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Åhlén, A., 2015: Carbonatiter vid Alnö complexet, Sverige och längs med Östafrikanska riften: En litteraturstudie. 

Examensarbeten i geologi vid Lunds universitet, Nr. 450, sid 15. 15 hp. 

Nyckelord:  Karbonatiter , Alnö, Östafr ikanska r iften, natrokarbonatiter  
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Ämnesinriktning: Berggrundsgeologi 

Alexandra Åhlén, Geologiska institutionen, Lunds universitet, Sölvegatan 12, 223 62 Lund, Sverige. E-post: alexan-

dra.elizabeth@hotmail.se 

Sammanfattning: Karbonatit är en ovanlig typ av bergart och var länge inte accepterad för vad det egentligen är. 

Denna bergartsgrupp har visats att vara av magmatiskt ursprung och de klassificeras efter deras innehåll av karbo-

nat mineraler. Överstiger detta 50 % är bergarten en karbonatit. Den här gruppen av bergarter kan hittas världen 

över och två av platserna är på Alnö, Sverige och längs den Östafrikanska riften. Det alkalina karbonatit komplex 

som kan ses på Alnö ligger på norra delen av ön och representerar flera intrusioner som har trängt upp i den omgi-

vande migmatiska gnejsen och graniten. Komplexet har många av de drag som förväntas vid karbonatiter, som till 

exempel fenitisering. Karbonatiterna förekommer för det mesta som gångar och består av söviter, alvikiter och be-

forsiter. Komplexet har daterats till att vara någonstans mellan 560-580 miljoner år gammalt och det finns teorier 

om att komplexet bland annat har bildats på ett liknande sätt som en kaldera. Den Östafrikanska riften är ett aktivt 

område där kontinentalmassan håller på att dela sig. Vulkanisk aktivitet har format landskapet tillsammans med 

förkastningar och graben strukturer. Som på Alnö, finns det karbonatiter längs med riften men en sak som skiljer de 

båda platserna åt är att i riften finns en unik typ av natrokarbonatiter. Denna bergart bildas idag av vulkanen Oldo-

inyo Lengai i Tanzania och har inte hittats någon annanstans i världen. Något som kännetecknar båda dessa platser, 

trots att man vet mycket om karbonatiter idag, är att man inte med säkerhet vet var dessa bergarter kommer ifrån 

och hur de har bildats.  



 

 

Abstract  

ALEXANDRA ÅHLÉN  

Åhlén, A., 2015: Carbonatites at the Alnö complex, Sweden and along the East African Rift: A literature review. 

Dissertations in Geology at Lund University, No. 450,  pp. 15. 15 hp (15 ECTS credits)  

Keywords:  Carbonatites, Alnö Island, East Afr ican Rift, Natrocarbonatite.  

Supervisors: Anders Scherstén & Car l Alwmark  

Subject: Bedrock geology 

Alexandra Åhlén, Department of Geology, Lund University, Sölvegatan 12, SE-223 62 Lund, Sweden. E-mail: alex-

andra.elizabeth@hotmail.se  

Abstract: Carbonatite is an unusual type of rock that, for a long time, were not accepted for what they really are. 

This group of rocks is now considered to be of igneous origin and is classified after its content of carbonate miner-

als. If it exceed 50% the rock will be named a carbonatite. This group of rocks can be found all over the world and 

two of these places, which this review will focus on, are the Alnö island of Sweden and the East African Rift. The 

alkaline and carbonatite complex of Alnö lays on the north part of the island and shows several intrusions in the 

surrounding migmatitic gneiss and granite. The complex holds many of the features that are expected to be found 

around carbonatites, for example signs of fenitization processes. The carbonatites appear mostly as dykes and are 

named sövite, alvikite and beforsite. The complex has been dated to be around 560-580 million years old and there 

are theories that the complex is formed in a similar way of a caldera. The East African Rift is an active place where 

the continental plate is being split apart. Volcanic activity shapes the landscape along with faults and graben struc-

tures. As with Alnö, the rift contains carbonatites, but one thing that is different, is that the rift holds a very unique 

version of carbonatites which are known as natrocarbonatites. These rocks are produced by the volcano of Oldoinyo 

Lengai in Tanzania and have not been found anywhere else in the world. A common feature for both these places is 

that, although much is known about carbonatites, no one knows for sure where they come from and how they are 

being formed.  
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1  Introduction  
Among the many rock types around the world, there is 
one type that have baffled scientist for a long time. 

This group of rocks are known as carbonatites. As 
their name imply, they consists mostly of carbonate 

minerals, for example calcite and dolomite. In the be-
ginning it was hard to even consider that carbonates 

could have an igneous origin, therefore, carbonatites 
were early thought to be a kind of limestones or even 
to be a xenoliths (Winter, 2014). This is no longer the 

case and carbonatite have been accepted as a rock type 
of igneous origin. The use of the terminology 

“carbonatite” applies when the amount of carbonate 
material exceeds 50%. Carbonatites can further be 

divided in to four different groups, which are accord-
ing to Le Maitre (2002): 

Calcite-carbonatite: This group is mostly made 

up of calcite. Rocks within this category can 

be named sövite if they appear as coarse-

grained rocks. For its counterpart, meaning 

the rock is somewhere between fine-grained 

and medium-grained, the term alvikite will be 

used. 

Dolomite-carbonatite: These rocks contain a 

larger amount of dolomite and the rocks can 

also go under the name of beforsite. 

Ferrocarbonatite: The carbonates of the rock 

contain a larger amount of iron. 

Natrocarbonatite: The carbonates that make 

up this group are rich in calcium, sodium and 

potassium. These carbonatites have only be 

found in Tanzania and nowhere else.  

The classification of ferrocarbonatites has been ques-

tioned by Gittins and Harmer (1997) which means that 

this classification needs further development. They 

propose: “that "ferrocarbonatite" should be used solely 

in a chemical sense; that is, that it be applied only in 

cases where the modal mineralogy is not 

known” (Gittins & Hammer, 1997, p. 165). 

Carbonatites are unique for the reason that they 

contain a large amount of REE (Rare Earth Elements) 

compared to other rocks of igneous origin., as well as 

their content of volatiles and low levels of SiO2 

(Winter, 2014). Other characteristics that separate car-

bonatites from other rocks is that they contain larger 

amounts of Ba, Nb and LREE.  The fact that carbon-

atites carry these elements, makes them interesting in 

an economic point of view (Winter, 2014). For exam-

ple, Nb resources have been investigated around the 

Panda Hill carbonatite complex in Africa (Heinrich, 

1966). 

Carbonatites can be found all over the world, 

and occur throughout geologic time to at least the Ar-
chaean (Andersson et al., 2013). There are around 527 

documented occurrences of carbonatites Worldwide. 
Most carbonatites are found in Africa, representing 
approximately 35 % of the currently known occurrenc-

es (Woolley & Kjarsgaard, 2009; Woolley & Church, 
2005). Of the 527 occurrences, 49 are extrusive 

(Carmody, 2012).  
Carbonatites consisting of Ca and Mg are not 

considered to be alkaline but it is alkaline rocks that 

carbonatites are mostly associated together with, for 

example ijolites and nepheline syenite. In some cases, 

other rock types such as melilitolites and lamprophyres 

can appear with the carbonatites.  This relationship 

between alkaline silicate rocks and carbonatites is rec-

ognized as carbonatite-alkaline silicate rock associa-

tion. Fur ther  on, alkaline magmatism usually occur  

in three different kind of environments, one take place 

along continental rifts, a second one occurs in subduc-

tion zones and the last occur in intracontinental/

oceanic environments (Winter, 2014). There are only 

two occurrences of carbonatites in an oceanic setting, 

Cape Verde Islands and the Canary Islands (Winter, 

2014). 

Carbonatites usually occur as a complex, that 

have intruded the surrounding country rock and the 

complexes are mostly not bigger than 25km2 (Winter, 

2014). Carbonatite complexes can have different 

shapes but mostly they occur in a circular form 

(Heinrich, 1966). There is commonly an intrusive se-

quence where the alkaline rocks appear before the car-

bonatites (Winter, 2014). A very common feature of 

carbonatite complexes is the presence of fenites which 

form through so called fenitization processes.  This is 

the result of the surrounding wall rock being altered by 

fluids from intruding carbonatites or the alkaline rocks 

(Kresten, 1990). 

When carbonatites appear as intrusive, they 

take the form of dykes or sheets, whereas extrusive 

carbonatites can for example occur as flows. Extrusive 

carbonatites have been recorded from Fort Portal, 

Uganda as well as from the active volcano of Oldoinyo 

Lengai in Tanzania (Heinrich, 1966).  

Though it was hard to accept carbonatites as 
being igneous, the next step in to the understanding of 

carbonatites is to find out where do they originate 
from? This have been discussed for a long time and 
still remains unclear. Three hypotheses have been pro-

posed and are according to Vourinen (2005): 

“carbonatite magma is produced through im-
miscible separation from a carbonated silicate magma 

which can be nephelinitic or phonolitic (with or with-
out preceding crystal fractionation)” 

“carbonatite magma  is primary and derived 

through melting of a carbonated peridotite” 

“carbonatite magma is produced through frac-
tional crystallization of a carbonated silicate magma” 

The origin of carbonatites may also be a combination 

of the three different hypotheses. 

This study will focus on two different of car-
bonatite occurrences, the island of Alnö, Sweden 



8 

which hosts an alkaline and carbonatite complex and 
the East African Rift, which hosts a number of carbon-

atite complexes. This review will study what types of 
carbonatites can be found in each of these places, how 

old the carbonatites are and what can be said about 
their origin. Given the rift large expanse of the East 

African Rift, a selection of a few localities has been 
made, which is described in slightly more detail. The 
main objected is to describe and compare the rocks of 

the Alnö complex with those of the East African Rift, 
to see if there are any similarities or not in their origin. 

2  Method 
The information for this study have been acquired 

from different databases such as LUBsearch at Lund 

University. The main objective was to find infor-

mation regarding the geology of Alnö, carbonatites 

and the East African Rift. The reason to study two 

different localities is to see if there is any similarities 

or not between the carbonatite complexes that both 

these places host, as well as if the East African Rift 

can be used as an analogy to what have happened on 

Alnö. The LUBsearch database gives access to a varie-

ty of different articles and has been used a lot for the 

writing of this study. Further information was gathered 

by searching for a more specific location for example 

Fort Portal, natrocarbonatites and Oldoinyo Lengai. 

Books and other types of literature have been 
acquired from another database known as Lovisa – 
Lunds universitets bibliotekskatalog (Lunds university 

library catalogue).  

 
 
 
 

Figure 1: The picture in the up right corner shows the location of Alnö in Sweden. The bigger picture behind shows the loca-
tion of Sundsvall and the Alnö Island. The big red circle show where the complex can be found. 

Google 2015 

Google 2015 
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3 Background 
 

3.1 Alnö alkaline and carbonatite com-
plex  

The island of Alnö is located in central of Sweden 

(Fig. 1). It lays just near the town of Sundsvall. The 

intrusive complex is located on the northern part of the 

island. 

Migmatitic gneiss make up the surrounding 

country rock that the Alnö complex intruded. The mig-

matitic gneiss is affected by fenitization processes 

(Morogan & Wolley, 1988). The fenites can further be 

divided into being either “low-, medium-, or high-

graded” depending on the contents of minerals and the 

fabric. Furthermore, it has been noticed that in some 

cases, fenites that are classified as being low graded 

can appear inside an area containing high-graded fen-

ites (Morogan & Wolley, 1988). The presence of 

fenites on alnö have been suggested by Morogan and 

Woolley (1988) to have originated  from two different 

fluids that are connected to a carbonatitic magma 

source, as well as an ijolitic magma source. 

Kresten (1990) discusses five different intrusive 

stages in the formation of this complex. One of the 

intrusions is unreachable due to its placement under 

the Bothnian Bay, but information about this intrusion 

have been collected from studying boulders in the 

nearby area and also with the help of geophysical data 

(Vuorinen, 2005). 

The Sälskärbreccia, located in the skerries with 

the same name, contains lapilli that lay in a matrix of 

carbonatite. This indicates that the volcanism was at 
least in part explosive (Kresten, 1990; Andersson et 

al., 2013). One of the five intrusions is located on the 
mainland at Söråker. The melilite bearing rock types 

that can be found here are distinctly different from the 

other types of rocks present on Alnö (Kresten, 1990). 
However, rocks containing melilite can be found on 

the island and are represented by dykes. These dykes 
are either kimberlitic alnöites or just simple alnöites 
(Vuorinen, 2005) and appear in a radial pattern 

(Kresten, 1990).  
The complex shows a diversity of rock types 

but pyroxenite, ijolite and nepheline-syenite, which are 
all referred to as being alkaline silicate rocks, are the 

most common in the complex (Fig. 2). Varying Dykes 
are present on the island as well (Andersson et al., 

2013), for example alvikite- beforsite- and alnöite 
dykes (Kresten, 1990). Originally, von Eckermann 
noticed that these carbonatites form cone sheet struc-

tures (Kresten, 1990).  
Andersson et al (2013) noted that some of the 

carbonatite dykes show different dip directions, as a 

function of the size of the dykes. Thin dykes, which 

are also the shorter ones, appear to have dip direction 

towards the central parts of the intrusion, whereas 

thick dykes dip away from the core of the complex.    

Alnöite, a rock type that is named after the is-
land of Alnö, belongs to an igneous group called lam-

prophyre (Kresten, 1990). It is recognized by the con-
tent of phlogopite and olivine, which lay in a ground-

mass that contains melilite, along with other minerals, 
for example apatite and ilmenite (Tappe, 2005). On the 

northeast part of the island, there is a locality that is 
named “Näset”. This area is a type locality from where 
the alnöite (Fig. 3) was discovered for the very first 

time and also where the alnöite was first described 
(Länsstyrelsen Västernorrland, 2015). 

3.2 The East African Rift system 

The East African Rift system is an active rift where the 
Horn of Africa is slowly separated from the rest of the 
African continent. Africa consist of numerous cratons 

that are delineated by mobile belts (i.e. orogenic belts). 
These areas represent a weakness in the crust and the 

rift progress along such belts (Winter, 2014). The rift 

Figure 2: The complex on Alnö Island (Modified after An-

dersson et al, 2013).  Carbonatites  Ijolite  Py-

roxenite  Fenite  Nepheline syenite  Granite  

Migmatite           Seismic lines 

Figure 3:  Alnöite rock from “Näset”. The green pen in the 

picture represent 4 cm.  

2 km 
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has formed rift valleys, which are defined by faults 
and graben structures. The rift valleys are divided into 

three “branches”: the east branch and the west branch 
respectively, which are the major ones, and the subor-

dinate southeast branch (Fig. 4).  
  The eastern branch begins in the Afar triple 

junction in Ethiopia and extends southward to the 
northern parts of Tanzania. The Afar triple junction is 
the meeting place of the Arabian, Somalian and Afri-

can plate (Chorowicz, 2005). This is a zone of diver-
gence which have resulted in the formation of the Gulf 

of Aden and the Red Sea (Winter, 2014).  
  The second major line is the western branch 

and the line starts with Lake Albert and continue south 
through lake Malawi to Mozambique. The last branch, 

which is in the southeast, lays within the Mozambique 
Channel (Chorowicz, 2005). Volcanic activity in the 
rift began ca. 43 million years ago in Ethiopia and mi-

grated down to what now is known as the eastern 
branch. This early volcanic activity generated flood 

basalts. Between 15 ago and 4 Ma the rift started to 
form and this created graben structures. Around 14 Ma 

this volcanic activity reached the western branch that 
started to produce transitional basalt which later be-
came more alkaline. The western branch does not have 

the same extensive volcanism as the eastern branch 
(Winter, 2014). The volcanic activity becomes more 

alkaline when moving more south along the rifting 
system (Klein & Philpotts, 2013). 

Four different magma series have been ob-
served along the rift in Africa and according to Winter 
(2014, p. 419), they are: 

Alkaline 

Ultra-alkaline and carbonatitic 

Transitional 

Tholeiitic 

The East African Rift hosts one special version of car-

bonatites have not been found anywhere else in the 

World. Oldoinyo Lengai in Tanzania is a volcano that 

produces natrocarbonatites (Le Maitre, 2002).  

4 Results 
 

4.1 Age estimations of the Alnö complex 
Several age estimates have been made on the Alnö 

intrusion. Von Eckermann (1948) estimates that the 

intrusion at Alnö took place around the late Jotnian 

age.  This observation was based upon the diabase 

fragments that are visible in the alnöite breccia found 

at Hovid (figure 5), since these fragments alone are 

from Post-Jotnian age. The breccia at Hovid contains 

phlogopite and is dated to 555 Ma (Kresten et al., 

1977).  

 An attempt to determine the absolute age of the 

complex has been done by von Eckermann and Wick-

man (1956) by using a U-Th-Pb dating method. This 

yielded a result of 562 Ma.  

 K-Ar dating made by Kresten et al (1977) yielded 

an age of 537 ± 16 Ma, which is slightly younger age 
to what was proposed by Eckermann and Wickman 
(1956), but the new age number shall be seen as a min-

ium age and not an absolute age.  
 A “Rb-Sr whole rock isochron” method was made 

by Brueckner and Rex (1980) which yielded a result of 
553 Ma. More recently, Meert et al (2007) presented a 
40Ar/39Ar dates from different samples of K-feldspar 
and biotite, which yielded a 584 ± 7 Ma date.  
 Both Ca-carbonatites and Mg-carbonatites occur as 

dykes in the main intrusion. The Ca-carbonatites do 
not cut one another which indicates that they are con-

temporaneous.  

  
4.2 Formation of Alnö complex 
It was early believed by von Eckermann that it was 

fenitzation processes that were the reason behind the 

presence of silicate rocks on Alnö and that this process 

occurred when sövite and alnöite intruded into the area 

(Brueckner & Rex, 1980). Meert et al (2007) presented 

another sequence showing in which order the different 

rock types on Alnö have intruded. Their sequence is 

based on the studies carried out by Morogan and Qool-

ley, as well as by Kresten. According to their sum-

mary, the first intrusion was around Långarsholmen 

Figure 4: The East African rift, showing the different branch-
es (modified after Chorowicz, 2005). 



where alkaline silicate rocks emerged as well as sövite. 

This was followed by an intrusion in the main complex 

which also brought alkaline silicate rocks represented 

by ijolites and pyroxenite. In the later stages the car-

bonatites started to intrude the main complex and also 

at Båräng. As a last step, dykes of different carbon-

atites appeared, along with the intrusion of alnöite 

dykes. The intrusion were also followed by fenitiza-

tion processes. 

The Alnö complex has also been suggested by 

Andersson et al (2013) to have been formed in a simi-

lar way as a caldera. In the early stages of the process, 

a silicate magma started to move upwards which got 

caught on its way up. The ground above got pushed 

upwards from the chamber below because magma was 

continuously filling the closed chamber. With time, 

dykes started to form on top of the chamber. At this 

point, the magma had an increasing amount of carbon-

atite fraction within it and the magma start to escape 

through the earlier formed dykes. As a result to the 

escaping magma the pressure decreased which lead to 

a collapse of the rocks overlaying the magma chamber. 

As a last step, carbonatite dykes appeared. 

It is believed that the currently exposed ero-
sion surface was originally 0.5-1 km below the vol-

canic edifice (Andersson et al, 2013). 

 

4.3 The genesis of Alnö Carbonatites 
The origin of the carbonatites on the Alnö Island re-
mains largely unknown. As it was stated earlier in this 

paper, one or more processes can explain the origin of 
carbonatites. It was early believed that the carbon-
atites on Alnö could have been the result of metaso-

matic processes (Roopnarain, 2014). Another possible 
formation of the carbonatites is through liquid immis-

cibility. The carbonatites found in the main intrusion 
of the island could be seen as a possible result of this 

process (Vuorinen, 2005). Another supporting argu-
ment regarding the theory of liquid immiscibility is 

that the carbonatites on Alnö have fragments of ijolite 

within them (Vuorinen & Skelton 2004). The car-

bonatites on Alnö indicate that they have been 

contaminated with fragment materials of the sur-

rounding rocks, as well as they contain silicate grains. 
This contamination makes it more difficult to get a 
clear understanding of the carbonatite genesis as well 

as their relationship with the rocks that are often asso-
ciated with them (Vuorinen, 2005). 

4.4 African Carbonatites 
Africa, as a continent, exhibits a diversity of ring 
complexes. The petrography for each complex can 
vary but, by looking at their structure, they show a 
similar pattern. For example the presence of different 
kind of dykes. Some of the complexes have been af-
fected by erosion which nowadays, reveals the most 
inner parts of them. The  two major branches of the 
East African Rift contains carbonatites and the rock 
types that are mostly associated with them, for exam-
ple the alkaline silicate rocks (Bowden, 1985).  
 Within the mantle, there are two constituents re-

ferred as HIMU and EM1 (Vuorinen, 2005). The first 

one, HIMU stands for “high U/Pb mantle” while the 

EM1 stands for “Enriched Mantel 1” (Simonetti & 

Bell, 1993). These two components were “originally 

defined on the basis of Nd, Sr, and Pb isotope ratios 

in OIBs” (Ocean Island Basalt) (Vuorinen, 2005, p. 

11). The carbonatites that are found in East Africa are 

believed to involve both of these components, be-

cause the isotope data they present are somewhat 

identical to the data seen for the OIB. The isotopic 

data of carbonatites in this area display a feature in 

the form of a line that lays between the two constitu-

ents. This line is knowns as “the East African Carbon-

atite Line” (figure 6) (Vuorinen, 2005).  

4.5 Natrocarbonatite 
Oldoinyo Lengai, the name means “The Mountain of 

God” (Oldoinyo Lengai, 2009) in Tanzania is the only 

currently active natrocarbonatite volcano in the World 

(Carmody, 2012) There are two types of carbonate 

minerals that make up most of the natrocarbonatite 

rock, these two are gregoryite (Na,Ca,K)2CO3 and 

Figure 5: Showing a part of the breccia at the Hovid 
locality on Alnö. Visual are fragments of feldspar, 
sövite and phlogopit. The green pen represent 
around 7 cm. 
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nyerereite (Na,K)2Ca(CO3)2 (Gittins & Jago, 1998). 

Oldoinyo Lengai is a stratovolcano (Carmody, 2012), 

but although it produces carbonatites, the volcano is 

mostly made out of nephelinite and phonolite (Keller et 

al., 2010). The chemical content of natrocarbonatites is 

distinctively different compared to carbonatites found 

elsewhere in the world. For example they contain much 

more alkalis as well as higher levels of Ba (Bell & 

Simonetti, 1996).   

There are two types of eruption styles that take 

place on Oldoinyo Lengai, explosive and effusive re-

spectively (UCL, 2015). Explosive eruptions lasts 

weeks up to months while the effusive eruptions can 

last much longer, up to several years (Carmody, 2012). 

The volcano has been studied and monitored for ap-

proximately 100 years. During this time, three explo-

sive eruptions have been documented, 1917, 1940-1941 

and 1966-1967 (Keller et al., 2010).  

The lava at Oldoinyo Lengai, has a low viscosity 

which ranges between 0.3 to 120 Pa s.  The number 

variation is due to the amount of gas in the lava 

(Zaitsev et al, 2009). For example, the viscosity for a 

basaltic magma ranges between 50 to 100 Pa s and for a 

rhyolitic magma, the viscosity is around 108  Pa s 

(Klein & Philpotts, 2013). The temperature of the lava 

is around 540°C which is much cooler compared to 

other lavas that can reach temperatures of around 800-

1200°C (CNRS, 2009).  

 The origin of the carbonatites at Oldoinyo Lengai is 
believed to be the result of “liquid immiscible separa-
tion from a highly alkaline carbonated silicate mag-
ma” (Keller et al., 2010, p. 906). It has also been sug-
gested that the natrocarbonatites could be formed from 
a sövite magma as a result of crystal fractionation. In a 
ternary system consisting with Na2CO3 – K2CO3 – 
CaCO3 there is a presence of a “thermal divide” (figure 
7). Peterson (1990) refers to “the liquidus field of cal-
cite”, as long as this field do not cross the thermal di-
vide, natrocarbonatites will not form the suggested 
way. It was later proposed that addition of F could 

move this field across the thermal divide and, in that 
way, natrocarbonatites could form. This hypothesis 
has been questioned since there is no  
support in available data. For example, data against 

this process is a complete lack of lava that contains 

Ca (Peterson, 1990).  

4.6 Other occurrences of carbonatites 
along the rift 
Along the western branch, intrusions of nepheline 

syenite can be found. Some of these contains carbon-

atites. Never the less, these findings represent differ-

ent time periods where some are of Precambrian age 

whereas others are Mesozoic. One carbonatite loca-

tion from the Mesozoic time period is the Panda Hill 

(figure 8) (Bowden, 1985). Dolomite carbonatite can 

be found at Panda Hill in the form of dykes 

(Heinrich, 1966), but the carbonatite body that ap-

pears is mostly made out of calcite (Bowden, 1985). 

There is also an occurrence of alvikite as well as al-

nöitic dykes. Fenitization occur around the carbon-

atite body. A breccia consisting of carbonatite can be 

found in the area (Heinrich, 1966). 

 Carbonatites can be found in Uganda and Kenya. 

These carbonatites have been dated to be 4.2 to 26 

million years old. In these places, erosion has acted 

upon the surface to reveal underlying complexes. In 

Uganda there is a volcano named Napak (figure 8) 

that has undergone extensive erosion and that now 

reveals its inner parts. The carbonatites can be found 

at the very center of the volcano (figure 9) (Bowden, 

1985). The carbonatites appear as dykes and are 

mostly made of sövite (Tuttle & Gittins, 1966).  

 The Homa Mountain (figure 8) is the remains of a 

former volcano. As for Napak, erosion has left its 

mark on the former volcano, revealing a complex 

that contains carbonatites and alkaline silicate rocks 

such as ijolites. The different carbonatites that can be 

found there are beforsite, alvikite, a breccia consist-

Figure 6: Showing the East African Carbonatite Line 
(EACL) between HIMU and EM1, also the carbon-
atites from Oldoinyo Lengai (After Vuorinen. 2005). 
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Figure 7: A ternary system of Na2CO3 – K2CO3 – 

CaCO3 The thermal divide passes through the curve of 

810°C.  



 

 

ing out of sövite and biotite sövite (Heinrich, 1966).  

 The Rangwa complex can be found in the western 

areas of Kenya (figure 8) and has intruded during pre

-Miocene period. The complex contains carbonatites 

which form alvikite and sövite dykes. Other dykes in 

this complex appear to consist of alnöites. The car-

bonatites however, do represent a later stage in the 

formation of the complex (Heinrich, 1966). 

Fort portal is a lava field, part of the western 
branch, that can be found in Uganda (figure 8). An 
age estimation of the eruption of the lava in this area 
has been dated to have happened around 4000-6000 
years ago (Eby et al., 2009). The lava that can be 
found here is made out of calciocarbonatite. It was 
here that this type of lava were first noticed (Bailey 
et al., 2005). The volcanic field covers an area of 
almost 150 km2 (Stoppa & Schiazza, 2013). In this 
area, three different eruption products can be located, 
one is known as “flaggy” tuffs. This eruption product 
take up most of the ground, the other two types are 
flows of lava (which cover only a small area of the 
field) and tuff cones (Bailey et al., 2005). 

 

5  Discussion 
As has been presented in this paper, carbonatites ap-
pear along the East African Rift as well as on the 
Alnö Island of Sweden. Both places host one or sev-
eral carbonatite complexes which share smiliar fea-
tures, for example the presence of fenites. The com-

plex at Alnö and the Panda Hill complex along the rift 
have been affected by fenitizations processes. The Alnö 
complex also share similar types of carbonatites with the 
East African Rifts many complexes. Both places hosts 
dolomit cabonatite, sövites and alvikites. One feature 
that the carbonatite complexes of both locations share is 
the alkaline silicate rocks, such as ijolites and nepheline 
syenite. These rocks are most commonly associated with 
the carbonatites so it might not be too unexpected to see 
them appear alongside the carbonatites on Alnö and 
along the Rift (for example the Homa Mountain). An-
other interesting feature, although its not a carbonatite, 
is the presence of alnöite in some areas of the Rift.  
 One thing to keep in mind is that the two places dif-
fer largely in size. The Island of Alnö holds one com-
plex whereas the East African Rift, as its name imply, is 
a Rift and covers a large area of East Africa. The Rift is 
active and host both intrusive and extrusive carbonatites 
(Panda Hill/Oldoinyo Lengai).  
 One more thing to remember is the time difference. 
The Alnö complex has been dated to be around 560-580 
Ma whereas the rift is somewhere around 43 Ma. Alt-
hough the two places were formed at very different 
times and are separated by a great distance, the carbon-
atite complexes they exhibit show similar features. This 
raises an interesting thought regarding the origin and 
formation of the Alnö complex, whether the complex on 
Alnö is the result of a former Rift, or at least, a failed 
rift. Carbonatites are associated with alkaline rocks, and 
alkaline magmatism does occur along rifts. The Western 
branch of the East African Rift for example has with 
time become more alkaline and host the Rangwa com-
plex as well as the lava field of Fort Portal among oth-
ers. Alkaline magmatism also occurs on oceanic settings 
but this doesn’t seem to be the case for Alnö since there 
have been only two reported carbonatites findings along 
an oceanic basin (Cape Verde Islands and Canary Is-
lands) which does not include Alnö. Whether Alnö rep-
resent a failed rift or not, the origin of the carbonatites 
themselves seems to be a highly debated subject 
(Peterson, 1990; Vuorinen, 2005). Liquid immiscibilty 
has been suggested for the main intrusion on Alnö as 
well for the natrocarbonatites in Tanzania, but these are 
only two examples of the many occurences of carbon-
atites in the World. As of the case of Alnö, carbonatites 
are contaminated with, for example, wall rock material 
which makes it harder to make a clear understanding 
about the origin.  
 

6  Conclusion 
It is clear that the carbonatite complex on Alnö and the 
carbonatite complexes in the East African Rift share 

Figure 9: A profile over the eroded volcano of Napak. The arrow points to the small area in the middle of the volcano 
where carbonatites can be found (Modified after Bowden, 1985). 
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Figure 8: 1: Panda Hill, 2: Napak, 3: Homa Mountain, 4: Rangwa 

complex, 5: Fort Portal. 



 

 

many similar features. These similarities can be seen in 
one way to help explain to what might have caused the 

formation of a carbonatite complex on Alnö. It needs to 
be kept in mind that it took time for carbonatites to be 

accepted for what they really are. These types of rocks 
have received a lot of attention over time but still there 

is much to learn about them, especially about their 
origin. Why do they occur at one place and not another 
and what processes are behind the making of carbon-

atites? There are many thoughts around it but no clear 
conclusive answer. Therefore, future work is needed in 

this area to make a better understanding to what they 
are and where do they come from. 
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