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Abstract 
Sparre is a previously mined apatite iron ore deposit, situated in Malmberget, in northern Sweden. It is 

currently owned by the Swedish company LKAB, but has not been mined since the middle of the 20th 

century. High degree of deformation and alteration in the area has resulted in many of the rock types in 

the area being hard to determine. This thesis aims to better characterize these rocks by core logging, 

microscopic analysis and geochemical investigations to aid future mapping and modeling of the 

lithologies in the area. The results show that there are five major rock types that vary a lot in appearance 

due to different types of alteration. The stratigraphy consists of volcanic rocks of intermediate to felsic 

composition, cut by three different types of intrusions; mafic intrusions of monzo-dioritic composition, 

Perthite-monzonite suite granitic rocks and Lina suite granitic rocks. 

Key words: Sparre, Malmberget, Lina granite, Perthite-monzonite suite, apatite iron ore, host rock, core 

logging, geochemistry. 
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Swedish abstract 
Sparre är en tidigare bruten fyndighet av apatitjärnmalm, belägen i Malmberget i norra Sverige. Området 

ägs idag av LKAB, men har inte brutits sedan mitten av 1900-talet. Höggradig omvandling och 

deformation i området har lett till att många av värdbergarterna är svåra att klassificera. Denna uppsats 

menar att bättre karaktärisera dessa bergarter med hjälp av borrkärnekartering, mikroskopering och 

geokemiska undersökningar, för att lägga en god grund till framtida karteringar och litologiska 

modelleringar i området. Resultaten från studien visar att berggrunden i Sparre utgörs av fem 

huvudsakliga bergarter som varierar kraftigt i utseende på grund av flera olika sorters omvandlingar. 

Stratigrafin består av vulkaniska bergarter av intermediär till felsisk sammansättning, skurna av tre olika 

sorters intrusioner; mafiska gångbergarter av monzo-dioritisk komposition, granitiska bergarter från 

Pertit-sviten samt Lina graniter. 

Nyckelord: Sparre, Malmberget, Lina granit, Pertit-monzonit-sviten, apatitjärnmalm, sidoberg, 

borrkärnekartering, geokemi. 
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Introduction 
Northern Norrbotten is a substantial ore region, dominated by deposits of iron and copper. Malmberget, 

owned by the Swedish company LKAB is situated close to the town Gällivare, and is the second largest 

iron mine in Sweden with all of its ore bodies combined (fig. 1). The deposit is classified as apatite iron 

ore, an ore type that to this day is not fully understood. Geologists are still arguing whether the ore in 

this type of deposit is formed as a result of fluid replacement or as a massive intrusion. The apatite iron 

ores in Malmberget have been known since the 18th century and was mined only a hundred years later 

(Lund, 2013). The Sparre ore body, which is located in the western parts of Malmberget has previously 

been mined from open pits in the middle of the 20th century by LKAB, but was abandoned due to poor 

quality of the ore (Nilsson, 1999). Today, the mining rights are still owned by the same company, which 

produces roughly 90 % of the iron ore supplies of the European countries (LKAB, 2013).  

The purpose of this study is to better understand and characterize the host rocks of the Sparre deposit. 

Traditionally, the rocks in this region have been called leptites, with a color variation of red to grey 

(Geijer, 1930). This is because a high degree of recrystallization and alteration in the area has resulted in 

many of the rocks having a similar appearance, which makes it hard to separate them. The aim of this 

work is to determine what rock types that are present and classify them. This will aid future lithological 

mapping and modeling in the Sparre area as well as the rest Malmberget.  
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Figure 1: Geological map showing the position of the Sparre ore body, the rock types in the area and occurrence of apatite 
iron ore in the region (Modified after Bergman et al., 2001). 
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Geological setting 
Northern Norrbotten consists of rocks of Archean to Paleoproterozoic age, which were formed in several 

different types of geological settings and have experienced several generations of deformation and 

metamorphism (Bergman et al., 2001). The oldest rock unit in the general stratigraphy is the c. 2.8 Ga 

Archean basement, made up of mainly granitic gneisses. This rock unit can be seen in outcrops in remote 

areas in the northern parts of Norrbotten and have tonalitic-granodioritic composition (Bergman et al., 

2001). Stratigraphicly above these rocks lies the 2.5-2.0 Ga Karelian Kovo Group uncomformably, 

consisting of metasediments and thoelitic basalt, related to a rifting event around 2.1 Ga (Martinsson, 

1997). As this rifting event developed, it eventually lead to the deposition of the Kiruna greenstone belt, 

that is overlying the Kovo group (Martinsson, 2004). The greenstone belt consists of komatiites in the 

lowermost parts and metabasalts of low potassium-, within plate- and mid-oceanic ridge character in the 

stratigraphy above. Textures indicating both marine and terrestrial environments are included in this 

section, suggesting the opening and closing of a basin as depositional environment (Martinsson, 2004).  

The greenstone belt is overlain by Svecofennian rocks, composed of porphyries, conglomerate and the 

Hauki quartzite. The porphyries are subdivided into a lower group called the Porphyrite Group and an 

overlying called the Porphyry Group. The main difference between the two is that the Porphyry Group 

has a higher content of Ti and Zr than the Porhpyrite Group (Bergman, et al. 2001). The more calc-

alkaline porhyrites are believed to have a subduction related origin whereas the bimodal character and 

chemical characteristics of the porphyry group is generally considered to be the result of extension and 

within plate boundary volcanism (Martinsson, 2004). These extrusive rocks were then intruded by 

several generations of intrusions, the first of which, being the gabbroic-granodioritic Happaranda suite 

(1.90-1.88 Ga). These intrusive rocks were followed by the so called Perthite-monzonite suite (1.88-1.86 

Ga), that has simillar geochemical properties to the porphyry group (Bergman et al. 2001). A third group, 

called the Lina granites is made up of younger intrusions (c. 1.81–1.78 Ga) and associated with pegmatite 

formation throughout northern Sweden. The Lina granites have a more fractionated character with high 

values of thorium compared to the perthite group (Bergman et al. 2001). A stratigraphic illustration of 

the rocks in Norrbotten can be seen in fig. 2. 

Local geology - Malmberget 
The rocks in the Malmberget region are mainly made out of metavolcanic rocks of trachyandesite-

rhyolite composition, which locally inhibit a porphyritic texture with amygdules. Biotite rich and scapolite 

altered mafic rocks, interpreted as dykes or extrusives, are also common in the area. Later intrusions of 

granitic character occur in and around the ore, some of them aplitic, and some pegmatitic, with coarse 

grained hematite, titanite and apatite (Geijer, 1930, Debras, 2010, Martinsson et al., 2013). 

The ore of Malmberget is considered similar to that of Kiruna, but more structurally deformed and with a 

higher metamorphic grade (Bergman et al., 2001). The intensive folding in the area has boudinaged and 

in some parts transformed the ore into a banded texture. The area has experienced two major 

deformation events, (Bergman et al., 2001) of which the latest one has been tied to the Nautanen 

deformation zone and the Karesuando-Arjeplog deformation zone, and thereby an east-west 
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compression (Wanhainen et al., 2005).The western parts of the deposit show the highest metamorphic 

grade, with gneissic textures and sillimanite as a common metamorphic mineral (Geijer, 1930). 

The main ore mineral in the deposit is magnetite, with minor occurences of hematite, mainly in the 

massive parts of the ore. The hematite is interpreted as epigenetic to the rest of the mineralization or as 

a product of martitization (Lund et al., 2013). In the eastern deposits the ore brecciates the wallrock, 

with magnetite, apatite and amphibole as main minerals occurring in the veins (Martinsson et al., 2013). 

 

Figure 2: Stratigraphic illustration of the rocks in the Norrbotten area (Bergman et al., 2001). 
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Method 

Core logging 
Lithological drill core mapping was conducted between 2015-02-02 and 2015-02-20 at LKAB’s core shed 

in Gällivare. Nine different cores were examined and the full core logs are attached to the appendix 

(Appendix A). Three of the cores are from drill holes conducted for hydrological investigations, five of 

them are holes drilled for rock stability measurements and the last one is from within the deposit. The 

reason these cores were chosen is because they are situated away from the main mineralization and are 

made up mainly of the host rock with little or no ore. They are also spread out around the deposit and 

therefore represent the geology of the Sparre area as a whole. The ninth core that is situated within the 

mineralized zone was logged because LKAB previously made 12 thin sections from it that is included in 

the microscope studies.  

In addition to standard macroscopic analysis, a scriber with a magnet was used to test the hardness and 

magnetic susceptibility of the different rock types and minerals for better classification. 

Sampling 
Geochemical and petrographical sampling was conducted for the purpose of this study. 36 bulk rock 

samples of approximately 70 cm each were taken from the cores. The aim of the sampling was to sample 

all the major rock types in the area and try to get a good spread of the sampling points to be able to do 

good statistical analysis of the data. The sample points are therefore evenly spread out between the 

chosen drill cores. 

Petrographical samples for thin sections were taken from areas where alteration was very evident, 

where contacts between two different rock types were visible or where the macroscopical mapping was 

considered uncertain.  11 samples for thin sections were taken, spread out between the drill cores from 

outside of the mineralization. Another 12 were taken from drill core 81317, which is situated within the 

mineralization. These samples were taken by Gisela Åberg during the summer of 2014. 

All the samples were taken with the aid of a rock hammer. All the metadata for the samples are included 

in the appendix 

Sample preparation 
The geochemical samples were sent to the certified company ALS minerals in Piteå, Sweden, for further 

analysis. The ALS Whole rock package – ICP-AES/ICP-SFMS was ordered, which includes analysis of major, 

minor and trace elements, loss on ignition and base metals. 

The preparation procedure consists of the following: 

 Fine crushing – 70 % <2mm 

 Splitting of the sample with a riffle splitter 

 Pulverizing the split to 85 % <75µm 
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 ICP-AES analysis (40 trace elements) 

 Total carbon (Leco) analysis 

 Total sulphur (Leco) analysis 

 Lithium borate fusion ICP-MS 

 Up to 34 elements by ICP-MS 

 Loss on ignition at 1000°C 

 Base metals by 4-acid dig. 

The samples that were taken for making thin sections were cut with a diamond saw to 26x46 mm in the 

lab at Luleå University of Technology before being sent to Vancouver petrographics Ltd in Canada. This 

was done to make sure that the exact points of interest were included in the final product. Vancouver 

petrographics proceeded to polish them to a thickness of 30 microns. 

Microscopy 
All the 23 thin sections where examined at Luleå University of Technology in both plane polarized and 

cross polarized light. Ore minerals were studied in reflected light. The focus of the microscope 

investigation was mainly to distinguish rock types, their contacts and their relation to each other. This 

was done by estimation of the mineralogy and by studying different mineralogical textures in the 

samples. 

Results 

Description of rock types 
There are five major rock types in the Sparre area. The bedrock cosists of mafic intrusions, intermediate-

felsic volcanic rocks, granitic intrusions of the Perthite-monzonite suite and of the Lina suite. They all 

vary in appearance due to extensive deformation, alteration and differing grain size, which can make 

mapping problematic. Contacts between rock types can also be hard to point out due to high 

deformation and alteration. Small scale intrusions and metamorphic fluids have often used these 

contacts as conduits, making them diffuse and hard to recognize. Many of the rock types also have a 

similar composition. There is for example no clear boundary between the felsic extrusive rocks and the 

Perthite-monzonite suite intrusives, since both vary in grain size, have a similar composition and have 

been subjected to the same deformation events.  

It is also evident that massive recrystallization of especially feldspar has taken place, resulting in 

extrusive rocks with deceitfully large grains. This is especially evident where skarn alteration has 

occurred or pegmatites have intruded the volcanic rocks, causing a gradual increase in grain size towards 

the pegmatite or the alteration zone. 
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Rocktypes can change very rapidly along the drill cores of Sparre due to the occurrence of pinch swell 

structures. This feature can leave boudins of rocktypes that could easily be confused with xenoliths. Thin 

intrusions and fluid infiltrations in the rocks are also a common feature, especially in contacts between 

other rocks. 

From studying the relation between the rocks at Sparre, a chronological order of volcanic rocks – mafic 

intrusions – Perthite-monzonite suite intrusives – Lina intrusives – pegmatites was established. This 

sequence was estimated by studying what rocks intrude into each other and their general relation. 

Pictures of drill core from each rock type are included in appendix D. 

Mafic intrusions 

Mafic intrusions are a relatively common feature in the Sparre area, forming meter thick dark grey-black 

sections in the drill cores. They are most easily recognized by their relatively large crystal size and high 

biotite content. Ideally they have preserved chilling margins towards the contacts, but this is most often 

not the case, since overprinting in the form of felsic intrusions have erased them. These later intrusions 

are occasionally very thin and cut the rock along the foliation, resulting in a black and pale-red striped 

structure (fig. 13B, Appendix D).  

Alteration is often strongly developed, especially along the contacts to other rock types where skarn 

alteration is very frequent. Strong scapolite alteration is also common, although it in many cases have 

reacted back into feldspar. Porphyroblasts with the shape of scapolite is a common feature to observe 

when core logging, whereas under the microscope, scapolite is often absent and the porphyroblasts are 

instead made up of feldspar. Epidote and apatite veins are another feature occurring in this rock type 

although less common. 

The texture of the rock is granoblastic-lepidoblastic with euhedral-subhedral biotite grains (fig. 4A), 

aligned along the general foliation, making up most of the dark minerals (up to 50 %). In some samples, 

two directions of deformation can be observed, of which one is more dominant. This is in line with 

previous studies (Bergman et al., 2001) and the general idea of two deformation events in the area 

(Debras, 2010). Small amounts of amphibole and up to 7 % Fe-Ti oxides are also common features. The 

oxides inhibit a lower degree of deformation than the rest of the minerals in general. Average crystal size 

vary from 400-700 µm. Small ammounts of tiny quartz crystals can also be observed, suggesting that the 

mafic intrusions in Sparre are slightly more felsic than the ones described by previous authors in the area 

(Martinsson et al. 2013). The shape of these grains is usually round and they show no signs of being 

secondary minerals. 

Intermediate volcanic rocks 

The intermediate volcanic rocks are often hard to distinguish from the mafic intrusions with the naked 

eye. Due to recrystallization of feldspar their grain size can be very similar. They are however lower in 

biotite and amphibole content and are often containing a greater amount of disseminated magnetite. 

The amphiboles are also smaller in grain size and are occasionally altered into biotite or chlorite. The 

color is slightly lighter than that of the mafic intrusions, and the alteration affecting this rock type is 

more pervasive. Titanite and apatite is also occurring as trace minerals in some of the samples in 
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association with the magnetite. Compared to the mafic intrusions, microcline is also more commonly 

occurring. Scapolite alteration can also be observed in this rock type, although not as common as in the 

mafic intrusions and the porphyroblastic texture that can be seen in the mafic intrusions is absent in the 

intermediate volcanic rocks. 

Banding can in most cases not be observed at a microscopic level. This is due to massive banding and the 

equigranular texture caused by metamorphic recrystallization. From drill core logging, the bands were 

observed to be about 10cm thick, which makes the banding impossible to read at a microscopic level. 

Structural banding is however often more clearly visible when metamorphic fluids have altered the rock. 

The alteration in this rock type seems to be selective in what parts of the banding it occurs and makes it 

easier to point out (fig. 14B, Appendix D).  

The texture of the rock is strongly metamorphic with irregular grain boundaries (fig. 4B), especially in the 

feldspar. Feldspar alteration can also be observed although not as common as in the felsic volcanic rocks. 

The average grain size is 250-400 µm. 

Felsic volcanic rocks 

The felsic volcanic rocks in turn, are difficult to distinguish from the aplitic rocks of the Perthite-

monzonite suite. They are similar in color and mineral composition, and vary in grain size due to feldspar 

recrystallization. The ground mass in this rock type is, however, more even grained than that of the 

Perthite-monzonite suite, and the feldspar grains show a stronger metamorphic fabric, with irregular 

grain boundaries. A banding where red alternates to greyish red along the banding is a useful feature 

when recognizing this rock type in the drill cores. 

The main mineral assemblage is made up of quartz and feldspars, with a biotite content of 0-5 %. 

Mikrocline is a common type of feldspar in this rock type, as a result of late alteration, indicated by its 

reaction texture. Disseminated magnetite of up to 4 % is also a common feature, occurring together with 

titanite at trace levels. 

The texture is granoblastic, with porphyritic grains of quartz and occationally feldspars (fig. 4C).  Just as in 

the intermediate extrusives, the banding cannot be observed at a microscopic level. The average grain 

size is 250-400 µm with porhyritic grains as big as 2000 µm. 

The Perthite-monzonite suite 

The most common suite of felsic intrusions in Sparre is the Perthite-monzonite suite. It has previously 

been distinguished from the other felsic intrusion suite occurring in Malmberget, the Lina, by its lower 

SiO2, Th content and its higher Zr content (Bergman et al., 2001). In Sparre however, the SiO2 content of 

this suit reaches as high as 76 %, which is uncharacteristic. The colour varies from pale red to red and the 

crystal size is aplitic to granitic. Biotite contents of about 8 % are common that in some cases has started 

to react into chlorite as a result of retrograde metamorphism. Amphibole, apatite, titanite, zircon, 

magnetite and hematite occur as accessory minerals. The titanite is often occurring together with 

magnetite and apatite in small clusters, with the magnetite in the center (fig. 3). Zircon is more abundant 

in this rock type than in any other in Sparre and can be seen as euhedral grains of up to 400 µm (fig. 3). 

Free quartz in the form of phenocrysts can be very abundant, forming elongated subhedral grains, as 
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large as 3000 µm, stretched out along the main deformation axis. Mega crysts of feldspar are also 

occurring although they are not as common as and slightly smaller than the quartz phenocrysts. 

Microcline is a common variety of feldspar in this rock type as well, and generally has a slightly larger 

grain size than the rest of the feldspar in the matrix.  

The matrix has a strong variation in grain size, ranging from 200 to 600 µm and is mainly composed of 

feldspars and very small rounded quartz crystals. The overall texture is metamorphic with granoblastic 

feldspar in the matrix (fig. 4D). 

 

Figure 3: Photographs from the Perthite-monzonite suite (sample AB 5) showing magnetite and titanite zonation to the left 
(reflected light) and euhedral zircon to the right (cross polarized light). 

The Lina suite 

The Lina intrusives are clearly separated from the Perthite-monzonite suite by its lower Zr and higher Th 

value (Bergman et al., 2001). They are less abundant in Sparre then the Perthite-monzonite suite and 

occur as small intrusions in all of the other rock types. As they are the youngest rock, they contain no 

intrusions, and is the only rock type to intrude the Perthite-monzonite suite. They have a high content of 

silica and generally a finer grain size compared to the Perthite-monzonite suite. The main mineral 

assemblage consists of feldspar and quartz, and the only dark mineral is biotite with concentrations of up 

to about 4 %. The texture of the rock is generally more primary and undeformed than the Perthite 

intrusions (fig. 4E) and the color is pale red to white, with hematite staining as a common feature. Quartz 

phenocrysts that are common in granitic intrusions in the Sparre area are not always occurring in the 

Lina suite granites. Accessory minerals are zircons, magnetite, hematite and titanite. None of them are 

very common however, compared to the rocks from the Perthite-monzonite suite. Actinolite can also 

occur in small amounts locally, as a secondary mineral due to skarn alteration. Average grain sizes vary 

from 200 to 600 µm, with quartz mega crysts as large as 2000 µm.  

Pegmatites 

The pegmatites of Sparre consist of quartz, K-feldspar and biotite. A few pematites with titanite and 

zeolite minerals were also observed. It is common that the alteration in the rock in which they intrude 

gradually increases towards the pegmatite. This is evident by a gradual increase in grain size and a 

stronger color of red. They are seldom very large and their contacts to the host rock are often gradual 

and not sharp, especially when they intrude a felsic rock of similar composition.  
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Figure 4: Microscope photos of A) lepidoblastic mafic intrusion, B) magnetite rich intermediate volcanic rock, C) felsic 
volcanic rock, D) Perthite-monzonite suite granite, E) Lina suite granite, F) contact between mafic intrusion and volcanic 
rock, intruded by granitic fluids. 
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Volcanic rock 

Granitic intrusion 

with skarn alteration 
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Alterations 

In the geochemical investigation presented in the next section, the data suggests that sodic alteration is 

most apparent. Many of the rocks in the Sparre area however, have a very distinct red color. This is 

probably due to traces of a primary K-feldspar rich composition or hematite staining. In fine grained 

rocks, the small grain size also creates an optical illusion that enhances the colour of red, even though K-

feldspar might not be very common. As both K-feldspar alteration and breakdown of K-feldspar have 

been observed in the microscope however, the alteration suggested by the geochemical data alone is 

not reliable when characterizing the rocks in the Sparre area. 

Skarn alteration is a very common feature in all of the rock types at Sparre. It is, however, most 

developed in the more mafic rock types such as the mafic intrusions and the intermediate volcanic rocks. 

In the mafic intrusions it occurs as veins that sometimes brecciate the host rock, as opposed to the 

extrusive rocks where it has more of a pervasive character, more evenly spread out or forming clusters. 

The most common skarn mineral is actinolite, with chlorite and epidote occurring in smaller amounts. 

Scapolite alteration is another common occurrence that also is stronger in the more mafic rocks. In the 

later Lina granites it is absent and in the Perthite-monzonite suite it is uncommon. The scapolite 

porphyroblats are often altered back to feldspars, which can be proved by testing the hardness with a 

scriber or by studying them under the microscope.  

Biotite alteration can be observed in the mafic intrusives and to some extent in the extrusive rocks and 

the Perthite-monzonite suite. It is very hard to distinguish if the biotite is primary or secondary as they 

both follow the same foliation. The fact that the biotite content varies a great deal within the same rock 

types suggest that biotite alteration has occurred locally.  

 

Figure 5: Photomicrographs showing; strong skarn alteration with titanite vein seen in plain polarized light (left) and feldspar 
alteration seen in cross polarized light (right). 
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Geochemistry 
After studying the mobility of different elements in the data set it is evident that major elements and 

especially Na2O and K2O are not trustworthy when classifying rocks. This was done in Hughes igneous 

spectrum (fig. 6) (Hughes, 1973). The same results have been shown in previous works (Martinsson et al., 

2013a, Debras, 2010).  

 

Figure 6: Hughes igneous spectrum, (Hughes, 1973) showing the alteration characteristics in the rocks from the Sparre area. 

The diagram shows that the rocks at Sparre have been affected by sodic alteration and that potassic 

alteration is absent. The more mafic rock types, i.e. the mafic intrusions and the intermediate volcanic 

rocks are over represented in the sodic alteration field. The geochemical studies further strengthen the 

observations that mafic rock types are altered to a higher degree. The unaltered field is populated by the 

Lina suite and most of the samples from the felsic volcanic rocks and the Perthite-monzonite suite. 

As the regular classification diagrams for plutonic rocks uses Na2O and K2O that were proven to be 

mobile to a high degree, plotting the intrusive rocks becomes troublesome. By comparing several 

diagrams combined with microscopic observations however, classification is still possible.  
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Figure 7: Rock classification diagram by De la Roche (De la Roche et al., 1980) displaying the intrusive rocks in Sparre. 

The diagram by De la Roche (De la Roche et al., 1980) works well for the granitic rocks, which plot as 

granites – syenites (fig. 7). The Perthite-monzonite suite also inhibits a slightly more alkaline trend than 

the Lina group, which fits with their general genetic interpretation. The mafic rocks that were proven to 

be more strongly altered in the diagram by Hughes, plot as syeno-diorites, which is less likely to 

represent their unaltered igneous composition. Sodic-potassic alteration and mineralizations of iron 

oxides that occur in the area are likely to skewer these rocks to the left along the X-axis of the diagram, 

as potassium, sodium and iron is included in R1. Titanium that was proven to be mobile to some extent 

by the occurrence of titanite in pegmatites might also have an effect on the results. By plotting the same 

rocks in the diagram by Middlemost (Middlemost, 1994) that uses SiO2 on the X-axis, a better result is 

achieved (fig. 8). As no secondary quartz was observed in the microscope study, silica has not been as 

mobile as other elements in the system and is not affected in the same way by the alteration style that 

has occurred at Sparre. 
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Figure 8: Rock classification by Middlemost (Middlemost, 1994) showing the intrusive rocks in Sparre. 

The granitic rocks behave more or less the same in this diagram, (fig.8) in contrast to the mafic intrusions 

that plot as monzo-diorites. This is more likely to be a good indication of the unaltered precursor rocks of 

the samples, as it fits better with the mineralogy observed from core logging and microscopy.  

Winchester and Floyds SiO2 vs TiO2/Zr diagram, (Winchester, Floyd, 1977) that uses more immobile 

elements than the usual TAS diagrams is well suited for plotting extrusive rocks. This is apparent as the 

rock types form rather distinct groups in the diagram (fig. 9). 
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Figure 9: Rock classification diagram after Winchester and Floyd, (1977) showing all the rock samples. Intrusive rocks are 
included for reference. The volcanic rock to the far left in the diagram is a highly altered sample with a low zirconium value. 

The mafic rocks mapped as intrusives are classified as sub-alkaline basalts whereas the darker coloured 

mafic extrusive rocks have an andesitic to trachy-andesitic composition. The majority of the volcanic 

rocks however, have a more felsic character, plotting in the ryodacite – dacite field. The two groups of 

extrusive rocks are clearly separated which indicate bimodal volcanic eruptions. The titanium level is 

clearly higher in the more mafic extrusive rocks, but when plotted in a geotectonic discrimination 

diagram, they are all represented in the within plate lavas field and not in the island arc field were the 

Porhpyrites analyzed by Martinsson et al. (2013) plotted (fig. 10). This indicates that the Porphyrite 

group is not present in the Sparre area and that the titanium rich extrusive rocks are simply a more mafic 

component of the Porphyry group. 
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Figure 10: Geotectonic diagram after Pearce (Pearce, 1982) showing the tectonic setting of the volcanic rocks in the Sparre 
area. 

The Perthite-monzonite rocks trend in Winchester and Floyd’s diagram (fig. 9) coincides with that of the 

Lina group and the felsic extrusive rocks. This diagram is in other words not sufficient to tell the Perthites 

intrusives, the felsic extrusives and the Lina granites apart. Geochemically the Perthite-monzonite suite 

and the felsic extrusive rocks are very similar and cannot be differentiated by any diagram. Petrographic 

observations are the only way to tell these rock types apart.  

In the previous work of Martinsson et al., (2013) Lina granites have been distinguished from the intrusive 

rocks of the Perthite-monzonite suite by plotting titanium zirconium ratios over titanium aluminum 

ratios. The Lina granites of their study ended up in in the lower left part of the diagram and had a 

different trend than the Perthite-monzonite rocks. It is clearly visable that this is also the case for the 

rocks in the Sparre area, although it is hard to properly read the trend of the Lina group due to few 

samples (fig. 11).  
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Figure 11: Plot showing the chemical distribution of all the rocks at Sparre and the trends of granitic intrusions indicated by 
Martinsson et al. 2013. 

Another way of telling the two different generations of granitic intrusions apart is by using Th and Zr 

values. As earlier described the Perthite-monzonite rocks have a higher Zr and lower Th value, compared 

to the Lina rocks. This is clearly illustrated in the diagram below (fig. 12).  

 

Figure 12: Plot showing the chemical distribution of all the rocks at Sparre. 

Lina trend 
Perthite-monzonite trend 



21 
 

The Lina rocks have a very unique trend compared to all the other rock types in Sparre. (The volcanic 

rock to the far right in the Lina trend is highly altered and contains very low amounts of Zr.) It is also 

evident that the Perthite-monzonite suite in Sparre has a very quartz rich end member, with 

compositions of up to 76 % silica. This feature has not been observed in any previous work in the 

Malmberget area and further proves that most of the conventional classification diagrams are not 

sufficient to tell the two groups of granitic intrusions apart. 

Discussion 
The Sparre deposit is hosted in a metavolcanic region with andesitic-rhyodacitic compositions, 

containing several generations of intrusions of mafic to felsic composition. Although the relationship to 

the actual ore was not the focus of this study, it has been observed that the intermediate volcanic rocks 

contain a higher degree of disseminated magnetite than their more felsic counterpart. The amount of 

iron oxides is too high to be explained by a primary composition and is therefore likely a result of 

secondary enrichment caused by proximity to the ore body.  

The geochemical data suggests that bimodal volcanism has occurred that resulted in two separate 

compositions of volcanic rocks. As no structural data is presented in this thesis and the area is 

extensively folded, it is hard to say in what order these different eruptions took place and reconstruct 

the original stratigraphy. It is however apparent that the intrusions postdate the extrusive rocks and that 

initially, the composition of these intrusions was mafic, changing into a more felsic composition at a later 

stage. It is also possible that these mafic intrusions were intruded in two separate sequences, as some of 

the intrusions are very highly altered while some are relatively unaffected by alteration.  

It would seem that the magma chamber at some point reached conditions favoring early crystallization 

of quartz. High degree of fractionation resulting in oversaturation in silica is the most plausible 

explanation for this scenario. This phenomenon would explain the fact that most of the granitic 

intrusions are quartz porphyritic, and also the uncharacteristically high SiO2 content of some of the rocks 

from the Perthite-monzonite suite. As the magma eventually cooled, the later crystalized feldspar grains 

would be smaller and less susceptible to deformation, explaining the texture of these rocks. 

Recrystallization of the feldspars at a later stage would also erase any deformation it obtained syn-

tectonic to the deformation of the quartz mega phenocrysts. The even grained aplitic intrusions do not 

share the same porphyritic texture and were therefore most likely intruding the country rock at a stage 

when silica was not oversaturated. The fact that all the rocks except the Lina suite have the same trend 

in figure 12 further suggests a common origin. 

The Lina granites that are chronologically youngest inhibit a far more fractionated chemical character, 

with high thorium values. The lighter colour of this granitic rock could be explained either by the absence 

of potassic alteration or because they have not been oxidized to the same extent as the other rocks at 

Sparre. From both of these theories you can draw the conclusion that the Lina suite has been subjected 

to less metasomatism and deformation, and that they therefore are younger than the main 

metamorphic events in the area.  
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Remobilization of elements can be tied in great extent to the granitic intrusions in the area. This is 

evident as recrystallization and alteration is strongest close to the granitoid rocks. Martinsson et al. 

(2013) suggested correlation to the conditions in Cloncury, Australia, where a magmatic-hydrothermal 

transition can be observed with textural resemblance to the alteration caused by the Perthite rocks in 

the Sparre area (Mark and Forster, 2000). If these textures in fact reassemble a magmatic-hydrothermal 

transition, it would indicate good conditions for fluid alteration in association to the granitic rocks at 

Sparre.  

A hydrothermal transition could explain the fact that most of the contacts between the older rocks are 

filled with feldspar rich granitic intrusions, with no sharp boundaries to the host rock, which is most 

evident in the volcanic rocks with presumably higher permeability, where alteration gradually increases 

towards the contact. This alteration event along with oxidation of iron oxides can result in volcanic rocks 

with the same colour and to some extent texture as the granitic intrusions in the area. Due to the 

recrystallization of feldspar that is tied to this event they can also have a similar grain size. It is unsure 

whether this “granitization” process is related to the Lina or the Perthite-monzonite granites, as no 

chemical analysis was conducted on them. The less permeable mafic intrusions have reacted in a 

different way to the alteration fluids, fracturing into cm thick bands. This could be explained by the fact 

that fluids cannot flow through them as easily as they can the volcanic rocks, instead fracturing the rock 

to make its way.  

The mafic to intermediate rocks in the study showed stronger signs of alteration than the more felsic. It 

is uncertain whether this is due to higher chemical alteration susceptibility or because of their original 

position in the strata. Valley et al. (2011) suggested that potassic alteration is overprinted by sodic 

alteration in Adirondack, New York, which also is an apatite iron ore deposit, hosted by highly 

metamorphosed host rocks. This coincides well with the traces of potassic alteration observed in the 

microscope studies in contrast to an overall sodic trend in the geochemical diagram by Hughes (fig. 6). 

They further stated that the sodic alteration fluids with high content of F and Cl probably were 

responsible for the remobilization of magnetite. This would explain the fact that the more sodic altered 

rocks and especially the andesites contain a greater deal of disseminated magnetite.  

Uncertainties of the textural observations from the Lina group should be noted, as very few thin sections 

were obtained from this rock group. The hand samples that were classified as Lina granites in the 

geochemical investigation also vary a lot in appearance. 

Better understanding of the structures and chronology is advisable to obtain in the future, as well as 

further studies of the fluid conditions that resulted in the extensive alteration of the rocks. This would 

help in understanding similar lithological areas and might give better clues to what to look for at a 

regional scale when exploring for apatite iron ore. 
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Conclusions 
The Sparre area consists of 5 major rock types differing in appearance due to composition, depth of 

crystallization, alteration and degree of deformation.  Sodic-, skarn-, and scapolite alteration are the 

most common alteration types and have affected the mafic – intermediate rock types the most. Traces 

of potassic alteration have been observed to a smaller degree locally.  

The rocks should be classified as the following: 

 Mafic intrusions of monzo-dioritic composition. 

 Intermediate volcanic rocks of andesitic-trachy-andesitic composition. 

 Felsic volcanic rocks of rhyodacitic-dacitic composition. 

 Perthite-monzonite suite intrusive rocks of granitic-syenitic composition. 

 Lina suite intrusive rocks of granitic composition. 

In addition to these, small amounts of pegmatites cut the other rocks at Sparre, but as these are most 

likely linked to the granitic intrusions and have not been the focus of this study, they are not considered 

to be one of the major rock types in the area. 

A chronological order has been established from the relation between lithologies in the drill cores. The 

sequence starts with the volcanic rocks, followed by mafic intrusions, the Perthite-monzonite group and 

lastly the Lina intrusive rocks and pegmatites. All of the volcanic rocks in the area belong to the Porphyry 

Group. 
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Appendix B; Geochemical data 
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Appendix C; Thin section meta-data 
 

Sample Drill core From to 

89630 C 8930 C 196,2 196,46 

SPABM 7 a SPABM 7 12,15 12,38 

SPABM 7 b SPABM 7 29,67 29,75 

SPABM 7 D SPABM 7 39,94 40,14 

SPABM 7 E SPABM 7 56,28 56,44 

SPABM 7 F SPABM 7 181,32 181.52 

SPABM 2 C SPABM 2 32,6 32,78 

SPABM 81623 A SPABM 81623 8,53 8,16 

SPABM 81623 C SPABM 81623 59,05 59,15 

SPABM 81624 A SPABM 81624 127,42 127,6 

SPABM 81624 B SPABM 81624 151,15 151,4 

AB 1 81317 7,64 7,78 

AB 2 81317 21,85 22,06 

AB 3 81317 37,98 38,2 

AB 4 81317 90,15 90,43 

AB 5 81317 208,53 208,75 

AB 6 81317 212,25 212,45 

AB 7 81317 223,58 228,85 

AB 8 81317 227,25 229,45 

AB 9 81317 106,75 
 AB 10 81317 109,61 
 AB 11 81317 232 
 AB 12 81317 36,6 
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Appendix D; Mapping assistance with pictures of drill core 

Mafic intrusions (Monzo-diorite) 
 

 

Figure 13: Monzo-diorite with scapolite alteration and epidote vein (A), highly altered mafic intrusion with stripe appearance 
(B), relatively unaltered monzo-diorite (C). 

Black to dark grey in colour, high biotite content, sharp contacts to adjacent rock types. Foliation is often 

well developed and the grain size is relatively large. Strong alteration in this rock type creates a striped 

texture because of low permeability. The colour contrasts in these altered rocks are often very strong. 

Skarn alteration is often well developed in the contacts to other rock types as they have been used as 

fluid conduits. 
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Intermediate volcanic rocks   (Andesite-

trachy-andesite) 
 

 

Figure 14: Unaltered massive andesite layer (A), andesite with enhanced visual banding due to alteration (B), andesite with 
strong granitic alteration (C), andesite with colour varying from dark grey to grey (D). 

The andesites have a dark grey to grey colour and can be very similar to the mafic intrusions. The biotite 

content is lower, the grain size is slightly finer and they are affected by alteration in a more pervasive 

way compared to the intrusive rocks. In some cases, a banded texture can be observed, but if the 

layering is massive or strong recrystallization has occurred, it is hard to recognize. Disseminated 

magnetite in this rock type causes it to have strong magnetic susceptibility in most cases. 
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Felsic volcanic rocks (Rhyo-dacite-dacite) 
 

 

Figure 15: Felsic volcanic rock with strong visual banding (A), highly deformed and altered volcanic rock (B), highly altered 
feldspar porphyritic volcanic rock (C), banded, skarn altered trachy-dacite. 

The felsic volcanic rocks have a greyish red colour that alternates along the banding. Some of them are 

porphyritic, and they do not have the same magnetic susceptibility as the intermediate volcanic rocks. In 

some cases this rock type can be very similar to the Perthite-monzonite suite granites, but the banding 

and their contact relation gives them away. 
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The Perthite-monzonite suite (granite-

syenite) 
 

 

Figure 16: Perthite-monzonite granite with strong foliation (A), relatively undeformed granite (B), Perthite-monzonite granite 
with high amphibole content (C). 

The perthite-monzonite suite is often quartz porphyritic and has a colour variation of red to pale red 

depending on alteration. Foliation can be very well developed, especially if the biotite content is high. 

Amphiboles are indicative in this rock types since they are absent in the Lina suite unless secondary skarn 

alteration has occurred. 
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The Lina suite (granite) 
 

 

Figure 17: Quartz porphyritic Lina granite (A), fine grained pale aplite (B), skarn altered lina aplite (C), Lina aplite with 
hematite staining (D). 

The lina suite is generally more fine grained and has a paler colour than the Perthite-monzonite suite. 

The amount of dark minerals is also considerably lower and amphiboles are absent unless skarn 

alteration has occurred. They also exhibit a less deformed texture and can be seen cutting all the other 

rock types. 
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