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INTRODUCTION
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The Krafla volcanic system is located in the axis of the Icelandic rift valley and is under the tectonic influence of the Tj6rnes Fracture
Zone and the North Volcanic Zone (Figure 1A), which delineates the active rift zone of the country. This zone comprises 5 fissure
swarms arranged in echelons, accompanied by a central volcano (Gudmundsson, 2000). At its centre, Krafla has a caldera (Figure 1B)
around 10 km in diameter and has a fissure swarm, oriented along the N10 axis, which is responsible for the fissural eruptions
producing the tholeiitic basaltic lavas (Nicholson, 1990). The flow studied was the result of the last eruptive episode known as the
“Krafla fires”, which took place between 1975 and 1984.
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The aim of this study is to determine the internal parameters (temperature, yield strength, etc.) and more specifically the viscosity of a
basaltic lava flow using a morphological approach (field study and very high-resolution numerical model) and a chemical approach.
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The finality is to fix the internal parameters of a basaltic lava flow in order to be able to simulate it as close as possible to the reality of [ 'L';v;;o‘_é M. R A !l [ Lava flow from the « Krafla fires »
the field. The focus of this study is an auxiliary flow, 605 m long and covering 0.04 km?, positioned at the southern end of the main Krafla | 5| [~ ] Neovoloanic zone < 0.8 Ma [ 5111 (Clsl’;S'l?_Sf)
flow of the “Krafla fires” episode (Figure 1B). it erupted during the end period of the event, in 1984. if L Vole i m o™
| 4~ Horizontal stress s Fissure swarm
® e+ Rift-zone axis —— Eruptive fissures (N10)
Figure 1: A) Volcanic and tectonic systems of the North Volcanic Zone (Gudmundsson, 2000) ; B) Location of the flow studied in relation to the @ Central volcano with caldera o [~ | Zone of interest / volcanic flow studied

general flow of the ‘Krafla fires’ eruptive episode, modified from Cooper et al. (2016). [T i i ; R RARRRRRRIRRRRD
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2A GENERAL METHODOLOGY @B PARAMETERS CALIBRATION

The aim of using the 3 calculation methods is to assess whether there
can be variations in viscosity within the part considered as upstream of
a flow (first 100 meters from the vent) and to check whether these
variations can reflect specific surface morphologies. The slope
measurements (Figure 2B) are taken at every slope discontinuity and the
dimensional measurements are taken at each major dimensional change
in the flow (Figure 2A).

MORPHOLOGICAL APPROACH :

e evaluation of the viscosity for the
upstream part of the flow

e identification of the specific

morphologies associated

FIELD STUDY

e Measure of flow/channel width/thickness,
slope angle (regular intervals)

e High resolution drone image acquisition

e Facies recognition

CHEMICAL APPROACH :

e viscosity for a specific temperature
e confrontation with the morphological

CHEMICAL ANALYSIS

e Viscosity calculation program (Giordano et
al., 2008) for:

Viscosity determination (detailed

in Chevrel et al., (2013))
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. . , , Q (m°.s™") volumetric effusion rate H (m) flow height : FUTUR———
e Viscosity and yield strength representc‘fltlon |:> Hiera rchy of the parameters w (m) flow width minus widths of the channel's levees W (m) flow width [ votcanic ven: T Slopeangle T ,E[:w);idatzne widh, flue)
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geometry, effusion rate g (m.s™) gravitational acceleration p (kg.m™) lava density

Figure 2 : A) Position of the measures and of the channel in the lava flow ;
_B) Inventory of the slope breaks and the slope angle along the lava flow

Toflows (Pa) yield strength for channelised lava flow.

@ A S VORPHOLOGICAL APPROACH : CHEMICAL APPROACH :

Table 1 : Flow studied viscosity results using the approaches detailed in Chevrel et al., (2013)

The use of the chemical methodology defined by Giordano et al. (2008) is intended to support the estimation of viscosity values
Considering underlying Considering lateral Considering channelised and to estimate the evolution of temperature during the eruption. The chemical analysis obtained for the studied lava flow
Slope nyflow, Spreading. 1, flow, lava flow n,flow; , , , , , , ,
(Table 2) is consistent with the chemical analysis of 3 samples collected shortly after the eruption by Nicholson (1990).
Comparison with recent icelandic eruption (2021) values estimated by Ylvasdotter (2024) (Figure 4) shows negligible variation
in Icelandic lava chemistry.

Pa.s log n (Pa.s) Pa.s logn (Pa.s) Pa.s log n (Pa.s)

13131+.01 4.1+.01 8402+.01| 3.9+*.0.08 - -

(2)| 988205 | 4.0+.001 . . 434+.02 | 2.64+.0.07 log N (Pas) ,
Table 2: Chemical analysis of the “Krafla fires” lava from (Nicholson, 38 -~ +  Newanalysis
@ 399 /.06 | 3.6*. 001 |3442%/ 06| 3.5%/.0.03 - : 1990) and from the lava flow studied (Figure 3) 3_5'} . Fagradalsfiall average (Ylvasdotter, 2024)
4642 .05 3.7%.0.4 - - 475+ 04 | 1.68 */.0.02 347 \\\\ Max ==== Range of viscosity for the « Krafla fires »
@ Krafla Lava Krafia 1984 321 \*\\ lava flow using the Giordano et al.
(s)| 108605 | 3.0+7.003 - - 8.21+/.03 | 0.91.0.06 Nicholson, 1990 3.0- (2008) method and Nicholson (1990)
New analysis 2.8 - > Min ____ analysis
D isition (Figure 3) and field observations indicat i 8419 | o4 e
rone acquisition (Figure and field observations indicate a range o
hick . : 35 S 35 h £ width 16 876 Si02 48.76 49.63 49.96 49.48 247
2.2
thicknesses from cm to 3.5 m, with a range of widt | rom mto 76 m — 1.47 5 05 117 211| 2
and slope angles varying from 4° to 21°. Moreover, facies tend to become | (/.4 14.79 13.12 13.86 13.50| 15 L
rougher and more disturbed as they approach the flow terminations. FeO(T) 11.58 14.51 11.04 15.08 i:i:
The approaches considering maximum spreading and slope show viscosity | [MnO 0.20 0.24 0.19 0.25 2
values of the order of 3.5 - 4 Pa.s (Table 1), a value much higher than those | [M9© 8.66 °.86 7.57 092 .
usually found in the literature for this type of lava. The channelling approach | |¢2° 11.65 10.14 12.32 10.401 os-
. . Na20 2.08 2.29 2.03 2.46| Y
gives values of the order of 2 Pa.s (Table 1). The difference between these 3 02-
. K20 0.20 0.33 0.13 0.33 0.0 | , , , l .
approaches reflects a chronology in the emplacement of the lava and 1000 1050 1100 1150 1200 1250 1300
Figure 3 Digital Elevation Model \»50c1s that other factors, are involved in the emplacement and that might | [ 014 021 011 021 Lol
(DEM) _of the upper part of the lava 88 ! P & Total 99.53 98.38 98.38 99.99 Figure 4. Viscosity evolution according to the temperature for the “Krafla fires”
flow (2cm resolution) be explained with the chemical approach. based on the litterature and on the field results, modified from Ylvasdotter (2024)

@ INTERPRETATION & DISCUSSION T —rTT 5 CONCLUSION

feldspar
plagioclase

Discrepancies between the results of viscosity obtained by the
morphological and chemical methods could be explained by the
influence of other parameters (vacuole, phenocrysts), not currently
taken into account in the various equations, on the viscosity during
the flow. Exploratory simulations would enable refinement of the
model's parameters in order to assess and prioritize their relative

Figure 5 : Pictures of the thin-section of the tholeiitic lava i influence on emplacement behavior. These simulations cannot be
Correlating the two approaches, the estimated temperature values with the viscosity values are in decreasing proportion : plagioclase, olivine, pyroxene. over-simplified as there is a risk that they will not take into account

determined morphologically are not consistent W.Ith the chemically obtalr.1ed viscosity values: Morpho!oglFaI method leads to a theorical eruption temperature of the parameters’ variations through time and therefore won't be
about 1000°C, much lower than the known eruption temperatures for this type of lava (1200°C), bearing in mind that the measurements were taken close to the representative of the reality on the field.
vent. Therefore, this change of viscosity can’t be explained only by a decrease of the temperature.

Estimation of viscosity using the morphological method revealed a variation in viscosity
as a function of apparent morphology (spreading, channelling) associated in part with |
slope but also with variation in parameters internal to the lava. This method also indicates
a chronology in the emplacement: spreading occurs early in the emplacement (high
temperature and low viscosity), while chenalisation occurs later (drop in temperature and
higher viscosity).

clinopyroxene

olivine

vacuole

Microscopic analysis (Figure 5), to understand the difference in values obtained by the morphological method and the chemical method, suggests that other
factors are involved in the variations in viscosity during flow, which are not taken into account in the morphological method: the vacuole rate and/or the
crystal rate. The lava studied shows a high proportion of vacuoles (40-45 %) compared with the proportion of phenocrysts (3-4 %). The strong increase in viscosity
could be explained in part by the high proportion of gas presentin the lava in a perimeter very close to the vent.
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