,01 wt. The andesites show the greatest variation in TiO2 with 

concentrations varying from 0,72 to 2,1 wt%. The high content in TiO2 can be due to the pervasive and 

strong amphibole alteration. The Zr content ranges from 149 to 412 ppm. The basaltic rocks are lower in Zr 

and in TiO2 than the andesites. The intermediate rocks have generally a high content in Nb, Th and Ti.  One 

sample shows a loss of Th which is associated to albititsation (figure 13D). In Nb-Th plot, the mobility of the 

elements is illustrated by a gain of Th or/and a loss of Nb (figure 13E). 
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Table 4: Geochemistry data for the host rock of the Printzsköld ore body. Five more analyses have been included. They 

are from another data set. The samples are from the Fabian ore body and have been analysed at the Activation 

Laboratories Ltd in Canada. The chemical analysis is a combination of a number of methods which is unique for scope 

of elements and detection limits. Those analyses are whole rock analysis using a lithium metaborate/tetraborate fusion 

ICP and a trace element using ICP/MS  method. 

 

SAMPLE SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O TiO2 Nb Th Y Zr 

DESCRIPTION wt% wt% wt% wt% wt% wt% wt% wt% ppm ppm ppm ppm 

Basalt             

Mbgt 6859 21.96-22.51 47,6 15,4 16,25 2,4 5,05 6,25 3,42 1,07 7,5 1,51 21 102 

Mbgt 6859 60.95-61.57 47 15,6 20,9 2,29 2,88 5,54 2,61 1,27 9,3 1,95 25 114 

Mbgt 6859 129.58-130.05 47,7 15,5 20,4 1,44 3,86 5,2 4,58 1,19 5,4 3,45 11,8 99 

Mbgt 6859 169.8-170.17 43,9 13,5 24 4,04 1,04 5,67 3,23 1,06 8,6 4,69 38 92 

Mbgt 6859 172.55-173.17 48,2 15 18,45 3,19 2,83 6,74 2,37 1,12 9 2,87 19,6 103 

Mbgt 6837 33.88-34.2 48,9 15,25 17,9 1,29 4,05 6,45 2,95 1,2 8,2 2,16 16,3 127 

Mbgt 6837 235.36-235.70 48,5 14,6 21,1 1,53 0,91 5,41 4,54 0,96 9,6 2,95 21,6 118 
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Figure 13: A, B, C, D and E. Immobile element plots for host rock samples of the Printzsköld ore body F. Rock 

classification diagram after Winchester and Floyd (1977) revised by Peace (1996).  
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SAMPLE SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O TiO2 Nb Th Y Zr 

DESCRIPTION wt% wt% wt% wt% wt% wt% wt% wt% ppm ppm ppm ppm 

Mbgt 6837 219.25-219.58 49,1 15,35 18,8 2,24 2,87 7,09 2,45 1,17 12,2 2,81 19,4 106 

Andesite             

Mbgt 6837 56.72-57.05 58,5 15,55 8,47 2,32 1,95 6,25 4,44 1,3 15,3 6,76 52,8 299 

Mbgt 6837 118.11-118.34 59,5 14,35 6,34 3,41 3,84 5,51 4,68 1,15 21,5 13,3 60,4 412 

Mbgt 6859 50.30-50.80 57,6 15,8 10,3 1,43 0,84 5,27 6,07 1,21 17,3 5,58 31,2 302 

Mbgt 6837 121.45-121.73 61,5 14 4,65 2,94 2,4 3,78 7,1 1,09 25,5 13,5 92,3 361 

Mbgt 6837 60.64-60.92 58,3 15,75 8,99 1,88 1,83 7,1 3,14 1,23 20,1 7,18 59,8 302 

Mbgt 6837 75.11-75.80 50,6 14,95 15,15 3,11 4,14 6,18 2,39 2,01 10,5 3,05 32,5 175 

Mbgt 6859 28.16-29.33 57 14,5 11,1 3,53 3,16 6,92 2,24 1,22 18,5 14,75 21,9 336 

Mbgt 6859 340.88-341.21 55,9 18,1 9,12 2,58 0,73 8,53 1,19 1,74 20,5 2,37 20,1 222 

Mbgt 6859 344.75-345.30 54 16,45 12,95 2,69 0,9 7,06 2,77 1,74 19,5 4,31 23,4 252 

Mbgt 6859 43.33-43.83 44,5 12,9 30,7 1,35 1,19 6,16 1,28 1,08 4,4 0,33 5,3 149 

Mbgt 6837 108.81-109.00 58,8 14,3 6,08 5,5 4,81 7,13 1,73 0,96 16 8,27 23,4 353 

Mbgt 6859 276.73-277.21 40,5 13 28,7 1,88 4,93 4,39 3,12 1,22 6,1 3,39 26,6 158 

Mbgt 6859 292.30-292.92 52,8 15,1 14,05 2,17 3,65 6,78 2,21 1,49 17,6 6,7 41,2 234 

Mbgt 6837 338.52-338.93 42,4 9,87 26,7 6,06 4,94 4,71 0,64 0,72 4,2 14,6 36,9 159 

Mbgt 6837 301.30-301.65 47,7 13,85 19,8 1,28 3,93 5,11 4,25 1,24 10,2 6,62 46,3 239 

Mbgt 6859 37.86-38.45 53 15,25 14,95 2,09 2,44 6,61 2,98 1,45 13,8 4,79 36,6 181 

Mbgt 6837 40.51-40.8 52,3 15,25 10,65 5,05 2,84 7,36 1,92 1,16 17,3 4,34 83,9 184 

Mbgt 6500 136.3-136.52 55,05 15,35 12,57 3,01 3,36 7,55 1,27 1,536 9 5,2 35 209 

Felsic             

Mbgt 6859 121.85-122.25 70,6 13,55 2,87 1,4 0,54 4,06 4,61 0,35 15,7 14,95 27,5 390 

Mbgt 6837 4.60-5.00 63,8 14 4,66 2,53 2,12 4,93 5,23 0,5 19,5 16,95 55,4 360 

Mbgt 6859 6.53-6.94 59,7 12,95 8,3 3,85 4,7 5,3 4,13 0,31 3,9 16,25 24,1 343 

Mbgt 6859 74.07-74.50 56,3 12,9 9,97 7,32 4,42 6,63 0,95 0,23 1,7 8 41,1 307 

Mbgt 6859 145.75-146.14 56,3 9,35 6,93 11 7,83 5,38 0,57 0,37 9,4 3,53 84,5 275 

Mbgt 6837 353.04-353.43 57,8 11,4 6,72 8,31 6,53 6,28 0,64 0,4 5,8 15,9 33,1 401 

Mbgt 6837 364.32-364.65 59,5 12,2 5,29 7,62 5,16 6,65 1,03 0,37 7,5 20,2 29,6 466 

Mbgt 6496 179.29-179-50 71,33 13,84 2,77 1,41 0,54 4,41 4,77 0,36 12 13,7 26 302 

Mbgt 6496 237.45-237.62 72,48 14,12 2,10 0,87 0,61 5,68 3,97 0,229 11 12,4 15 212 

Mbgt 6500 163.75-163.92 68,87 13,53 2,89 1,62 0,68 3,84 5,76 0,403 14 14,2 33 359 

Mbgt 6500 48.05-48.10 67,33 13,04 7,07 1,3 0,66 4,47 5,1 0,442 12 16,1 28 362 

 

 

7.2.3 Rare earth elements (REE) 
 

The REE patterns of the metavolcanic rocks and the felsic intrusive rocks exhibit different 

normalised patterns. The REE patterns normalised after Boynton (1984) show LREE-enrichment and a 

negative europium Eu anomaly (figure 14). The andesites and felsic samples show the greatest range of 

LREE content, thus the REE probably are affected by the alterations in these rocks.  

The figure 14A displays a slight fractionation between the light REE and the heavy REE that is 

characteristic of basaltic rocks. They show a narrow variation, which may indicate that the REE are not 

significantly affected by alterations on the basalts and that these elements can be used for classification. This 

rock type is less altered than the others rock types and plots within the Igneous Spectrum of Hughes (1973) 

(figure 12A). Two basaltic samples are outside the main trend because of stronger feldspar alteration. The 
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upper most sample in the figure 14A is also strongly affected by mica alteration and has the character of 

schist.  

The andesite samples exhibit a large variation that is associated to strong alterations (figure 14B). 

The very low REE sample shows a smooth curve with no Eu depletion. It is affected by albitisation and a 

strong amphibole-pyroxene alteration.  

The felsic intrusive rock samples also display large variations and major Eu depletion that illustrate 

the different degree of alteration (figure 14C). In the felsic diagram, two of the REE patterns show slight Eu 

depletions. It indicates that these samples are less affected by feldspar alteration than by amphibole-pyroxene 

alteration. A felsic sample (figure 14C, dark blue curve) shows an extreme enrichment in light REE relative 

to heavy. It is suggested to be the result of the strong amphibole alteration. 
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Figure 14: REE patterns of representative rock type samples. Chondrite normalised after Boynton (1984). A. 

Basalt samples. B. Andesite samples. C. Felsic rock samples. 
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7.2.4 Comparison with the Kiruna Porphyry. 

 

                     

 

 

Figure 15: Major, trace elements and REE ratio compare to Kiruna porphyry for the three 
distinct rock types. A. Basaltic samples. B. Andesitic samples. C. Felsic samples. 
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In these diagrams (figure 15), the samples of each rock type are normalized by the mean 

concentrations of relevant elements in the Kiruna Porphyry for rocks of similar composition (figure 15, 

table 5). Only the reliable immobile elements are used to show that the samples are similar to the Kiruna 

Porphyry group.  

The figure 15A shows similarities for the elements Th, Zr, TiO2, Y and V. The figure 15C displays 

similarities for the elements Th, Zr, Y and Yb. The LREE are quite similar to the Kiruna porphyry but those 

are less fractionated. The others elements are very affected by the alterations. In the figure 15C, the four 

samples with low K2O ratio are amphibole-altered rocks. The andesites (figure 15B) are significantly richer 

in potassium than the intermediate Kiruna Porphyry rocks which reflect potassic alteration. The two very 

high P2O5 bars in the figure 15A and B display a significant presence of apatite. The high Th bars in the 

figure 15B are samples affected by sericitisation.  

 

Table 5: The mean concentrations (wt %) of selected of elements in the Kiruna Porphyry, (Martinsson, unpublished 

data). 

Silica  
wt % Rock 

TiO2 
wt % 

K2O 
wt % 

P2O5 
ppm 

Th  
ppm 

48-49 Alkalibasalt 1,41 1,48 0,29 3,06 
54-59 Trachyandesite 1,28 2,49 0,40 5,08 
66-70 Rhyodacite 0,73 4,59 0,20 13,01 

Silica Rock 
Zr  
ppm 

Yb  
ppm 

Y  
ppm 

V  
ppm 

48-49 Alkalibasalt 127 3,42 26,1 248,5 
54-59 Trachyandesite 214 3,93 29,5 128,8 
66-70 Rhyodacite 368 4,98 41,3 21,8 
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7.3 Structural geology 

7.3.1 Underground mapping 

 
The underground mapping was carried out on the west part of Printzsköld ore body at the levels 

920m, 945m, 970m and 1000m. The aim was to study the footwall contact and the hanging wall contact, 

local structures and foliations to clarify the ore body geometry. The drifts are oriented N-S and reach the ore 

from the footwall side. Several foliations were identified and measured (figure 16). 

 

 

Figure 16: Stereograph of foliation in the host rock of the Printzsköld ore body in the RT90 system. There are 20 

grader differences between the mines coordinate and the RT90 system.  

(  Lineations in Malmberget area (12) ;  Foliations in Malmberget area (2);  Foliations 30-70 SE (17);  

 Foliations 71-89 SSE (14);  Foliations 90-100 S (8);  Foliations 100-135 SW (4).) 

  

The trend of the foliations in the host rock of Printzsköld ore body is very variable. On the stereoplot 

(figure16), it is possible to identified four different groups for the strike of foliations: 30-70 dipping SE; 71-

89 dipping SSE; 90-100 dipping S-SSW and 100-135 dipping SW. The dips range between 40° and 80°  

The foliations 30-70 dipping SE were measured in intrusive aplitic rocks, in the ore and in metavolcanic 

rocks, in the footwall and in the hanging wall. The 71-89 dipping SSE foliations are preferentially in the 

footwall, where there are biotite rich foliations, in the ore and the ore breccia. The foliations 90-100 dipping 

S are found at the footwall contact. The last group 100-135 dipping SW is less frequent. If it is present, they 

are found in the aplites or in the andesites. Foliation and lineation measurements from previous studies in the 

Malmberget area which have been mapped by Geijer in 1930 and SGU in 1996 have been used for 

comparison. At the regional scale of the Malmberget deposit, the measured foliations are rather flat and 

oriented NW-SE. The measured lineations follow also the same trend. Locally the Printzsköld foliations are 

steeper and the average strike is NE-SW.  
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At the hanging wall contact, there is a plane surface of chlorite oriented NE-SW and dipping 64° to 

the SE (figure 17D). On that surface, there is an horizontal striations indicating the direction NE-SW of the 

movement but not the sense. There is associated to the plane surface a brecciated zone of aplite. This aplite 

contains 5-6% magnetite, disseminated chalcopyrite and pyrite, and coarse grains of phenocrysts feldspars.  

During the underground mapping, several contacts were studied. A couple of sharpe contact were 

observed between an aplite and the ore (figure 17A-C). The intrusions deform (figure 17A) or do not deform 

(figure 17C) the apatite-biotite foliations in the ore. The contact relationship between an aplite and a 

pegmatite is a graded contact with decreasing of the grain size toward the aplitic rock (figure 17B). 

 

 

 

 

Breciated 
zone Surface 

plane 

1 m 

Pegmatite 

Aplite 

 

Figure 17: A. Foliation following the intrusion contact, level 

920, drift 3880. B. Contact between pegmatite and aplite, 

level 920, drifts 3920. C. Sharpe contact between ore and an 

aplite, level 920, drift 3920. D. Weak zone in the hanging 

wall, level 920, drift ORT 3920. 
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7.3.2 Drill core logging 

 

The observed foliations in the drill cores were measured and the orientation W-E was assumed 

according to the more common orientations in underground mapping. By plotting the plunge of the foliations 

on a drill cores, we notice that the foliations become steeper when we look deeper in the host rock.  

Microscopic observations show two different orientations of foliation in the basaltic rock, situated in 

the hanging wall and at the contact with an aplitic intrusion (figure 18A). These deformations are not 

observed in the biotite-rich footwall. Moreover the magnetite is deformed in a direction parallel to the 

amphibole and biotite-rich foliation (figure 18B). This association is located at the footwall contact in an 

andesitic rock. We point out that the amphiboles overprinting the aplitic intrusions are not deformed.  

     
Figure 18: A.  Two generations of foliations in a basaltic sample. B. Deformed minerals association.(magnetite-biotite-

pyroxene-amphibole) in a basaltic sample. 

 

 

8 DISCUSSION 

8.1 Petrographical and geochemical similarities between the hanging wall and the 
footwall. 

 

The Malmberget deposit is hosted by high–grade metamorphic rocks (Bergman et al., 2001). At least 

two metamorphic events have occurred after the ore formation: the first at 1.88 Ga and the second at 1.80 

Ga. (Martinsson, 2004). According to the rock classification diagram after Winchester and Floyd (1977) 

revised by Peace (1996), the geochemical results have clearly identified four rock types. Similar to the 

Kirunavaara ore body, the Printzsköld ore body is hosted by intermediate to felsic volcanic rocks, which are 

basalts, andesites, aplites and pegmatites.  

Element mobilisation and redistribution is frequent during hydrothermal alteration, however, in areas 

that have been subject to extensive regional alteration and/ or metamorphism the quantification of element 

mobility is difficult. In the host rock of the Printzsköld ore body, the effect of alteration on elements is 

illustrated by considering the geochemical systematics of the altered rock samples. 37 % of the samples are 

A B 

Bt 

Mag 

Px 
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plotted outside the Igneous Spectrum in the diagram after Hughes (1973) as the result of potassic and sodic 

alterations. The enrichment of REEs in altered samples, relative to least altered, indicate that REE were 

mobile at Printzsköld. 

According to Martinsson, 2004, the Porphyry group is composed of basalt, trachyandesite, 

rhyodacite-rhyolite. In the Total-alkali Silica diagram, 50 % of the samples is not plotted in these fields 

(figure 12B). According to the reliable immobile elements, the comparison with the Kiruna Porphyry shows 

similarities. Moreover, the primary patterns and the ration diagrams also indicate that the rocks belong to the 

Kiruna Porphyry group. Consequently, the samples collected both in the hanging wall and the footwall which 

plot in the tephrite-phonolite zones (figure 12B), are strongly altered. Both Kirunavaara and Printzsköld ore 

bodies are hosted by the Kiruna Porphyry group. 

The host rock is strongly altered but in some place it is still possible to see the primary composition 

and structure. Amygdules are identified in the hanging wall and in the footwall, both in the basalts and the 

andesites. The presence of amygduls both in the basalts and the andesits confirms the extrusive origin.  The 

basalts and andesites might be from the same magma but the former is more fractionated (figure 19).  
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Figure 19: Hypothetical differentiation magmatic of the magma precursor.  

 

The aplitic texture based on the grain size and the mineralogy, is a clue for a felsic intrusive origin. 

The drill core logging allows to identify several aplites and pegmatites in the footwall and in the hanging 

wall. The hydrothermal alteration associated with the felsic intrusions, is characterised by potassic-calcic rich 

fluids. It explains why the amphibole alteration is widespread in the host rock. This alteration is extended in 

the adjacent basaltic and andesitic rocks. It must be pointed out that the difference in competence between 

the felsic rocks and the metavolcanic rocks could have influenced the deformation styles of the amphibole 

alterations. It could explain the deformed amphibole on the metavolcanic rocks and the undeformed 

amphibole on the aplites and pegmatites. Another hypothese could be that there are two generations of 

amphibole alterations. Chronologically, the amphibole alteration is pre-feldspar alteration and magnetite 

alteration is syn-amphibole alteration. Plots of Nb vs. Th and REE indicate that these elements were mobile 

in the systems during amphibole alteration.  

Cordierite and andalusite can be observed in all the host rock and is the result of a youngest 

metamorphism. The observed mineral assemblage biotite-cordierite appears under low pressure and middle 
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temperature. In the same way, the formation of andalusite points out that the host rock has been subjected to 

low-pressure metamorphism. There is some formation of gypsum, anhydrite and sulfides that might be from 

a later hydrothermal alteration. Chlorite and sericite do not have preferred occurrence in the host rock.  

Similarities in alteration minerals and minerals assemblages may partly be a product of the common 

host rock to the hanging wall and footwall occurrences, but is also an indication of similarities in fluid 

compositions. The zoning alterations show few patterns which could differentiate the footwall from the 

hanging wall. The alteration types differ according to the different primary rocks and the spatial relation to 

the ore.  

 

8.2 Petrographical and geochemical comparison between the hanging wall and the 
footwall contacts to the ore zone. 

 
The footwall and hanging wall contacts are usually gradual due to alteration minerals.  

Both the hanging wall contact and the footwall contact show in the wall rocks a strong magnetite 

dissemination. An estimated age of the ore is 1.88-1.89 Ga that is similar to the Kirunavaara deposit (Cliff et 

al., 1990; Romer et al., 1994). As it is reported by Cliff et al., 1990 for the Kirunavaara ore body, the 

mineralisation of Printzsköld is intrusive in the metavolcanic rocks: it means that the volcanic event occurred 

before the ore formation. It indicates that the metavolcanic rocks could have been altered by the ore 

formation, which also has generated breccia type mineralisation in the wall rocks. Apatite concentrations are 

mainly in the ore zone both toward the footwall and the hanging wall.  

The geochemical data show that the potassic altered rocks occur strongly at the hanging wall contact 

and the footwall contact. 

 
The hanging wall contact of Printzsköld is characterised by an ore breccia like in the hanging wall of 

Kirunavaara (Martinsson, 2004). Like in Kirunavaara, the hanging wall contact is also marked by skarn as 

the strongest amphibole alteration. Apatite and magnetite veinlets occur in the felsic intrusions, if present, at 

the ore contact. Extensive albitisation with hematite staining is developed at the hanging wall contact. The 

albitisation is accompanied by secondary amphibole, coarse biotite and anhydrite. A deformation texture is 

located close to the hanging wall contact. It consists of finer texture of 100 µm in a coarser groundmass.  It 

might have formed by a shearing movement parallel to the foliated basalts. On the other hand, the more 

coarse grained texture might be the result of a recrystalisation process. 

 
 At the footwall contact, there is some development of ore breccia with massive magnetite and 

amphibole-pyroxene-feldspars patches. The contact is often marked by a biotite-rich-amphibole foliation 

which encloses coarse to small grains of apatite and magnetite. This biotite rich trend is common in every 

drill cores and has to be considered in the future mining. Moreover, biotite schist is found locally at the 

footwall contact of the ore, and it may be related to shearing after ore formation. Recrystalised felsic rocks 

are only observed in the footwall.  
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8.3 Control of the local structure geology 
 

Comparing the regional foliations with the foliations in the host rock of Printzsköld ore body, there is 

a significant difference in the plunge and the strike. The plunge is steeper in the host rock of the Printzsköld 

ore body (40° to 80°) than it is in general for lineations and foliations in the Malmberget area (15°) (Geijer, 

1930). Consequently, in this case, the regional foliations and the Printzköld foliations might not result from 

the same deformation.  

It is possible to notice that there is a similar succession andesite-basalt in the proximal footwall and 

in the distal hanging wall. It might indicate that the thickness of the western end of the ore body is the result 

of a folding. However, the observed footwall is too short to confirm this hypothesis. 

Several observations could lead to another hypothetic conclusion. The foliations are different 

compared to the regional foliation and the Printzsköld ore body does not follow the general structure. As it is 

reported by Magnor and Mattsson, there is a strong biotite alteration at the footwall contact that has 

developed into biotite schist. It is possible to observe a deformation texture at the microscopic scale. 

Consequently, in one hand, it could be the result of a folding event. On the other hand, all these observation 

make possible to suggest that a W-E oriented shear zone controls the host rock geometry and is the cause of 

the steep NE-SW foliation. The shear zone W-E and the folding structure could be linked to the compression 

SW-NE which is evoked by Magnor and Mattsson. 

 
 

9 CONCLUSIONS 
 

The host rock of the Printzsköld ore body consists of six rock types and three of them are strongly 

altered: aplites, basalts and andesites. The iron ore formation was intruding the basaltic and andesitic rocks 

and caused the first generation of alterations. Then the high-grade metamorphism is the result of the aplitic 

and pegmatitic intrusions under high temperature. The mafic dykes are less altered and might be from a 

younger event. The common alterations are amphibole alteration, magnetite-apatite alteration, biotite schist, 

K-feldspar alteration, albitisation and biotite-chlorite association. The amphibole alteration affects strongly 

the aplite and is widespread in the adjacent metavolcanic rocks. 

Element mobility was important during the reaction of alterations and only a few elements seem to 

have been immobile (Ti, Zr, Al).  

The control of the ore body’ geometry is subject to two hypotheses: a folding event or a shear zone. 

Furthermore it could be interesting to continue the drill core logging and the structural geology 

studies in the Printzsköld ore bodies and in the others ore bodies of the Malmberget deposit in order to get a 

larger view of the structure of the host rock and the control of the distribution and the geometry of the ore 

bodies. The result of this work is the better understanding of the local petrology and the structural geology, 

which are important for the future exploration of the Printzsköld ore bodies. 
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SAMPLE SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O Cr2O3 TiO2 MnO P2O5 SrO BaO C 

DESCRIPTION % % % % % % % % % % % % % % 

Mbgt 6837 4.60-5.00 63,8 14 4,66 2,53 2,12 4,93 5,23 0,01 0,5 0,02 0,3 0,01 0,17 0,09 

Mbgt 6837 33.88-34.2 48,9 15,25 17,9 1,29 4,05 6,45 2,95 0,01 1,2 0,03 0,19 0,02 0,04 0,06 

Mbgt 6837 40.51-40.8 52,3 15,25 10,65 5,05 2,84 7,36 1,92 0,01 1,16 0,02 2,51 0,02 0,02 0,02 

Mbgt 6837 56.72-57.05 58,5 15,55 8,47 2,32 1,95 6,25 4,44 <0.01 1,3 0,02 0,31 0,01 0,14 0,08 

Mbgt 6837 60.64-60.92 58,3 15,75 8,99 1,88 1,83 7,1 3,14 0,01 1,23 0,02 0,3 0,01 0,07 0,15 

Mbgt 6837 75.11-75.80 50,6 14,95 15,15 3,11 4,14 6,18 2,39 0,01 2,01 0,02 0,25 0,02 0,03 0,03 

Mbgt 6837 108.81-109.00 58,8 14,3 6,08 5,5 4,81 7,13 1,73 0,02 0,96 0,02 <0.01 0,02 0,02 0,03 

Mbgt 6837 118.11-118.34 59,5 14,35 6,34 3,41 3,84 5,51 4,68 <0.01 1,15 0,02 0,27 0,01 0,21 0,02 

Mbgt 6837 121.45-121.73 61,5 14 4,65 2,94 2,4 3,78 7,1 0,01 1,09 0,02 0,21 0,01 0,23 0,1 

Mbgt 6837 219.25-219.58 49,1 15,35 18,8 2,24 2,87 7,09 2,45 0,01 1,17 0,02 0,23 0,02 0,04 0,04 

Mbgt 6837 235.36-235.70 48,5 14,6 21,1 1,53 0,91 5,41 4,54 0,02 0,96 0,02 0,2 0,02 0,23 0,03 

Mbgt 6837 301.30-301.65 47,7 13,85 19,8 1,28 3,93 5,11 4,25 <0.01 1,24 0,02 0,48 0,01 0,08 0,01 

Mbgt 6837 338.52-338.93 42,4 9,87 26,7 6,06 4,94 4,71 0,64 0,02 0,72 0,03 0,76 0,02 <0.01 0,07 

Mbgt 6837 353.04-353.43 57,8 11,4 6,72 8,31 6,53 6,28 0,64 <0.01 0,4 0,03 0,33 0,01 <0.01 0,1 

Mbgt 6837 364.32-364.65 59,5 12,2 5,29 7,62 5,16 6,65 1,03 0,01 0,37 0,03 0,24 0,01 0,01 0,12 

Mbgt 6859 6.53-6.94 59,7 12,95 8,3 3,85 4,7 5,3 4,13 <0.01 0,31 0,03 0,05 0,01 0,13 0,04 

Mbgt 6859 21.96-22.51 47,6 15,4 16,25 2,4 5,05 6,25 3,42 0,03 1,07 0,02 0,13 0,03 0,05 0,08 

Mbgt 6859 28.16-29.33 57 14,5 11,1 3,53 3,16 6,92 2,24 <0.01 1,22 0,03 0,13 0,02 0,06 0,02 

Mbgt 6859 37.86-38.45 53 15,25 14,95 2,09 2,44 6,61 2,98 0,02 1,45 0,01 0,26 0,01 0,08 0,02 

Mbgt 6859 43.33-43.83 44,5 12,9 30,7 1,35 1,19 6,16 1,28 <0.01 1,08 0,03 0,1 0,02 0,03 0,02 

Mbgt 6859 50.30-50.80 57,6 15,8 10,3 1,43 0,84 5,27 6,07 0,01 1,21 0,01 0,29 0,01 0,2 0,02 

Mbgt 6859 60.95-61.57 47 15,6 20,9 2,29 2,88 5,54 2,61 0,03 1,27 0,03 0,23 0,03 0,07 0,04 

Mbgt 6859 74.07-74.50 56,3 12,9 9,97 7,32 4,42 6,63 0,95 0,02 0,23 0,03 0,51 0,02 0,02 0,03 

Mbgt 6859 121.85-122.25 70,6 13,55 2,87 1,4 0,54 4,06 4,61 <0.01 0,35 0,03 0,07 0,02 0,13 0,05 

Mbgt 6859 129.58-130.05 47,7 15,5 20,4 1,44 3,86 5,2 4,58 0,02 1,19 0,02 0,24 0,01 0,13 0,04 

Mbgt 6859 145.75-146.14 56,3 9,35 6,93 11 7,83 5,38 0,57 0,01 0,37 0,04 1,22 0,01 0,01 0,04 

Mbgt 6859 169.8-170.17 43,9 13,5 24 4,04 1,04 5,67 3,23 0,01 1,06 0,02 1,94 0,02 0,13 0,04 

Mbgt 6859 172.55-173.17 48,2 15 18,45 3,19 2,83 6,74 2,37 0,02 1,12 0,02 0,26 0,03 0,04 0,08 

Mbgt 6859 276.73-277.21 40,5 13 28,7 1,88 4,93 4,39 3,12 <0.01 1,22 0,02 0,54 0,01 0,03 0,02 

Mbgt 6859 292.30-292.92 52,8 15,1 14,05 2,17 3,65 6,78 2,21 0,01 1,49 0,03 0,37 0,02 0,02 0,06 

Mbgt 6859 340.88-341.21 55,9 18,1 9,12 2,58 0,73 8,53 1,19 <0.01 1,74 0,02 0,37 0,02 0,02 0,04 

Mbgt 6859 344.75-345.30 54 16,45 12,95 2,69 0,9 7,06 2,77 0,02 1,74 0,02 0,3 0,03 0,08 0,03 
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SAMPLE S Ba Ce Cr Cs Dy Er Eu Ga Gd Hf Ho La Lu Nb 

DESCRIPTION % ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 

Mbgt 6837 4.60-5.00 0,13 1375 84,8 100 0,14 9,53 5,78 1,85 19,5 9,61 10 1,89 35,6 0,88 19,5 

Mbgt 6837 33.88-34.2 0,02 312 56,8 110 1,08 3,36 1,91 1,06 24,7 4,21 3,3 0,63 26,4 0,25 8,2 

Mbgt 6837 40.51-40.8 0,03 179,5 230 100 0,31 14,15 8,27 2,65 17,3 18,9 4,6 2,82 94,1 0,97 17,3 

Mbgt 6837 56.72-57.05 0,03 1140 105,5 20 0,26 11,2 6,33 2,84 21,9 12,55 7,9 2,19 36,7 0,82 15,3 

Mbgt 6837 60.64-60.92 0,07 585 123 100 0,42 12 6,85 2,67 23,8 13 7,7 2,27 42,8 0,86 20,1 

Mbgt 6837 75.11-75.80 0,13 262 105 60 0,85 6,86 4,01 2,78 23,6 8,44 4,6 1,33 34,6 0,54 10,5 

Mbgt 6837 108.81-109.00 0,1 204 13,3 150 0,45 4,11 2,74 0,66 17,4 3,17 8,4 0,86 4,7 0,61 16 

Mbgt 6837 118.11-118.34 0,01 1725 80,2 10 0,13 11,35 6,81 2,21 17,8 10,75 10,5 2,24 27,5 1,01 21,5 

Mbgt 6837 121.45-121.73 0,08 1935 181,5 110 0,18 17,55 10,35 3,35 21,6 18,6 9,7 3,43 67,4 1,4 25,5 

Mbgt 6837 219.25-219.58 0,01 305 84,1 60 0,46 3,55 1,95 0,9 19,6 4,93 2,8 0,68 38,5 0,27 12,2 

Mbgt 6837 235.36-235.70 0,31 1845 50 120 0,16 4,07 2,32 1,01 12,8 5,09 3 0,77 18,2 0,28 9,6 

Mbgt 6837 301.30-301.65 <0.01 678 97,2 20 1,31 8,72 5,08 2,46 24,2 10,15 5,9 1,72 28,3 0,63 10,2 

Mbgt 6837 338.52-338.93 0,75 34,7 82,7 130 0,28 6,33 3,77 1,31 19,4 8,01 4,1 1,25 30,3 0,54 4,2 

Mbgt 6837 353.04-353.43 0,01 39,2 47,6 <10 0,07 5,66 3,66 1,07 15,8 5,98 10,7 1,16 15,4 0,79 5,8 

Mbgt 6837 364.32-364.65 0,01 88,4 44,2 100 0,05 4,94 3,25 0,97 16,5 4,99 12,4 1,03 15 0,76 7,5 

Mbgt 6859 6.53-6.94 0,07 1090 18,6 10 0,1 4,1 2,71 0,73 17,4 3,34 10 0,85 7,9 0,53 3,9 

Mbgt 6859 21.96-22.51 0,05 457 59,6 230 0,94 4,32 2,47 1,76 20,6 5,12 2,7 0,83 21 0,34 7,5 

Mbgt 6859 28.16-29.33 0,1 472 26,7 10 0,33 3,92 2,5 0,72 17,2 3,55 8,7 0,79 10,2 0,48 18,5 

Mbgt 6859 37.86-38.45 <0.01 691 77,6 140 0,35 7,51 4,18 1,84 21,8 7,97 4,8 1,44 28,6 0,51 13,8 

Mbgt 6859 43.33-43.83 0,02 217 13,4 30 0,3 0,89 0,56 0,34 25,1 1,01 3,9 0,17 7,1 0,1 4,4 

Mbgt 6859 50.30-50.80 0,03 1665 51 110 0,2 5,69 3,45 1,27 18,8 5,91 8,1 1,12 17,9 0,5 17,3 

Mbgt 6859 60.95-61.57 0,03 585 48,8 230 0,44 4,9 2,87 1,37 19,5 5,69 2,7 0,9 16,8 0,31 9,3 

Mbgt 6859 74.07-74.50 0,03 157 57,6 120 0,14 6,93 4,47 1,11 14,6 6,96 8,7 1,42 23,4 0,84 1,7 

Mbgt 6859 121.85-122.25 0,04 1095 237 10 0,1 5,17 3,14 1,18 16,6 9,16 9,7 0,99 127 0,38 15,7 

Mbgt 6859 129.58-130.05 0,06 1060 60,8 150 0,88 1,93 1,21 0,77 19,3 2,97 2,5 0,39 37,6 0,15 5,4 

Mbgt 6859 145.75-146.14 <0.01 57,7 133,5 90 0,16 14,65 8,96 2,11 9,1 15,4 8,2 2,95 49,8 1,57 9,4 

Mbgt 6859 169.8-170.17 0,02 1070 177,5 60 0,23 6,58 3,83 1,75 19,2 10,2 2,5 1,26 84,4 0,47 8,6 

Mbgt 6859 172.55-173.17 0,01 313 81,3 170 0,4 3,58 2,13 1 19,1 4,57 2,7 0,7 33,7 0,3 9 

Mbgt 6859 276.73-277.21 0,01 262 58,9 30 1,05 4,47 2,71 1,22 23,4 5,91 4 0,89 18,5 0,3 6,1 

Mbgt 6859 292.30-292.92 <0.01 165 100,5 120 1,04 7,63 4,43 2,4 21,7 8,5 5,9 1,5 33,1 0,61 17,6 

Mbgt 6859 340.88-341.21 0,04 138 61,1 10 0,45 3,47 2,14 0,99 12,7 4,49 5,7 0,7 23 0,33 20,5 

Mbgt 6859 344.75-345.30 0,04 675 51,7 120 0,2 4,16 2,54 1,14 16,7 4,44 6,5 0,84 21,4 0,42 19,5 
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SAMPLE Nd Pr Rb Sm Sn Sr Ta Tb Th Tl Tm U V W Y 

DESCRIPTION ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 

Mbgt 6837 4.60-5.00 44,7 11,55 62,9 9,9 3 98,5 1,6 1,6 16,95 <0.5 0,81 4,17 25 <1 55,4 

Mbgt 6837 33.88-34.2 24,7 6,9 136 4,83 3 162 0,4 0,61 2,16 <0.5 0,25 1,41 159 <1 16,3 

Mbgt 6837 40.51-40.8 109,5 29,2 68,1 19,5 1 198 1,7 2,71 4,34 <0.5 1,05 3,12 98 <1 83,9 

Mbgt 6837 56.72-57.05 61 15,4 54,2 13,55 4 119,5 0,9 1,97 6,76 <0.5 0,84 4,01 118 1 52,8 

Mbgt 6837 60.64-60.92 69,7 17,85 59,7 14,55 5 83,4 1,1 2,14 7,18 <0.5 0,91 4,17 127 1 59,8 

Mbgt 6837 75.11-75.80 51,1 14,4 91 9,42 6 195,5 0,5 1,26 3,05 <0.5 0,54 3,79 245 <1 32,5 

Mbgt 6837 108.81-109.00 10,1 2,17 61,4 3,01 2 147 1,3 0,62 8,27 <0.5 0,43 2,26 53 <1 23,4 

Mbgt 6837 118.11-118.34 47,3 11,8 49,8 11,35 4 123,5 1,6 1,92 13,3 <0.5 0,93 3,43 44 <1 60,4 

Mbgt 6837 121.45-121.73 95,7 24,9 104 19,95 6 80,6 1,3 3,07 13,5 <0.5 1,43 2,94 38 1 92,3 

Mbgt 6837 219.25-219.58 31,9 9,48 80,2 5,11 2 213 0,7 0,68 2,81 <0.5 0,27 1,08 190 <1 19,4 

Mbgt 6837 235.36-235.70 28,4 7,18 76,6 5,69 3 191,5 0,5 0,76 2,95 <0.5 0,3 0,98 153 <1 21,6 

Mbgt 6837 301.30-301.65 57,2 14,4 161 11,4 5 73,5 0,7 1,57 6,62 <0.5 0,66 3,33 277 <1 46,3 

Mbgt 6837 338.52-338.93 44,4 11,35 18 8,21 3 132,5 0,2 1,13 14,6 <0.5 0,5 3,39 370 <1 36,9 

Mbgt 6837 353.04-353.43 28,9 7,23 4,8 6,18 3 92 0,4 0,95 15,9 <0.5 0,54 4,18 80 <1 33,1 

Mbgt 6837 364.32-364.65 25,6 6,3 11,2 5,09 2 84,5 0,7 0,82 20,2 <0.5 0,51 5,61 64 <1 29,6 

Mbgt 6859 6.53-6.94 12 2,79 42 3,25 2 101,5 0,7 0,62 16,25 <0.5 0,42 3,01 74 <1 24,1 

Mbgt 6859 21.96-22.51 30,2 8,32 153 5,71 4 281 0,3 0,78 1,51 <0.5 0,34 2,33 157 <1 21 

Mbgt 6859 28.16-29.33 15,5 3,81 53,1 3,7 2 136 1,5 0,64 14,75 <0.5 0,38 3,59 115 <1 21,9 

Mbgt 6859 37.86-38.45 41,1 10,65 67,8 8,95 4 132,5 0,6 1,33 4,79 <0.5 0,57 3,17 182 <1 36,6 

Mbgt 6859 43.33-43.83 5,5 1,53 39,6 0,97 3 160 0,3 0,15 0,33 <0.5 0,1 0,77 427 <1 5,3 

Mbgt 6859 50.30-50.80 29,2 7,21 74,4 6,52 3 119 1,4 0,98 5,58 <0.5 0,47 2,7 113 1 31,2 

Mbgt 6859 60.95-61.57 29,6 7,27 78,4 6,44 3 237 0,4 0,85 1,95 <0.5 0,39 0,91 218 1 25 

Mbgt 6859 74.07-74.50 32,2 7,93 20,6 7,13 2 171 0,1 1,18 8 <0.5 0,65 2,02 128 <1 41,1 

Mbgt 6859 121.85-122.25 74,8 25 124 10,2 2 207 1,3 1,07 14,95 <0.5 0,42 0,85 32 <1 27,5 

Mbgt 6859 129.58-130.05 20,7 6,35 170 3,09 3 114 0,4 0,37 3,45 <0.5 0,21 2,32 197 1 11,8 

Mbgt 6859 145.75-146.14 75,9 18,65 13,5 16,05 4 96,7 0,8 2,55 3,53 <0.5 1,27 1,99 70 <1 84,5 

Mbgt 6859 169.8-170.17 68,9 20,8 52,2 10,6 3 205 0,6 1,29 4,69 <0.5 0,49 2,31 254 <1 38 

Mbgt 6859 172.55-173.17 30,1 9,34 74 4,94 3 226 0,6 0,65 2,87 <0.5 0,28 1,68 180 <1 19,6 

Mbgt 6859 276.73-277.21 35 8,83 158 7,19 3 114 0,3 0,83 3,39 <0.5 0,35 1,45 427 1 26,6 

Mbgt 6859 292.30-292.92 48 13,35 97,2 9,4 5 138 1 1,33 6,7 <0.5 0,6 2,9 190 <1 41,2 

Mbgt 6859 340.88-341.21 28,6 7,97 44,6 4,84 3 184,5 1,2 0,63 2,37 <0.5 0,31 2,72 99 <1 20,1 

Mbgt 6859 344.75-345.30 24,6 6,6 46,6 4,83 4 230 1 0,71 4,31 <0.5 0,37 1,95 105 <1 23,4 
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SAMPLE Yb Zr As Bi Hg Sb Se Te LOI Total Ag Cd Co Cu Mo 

DESCRIPTION ppm ppm ppm ppm ppm ppm ppm ppm % % ppm ppm ppm ppm ppm 

Mbgt 6837 4.60-5.00 5,58 360 3,4 0,02 0,012 0,1 0,4 0,01 0 98,3 <0.5 <0.5 12 64 <1 

Mbgt 6837 33.88-34.2 1,76 127 0,9 <0.01 0,007 <0.05 0,4 <0.01 0,2 98,5 <0.5 <0.5 22 12 <1 

Mbgt 6837 40.51-40.8 6,41 184 5,2 <0.01 0,008 <0.05 0,9 0,01 -0,1 99 <0.5 <0.5 25 18 <1 

Mbgt 6837 56.72-57.05 5,49 299 3,9 0,02 0,009 0,13 0,3 <0.01 0,5 99,8 <0.5 <0.5 14 24 <1 

Mbgt 6837 60.64-60.92 5,86 302 4 0,02 0,01 0,07 0,5 <0.01 0,95 99,6 <0.5 <0.5 28 66 <1 

Mbgt 6837 75.11-75.80 3,56 175 1,3 <0.01 0,006 <0.05 0,6 <0.01 0,4 99,3 <0.5 <0.5 32 35 <1 

Mbgt 6837 108.81-109.00 3,26 353 0,6 0,01 <0.005 0,05 0,5 0,01 0,4 99,8 <0.5 <0.5 26 61 <1 

Mbgt 6837 118.11-118.34 6,27 412 0,7 <0.01 <0.005 <0.05 0,4 0,01 0,5 99,8 <0.5 <0.5 17 8 <1 

Mbgt 6837 121.45-121.73 9,4 361 1,5 0,01 <0.005 <0.05 0,5 0,01 0,8 98,7 <0.5 <0.5 17 40 <1 

Mbgt 6837 219.25-219.58 1,69 106 2,2 <0.01 0,005 <0.05 0,3 <0.01 0,6 100 <0.5 <0.5 33 1 <1 

Mbgt 6837 235.36-235.70 1,96 118 1,4 0,01 <0.005 <0.05 1,2 0,06 0,1 98,1 <0.5 <0.5 51 230 <1 

Mbgt 6837 301.30-301.65 4,29 239 3,6 <0.01 <0.005 <0.05 0,4 0,01 0,2 98 <0.5 <0.5 30 1 <1 

Mbgt 6837 338.52-338.93 3,32 159 4,1 <0.01 0,006 <0.05 0,3 <0.01 1,42 98,3 <0.5 <0.5 45 3 <1 

Mbgt 6837 353.04-353.43 4 401 1,5 0,01 0,005 <0.05 0,2 <0.01 0,6 99,1 <0.5 <0.5 21 2 <1 

Mbgt 6837 364.32-364.65 3,88 466 1,1 <0.01 0,008 <0.05 0,2 <0.01 0,97 99,1 <0.5 <0.5 16 1 <1 

Mbgt 6859 6.53-6.94 2,95 343 0,5 0,01 <0.005 <0.05 0,3 0,01 0,3 99,8 <0.5 <0.5 25 34 <1 

Mbgt 6859 21.96-22.51 2,22 102 0,9 <0.01 <0.005 0,05 0,3 0,02 0,7 98,4 <0.5 <0.5 25 54 <1 

Mbgt 6859 28.16-29.33 2,79 336 1,5 0,01 <0.005 0,06 0,5 0,02 0 99,9 <0.5 <0.5 28 73 <1 

Mbgt 6859 37.86-38.45 3,68 181 1,9 0,01 <0.005 0,06 0,4 <0.01 -0,7 98,5 <0.5 <0.5 18 7 <1 

Mbgt 6859 43.33-43.83 0,62 149 1 0,01 <0.005 <0.05 <0.2 0,01 -1,06 98,3 <0.5 <0.5 49 9 <1 

Mbgt 6859 50.30-50.80 3,08 302 2,5 0,01 <0.005 <0.05 0,3 0,01 -0,19 98,9 <0.5 <0.5 16 25 <1 

Mbgt 6859 60.95-61.57 2,48 114 0,6 <0.01 <0.005 <0.05 0,5 0,01 -0,39 98,1 <0.5 <0.5 39 7 <1 

Mbgt 6859 74.07-74.50 4,67 307 2,2 0,01 <0.005 <0.05 0,3 0,01 0 99,3 <0.5 <0.5 22 16 <1 

Mbgt 6859 121.85-122.25 2,63 390 <0.1 0,01 0,005 <0.05 0,3 0,01 0 98,2 <0.5 <0.5 4 12 <1 

Mbgt 6859 129.58-130.05 1,08 99 1,5 0,01 <0.005 <0.05 0,2 0,01 -0,2 100 <0.5 <0.5 33 43 <1 

Mbgt 6859 145.75-146.14 8,89 275 6,8 0,01 <0.005 0,08 0,5 <0.01 -0,5 98,5 <0.5 <0.5 23 2 <1 

Mbgt 6859 169.8-170.17 3,08 92 19,8 <0.01 <0.005 <0.05 0,5 0,01 0,2 98,8 <0.5 <0.5 32 6 <1 

Mbgt 6859 172.55-173.17 1,92 103 3,4 0,01 <0.005 <0.05 0,3 <0.01 0,5 98,8 <0.5 <0.5 32 1 <1 

Mbgt 6859 276.73-277.21 2,19 158 1,6 <0.01 0,005 <0.05 0,4 0,01 -0,19 98,2 <0.5 <0.5 47 1 <1 

Mbgt 6859 292.30-292.92 3,94 234 3,7 <0.01 0,009 <0.05 0,4 0,01 -0,2 98,5 <0.5 <0.5 22 <1 <1 

Mbgt 6859 340.88-341.21 2,03 222 3 0,01 <0.005 0,05 0,3 <0.01 1,06 99,4 <0.5 <0.5 13 14 1 

Mbgt 6859 344.75-345.30 2,65 252 3,6 0,01 <0.005 <0.05 0,3 0,01 0,3 99,3 <0.5 <0.5 18 12 1 
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SAMPLE Ni Pb Zn 

DESCRIPTION ppm ppm ppm 

Mbgt 6837 4.60-5.00 12 3 4 

Mbgt 6837 33.88-34.2 43 2 8 

Mbgt 6837 40.51-40.8 21 2 3 

Mbgt 6837 56.72-57.05 17 <2 5 

Mbgt 6837 60.64-60.92 26 2 5 

Mbgt 6837 75.11-75.80 34 5 4 

Mbgt 6837 108.81-109.00 19 3 3 

Mbgt 6837 118.11-118.34 2 4 2 

Mbgt 6837 121.45-121.73 1 5 2 

Mbgt 6837 219.25-219.58 28 4 3 

Mbgt 6837 235.36-235.70 67 3 <2 

Mbgt 6837 301.30-301.65 41 6 3 

Mbgt 6837 338.52-338.93 44 4 4 

Mbgt 6837 353.04-353.43 19 4 3 

Mbgt 6837 364.32-364.65 15 3 2 

Mbgt 6859 6.53-6.94 25 2 3 

Mbgt 6859 21.96-22.51 35 <2 4 

Mbgt 6859 28.16-29.33 23 10 7 

Mbgt 6859 37.86-38.45 23 3 2 

Mbgt 6859 43.33-43.83 58 4 11 

Mbgt 6859 50.30-50.80 15 <2 3 

Mbgt 6859 60.95-61.57 45 <2 8 

Mbgt 6859 74.07-74.50 11 3 4 

Mbgt 6859 121.85-122.25 1 11 33 

Mbgt 6859 129.58-130.05 29 <2 2 

Mbgt 6859 145.75-146.14 20 3 4 

Mbgt 6859 169.8-170.17 27 3 3 

Mbgt 6859 172.55-173.17 26 3 3 

Mbgt 6859 276.73-277.21 58 <2 5 

Mbgt 6859 292.30-292.92 24 5 5 

Mbgt 6859 340.88-341.21 10 <2 6 

Mbgt 6859 344.75-345.30 13 <2 3 
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Drill core logging 
     

Drill core 6859 150/08                                                   Dill core 6837 161/08 

Andesite 

Magnetite Basalt 

Aplite Amphibole 

Albitisation 

Skarn 

K-feldspars 

Post amphibole 

Mag. impregnations 
 

Post Kfs 

Host rock: Alterations: 

Pegmatite Mafic dykes 


