
Institutionen för naturgeografi

Examensarbete grundnivå
Kvartärgeologi, 15 hp

Towards a Tephrochronology 
for the Lakselv Peat Sequence 
in Finnmark County, Northern 

Norway

Anny Höglund

KG 27
2017



 
 
 
 
 

 

 

 
 



  
 

 

 

 

 

 

 

 

 

Förord 
 

 

Denna uppsats utgör Anny Höglunds examensarbete i Kvartärgeologi på grundnivå vid 

Institutionen för naturgeografi, Stockholms universitet. Examensarbetet omfattar 15 

högskolepoäng (ca 10 veckors heltidsstudier).  

 

Handledare har varit Stefan Wastegård, Institutionen för naturgeografi, Stockholms 

universitet. Examinator för examensarbetet har varit Jan Risberg, Institutionen för 

naturgeografi, Stockholms universitet. 

 

Författaren är ensam ansvarig för uppsatsens innehåll. 

 

 

Stockholm, den 26 juni 2017 

 

 
 

Steffen Holzkämper 

Chefstudierektor 



 
 
 
 
 

 

 

 
 



Abstract 

To provide an increased breadth in the knowledge of tephra dispersal, this pilot study examines 

a peat core from Lakselv in Finnmark County in northern Norway. Peat samples are exposed to 

burning, HCl, density separation and polarized light microscopy. One sample from a depth of 

37.5-40 cm was analysed using an electron microprobe analyser (EMPA). At least two tephra 

horizons were identified, one at a depth of 12.5-17.5 cm and one at 37.5-40 cm. The lower 

horizon shows a chemical composition similar to eruptives from Jan Mayen and São Miguel, 

Azores while the origin of the upper horizon is unknown as no geochemical analysis was 

performed for that depth. 

 

Key words: Tephra, Tephrochronology, Lakselv, Norway, Jan Mayen, São Miguel, 

Electron Microprobe Analysis, Density Separation. 
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Introduction 

Tephra, originally a Greek word meaning ashes, consists of unconsolidated pyroclastic material 

from volcanoes. When a volcano erupts, large amounts of tephra are thrown up in the 

atmosphere where the smaller particles can be carried long distances. In 1992, Mt. Spurr in 

Alaska had an eruption where tephra was transported as far as 5000 km by wind (Lowe, 2011). 

Recent findings show that on at least one occasion, tephra has travelled as far as 8000 km 

(Bourne et al., 2016). Approximately 2 hours after an eruption the fine particles start falling to 

the ground is usually not suspended in the atmosphere for longer than a few days. In rare 

occasions it can be suspended for up to two years (Lowe, 2011). The smallest particles, which 

are not visible to the naked eye, are called cryptotephra (Lowe, 2011). The tephra examined in 

this report is within the size range of 1-100 µm, which places it in the category of silty to fine 

sandy tephra (Thorarinsson, 1981). 

When tephra accumulates it creates layers in the sediments. Several of these layers together 

create what is known as a tephrostratigraphy (Lowe and Hunt, 2001). These layers can be dated 

and used to correlate the age of other layers containing the same tephra in a different location. 

It can also be used to date archaeological findings and support other dating methods. This is 

known as tephrochronology. Tephra is often well preserved in lake sediments (Lowe, 2011), 

peat (Dugmore et al., 1992; Lowe, 2011) and ice (Lowe, 2011). 

Several layers of Icelandic tephra have been found in Lofoten and Andøya in northern Norway 

(Pilcher et al., 2005; Vorren et al., 2007) and recently in northern Sweden (Fig. 1) (Gałka et al., 

2017; Watson et al., 2017b). There has also been findings in northern Finland with a not yet 

confirmed origin (Kalliokoski, pers. comm.). No earlier studies have been made regarding 

tephra in Lakselv or in Finnmark county, which makes this project a natural step in the process 

of providing a greater understanding of the dispersal of tephra in northern Scandinavia. 
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Aims 

The aim of this study is to investigate out whether there is tephra present in the Lakselv peat 

sequence. It is a reasonable assumption that there is tephra in Lakselv, as there has been several 

recent findings in nearby regions (Watson et al., 2017b; Kalliokoski, pers. comm.). The 

potential tephra is probably of Icelandic origin, similar to most of the cryptotephras found in 

northern Europe (e.g. Watson et al., 2017b). There has, however, been findings of tephra from 

the Azores in Ireland (Johansson et al., 2017) and from North America in Poland, Germany and 

Ireland (Watson et al., 2017a). If Icelandic tephra is found, it is likely that it originates from the 

volcanoes Katla, Hekla, Grimsvötn or Bárðarbunga as they are the volcanoes with the highest 

tephra production (Davies et al., 2010; Thordarson and Höskuldsson, 2008) during the 

Holocene. Several eruptions of Hekla have occurred during the time span that the Lakselv core 

represents and have been found in nearby regions of Lakselv, e.g. Hekla 4, Hekla 1104, Hekla 

1158 and Hekla-S (Gałka et al., 2017; Watson et al., 2017b). As mentioned, tephra can travel 

long distances (Lowe, 2011) and it should therefore not be impossible to find Icelandic tephra 

in Lakselv. 

 

  

Figure 1 Map showing tephra findings in nearby 
regions (black dots) and the Lakselv sampling site 
(red dot). After (Watson et al., 2017b; Kalliokoski, 
pers. comm.).  



3 
 

Material & Methods 

A 116 cm long, 12x12 cm wide peat core was taken from a palsa-mire in Lakselv in Finnmark 

county at 70°4' N, 25°3' E (Fig. 2) by Axelsson (in prep.), using a metal probe to measure the 

active layer, a saw to cut out a profile and a steel pipe and a sledge hammer to penetrate and 

sample the permafrost layer. The core, consisting of peat moss, rich in Sphagnum spp and 

Cyperaceae, was used for macrofossil analysis and was already divided into 2.5 cm intervals 

when sub-sampled for tephra analysis. The minerogenic contact appeared at 86 cm depth and 

was 14C dated and calibrated to 6137 +164/-197 cal yrs. BP (Fig. 3) (Axelsson, in prep.).  

 

       

 

 

No sampling was made below the layer containing the minerogenic contact. A sample with an 

approximate size of 1x1x2.5 cm was cut from each section using a scalpel, except for 60-65 cm 

as there were no remains of the core at that depth. The size of the samples below 65 cm was 

roughly estimated as they were basically shapeless pieces that had to be kept frozen due to the 

excessive amount of water contained. Those sections were not pre-divided into 2.5 cm segments 

but rather in a range from 2-3 cm. Each sample was put in a crucible and placed in a furnace at 

550°C for 3 hours (plus 2 hours for warming up and approximately 20 hours for cooling down). 

This was to remove organic matter from the samples. The remaining ash was crushed, placed 

in test tubes with 10 ml 10% HCl and left to sit over night to dissolve organic matter further.  

The HCl was decanted and the samples were wet sieved through a 25 µm mesh. The samples 

with visibly larger grains were also sieved through a 100 µm mesh. During this process, two 

samples from 42.5-45 and 57.5-60 cm were contaminated. They were not remade and have 

therefore been entirely discarded from the study. The samples were then recollected in the test 

tubes and centrifuged before they were placed on a heated microscope slide and covered with 

Canada balm and a cover glass.  

Figure 2 Location of the Lakselv sampling site 
in Finnmark County (70°4' N, 25°3' E). 

 

Figure 3 Age-depth model for the Lakselv peat core 
used in this project (Axelsson, in prep.) down to the 
minerogenic contact at 86 cm. The upper tephra zone 
(12.5-17.5 cm) has an estimated age of c. 800-1500 cal 
yrs. BP and the lower tephra zone has an estimated 
age of c. 4000 cal yrs. BP. 
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The slides were examined under polarized light microscope and tephra, both rhyolitic and 

basaltic, was found in several of the samples. Some of the samples were highly minerogenic 

and a density separation was therefore made on all of the samples in the second run. 

The samples that showed significant amounts of possible tephra were chosen for further 

analysis. The samples were divided into two sections and the measurements were made with 

accuracy. The depths that were chosen for further analysis were; 12.5-13.75, 13.75-15, 15-

16.25, 16.25-17.5, 20-21.25, 21.25-22.5, 22.5-23.75 and 23.75-25 cm. All samples were cut in 

1.25 cm3 pieces that were burnt and placed in HCl as before and sieved through both 100 and 

25 µm meshes.  

In order to separate rhyolitic tephra from minerals, a density separation was made to isolate 

particles with a specific gravity of 2.3-2.5 g/cm3. The reason for narrowing the search down to 

particles of rhyolitic composition was the fact that basaltic tephra has a similar specific gravity 

to many minerals and therefore complicates the process of density separation. The first run with 

sodium polytungstate (SPT), with a density of 2.3 g/cm3, was used to make the desired particles 

sink. This solution was added to the samples and centrifuged, for 15 min with a fast acceleration 

and a slow deceleration at a brake rate of 9. Everything but the sunken particles was decanted 

and the process was repeated one more time. SPT with a density of 2.74 g/cm3 was mixed with 

distilled water to a density of 2.54 g/cm3. This solution was added to the samples and 

centrifuged on the same programme as previously, so that the particles with lower densities 

would float. These particles were decanted into a second test tube where distilled water was 

added and the samples were centrifuged. This process was repeated three times. Water was then 

replaced with 10% HCl and one tablet of Lycopodium containing 18,583 spores/tablet was 

added. This was left to dissolve for 24 hours and then centrifuged with distilled water three 

times. The remains were then mounted on microscope slides with Canada balm as before. These 

were examined in polarised light microscope as before and each tephra and each Lycopodium 

spore was counted and the concentration was calculated using the following equation, where # 

Tephra and # Lycopodium are the number of particles counted in each sample and Tot. 

Lycopodium is the number of spores in one Lycopodium tablet; 

  

𝑻𝒐𝒕. 𝑻𝒆𝒑𝒉𝒓𝒂 =
# 𝑻𝒆𝒑𝒉𝒓𝒂

# 𝑳𝒚𝒄𝒐𝒑𝒐𝒅𝒊𝒖𝒎 𝑻𝒐𝒕⁄ . 𝑳𝒚𝒄𝒐𝒑𝒐𝒅𝒊𝒖𝒎 
 

 

Where the given equation above provided the total tephra concentration per sample, i.e. per 

1.25 cm3. To make the data more useful it was recalculated to a concentration per 1 cm3. This 

was done as; 

 

𝑻𝒆𝒑𝒉𝒓𝒂 = (𝑻𝒐𝒕. 𝑻𝒆𝒑𝒉𝒓𝒂 𝟓⁄ ) ∗ 𝟒 

 

The 37.5-40 cm sample contained several isotropic particles, possibly of volcanic origin, and a 

sample from that depth was therefore prepared for electron microprobe analysis (EMPA). It 
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was, however, not prepared for a second run under the microscope as it contained abundant 

quantities of unknown particles that it was deemed to be complicated and time consuming to 

analyse a second run of that sample. Therefore, it was only prepared for chemical analysis. The 

sample was cut in a 2.5 cm3 piece and placed in an Erlenmeyer flask with approximately 50 ml 

95% sulphuric acid to prepare it for electron microprobe analysis (EMPA) as burning the 

samples may harm the chemistry of the tephra (Turney, 1998), while boiling it in acid does not 

(Dugmore et al., 1992). The solution was brought to boiling and a few drops of 65% nitric acid 

was added to speed up the reaction. 

A few drops of 2-octanol was added to slow the reaction down when it got too vigorous. The 

solution was boiled until it was almost clear and then left for 24 hours for the particles to settle.  

The solution was decanted three times, dried on a microscope slide and covered in epoxy which 

was left to harden for two days. In order to get a surface appropriate for EMPA the epoxy was 

ground down to a thickness of ca 10 µm, polished and covered in carbon. Note that this sample 

was neither sieved nor had its tephra concentration measured with Lycopodium as it was only 

prepared for chemical analysis. The sample was then brought to Uppsala University for 

chemical analysis using EMPA where 10 particles were analysed with an electron beam size of 

three µm. 

 

Electron Microprobe Analysis (EMPA) 

The electron microprobe analyser sends a beam of electrons at a polished sample. The sample 

will emit backscattered electrons and x-rays whose wavelength can be measured in the machine. 

Different wavelengths indicate different elements and the chemical composition of the sample 

can thereby be determined (Hunt, 2016). 

Ten particles were analysed using the EMPA whereof three were deemed to be minerals and 

therefore excluded from the plot where the total alkali concentration was plotted against the 

silica content in what is known as a TAS diagram (Fig. 4). 
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Result 

Tephra was found at several depths and of several types. Both tabular and vesicular tephra 

particles were found as well as colourless rhyolitic (Fig. 5A) and dark basaltic (Fig. 5B). The 

basaltic tephra was mainly vesicular while the rhyolitic occurred as both vesicular and tabular 

particles. The depths that showed the seemingly highest concentration in the first run were 12.5-

15, 15-17.5, 20-22.5, 22.5-25, 25-27.5 and 35-37.5. For the second run 12.5-15, 15-17.5, 20-

22.5 and 22.5-25 cm were chosen for a more thorough analysis with smaller samples due to the 

earlier findings of potential tephra particles. The samples 25-27.5 and 35-37.5 cm were 

excluded as they showed a seemingly lower concentration. The sample from 37.5-40 cm depth 

contained such abundant unknown particles that it was prepared for chemical analysis. A second 

run of that sample was not made.  

 

Figure 2 Total alkali/silica (TAS) plot for the 37.5-40 cm sample showing a mainly trachytic 
composition. 
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In the second run, tephra was found in some samples (Fig. 6), however, in a lower concentration 

than expected from the first run of samples. Some samples showed no tephra findings in the 

second run.  

 

 

 

 

 

 

The seven particles from the 37.5-40 cm sample that showed a tephra-like composition (Table 

1) were plotted with their silica content against their alkalis (potassium + sodium) (Fig. 4). 

Three out of seven of the analysed particles show a trachytic composition. All analyses are 
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Figure 3 Tabular rhyolitic tephra (A) from 12.5-13.75 cm depth and tabular basaltic tephra (B) 
from 13.75-15 cm depth. 

Figure 4 Total number of tephra shards per cm3 wet peat. Calculated using lycopodium 
tablets with 18583 spores/tablet. Depth 20-25 provided no tephra in the second run. 
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normalised to 100 wt. %. Usually only analyses >95 wt. % are considered to be reliable (Hunt 

and Hill, 1993) but for this study all analyses with a tephra-like composition are shown (Table 

1).   

 

Table 1 Table showing the normalised chemical composition and the total oxide mass of the 37.5-40 cm 

sample, acquired using EMPA. 

 

Particle 

 

Na2O 

 

SiO2 

 

Al2O3 

 

MgO 

 

K2O 

 

CaO 

 

TiO2 

 

P2O5 

 

FeO 

 

MnO 

 

Tot. 

Tot. ox 

mass % 

1 7.54 66.37 10.11 3.95 4.91 3.95 0.19 0.04 2.86 0.08 100 89.13 

2 8.02 68.87 8.94 4.61 3.33 4.50 0.08 0 1.59 0.06 100 99.07 

3 9.11 64.28 20.75 0.39 3.88 1.32 0.05 0 0.19 0.03 100 100.55 

4 4.35 59.65 15.72 4.09 4.67 3.66 0.60 0.03 7.18 0.04 100 84.30 

5 2.67 46.61 19.62 1.27 0.14 11.32 0.48 0.43 17.33 0.12 100 79.68 

6 2.96 54.75 20.90 3.80 8.70 1.16 0.55 0 7.18 0 100 99.79 

7 6.09 59.69 14.99 4.49 7.12 2.45 0.46 0 4.63 0.08 100 101.87 

 

Discussion 

As the upper tephra zone (12.5-17.5 cm) has not been chemically analysed its origin cannot be 

determined but it is likely that it originates from Iceland as most rhyolitic tephras found in 

northern Europe do (Watson et al., 2017b). Pilcher et al. (2005) mentions a whole list of 

eruptions fitting the timeframe given in fig. 3. These were all found in cores from Lofoten in 

Norway and originate from different Icelandic eruptions such as Askja 1875, Öræfajökull 1362, 

Suðuroy as well as several eruptions from Hekla. Many unknown tephras have also been found 

in those cores. Several layers of Hekla tephra has been found in Sweden as well (Gałka et al., 

2017; Watson et al., 2017b). The age-depth model (Fig. 3) indicates an age between 800-1500 

cal yrs. BP for the upper tephra. There are several possible candidates within this time interval, 

including the Hekla 1 (AD 1104) and Landnám (AD 870s) tephras, both found in Lofoten 

(Pilcher et al., 1995). Interestingly, also the Alaskan White River Ash (AD 830s) falls within 

this time interval. This tephra has recently been found as far south as in Poland and seems to 

have a widespread distribution in northern Europe (Watson et al., 2017a). It is also possible that 

the two peaks in tephra concentration at 12.5-13.75 and 16.25-17.5 cm depth represent two 

separate eruptions (Fig. 6). 

The chemical composition of the 37.5-40 cm layer does not match any Icelandic tephra 

(Tephrabase 2017) but the plot of the alkali/silica contents show a high similarity to TAS-plots 

made for eruptives from both Jan Mayen and São Miguel, Azores (Fig. 7). The age of the tephra 

is c. 4000 cal yrs. BP according to the age-depth model (Fig. 3). According to Johansson et al. 

(2017), eruptions from São Miguel tend to have a favourable wind direction to fall out in 

western Europe. It is therefore possible that the Lakselv tephra originates from São Miguel, 

Azores. The likelihood of tephra to travel such a distance is also supported by findings by Lowe 

(2011) and Bourne et al. (2016), which implies that distance wise, it is also a possibility that 
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the tephra originates from Jan Mayen. It should, however, be mentioned that the other elements 

in the samples did neither match São Miguel nor Jan Mayen very well. Hunt (2004) mentions 

a tephra, IPAZ C, which has the highest iron oxide concentration (3.2–7.3 wt. %) found in 

tephra in the north Atlantic, which is similar to the iron oxide content of the Lakselv tephra 

(Fig. 8). This tephra is, however, much too old (210 ka BP) but indicates a possibility of a 

similar composition originating from Jan Mayen at a later stage from a yet unknown eruption. 

 

 

 

Figure 5 TAS composition of the 37.5-40 cm layer and from earlier findings of tephra from Jan 
Mayen and Furnas on São Miguel, Azores. After Gjerløw et al. (2016) and Guest et al. (1999). 
Dashed line = Jan Mayen (Gjerløw et al., 2016), dotted line = Furnas (Guest et al., 1999). As the 
fields overlap, a more precise chemical analysis with focus on other elements than the alkalis 
and silica would have to be made to differentiate Jan Mayen from São Miguel tephra. 
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Limitations 

In the first run of samples, the tephra concentration appeared to be relatively high but as the 

project progressed the concentration appeared lower. When the second run of samples was 

examined only a few definite tephra particles were found. This is likely a consequence of a lack 

of knowledge in the beginning of the project. Especially phytoliths might have been mistaken 

for tephra as some appear similar to tabular tephra particles (Visser, 2012). However, according 

to Lowe (1986) and Dugmore et al. (1992), tephra can be affected by weathering. Therefore 

particles severely affected by weathering might have been overlooked and assumed to be other 

silicic particles like phytoliths.  

Further and more thorough analyses were not possible and the contaminated samples were not 

remade, i.e. there might have been tephra in the contaminated samples. 

 

Conclusion 

This pilot study of the Lakselv peat sequence has revealed that tephra is present on at least two 

levels, one tephra zone at c. 12.5-17.5 cm with both rhyolitic and basaltic particles and a mixed 

tephra at 37.5-40 cm dominated by trachytic tephra. Since no geochemical analysis was 

performed on the upper sample, no conclusions can be made about its origin. The age-depth 

model (Fig. 3) indicates an age of c. 800-1500 cal yrs. BP for the upper tephra zone and an age 

around c. 4000 cal yrs. BP for the 37.5-40 cm layer, which possibly originates from Jan Mayen 

or São Miguel, Azores. Further geochemical analysis would, however, have to be made to 

confirm the source volcano. A closer examination of all of the chemical components along with 

EMPA on the upper samples would be preferable. 
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Figure 6 Calcium and iron oxide concentration for the 37.5-
40 cm sample. Acquired using EMPA. 
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