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Present day status — the world we know
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Present day status — the world we know
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Present day status — the world we know — plate movements
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Relative (white arrows) and absolute plate movement velocities (yellow arrows)

& FGI-DGGV

* Fachsektion Geoinformatik

EGU/GIFT 2025 — 28.04.2025 — Iceland and the surrounding sea floor— Rouwen Lehné



(,Qse\h(hal[ 4
& Sey,
S Z

S

<9 Ny
J bunpuh®

The becoming of Iceland started some 54 Ma ago
B

DEPOSITIONAL ENVIRONMENT AND PRINCIPAL LITHOLOGY

SIBERIAN PLATFDRM.
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PALEOCENE

I MAINLY CONTINENTAL GLASTICS

~_IDELTAIC-SHALLOW MARINE, MAINLY
SANDS
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-SHALLOW MARINE, CARBONATES AND
CLASTICS
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CARBONATES

-EVAPORITES AND CLASTICS

£ IMAINLY EVAPORITES

- EVAPORITES, CLASTICS AND CARBONATES

- EVAPORITES AND CARBONATES

-DEEPER MARINE CLASTICS AND/OR CARBONATES

-DEEPER MARINE, MAINLY SANDS (FLYSCH)
-BASINS FLOORED BY OCEANIC CRUST

BASINS FLOORED BY OCEANIC CRUST CONTAINING THICK
SEDIMENTS

(Ziegler et al., 2014)
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The becoming of Iceland started some 54 Ma ago
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The becoming of Iceland started some 54 Ma ago
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Onshore rifting Iceland
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The Iceland Plume (or Hot Spot)

=

— —— - e " =_m Cold Hotspots

L ] -F:-_-.;_." al

O

 Hot Hot

™
=4
Q
=
<
=
o
o
<
o«
<L
&
<L '}
@ o
Q ol
= 0
< m
; o
z o
o c
2] R
M o
(&) K
by S
o ol
(U] =
= =]
] -
ols -
E 8
<
s .
@ ¢
r~
2 n
9 &
-
—
o .
B e
& .
o 3
= o
g
3 8
T L]
o v
=| r~
. m
o s
< =
4
5 .
o
o~
= ol
< o
(&} ol
N c
o
o
o
(=]
< .
o
z 8
<
3 &
& o
x (7]

On the relative temperatures of Earth’s volcanic hotspots and mid-ocean ridges

. FGI-DGGV

© Fachsektion Geoinformatik

EGU/GIFT 2025 — 28.04.2025 — Iceland and the surrounding sea floor— Rouwen Lehné



The Iceland Plume (or Hot Spot)
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Absolute movement plates > 2 mm/a NW

Large Igneous Province (about 2.000 km
long, about 10 Mio km?® volcanics)

Figure 1.1 Iceland is an elevated plateau in the middle of the North Atlantic, situated at the
junction between the Reykjanes and Kolbeinsey Ridge segments. The red dashed line shows
the position of the [celand mantle plume from 65 million years to the present day.

(Thordarson & Hoskuldsson, 2014)
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The Iceland Plume (or Hot Spot)
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Fig. 6. Schematic illustration of flow trajectories and melting regime of the Iceland plume in relation to
the volcanic rift zones (vellow) and off-rift zones (gradients from vellow via green towards blue). The
degree of melt depletion of the mantle surrounding the axial plume stem is indicated schematically by
colour shades from blue (least melt-depleted) to yellow (most melt-depleted). The same colour coding 1s
used for the flow trajectories. The illustration is a combination of a three dimensional perspective and an
east-west vertical cross section, with approximate plume location and dimensions based on Wolfe et al
(1997), Shen et al. (2002) and Ito (2002). The crustal thicness is in accordance with Kaban et al. (2002).
The initial lateral deflection of the plume flow near the wet solidus 1s caused by viscosity increase related
to the initial dehydration melting (e.g. Ito et al. 1999).

(Trennes 2002)
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Volcanic systems in Iceland

j_ -! Sandur plaing {(<11.7 ky)

(Thordarson & Héskuldsson, 2014)
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- Tertlary Basall formation (16-3.3 my)
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Features of a volcanic system
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Crust thickening above the sea level
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The Iceland Plume (or Hot Spot) causes crust thickening

Fig. 5. Crustal thickness (km) variations across Iceland and the adjacent parts of the Greenland-Faeroe

Ridge (simplified after Kaban et al. 2002).
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Crust thickening, depth anomalies and special shape along the Reykjanes Ridge
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Crust thickening, depth anomalies and special shape along the Reykjanes Ridge
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,Depth anomalies® and thick crust act as barriers
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Snapshot of surface speed in a eddying (0.05A°, VIKING20) ocean sea-ice model resolving important meso-
cale eddies and filaments explicitly.
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Mean annual precipitation
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— PN Figure 2. Mean annual precipi-
km tation of Iceland in 1961-1990
T T (Crochet et al.. 2007).  —

Medaldrsiirkoma d Islandi 1961—
L T 1990.
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Ice cover on top of the mountain ranges
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Glaciation/deglaciation in Iceland

Figure 1. Moraines and other physical evidence revealing the maximum size of the Icelandic ice sheet at about

gﬁé"‘ggs{ é’é’t?ngafi? ;ﬂ%ﬁ Spi’tfg;g';g (& 20 ka BP (Norddahl, 1991; Olafsdéttir, 1975; Boulton ef al. 1988: Egloff and Johnson, 1979; Syvitski e al.,
1999; Andrews ef al., 2000; Eiriksson ef al., 2000). The modelled outline and land based portion of the ice
@ — — —, sheet is according to Hubbard et al. (2006). (Modified after Norddahl and Pétursson, 2005). — Jokulgardar og

Gt N . s ; o - —~

and Margrét Hallsdottir?
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Late Weichselian and Holocene environmental history of Iceland

Pa 3D themmomechanical Landbased parts of “~  The Icelandic LGM ice sheet
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Glaciation/deglaciation in Iceland

1gure 3. Late Bolling glacier extent, marine Limit shorelines and Interstadial lava flows. Modelled outline
of the Icelandic ice sheet during LGM and late Bolling times is based on Hubbard ef al. (2006). Altitude of ©° 4
marine limit shorelines, radiocarbon dated shells and bones and Interstadial lava flows are from Norddahl and “DGGN
etursson (2005). — Nidurstoour likanreikninga d stero islenska meginjokulsins 1 lok Béllingskeids fyrir um
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Glaciation/deglaciation in Iceland

Figure 6. Younger Dryas glacier extent and radiocarbon dated marine shells. The modelled outline of the Ice-
landic ice sheet during LGM 1s based on Hubbard ef al. (2006). The extent of the Icelandic ice sheet at about
10.3 ka BP is based on radiocarbon dated marine sediments and ice-contact features (Modified after Norddahl
and Pétursson, 2005). — Utbreidsla islenska meginjokulsins d yngri Drvas tima (10.300 dr) skv. nidurstodum

Late Weichselian and Holocene environmental history of Iceland

Hreggvidur Norddahl!, Olafur Ingélfsson’, Halldér G. Pétursson? and Margrét Hallsd6ttir®
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Glaciation/deglaciation in Iceland

Figure 8. Preboreal glacier extent and radiocarbon dated marine shells. The modelled outline of the Icelandic
ice sheet during LGM is based on Hubbard et al. (2006). The extent of the Icelandic ice sheet at about 9.8 ka BP
is based on radiocarbon dated marine sediments and ice-contact features (Modified after Norddahl and Péturs-
son, 2003). — Utbreidsla islenska meginjokulsins d Preboreal tima (9.800 dr) skv. niourstooum rannsokna d
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Late Weichselian and Holocene environmental history of Iceland
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Glaciation/deglaciation in Iceland
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Figure 10. Lateglacial relative sea level changes in West and Southwest Iceland (Norddahl and Pétursson, 2005).

d Marerét Hallsdéttir?

“ an

2

Late Weichselian and Holocene environmental history of Iceland

sellschaft ,
& Ge 6{“0

Deutsche G
(“0/0
%
bungyus\°

OGgG\

Metres above sea level Eustatic sea level changes are according to Tushingham and Peltier (1991) and Fairbanks (1989). — Afstedar
nL sjavarbordsbrevtingar d Vestur- og Suovesturlandi d siojokultima og i upphafi mitima. Breytingar d sjavarheeo
V‘Bﬁiﬂ mari | limit Atlantshafsins d sama tima eru svndar med heilli og brotinni linu.
Belling
regression Shorelines of Younger Dryas age
/ Shorelines of Preboreal age
Relative sea /\
level change Allered - Younger Dryas
\ transgression
— it -
. a——
Tushingham and Peltier, 1991 et
PR Eustatic sea
- - Fairbanks, 1989 kb
—"
e ka BP
13 12 11 10 9 8

EGU/GIFT 2025 — 28.04.2025 — Iceland and the surrounding sea floor— Rouwen Lehné

Hregevidur Norddahl!, Olafur Ingélfsson!, Halldér G. Pétursson

.FGI-DGGV

' Fachsektion Geoinformatik



Postglacial rebound Iceland

———  Low Marine Level at —8150 yr BP observations (green bold line).
-7 Areas difficult to interpret Ly

——  Present coast line

Uplift Rate Amount of uplift

{emlyear) (m)
21-25 e 397-48
25-30 - 48-57
30-35 e 57-00
35-40 oo G6-75
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6£5-70 oo 120-129
70-750 o 129-138
75-80 138 - 147
B0-85 147 - 156
85-90 156 - 165
90-95 e (55-174
DEM
l 2220m
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High Marine Level at ~10 000 yr BP Fig. 8. Amount and rate of uplift calculated between 10 ka == 300 years Bp and 150 == 350 years sp. Eustatic variations between 10 ka and 8150 years Bp
estimatad on DEM and corrected from field data

Other marine features observed
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were taken into account for the calculation and equal 18 m (SPECMAP curve). The high marine limit determined numerically was corrected from field

[
L

Between 10.000 — 8.150 years!!
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Post-glacial rebound of Iceland during the Holocene
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Witnesses of vertical motion — ,,drowned* fjords
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Volcanism after deglaciation

-

° @ Years BP (ka)
. =

Latitude

o]
1okms @
o 100km?
M7

1000km?
M8

Figure 11 Global eruptions from 2013 AD to 100 ka between 70°N and 70°S. Circle area represents the bulk volume. Note that the volume
recorded for the Kikai eruption suggests a M7.2 eruption (as shown), whilst it is published in the literature as M8.1.
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Strytan Vent Field - Eyjafjordur
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Strytan Vent Field - Eyjafjordur

In the vicinity of the Dalvik Lineament,
which is connected to the Kolbensey
Ridge

Michael Salvarezza and Christopher P Weaver

Three venting sites: Big
Strytan, Arnanesstrytur,
Hrisey. Big Strytan =
anhydrite and saponite,
chimneys up to 55 m

Tripadvisor.com

Only alkaline
hydrothermal vent ‘ 3 &
hosted on Basalt rock % ¥ y 9 1, \ x-f&y-mag.com

(6-12 Ma)
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Fachsektion Geoinformatik

EGU/GIFT 2025 — 28.04.2025 — Iceland and the surrounding sea floor— Rouwen Lehné



osellschart ,
AN o G"%

7

What we did not hear about
= T
S T GRS, -  (CELAND

strike % ‘
0.7032 0.7036 R ey 4 ) i
T T T - v .
e —— % D
7 | (@ Oraefajskull Sl . « ﬂ
f » dIFI 081 o snastel ® o : 2 -~
o |OEastern Rift Zone ok . - Pt :
s : = - (O Mid-lcelandic Belt) 3 Whs 2 A PRER . T
anticline axis § [Clceh j Ayl
o
o B e
. = = [ Continental
S:!,Irl_ll:llr'le SXI= N38_D- | contamination

: S
Oraefajokull, QI

&—-{'

EFZ

Current plume axis g

mbl.is

FGI-DGGV

Fachsektion Geoinformatik

EGU/GIFT 2025 — 28.04.2025 — Iceland and the surrounding sea floor— Rouwen Lehné



How to communicate all this complexity

o Stein1 (verus.digital)
o Stein2 (verus.digital)

o Stein3 (verus.digital)
o Stein4 (verus.digital)

Attracting with modern techniques

HLNUG_2023

https://viewer.verus.digital/vd/handle?id=52dd0c85-2baa-4252-8bal-fbdc743bal52
&t=Wirbelknochen+Steppenbison
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https://viewer.verus.digital/vd/handle?id=273fd757-af52-49a1-87dd-4bd3eb4f2dd4&t=Stein1
https://viewer.verus.digital/vd/handle?id=273fd757-af52-49a1-87dd-4bd3eb4f2dd4&t=Stein1
https://viewer.verus.digital/vd/handle?id=273fd757-af52-49a1-87dd-4bd3eb4f2dd4&t=Stein1
https://viewer.verus.digital/vd/handle?id=519d1017-4a3e-4b24-a277-c88f4625926d&t=Stein2
https://viewer.verus.digital/vd/handle?id=519d1017-4a3e-4b24-a277-c88f4625926d&t=Stein2
https://viewer.verus.digital/vd/handle?id=519d1017-4a3e-4b24-a277-c88f4625926d&t=Stein2
https://viewer.verus.digital/vd/handle?id=fcee2612-2417-4989-8f6f-865205a0e9af&t=Stein3
https://viewer.verus.digital/vd/handle?id=fcee2612-2417-4989-8f6f-865205a0e9af&t=Stein3
https://viewer.verus.digital/vd/handle?id=fcee2612-2417-4989-8f6f-865205a0e9af&t=Stein3
https://viewer.verus.digital/vd/handle?id=e3cfb1c8-c6f2-434b-8010-43aa2e99a5a9&t=Stein4
https://viewer.verus.digital/vd/handle?id=e3cfb1c8-c6f2-434b-8010-43aa2e99a5a9&t=Stein4
https://viewer.verus.digital/vd/handle?id=e3cfb1c8-c6f2-434b-8010-43aa2e99a5a9&t=Stein4
https://viewer.verus.digital/vd/handle?id=52dd0c85-2baa-4252-8ba1-fbdc743ba152&t=Wirbelknochen+Steppenbison
https://viewer.verus.digital/vd/handle?id=52dd0c85-2baa-4252-8ba1-fbdc743ba152&t=Wirbelknochen+Steppenbison

How to communicate all this complexity

Thank you!!

rouwen.lehne@hlnug.hessen.de
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End of presentation
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But it looked very different in the past
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The becoming of Iceland started some 60 Ma ago 4 b

=
LATE CRETACEOUS |
TURON-CAMPANIAN

Deutsche Gea,
0,

T

o
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DEPOSITIONAL ENVIRONMENT AND PRINCIPAL LITHOLOGY

D
3
V’ol

l SBEMAN PLATFOR
D = i
1

[~/
8
P4

T MAINLY CONTINENTAL CLASTICS

L IDELTAIC-SHALLOW MARINE, MAINLY
SANDS

-SHALLOW MARINE, MAINLY SHALES

-SHALLOW MARINE, CARBONATES AND

CLASTICS
EsHALLOW MARINE, MAINLY https:// _
CARBONATES www.searchanddiscovery.com/
documents/97020/memoir43.htm
-EVAPORITES AND CLASTICS https://
www.searchanddiscovery.com/
EIMAINLY EVAPORITES documents/97020/

- EVAPORITES, CLASTICS AND CARBONATES

- EVAPORITES AND CARBONATES

-DEEPER MARINE CLASTICS AND/OR CARBONATES

-DEEPER MARINE, MAINLY SANDS (FLYSCH)

-BASINS FLOORED BY OCEANIC CRUST

BASINS FLOORED BY OCEANIC CRUST CONTAINING THICK
SEDIMENTS

(Ziegler et al., 2014)
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Rifting Historv Iceland in the last 8 Ma

Fig.6. Depiction of lceland's rifting history, derived from age and relative position of rocifs. Each new color
represents a shift in the location of the rift zone. More than one rift can be active at the same time. In the middle of

Iceland, where there is a characteristic bend in the spreading axis (= rift axis), the rift zone is splitting and forming a
very productive new fork to the South, with h

istoric eruptions like Eldgja 934, Laki 1783 and Eyjafjallajokull 2010.
Another incipient rift is the Oraefajékull - Snaefell belt in the SE. Modified graphic from Dr. Armann Héskuldsson.

EGU/GIFT 2025 — 28.04.2025 — Iceland and the surrounding seafloor— Rouwen Lehné

osellschart ,
e - G“%

A

.ﬁ
W
bungyu\°

.. FGI-DGGV

Fachsektion Geoinformatik



sch,
C@mse\ schaft , Ge,,/

%%
o

%\ Deutsche Gg%
o
O,
8
=
o &
93 6unmmam°\\3

The Iceland Plume (or Hot Spot)

On the relative temperatures of Earth’s volcanic

Sub-hotspot Mantle
Temperature
/ Thermodynamic hotspots and mid-ocean ridges
Conversion

XIYUAN BAD @ ,CAROLIMA R. LITHGOW-BERTELLONI @. MATTHEW G. JACKSON, AND BARBARA ROMANOWICZ @

Dol 10.1126/science.abjB 44

= Wol 375, lssue 6576 - pp.57-61 -

" —— CT-scan SCIENCE - £ Jan 2022
of the Earth

Machine Learning
Classification

45% > 155°
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Mechanism Plate Movements

Mittelozeanischer
Rucken

ozeanische

kontinentale Lithosphare
Lithosphére
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GO\ — — Q

INTETEr Subduknons-

Mantel zone

aufsteigender /
“Manteldiapir \

\/ absmkender

Inselbogen

> 73\
ff/’

Eklogit

flussiger

L aulerer Kern
(Lﬁ\publlshed) modified after Frisch & Meschede, 2021)

Model for convection flows in the mantle
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But it looked very different in the past

Ypresian age,
early Eocene

(50 Ma)
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Scotese CR. 2021
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Glaciation/Deglaciation in Iceland
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Fig. 1. The Late Weichselian Eurasian Ice Sheet Complex (EISC; red outline)

in the context of hhrtﬁe Hemisphe-:: acinn. The EISC comprised three semi-independent ice-
sheets, though maximum extension in all sectors was not contemporaneous, Acronyms used: FJL (Franz Josef Land), NGRIP (North Greenland Ice Core Project). Glacial limits

compiled from Ehlers and Gibbard (2007), Patton et al.{2015) and Stroeven et al. (2016). Topography: The GEBCO_2014 Grid, www.gebco.net. (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this article,)
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Postglacial rebound Iceland
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Post-glacial rebound of Iceland during the Holocene
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