
Krister Sundblad & Evgenia Salin: 
 

Historic background to the nomenclature used in regional geological correlations within Fennoscandia. 
 

Key note lecture, Baltic Basement Spring School, May 27-29, 2026. Arbavere research center 

 
 

Part II 
 

Some obsolete, modern and everlasting concepts 
 

 



1. Skarn 

 

 

2. Geological time scales in the Precambrian 

 
a. Rock “ages” based on simple observations 

 
b. Rock ages based on radiometric determinations 

 

 

 

3. The genetic concepts 
 

a. The first investigations; 
 

b. The first dynamic models (orogenic concepts) (1893-) 
 

c. The second generation of dynamic models; the plate tectonic concepts 



 
 

 

 

 

 

 

 

 

1. Skarn 
 
 
 



 
 
The original meaning: 
 
 
Skarn is a word in Swedish ancient language, entirely with a negative connotation: 
(trash or anything else that was bad). 
 
 
The miners in Bergslagen used the term “skarn minerals” for certain silicates (e.g. 
garnet, pyroxene, amphibole and epidote) that existed together with the ore minerals. 
 
 
The reason for calling these silicates “skarn minerals” was that they created 
problems in the ore processing. 
 

 



Skarn; two geoscientific concepts 
 

 

A.E. Törnebohm      Larry Meinert 
  Sweden         USA 

      
1838-1911        c. 1950 - 



 
 
A.E. Törnebohm is best known for his early understanding of major lateral crustal movements, 
formulated in 1896, decades before Wegener’s first ideas on continental drift in the 1920:ies. 
 
Picture illustrating this early geoscientific controversy between Törnebohm and F.W. Svenonius. It was not until the break-through of 
plate tectonics in the Scandinavian Caledonides in 1975 that it was realized that Törnebohm was most correct in this dispute. 

 

Törnebohm 

Svenonius 



Törnebohm was the first to use the word “skarn” in geological literature. 
 
First time in Persberg (Bergslagen) in 1875   Second time in Pitkäranta (Ladoga region) in 1891. 

 

      
          1875           1891 
 

Skarn became soon an international non-genetic concept for 
ore bodies with abundant calc-silicates. 

 



The Larry Meinert version of “skarn” (2005) 
 

    
Skarn ores in Chile.      Skarn ores in China. 

 

The word “skarn” is now used in many languages across the world in geo-
logical literature, but few persons know the original Swedish meaning.  



The modern definition of skarn (Meinert, 2005): 
 

A mineral assemblage that is created by the reaction between a limestone and an 
acid, metal-bearing solution, which emanates from an intruding granitoid magma 
 
 

      
 
Meinert et al. (2005). Economic Geology 100th Anniversary volume, 229-336. 

 

This definition does, however, not fit with what Törnebohm saw in Persberg. 
 
Still, most Fennoscandian geologists do not use “skarn” in the international meaning… 
 

… instead as a purely descriptive term for calc-silicates. 



 

 

 

 

 

 

2. Geological time scales in the Precambrian 
 

 



a. Rock “ages” based on simple observations 
 
The evolution of life, recorded as fossils in Phanerozoic rocks, became early an 

efficient way to provide a relative age scale for the Phanerozoic rocks. 

 

 

However, fossil-based ages were not possible for the Precambrian rocks. 

 

 

Instead, the metamorphic grade of a Precambrian rock was often considered to 

give a possible indication of the rock age; 

 

a low grade metamorphic rock was likely to be younger than a high grade 

metamorphic rock. 

 
 

The terms Algonkian and Archaean were mainly based on the metamorphic grades and 

was in use for a long time to distinguish really old (Archaean) Precambrian rocks from 

“younger” Precambrian rocks (Algonkian or Proterozoic). 

 



The system developed in North America (van Hise; Bull. of US Geol. Surv. 86) and was 

transferred to European conditions by Sederholm (1893) and Törnebohm (1896),  

 
the high-grade metamorphic rocks in most parts of the Fennoscandian Shield were called Archaean 

 

while low-metamorphic units like Karelian, Jotnian and Jatulian (as well as the Dal formation) were 

considered to be Algonkian 

 

 

 

 

Archaean was simply an expression of something very old (based on metamorphic grade).  

 

 

 

In this way, the major parts of Fennoscandia were considered Archaean; 

 

no one had any idea on how old this bedrock could be. 

 

 

 



Typical page in a Swedish geoscientific journal in 1960 

 

 
Lundegårdh (1960) 



b. Rock ages based on radiometric determinations 
 
Radiometric age estimates, indicating that the age of the Earth could be in the order of 

billions of years, were presented by Arthur Holmes (1890-1965) already in 1913. 

 

By 1946, Holmes had arrived at the very correct age estimate of 4.5 Ga. 

 

Even if some of Holmes rock samples were collected in the Fennoscandian Shield, 

such age estimates were too few and uncertain to help Sederholm and Wahl to build 

their geological models. 

 

Most of the Precambrian in Sweden and Finland was considered to be Archaean, 

but that did NOT imply what we think today when we read the word “Archaean”. 

Archaean was simply older than Algonkian. 

 

Nevertheless, after World War II, Holmes’ discoveries soon led to a rapid evolution of 

isotope geology in many laboratories across the world. Parameters like K-Ar, Rb-Sr 

and U-Pb were now unique tools for the geologists to improve their orogenic models.  

 

The first laboratory to develop ages for Fennoscandian rocks was located in Leningrad. 



Institute of Precambrian Geology and Geochronology, Leningrad 

A leading institute in the world on how to estimate geological ages. 

 

          
Aleksandr Alekseevich Polkanov           Erik Karlovich Gerling   

1888-1963            1904-1985  

 

 

 



Gerling et al. made pioneering work in the 1950ies to develop the K-Ar age dating method. 

           
               Type-written translation (May 27, 1952) of Gerling et al. (1952). 

 

This came to the knowledge of Nils Harald Magnusson in Stockholm. 
 

 

 



 
 

 
 

 

Nils Harald Magnusson (1890-1976) 
Head of the Geological Survey of Sweden. 
 

 

Leading bedrock geologist in Sweden (particularly Bergslagen) in 

the 20th century. 

 
In the 1950:ies, Magnusson managed to get an agreement with 

Aleksandr Polkanov in Leningrad on age determinations of Swedish 

rocks (with the K-Ar method), with Erik Gerling as responsible for 

the laboratory work; no one else in the world could do this better. 

 
In spite of using the less reliable K-Ar method, this led to the first 

realistic age distribution pattern of geological events in the Swedish 

sector of the Fennoscandian Shield. 
 



 
 

Magnusson sent more than 60 (!) samples from all over 

Sweden to Leningrad. 

 

The results were published in the Swedish journal GFF: 

 
Age Determinations of Swedish Precambrian rocks 

(Magnusson, 1960) 

 

These K-Ar data were one of the most important 
revolutions in the Swedish Precambrian. 

 

 

It was now properly understood that the age of the Swedish 

bedrock could be counted in billions of years! 
 

 

It really turned the ideas on the Fennoscandian geological 

evolution upside down. 

 

 

 
 



 

Eric Welin (1923-2014) 

 
Eric Welin was a young but experienced scientist when this happened. 

He saw the power of isotope methods in geology and established 

an isotope laboratory for geochronology in Sweden. 

 
 
 
 



 
 

Welin soon realized that the K-Ar system was sensitive to reheating of the rocks 
(during e.g. metamorphism) and introduced the Rb-Sr method  

to oppose the K-Ar results of Magnusson (1960). 
 
 
 

However, also the Rb-Sr method turned out to have it’s weaknesses, often yielding too low ages. 
 
 
 

Instead, the U-Pb method (mainly using zircons) became the main isotope system for age 
determinations. 

 
 

With the arrival on advanced laboratory routines (e.g. the SHRIMP equipment), 
U-Pb ages are today the by far used method for age estimates on the Precambrian. 

 
 

 
 

 
 
 
 



 
 

 
 

 

 

 

 

3. The genetic concepts 
 
 
 



The understanding of the evolution of the Fennoscandian bedrock has developed in 
numerous steps: 
 

1. Systematic inventories of the bedrock (mapping)  19th century 
and onwards 

 
2. Orogenic modeling 

 
a. based on bedrock observations only     1893-1960 
 
b. based on bedrock mapping and radiometric age data 1960- 

 
c. based on bedrock mapping, radiometric age data,  1975- 

all in a plate tectonic perspective 

 
Knowledge on the bedrock was first associated with the search for ores and mining activity. 
It was followed by systematic inventories (mapping) of the bedrock. 
Before scientific models emerged in the end of the 19th century. 

 



a. The first investigations; 
 
Basic documentation (mapping) of lithologies  
 

   

Mats Stolpe (1833-1918). 

His map sheet covers many important key areas in what now is known as OJB. 
Stolpe was the first geologist ever to make observations on every single outcrop in this vast area 
(c. 2500 km2), where the only means of transportation was by walking or by using horses. 



b. The first dynamic models (orogenic concepts) (1893-) 
 

The founders of a Fennoscandian geological nomenclature  
 

                  

 
 Jakob Sederholm       Wilhelm Ramsay            Walter Wahl     
      1863-1934             1865-1928          1879-1970 
 
 



All were members of the Swedish-speaking minority and well-established 
scientists in the Grand Duchy of Finland (which up 1917 was part of Russia). 
 
 
 

Sederholm (1893) distinguished between at least two orogenic episodes. 
 

Ramsay (1898) called the Precambrian in north Europe the Fennoscandian Shield. 
 

Wahl (1936) refined the models of Sederholm (1893, 1897, 1928 etc.). 
 

 

Sederholm and Ramsay made the first compilation of Precambrian geological 

units in northern Europe and organized them after their spatial distribution. 

 

They defined this Precambrian crustal complex 

as the Fennoscandian Shield. 

 
 

 
 



 

The Fennoscandian Shield according to Sederholm (1931). 



The earliest orogenic concepts assumed that everything started with 

sedimentary basins along continents. 

 

 



When the sediment piles thickened, the metamorphic grades increased, 

which finally resulted in anatexis and granite melts.  

 

 
 

Every orogeny ended with anatectic granites and in this way, 

a new orogeny was added to the older in the continent. 



No one seemed to worry about the fact that 

anatectic granites were missing in the Caledonides and the Alps. 

 

           
because the model worked for the metamorphic systems in Fennoscandia... 

 



Wahl (1936) envisaged that: 
 
a. every orogeny is associated with three granite generations 

 
prim-orogenic (or early orogenic) granites, closely associated with supracrustal formations 
 
ser-orogenic (or late orogenic) granites, closely associated with migmatization and anatexis 
 
post-orogenic granites 
 
 

b. two Archaean* orogenic cycles were identified in Fennoscandia: 
 

the Svecofennian (central Sweden and SW Finland) 
the Gothian (southern Sweden)   * Archaean was used in the old way 

 

 
c. Further two orogenic cycles were considered younger (Algonkian) 
 
 the Karelian  
 the Caledonian 
 
 



 
 

Orogenic nomenclature by Wahl (1936), added to the map of Sederholm (1931). 
The highly metamorphosed ortho-gneisses in SW Sweden were considered to be the oldest in the shield 

and the Karelian successions in eastern Finland among the youngest. 

Gothian 

    pre-
Gothian 

Karelides 

Svecofennian 
  (Svionian) 

Caledo- 
 nides 



Bergslagen could be seen as the type area for (Svecofennian) orogenic processes; 
vast regions with “Primorogenic” (or Early orogenic) metamorphosed igneous and sedimentary rocks,  

with a clear relation between high-grade metamorphism, anatectic melting and “Late orogenic” granites. 
 

 

 

1800 Ma 
  (K-Ar) 



The Gothian orogeny was in many ways a strange concept; 
a tiny region (Vetlanda-Oskarshamn) of poorly metamorphosed “Primorogenic” (or Early orogenic) rocks  

and a huge region (Småland-Värmland) with presumed “Late orogenic” rocks. 

 

 
Nevertheless, the Gothian concept of Wahl (1936) survived for thirty years. 
It did not disappear until the revolution of radiometric determinations appeared.  

1750 Ma 
  (K-Ar) 

1560 Ma 
  (K-Ar) 



Magnusson (1960) 

 

The K-Ar data on the Swedish rocks (Magnusson, 1960) 
were indeed revolutionary.  

 
They simply turned the evolution of the 

Fennoscandian Shield upside down 
 
 

SW Sweden was not anymore the oldest in the shield; 
it was the youngest. 

 
 

The Karelides were not anymore youngest in the shield; 
they were now part of the Svecofennian orogeny; 

the concept Svecokarelian was coined.  
 
 

So far, the Gothian orogeny remained untouched. 
 
 

 
 



 

 
 

Orogenic nomenclature after Magnusson (1960). 

 

Gothian 

Sveco- 
norwe- 
gian 

Svecokarelian 
Caledo- 
 nides 



 
 

However, in 1966, a major smash towards the Gothian concept was provided by Eric Welin. 
 

 
 
 

Welin et al. (1966) demonstrated (with the Rb-Sr method) that the presumed Late orogenic 
(Småland) granites had a similar age as the Svecofennian Late orogenic granites. 
 
Welin’s conclusion was that the Gothian orogeny simply was part of the Svecofennian 
and the publication of Welin et al. (1966) became a major corner stone for Swedish geology. 
 
 
After 1966 every one (except Magnusson) believed in these results and their conclusions. 
 

 
When Lundqvist (1979) summarized the Precambrian in Sweden, 

 
he stated that the Vetlanda rocks 

 
“probably are comparable in age with early Svecofennian supracrustals”. 

 
 
 

 



Magnusson kept believing in the Gothian for the rest of his life, see e.g. Magnusson et al. (1963).  
 

 

 
Eric Welin in a scientific discussion with N.H. Magnusson in 1966. 

Yes, it is! 
 
 

There is no 
Gothian orogeny 

 
 

It is not! 
 
 It is! 

 
 



 

 
 

However, if we look at the evidence for Welin (1966) the arguments are not too convincing.  
 

1740 Ma 
(Rb-Sr) 

1750 Ma 
  (K-Ar) 

1560 Ma 
  (K-Ar) 

1812 Ma   
  (U-Pb) 



 
 

When Welin et al. (1966) killed the Gothian, 
he showed only data for the presumed Late orogenic rocks, 

not for the Early orogenic rocks. 
 

 
However: 

 
 

Mansfeld (1996) presented the age 1834 Ma for the primorogenic Gothian granitoids. 
 
 

Salin et al. (2021) presented the age 1853 Ma for the supracrustal Fröderyd formation 
 

(and have also unpublished data on the Vetlanda formation). 
 
 

Nothing of this is Svecofennian. 
 
 

In my opinion, it thus turns out that Wahl and Magnusson in some way were correct! 
 

Maybe we should call all rocks between TIB 1a and TIB 1b the Gothian Accretionary Complex? 
.  



 

 
 
 

c. The second generation of dynamic models; 
the plate tectonic concepts 

 
In the 1960:ies, it was already accepted (at least in the US), 

 
that our present continents move in relation to each other, 

something that could explain all modern earthquakes and volcanic activities. 
 
 

During the 1970ies, it was step by step understood that also older orogenic belts 
across the world were formed by the same processes 

 
 

David Gee was the first to pick up these new views in Scandinavia and in 1975 his 
front-breaking model on the Caledonides was published, 

 
ideas that in a way already had been touched by Törnebohm in 1896.  



 

 
Anna Hietanen 

10.4 1909   -  xx.xx 1994 
 
Anna Hietanen was a student of Pentti Eskola and defended her thesis in 1938. 
In 1943, she published a paper on the Svecofennian in the Kalanti (Nystad) area. 
 
Hietanen, A., 1943. Über das Grundgebirge des Kalantigebietes im südwestlichen Finnland. Ann. Acad. Scient. Fenn., A III. Geol.-geogr. 6. 

 
emigrated to the US, where she made an English version of her Kalanti work in 1947. 
 
Hietanen, A., 1947. Archean geology of the Turku district in southwestern Finland. Bull. Geol. Soc. Am. 58. 



 
After being involved in plate tectonic modeling at the USGS, she combined her know-
ledge on the Californian dynamic geology to what she once had studied in Finland to 
a front-breaking publication in 1975: 

 

   
 
This became the first plate tectonic model ever of the Fennoscandian Shield. 



Further understanding of the Fennoscandian crust was provided by: 

     
  Roland Gorbatschev        Svetlana Bogdanova   Gabor Gaál 
18.1 1931   -  15.12 2023      31.8 1937   -  29.05 2019 28.10 1938 - 16.6 2013 
 

These three internationally well-respected scientists were all born outside the 
Fennoscandian Shield, in a very turbulent time of modern history, but they all 
managed to join the Swedish and Finnish academic world, where each of them 
contributed significantly to the dynamic understanding of Fennoscandia. 
 

 

Gaál & Gorbatschev (1987)  The domain concept; the SW growth of the crust 

Gorbatschev & Bogdanova (1993)  Fennoscandia vs. the Fennoscandian Shield 

Bogdanova et al. (2015)   First comprehensive trans-Baltic correlation 


