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Presenter Notes
Presentation Notes
Title slide for Natural Hazards Faced by Icelanders: 870 CE to 2022 at the European Geosciences Union Assembly vGIFT WorkshopSession 5: Ice and Ash8 April 2022; 1545-1645 CEST; Vienna, Austria 



Presenter Notes
Presentation Notes
Dates of arrivals of Norse settlers at islands in the North Atlantic Ocean. This is an older map; the revised date for initial settlement of Iceland is ca. 870 CE. Origin of slide unknown.



Presenter Notes
Presentation Notes
Bathymetric map (1957) by Marie Tharp based on multiple soundings (funded by the U.S. Navy), a major accomplishment. Of particular interest is the location of Iceland on a submarine plateau, the Mid-Atlantic Ridge (Reykjanes Ridge coming onshore in the southwest and continuing across Iceland (see Figure 12) and then heading north to Jan Mayen. Th early settlers of Iceland knew about glaciers (jökull) but not volcanic activity and large outburst floods (jökulhlaups) from subglaciers volcanic eruptions! 



Presenter Notes
Presentation Notes
Viking long ship during exploratory voyage by Norse sailors in North Atlantic waters during the 8th and 9th centuries; notice iceberg from Greenland on the right and the east coast of Iceland in the distant left. Origin of painting unknown.
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Presentation Notes
Sailing route of Þorfinnur Karlsefni from Iceland to the eastern and western settlements on the southwestern coast of GrThe Wineeenland, then to Helluland (flatrock land), Markland (forested land), northern tip of Nýfundnaland where the two major long houses were built, one for Greenlandic Icelanders, the other for Icelanders, then routes along the St. Lawerence River and around Nova Scotia as far south as the New York bight. Map drawn by my friend Páll Bergþórsson (1997, p. 27) in his book Vínlands Gátan [English version, The Wineland and Millennium (2000, p. 55).



Presenter Notes
Presentation Notes
Painting of Norse cargo vessel called a knorr or knarr which was used to transport sailors, families, livestock, and provisions to newly identified settlements in the North Atlantic such as Iceland. For Iceland, 4,300 to 24,000 Norse and Celtic thralls were transported to the island between 870 and 930 (“Age of Settlement“) in such ocean-going boats. Origin of painting unknown.



Presenter Notes
Presentation Notes
SPOT image mosaic of Iceland assembled from numerous individual images. It shows the all of the 14 ice caps in Iceland, including the largest on the southeast, Vatnajökull, Hofsjökull and Langjökull in the center, Drangajökull in the northwest, Mýrdalsjökull beside Eyjafjallajökull in the south, and the grasslands in the lowlands around the nation. Source from the National Land Survey of Iceland (Landmælingar Íslands). Also in included as a figure in the forthcoming book, U.S. Geological Survey Professional Paper 1386-D (late 2022), a treatise on the glaciers of Iceland, Oddur Sigurðsson and Richard S. Williams, Jr., co-authors and co-editors [http://pubs.usgs.gov/pp/p1386d/].



Presenter Notes
Presentation Notes
Ground photograph of yellow flowers in a grassland in Iceland. An early Norse explorer, Hrafna-Flóki Vilgerðason, saw sea ice in the fjords in northwestern Iceland (Vestfirðir), hence the name Iceland (Ísland). A later Norse explorer, Þórólfur reported back that “the grass in the meadows was dripping with butter.“ Photograph by Richie Williams, Stefansson Arctic Institute, Akureyri.
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Presentation Notes
Cover Landnámabók (The Book of Settlements) written by the Icelandic historian, Sturla Þordarson (1214-1284); it was published by the University of Manitoba in 1972.
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Presentation Notes
Maps of the settlers of Iceland are in the back of Landnámabók (see Figure 9). This map includes the Mýrdalsjökull ice cap (on right), the Eyjafjallajökull ice cap (on the left). Heimaey, the only inhabited in the Vestmannaeyjar volcanic archipelago is in the lower right. The maps are copied from the original manuscript with the permission of Dr. Jóhannes Nordal (Chairman, The Icelandic Ancient Manuscripts Society [Hið íslenzka fornritafélag], and my friend, Ágúst Böðvarsson, former Director, National Land Survey of Iceland (Landmælingar Íslands).



Presenter Notes
Presentation Notes
Diagram of the 1,000-year history of Iceland´s temperature from late 11th century to mid-20th century. Information compiled from sailing logs of the amount of sea ice during voyages to Iceland by the 19th/20th-century geologist Þorvaldur Thorodssen. The diagram was prepared by the Central Intelligence Agency with no reference to its origin.



Presenter Notes
Presentation Notes
Map of “distribution of active volcanic systems (nos. In parentheses) among volcanic zones and belts in Iceland derived from research by Haukur Jóhannesson and Kristján Sæmundsson (1998) and redrafted by Thorvaldur Thordarson and Ármann Höskuldsson (2008, Jökull, v. 58, p. 199). Also in included as a figure in the forthcoming book, U.S. Geological Survey Professional Paper 1386-D (late 2022), a treatise on the glaciers of Iceland, Oddur Sigurðsson and Richard S. Williams, Jr., co-authors and co-editors [http://pubs.usgs.gov/pp/p1386d/].



Presenter Notes
Presentation Notes
Cover of classic booklet by the famous 20th century Icelandic geologist, Sigurdur Thorarinsson (Sigurður Þórarinsson). The booklet includes two lectures presented at Bedford College, London University, on 21 and 26 February 1952: The Thousand Year Struggle (ice and fire/glaciers and volcanoes) and The Kingdom of Vatnajökull (fluctuations of outlet glaciers from ice caps and jökulhlaups [glacier-outburst floods]). See forthcoming (end of 2022) treatise on Iceland´s glaciers and related topics by Oddur Sigurðsson and Richard S. Williams, Jr., with additional chapters by other Icelandic scientists, in U.S. Geological Survey Professional Paper 1386-D, with plate, Map of the Glaciers of Iceland/Jöklakort af Íslandi. 



•Volcanic activity in Iceland
•>20 events per century
•>5 km3 per century
•91:6:3 mafic:intermediate:silicic, resp.

Presenter Notes
Presentation Notes
Title slide to introduce Volcanic Activity in Iceland. Title slide from one of Oddur Sigurðsson´s PowerPoint lectures.



Presenter Notes
Presentation Notes
Ground photograph of the famous Skjaldbreiður lava shield volcano north of Thingvellir (Þingvellir), meeting place of the Icelandic Alþing (parliament) in a graben valley in western Iceland starting in 930 CE. The graben is the valley separating the North American and Eurasian Tectonic Plates which are moving apart about 2 cm per year. Skjaldbreiður gave its name to all of the other shield volcanoes in the world in on the terrestrial planets and some moons in the Solar System. Photograph by Richie Williams, Stefansson Arctic Institute, Akureyri.



Presenter Notes
Presentation Notes
Oblique aerial photograph of Snæfellsjökull, an ice-capped stratovolcano at the entrance to Faxaflói, the bay on which Reykjavík is situated. It lies to the north on Snæfellsnes peninsula and the Reykjanes peninsula to the south. Photograph by Richie Williams, Stefansson Arctic Institute, Akureyri. Also in included as a figure in the forthcoming book, U.S. Geological Survey Professional Paper 1386-D (late 2022), a treatise on the glaciers of Iceland, Oddur Sigurðsson and Richard S. Williams, Jr., co-authors and co-editors [http://pubs.usgs.gov/pp/p1386d/].
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Presentation Notes
Cover of book published in 2014 about the 1783-1784 Skaftáreldar fissure eruption (popularly referred to the Laki eruption, which is named after the Laki mountain (formed subglacially as a tuff landform) through which the fissure transected. The book was authored by Alexandra Witze (science journalist and contributing correspondent to Science News and Jeff Kanipe). The book also covers the aftermath of the eruption, including climate impact and impact on the Icelanders (Móðuharðindin [Famine of the Mist]), with the loss of 20% of the nation´s population and 70% of its livestock. 



Presenter Notes
Presentation Notes
Frequently reproduced map by Sigurður Þórarinsson who based his map on an earlier one by Guðmundur Kjartansson. The most recent reproduction of the map was published posthumously in Skaftáreldar 1783-1784 in 1984 (p. 21, Annáll Skaftárelda [Chronicles of the Skaftáreldar eruption], one of 15 chapters documenting the eruption and its aftermath and another section documenting the contemporary knowledge of the event, including the essay by Rev. Jón Steingrímsson, pastor of the church in Kirjubæjarklaustur, and various newspapers. The eruption covers 580 square km, the largest lava flow on land in historic time. Skaftáreldar 1783-1784 is the most comprehensive book written about the eruption and its aftermath.



Presenter Notes
Presentation Notes
Oblique aerial photograph of the 1984 Krafla fissure eruption in northern Iceland. I chose this figure to illustrate what the 1783-1784 Skaftáreldar fissure eruption would have looked like. I´m not certain of the photograph´s origin but it is either from Sigurður Þórarinsson or my U.S. Geological Survey colleague Michael Ryan.



Presenter Notes
Presentation Notes
One of the first ERTS-1 (later called Landsat 1) image of glaciers in Iceland in 1972. The ice cap on the bottom right is Mýrdalsjökull and its tephra-covered outlet glacier, Kötlujökul from its right and the arcuate Sólheimajökull outlet glacier on the bottom. Mýdalsjökull covers one of Iceland´s most dangerous volcanoes, Katla, in terms of volume of water discharged onto Mýrdalssandur during a jökulhlaup (see Figure 21). To the left of Mýrdalsjökull is Eyjafjallajökull which had an effusive eruption early in 2010 between the two ice caps and an explosive eruption from its summit caldera in April 2010 which stopped airline traffic between Europe and the U.S. and Canada. Landsat image from the U.S. Geological Survey´s EROS Center. Also in included as a figure in the forthcoming book, U.S. Geological Survey Professional Paper 1386-D (late 2022), a treatise on the glaciers of Iceland, Oddur Sigurðsson and Richard S. Williams, Jr., co-authors and co-editors [http://pubs.usgs.gov/pp/p1386d/].
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Presentation Notes
Map of inudation of the Mýrdalssandur by the jökulhlaup on 12 October 1918 from a subglacial eruption of Katla. The peak flow of floodwaters emerging fromthe terminus of Kötlujökull is estimated to be 200,000 cubic meters per second for several hours, greater than the normal flow of the Amazon River, the largest river by volume on the Earth. Map by Guðrún Larsen (Professor emerita, School of Engineering and Natural Science, University of Iceland) shared by her with us and included as one of the 800 figures in USGS Prof. Paper 1386-D (estimated publication in late 2022). Also in included as a figure in the forthcoming book, U.S. Geological Survey Professional Paper 1386-D (late 2022), a treatise on the glaciers of Iceland, Oddur Sigurðsson and Richard S. Williams, Jr., co-authors and co-editors [http://pubs.usgs.gov/pp/p1386d/].
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Presentation Notes
Facsimile of historic 1590 map of part of Iceland by Abrahams Ortelius from information supplied to him from Guðbrandur Þorláksson. The map shows an eruption from the Hekla Composite Ridge volcano, the Mýrdalsjökull ice cap and one of its 15 outlet glaciers (see Sigurðsson, Oddur, Williams, Richard S. Jr., and Víkingsson, Skúli, 2017, Jöklakort af Íslandi/Map of the Glaciers of Iceland: Reykjavík, Icelandic Meteorological Office, scale 1:500,000, with inset map of mountain glaciers in Kerlingarfjöll and Tröllaskagi), and Eyjafjallajökull. On this complete map of Iceland, there is no Vatnajökull shown! The map is available from various sources; this one is from Náttúruvá á Íslandi. Eldgos og Jarðskjálftár [1984, Figure 1.21, p. 30; Natural Hazards of Iceland. Volcanic Eruptions and Earthquakes]. The lava bombs being thrown out of Hekla represent the souls of the dead being ejected from Hell as believed during pre-scientific eras.



Presenter Notes
Presentation Notes
Oblique aerial photograph of Hekla, a stratovolcano, Composite Ridge, similar to the Snæfellsjökull stratovolcano, Composite Cone, but stretched out along an eruptive fissure. It is 1,491 m high and more than 20 eruptions have occurred since 870.  Aside from large, initial Plinian eruptions of tephra that are deposited downwind on the landscape (see Figure 24), the eruptions commonly become effusive flank eruptions which are are more localized in their covering of the landscape. During Medieval Times, Christians believed the craters at the top of Hekla represented the “Gates to Hell.“ Photograph by Richie Williams, Stefansson Arctic Institute, Akureyi.



Presenter Notes
Presentation Notes
Oblique aerial photograph of the initial “Plinian“ stage (on 29 March 1947) of the 1947-1948 eruption of Hekla; the eruption column reached 30 km and deposited tephra in a southern direction during the hour of ejection, but the finest fraction of tephra was carried as far east as Finland. Photograph by Sigurdur Thorarinsson printed in his book, Hekla. A Notorious Volcano (1970, Plate 7, ff p. 62). The original photograph is in the archive of Sigurður Þórarinsson´s photographs currently being catalogued by Oddur Sigurðsson.
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Presentation Notes
Map of the geology of Eyjafjallajökull, Heimaey, and Surtsey, the latter islands in the Vestmannaeyjar volcanic archipelago. From Berggrunnskort af Íslandi [Geological Map of Iceland. Bedrock], scale 1:600,000 by Árni Hjartarson and Kristján Sæmundsson (2014), ÍSOR (Íslenskar Orkurannsóknir [Iceland Geosurvey]. Surtsey erupted from 1963 to 1967; Heimaey´s Eldfell volcano erupted in 1973; Eyjafjallajökull volcano erupted from mid-March to June 2010. The initial phase was effusive from Fimmvörðuháls in the area between the Eyjafjallajökull and Mýrdalsjökull ice-capped central volcanoes; the second eruption was explosive from the small caldera on Eyjafjallajökull producing large volumes of fine-grained tephra which stopped air traffic across the North Atlantic for a week or so.
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Presentation Notes
Color vertical aerial photograph of Surtsey around 1970, as the wave action was changing its coastline geometry, erosion on the southwest with deposition as a spit to the northeast. None of its satellite islands, Surtla (never reached sea level), Syrtlingar (ephemeral tephra island until it stopped erupting), and Jólnir (ephemeral tephra island for about 10 months, disappearing by October 1966). Only Surtsey, with its effusive lava cap still exists, but it, too, will be eroded, leaving only a sea stack of geothermally altered, hard tuff behind, as so many islands in the Vestmannaeyjar volcanic archipelago (se Figure 26). Vertical aerial photograph from the National Aeronautics and Space Administration 
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Presentation Notes
Oblique aerial photograph of the final volcanic activity on Jólnir, one of the satellite volcanoes of Surtsey situated off its south coast. View looking to the southwest. Origin of the photograph unknown.



Presenter Notes
Presentation Notes
Oblique aerial photograph of the new (August 1966) volcanic eruption on Surtsey from the second crater now called Surtur; the first crater to the northwest is called Surtungur. A scoria/spatter-cone crater row is active with lava flowing from the northern crater into the sea on the east coast of Surtsey.´The small volcanic island, Jólnir, composed of tephra is in the background. It has ceased erupting (see Figure 27), so its fate is doomed to being washed away in a few short weeks. Photograph by Richie Williams, Stefansson Arctic Institute, Akureyri.
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Presentation Notes
Initial effusive fissure eruption on the island of Heimaey in the fishing town of Vestmannaeyjar (same name as the volcanic archipelago) with lava fountains. The Eldfell eruption began in January 1973 without warning; the last eruption on Heimaey was of Helgafell 6,000 years ago. The photograph is from an article by Páll Magnússon in a special issue of Atlantica Iceland Review, 4´83, p. 19. The Icelandic company Sólarfilma hf. also has many photographs of the Eldfell eruption on Heimaey. 
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Presentation Notes
Ground photographs of expensive homes in Vestmannaeyjar (town) on the island of Heimaey partly of completely buried in tephra. Most were exhumed after the eruption ceased in July 1973. Ground photograph by Richie Williams, Stefansson Arctic Institute, Akureyri.
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Presentation Notes
Oblique aerial photograph of the center of Vestmannaeyjar (town) on Heimaey in 1974. Exhumation of homes buried in tephra is well underway. In the background are the two fish-packing plants against which the lava flow from Eldfell is shown in Figure 33. The large white-roofed building in the foreground is the Vestmannaeyjar Health Clinic and Hospital (Heilbrigðisstofnun Suðurlands); it was lucky not to be overrun by lava or collapse from the weight of tephra on its flat roof. Rescue workers must have worked hard to shovel tephra off of the roof, especially heavy when soaked with rain, to “save the building.“ Oblique aerial photograph by Richie Williams, Stefansson Arctic Institute, Akureyri.,
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Presentation Notes
Lava flow from Eldfell on Heimaey in 1973 where it had been stopped, after water cannons poured copious amounts of ocean water from the harbor onto the lava front, against the northern walls of two fish-packing plants. This ground photograph was taken by me in 1974. When I returned a few years later, the wall of lava had been removed by front-end loaders, put in trucks, and hauled away. Photograph by Richie Williams, Stefansson Arctic Institute, Akureyri.
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Presentation Notes
Shell of an expensive modern home in Vestmannaeyjar (town) deroofed by collapse of the roof from tephra buildup and probable fire from incandescent lava bombs. The surrounding homes are buried in tephra. Ground photograph taken in February 1973 by Richie Williams, Stefansson Arctic Institute, Akureyri.
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Presentation Notes
Ground photograph of damaged home in Figure 34 after complete restoration. Photograph in article by Páll Magnússon in a special issue of Atlantica Iceland Review, 4´83, p. 22.



Presenter Notes
Presentation Notes
Oblique aerial photograph looking to the southeast across the Eyjafjallajökull ice cap at the explosive eruption from the small caldera on the Eyjafjallajökull central volcano in April 2010. Photograph by Oddur Sigurðsson, Icelandic Meteorological Office (Veðurstofa Íslands). Also in included as a figure in the forthcoming book, U.S. Geological Survey Professional Paper 1386-D (late 2022), a treatise on the glaciers of Iceland, Oddur Sigurðsson and Richard S. Williams, Jr., co-authors and co-editors [http://pubs.usgs.gov/pp/p1386d/].
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Presentation Notes
View looking to the north from Route 1 across the Þorvaldseyri farmstead towards the explosive eruption of Eyjafjallajökull on 14 April 2010. On 16 and 17 April large quantities of  tephra fell on the farmstead and surrounding fields. Origin of the photograph is unknown.



Presenter Notes
Presentation Notes
MODIS satellite image of the eruption plume of fine-grained tephra during the April 2010 eruption of Eyjafjallajökull. The MODIS instrument is on two Terra satellites. The eruption plume stopped all aircraft flights from Europe to the U.S. and Canada for a week or so to avoid damage or malfunctions to jet engines. MODIS image from the National Aeronautics and Space Administration. Also in included as a figure in the forthcoming book, U.S. Geological Survey Professional Paper 1386-D (late 2022), a treatise on the glaciers of Iceland, Oddur Sigurðsson and Richard S. Williams, Jr., co-authors and co-editors [http://pubs.usgs.gov/pp/p1386d/].
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Presentation Notes
SPOT satellite image mosaic of Iceland, which includes documentation of the 2014 effusive volcanic eruption of Holuhraun on Dyngjusandur between the Dyngjujökull outlet glacier on northwestern Vatnajökull and the Dyngjufjöll Composite Volcano Massif (with the Askja caldera). Image mosaic from the National Land Survey of Iceland (Landmælingar Íslands). Also in included as a figure in the forthcoming book, U.S. Geological Survey Professional Paper 1386-D (late 2022), a treatise on the glaciers of Iceland, Oddur Sigurðsson and Richard S. Williams, Jr., co-authors and co-editors [http://pubs.usgs.gov/pp/p1386d/].
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Presentation Notes
Landsat 8 OLI (Operational Land Imager) image of the 2014-2015 Holuraun eruption just north of the margin of the Dyngjujökull outlet glacier of Vatnajökull on Dyngjusandur. Image from the U.S. Geological Survey´s EROS Center. Also in included as a figure in the forthcoming book, U.S. Geological Survey Professional Paper 1386-D (late 2022), a treatise on the glaciers of Iceland, Oddur Sigurðsson and Richard S. Williams, Jr., co-authors and co-editors [http://pubs.usgs.gov/pp/p1386d/].
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Presentation Notes
Part of supplemental map in Jarðfræðikort af Norðurgosbelti. Syðri hluti - Ódáðahraun (Geological Map of the Northern Volcanic Zone, Iceland, Southern Part), scale 1:100,000 (2015), by Magnús Sigurgeirsson, Árni Hjartarson, Ingibjörg Kaldal, Kristján Sæmundsson, Sigurður Garðar Kristinsson, and Skúli Víkingsson, ÍSOR (Íslenskar Orkurannsóknir/Geosurvey). The map shows the migration of earthquake epicenters travelling subglacially (magma moving along a dike) from the caldera of Bárðarbunga to the northeast under the Dyngjujökull outlet glacier, then emerging onto Dyngjusandur as a subaerial fissure eruption as Holuhraun II. The lava covered about 80 square km. 



Presenter Notes
Presentation Notes
Landsat 5 Thematic Mapper image of Reykjanesskagi region which includes the capital of Iceland, Reykjavík, in the middle center, and location of the Geldingadalir/Fagradalsfjöll volcanic eruption in the western part of the area near the south coast from March to September 2021. It is considered to be the early part of a lava shield eruption with lava flowing from an eruptive fissure and forming a central spatter/scoria cone from which lava flowed. The last eruption on Reykjanesskagi occurred 800 years ago. From the National Land Survey of Iceland (Landmælingar Íslands).
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Presentation Notes
Map showing the location and pattern of earthquake swarms on 22 December 2020 which alerted geologists/volcanologists to a potential fissure eruption, which did start in March 2021. The green cluster of earthquakes is the location of the Geldingdalir eruption as magma at depth was moving up to the Earth´s surface. Map from the Icelandic Meteorological Office (Veðurstofa Íslands).



Presenter Notes
Presentation Notes
Ground photograph of the spatter/scoria cone building up in Geldingadalur in March 2021, with lava flowing out from the crater. The crater (cone) is situated on a short eruptive fissure. Photograph by Kolbrún (Kolla) Svala Hjaltadóttir, grammar-school teacher and wife of my friend and colleague, Oddur Sigurðsson.
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Presentation Notes
More distant photograph of the spatter/scoria cone and outflow of lava from a mountain slope in Geldingadalir. Many Icelanders flocked to the valley to see a fissure eruption as you can see with the crowd on the slope. Photograph by Kolbrún (Kolla) Svala Hjaltadóttir, grammar-school teacher and wife of my friend and colleague, Oddur Sigurðsson.
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hTwo Landsat 8 OLI (Operational Land Imager) images of the expanding areal coverage of the landscape from the Geldingdalir eruption over time. The valley to the right of Geldingadalir is Meridalir; lava flowing down to the south of Meridalir and from the southern part of Geldingadalir into another valley (Nátthagi) is just about the maximum area of the new lava flows (see Figure 47). Images are from the U.S. Geological Survey EROS Center.



Presenter Notes
Presentation Notes
Map of updated routes of hiking paths (dashed lines) in the area around the Geldingadalir eruption and local place-names. The orange area is the new lava on the landscape. A parking area “P“ is shown on the road (Route 427, Suðurstrandarvegur) to Grindavík to the west and Krysuvík to the east. The map is from a recent newsletter I received from Ferðafélag Íslands (Icelandic Touring Association) with my membership.
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Presentation Notes
Satellite image mosaic of Iceland showing the ice caps and mountain glaciers, grasslands, and desert areas of Iceland. Mosaic compiled from unknown high-resolution images by Maxar Technologies. From the National Land Survey of Iceland (Landmælingar Íslands). Also in included as a figure in the forthcoming book, U.S. Geological Survey Professional Paper 1386-D (late 2022), a treatise on the glaciers of Iceland, Oddur Sigurðsson and Richard S. Williams, Jr., co-authors and co-editors [http://pubs.usgs.gov/pp/p1386d/].
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Presentation Notes
Jöklakort af Íslands/Map of the Glaciers of Iceland (2017) by Oddur Sigurðsson, Richard S. Williams, Jr., and Skúli Víkingsson scale 1:500,000 with two inset maps of Kerlingafjöll and Tröllaskagi at a scale of 1:250,000. From Icelandic Meteorological Office (Veðurstofa Íslands). Also in included as Plate 1 in the forthcoming book, U.S. Geological Survey Professional Paper 1386-D (late 2022), a treatise on the glaciers of Iceland, Oddur Sigurðsson and Richard S. Williams, Jr., co-authors and co-editors [http://pubs.usgs.gov/pp/p1386d/]..
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Presentation Notes
Cover of book, Icelandic Ice Mountains, by Sveinn Pálsson´s “Jökulritið“ [Treatise on Iceland´s Glaciers], written in 1795. Translation into English from the Danish by Bjørn  Netland, with corrections by Oddur Sigurðsson, edited by Richard S. Williams, Jr., and Oddur Sigurðsson, with figures added and 415 Endnotes. Published by The Icelandic Literary Society [Hið íslenska bókmenntafélag] in 2004.



Presenter Notes
Presentation Notes
First map of the Sólheimajökull outlet glacier from the Mýrdalsjökull ice cap by Árni Magnússon in 1704-1705. From reproduction of the sketch map in Sigurdur Thorarinsson´s article on Glaciological Knowledge in Iceland before 1800. A Historical Outline (1960, Jökull, v. 10, fig. 4, p. 8). Also in included as a figure in the forthcoming book, U.S. Geological Survey Professional Paper 1386-D (late 2022), a treatise on the glaciers of Iceland, Oddur Sigurðsson and Richard S. Williams, Jr., co-authors and co-editors [http://pubs.usgs.gov/pp/p1386d/].



Presenter Notes
Presentation Notes
Map showing areas of Iceland inundated by glacier-outburst floods (jökulhlaups) resulting from subglacial volcanic eruptions and subglacial geothermal activity during the Holocene. Route 1 around Iceland is shown in red; black dots show population centers, with Reykjavík on the west the most densely populated region. From the article by Magnús Tumi Guðmundsson and Guðrún Larsen on Jökulhlaups (2013, fig. 3.8.2, p. 157) in Náttúruvá á Íslandi [Natural Hazards in Iceland]. Also in included as a figure in the forthcoming book, U.S. Geological Survey Professional Paper 1386-D (late 2022), a treatise on the glaciers of Iceland, Oddur Sigurðsson and Richard S. Williams, Jr., co-authors and co-editors [http://pubs.usgs.gov/pp/p1386d/]..
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Presentation Notes
Landsat 1 MSS (Multispectral Satellite System) false-color infrared image of Vatnajökull, Iceland´s largest ice cap (7,745 square km in 2014). The Grímsvötn central volcano and ice-covered caldera lake is shown in the left center of the ice cap. Volcanic activity within the Grímsvötn calderas (3) and subglacial eruptions which produce water which drains into the caldera lake are the source of jökulhlaups which flow under the Skeiðarárjökull outlet glacier to the south and across the Skeiðarársandur into the North Atlantic Ocean (see Figure 57 of the November 1996 Skeiðarárhlaup). Ice-dammed lakes, such as Grænalón on the west side of Skeiðarájökull, were another non-volcanic/geothermal source of jökulhlaups across Skeiðarársandur after failure of the ice dam. Landsat image from the U.S. Geological Survey´s EROS Center. Also in included as a figure in the forthcoming book, U.S. Geological Survey Professional Paper 1386-D (late 2022), a treatise on the glaciers of Iceland, Oddur Sigurðsson and Richard S. Williams, Jr., co-authors and co-editors [http://pubs.usgs.gov/pp/p1386d/].



Presenter Notes
Presentation Notes
Jökulhlaup deposits (also called „“jökulls“ by local residents) on the eastern side of Skeiðarársandur resulting from jökulhlaups from subglacial eruptions in the Öræfajökull caldera which occurred in 1362 and 1727-1728. From Oddur Sigurðsson and Richard S. Williams, Jr. booklet, Geographic Names of Iceland´s Glaciers: Historic and Modern (2008, fig. 10B, p. p. 32). In U.S. Geological Survey Professional Paper 1746 [http://pubs.usgs.gov/pp/1746].



Presenter Notes
Presentation Notes
Ground photograph in June 1974 of the ice-and-snow-covered lake in the Grímsvötn caldera with southeastern wall of the caldera in the background and skiers attached to Canadian Bombardier, enclosed snowmobile (tracks in back, skis in front, with standard steering wheel to change direction) in the foreground. Several avalanches can be seen in the middle background. Photograph by Richie Williams, Stefansson Arctic Institute, Akureyri. Report by Richard S. Williams, Jr., and Magnús Már Magnússon of the June/May expedition available in Jökull (2005, v. 54 [2004], p. 89-92; figure 2 on p. 91).
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Presentation Notes
Cross-section through the ice-and-snow-covered subglacial lake in the principal caldera (of 3) in the Grímsvötn central volcano (see Figure 53), where many Skeiðarárhlaups originate, after overfilling of the water from accumulation of meltwater from subglacial volcanism and/or geothermal activity. The jökulhlaup floodwater flows under the Skeiðarárjökull outlet glacier, emerges at the terminus of the glacier, spreads out across the Skeiðarársandur (outwash plain) into the North Atlantic Ocean (see Figures 57, 58, and 59), often leaving huge blocks of ice on Skeiðarársandur (see Figure 60). Figure copied from a poster distributed by the Icelandic Meteorological Office. Also in included as a figure in the forthcoming book, U.S. Geological Survey Professional Paper 1386-D (late 2022), a treatise on the glaciers of Iceland, Oddur Sigurðsson and Richard S. Williams, Jr., co-authors and co-editors [http://pubs.usgs.gov/pp/p1386d/].
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Presentation Notes
Map showing widespread inundation at 2400 hours UT of Skeiðarársandur from the 5 November 1996 jökulhlaup (Skeiðarárhlaup). The circumferential highway around the coasts of Iceland (Route 1) first traversed the outwash plain in 1974 with several bridges engineered to accommodate a major jökulhlaup. The 1996 jökulhlaup, with a maximum discharge of 45,000 cubic m per second (about 4 times the normal flow of the Mississippi River in North America) for several hours destroyed the bridges over two rivers, Gígjukvísl and Sæluhúsvatn, and severely damaged the one over Skeiðará, required reinstallation of power lines, and removal of flood deposition of sediment and ice. The Icelandic Road Authority (Vegagerðin) and other institutions were able to repair this major southern road within several weeks. From 1997 report by Vegagerðin, Vatnajökull. Gos og hlaup1996 [Vatnajökull. Eruption and Jökulhlaup]. The map, showing the Skeiðarárhlaup at its maximum discharge, Hlaup á Skeiðarársandi, is by Oddur Sigurðsson, Skúli Víkingsson, and Ingibjörg Kaldal in Vatnajökull. Gos og hlaup (1997, fig. 6.5, p. 114). Also in included as a figure in the forthcoming book, U.S. Geological Survey Professional Paper 1386-D (late 2022), a treatise on the glaciers of Iceland, Oddur Sigurðsson and Richard S. Williams, Jr., co-authors and co-editors [http://pubs.usgs.gov/pp/p1386d/].
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Presentation Notes
Oblique aerial photograph of the May 1938 Skeiðarárhlaup showing the inundation of Skeiðarársandur and discharge into the North Atlantic Ocean. Photograph by Pálmi Hannesson on 27 May 1938. It has been reproduced numerous times. In this case, it is in Sigurður Þórarinsson´s 1974 book, Vötnin Stríð. Saga Skeiðarárhlaupa og Grímsvatnagosa [Warring waters. History of Skeiðarárhlaups and Volcanic Eruptions from Grímsvötn] as Figure 36, p. 158. 
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Oblique aerial photograph of the Skeiðarárhlaup flowing across Skeiðarársandur in November 1996 looking to the east across the Lómagnúpur promontory in the left foreground, Skeiðarárjökull in the left background, and the Öræfajökull central volcano in the distant right background, the highest terrain in Iceland. The bridge in the right foreground still spans Núpsvötn, but the former bridge over the next river, Gígjukvísl, has been swept away in the jökulhlaup on 5 November 1996. Photograph by Oddur Sigurðsson, Icelandic Meteorological Office. Also in included as a figure in the forthcoming book, U.S. Geological Survey Professional Paper 1386-D (late 2022), a treatise on the glaciers of Iceland, Oddur Sigurðsson and Richard S. Williams, Jr., co-authors and co-editors [http://pubs.usgs.gov/pp/p1386d/].
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Ground photograph of rounded blocks of ice transported from Skeiðarájökull by the large jökulhlaup (Skeiðarárhlaup) now grounded on Skeiðarársandur after the glacier-outburst flood subsided. Photograph by Oddur Sigurðsson, Icelandic Meteorological Office.
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Oblique aerial photograph looking to the north-northwest across the calved icebergs in the proglacial lake, Jökulsárlón, at the terminus of the broad Breiðamerkurjökull outlet glacier from southeast Vatnajökull towards several nunataks in Esjufjöll. Photograph by Oddur Sigurðsson, Icelandic Meteorological Office.
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Set of four maps of the recession of the terminus of the Breiðamerkurjökull outlet glacier from Vatnajökull (see Figures 53 and 61) at four times: 1903, 1945, 1965, 1980. The maps were compiled by the Department of Geography at the University of Glasgow, Scotland. Also in included as a figure in the forthcoming book, U.S. Geological Survey Professional Paper 1386-D (late 2022), a treatise on the glaciers of Iceland, Oddur Sigurðsson and Richard S. Williams, Jr., co-authors and co-editors [http://pubs.usgs.gov/pp/p1386d/].
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Landsat 2 MSS false-color infrared image of Langjökull and associated glaciers in August 1980. On the bottom right, the Hagafellsjökull eystri outlet glacier has surged into Hagavatn displacing water in the lake and causing a marked increase in discharge at its outlet river, Far (see Figures 64 and 65). Landsat image from the U.S. Geological Survey EROS Center. Also in included as a figure in the forthcoming book, U.S. Geological Survey Professional Paper 1386-D (late 2022), a treatise on the glaciers of Iceland, Oddur Sigurðsson and Richard S. Williams, Jr., co-authors and co-editors [http://pubs.usgs.gov/pp/p1386d/].
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Oblique aerial photograph in June 1999 of the Hagafellsjökull outlet glacier of Langjökull surging into Hagavatn; the river Far is on the right. Photograph by Oddur Sigurðsson, Icelandic Meteorological Office 
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Ground photograph in August 1981 of the increase in discharge of the river Far as water displaced by the entry of the Hagafellsjökull eystri into Hagavatn flows over the Nýifoss waterfall. Photograph by Richie Williams, Stefansson Arctic Institute, Akureyri. Also in included as a figure in the forthcoming book, U.S. Geological Survey Professional Paper 1386-D (late 2022), a treatise on the glaciers of Iceland, Oddur Sigurðsson and Richard S. Williams, Jr., co-authors and co-editors [http://pubs.usgs.gov/pp/p1386d/].
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Oblique aerial photograph of the Tungnárjökull outlet glacier on the western margin of Vatnajökull in the midst of a surge event in February 1995, when the glacier suddenly moves forward with steepening of the terminus and breakup of the glacier into blocks. Photograph by Oddur Sigurðsson, Icelandic Meteorological Office. Also in included as a figure in the forthcoming book, U.S. Geological Survey Professional Paper 1386-D (late 2022), a treatise on the glaciers of Iceland, Oddur Sigurðsson and Richard S. Williams, Jr., co-authors and co-editors [http://pubs.usgs.gov/pp/p1386d/].
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Ground photograph of the steepened terminus of the Síðujökull outlet glacier on the southwestern margin of Vatnajökull in April 1994. Notice the person standing in front of the terminus on the bottom left. Photograph by Oddur Sigurðsson, Icelandic Meteorological Office.
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General map of Iceland showing the major road network, some of the 14 ice caps, major lakes, and a hypsometric color code to show elevations of the land outside the glaciers which are white. From the National Land Survey of Iceland (Landmælingar Íslands).
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ArcticDEM hillshade mosaic of Iceland compiled for the Iceland Meteorological Office (IMO) by Paul Marin, Director, Polar Geospatial Center, University of Minnesota; provided by Ragnar Heiðar Þrastarson, Icelandic Meteorological Office. Compiled photogrammetrically from high-resolution satellite images to produce a 2-m digital elevation model (DEM) of Iceland.
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Presentation Notes
Extra PowerPoint slide not used in the presentation. Landsat image of the Hofsjökull ice cap showing the yellow outline of the ice cap to determine the area digitally of the ice cap. Research down at NASA´s Goddard Space Flight Center with Dorothy Hall, Richie Williams, Janet Chien, and Oddur Sigurðsson in 2003. The Múlajökull outlet glacier on the bottom left is a surge-type glacier; it has left behind concentric terminal moraines in front of its terminus as can be seen in the next slide, an oblique aerial photograph of the moraines taken by Richie Williams, Stefansson Arctic Institute, Akureyri (see Figure 72).
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Extra PowerPoint slide not used in the presentation. Oblique aerial photograph of the deglacierized area with concentric medial moraines in front of the terminus of the Múlajökull outlet glacier of Hofsjökull (see Figure 71). Photograph by Richie Williams, Stefansson Arctic Institute, Akureyri. Note: In 1978, I (Richie Williams) presented a scientific paper at the Annual Meeting of the Geological Society of America (GSA) in Toronto, Ontario, Canada. I compared satellite images of the recessional moraines around the terminus of Múlajökull in Iceland to analogous landforms (concentric glacial moraines) on the slope of Arsia Mons in the Equatorial region of Mars which I had analyzed on Viking Orbiter images of Mars. This was solid evidence of an ice cap on Arsia Mons in the past on Mars. It was 35 years later that the astrogeology community finally accepted my hypothesis! Lesson to young scientists: If you discover and publish a new concept do not be intimidated by older (and supposedly more intelligent) scientists. Stand your ground until your idea is finally accepted. In 1978, I was 40 years old and already challenging long-accepted dogma with respect to Mars!


	�Natural Hazards Faced by Icelanders: 870 CE to 2022�Richard S. Williams, Jr., Ph.D.�Senior Associate Scientist�Stefansson Arctic Institute�Akureyri, Iceland
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Slide Number 59
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Slide Number 64
	Slide Number 65
	Slide Number 66
	Slide Number 67
	Slide Number 68
	Slide Number 69
	Slide Number 70
	Slide Number 71
	Slide Number 72

