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A Reappraisal of the Lurgy, Norway,

Earthquake of 31 August 1819

Paivi B. Mantyniemi™, Mathilde B. Serensen’, Tatiana N. Tatevossian®, Ruben E. Tatevossian®, and

Bjdrn Lund*

Abstract
Archives and libraries were visited to find previously unknown documents testifying to
the Lurey, Norway, earthguake of 31 August 1819 in northemmaost continental Europe.
The focus here is on Sweden, Finland, and Russia, which are important for determining
the area of perceptibility east of Norway. The new written sounces include 12 notes
of entries in original archived documents, six contemporary newspaper reports, and
two recollections written down years later. The original documentation uncovered
is contributory to establishing the authenticity of the observations in FAnland and
Sweden. The dates of the original documentation allow tracing of the dissemination
of eyewitness accounts in writing from the inner area of pereptibility southward to
the larger documentation and population centers. New sources of information include
weather reports of the Royal Swedish Academy of Scences, minutes of its meetings,
and correspondence sent to the Senate in Finland. The minutes of meetings of the
Academy indicate that ample data were collected in the Swedish province of
‘@sterbotten. We found no original Russian documentation but uncovered national
newspapers that are more reliable than the previously used Parisian newspaper

To increase transparency, we provide the first list of macroseismic data points
MDPs) including the respective documentation that testify to the Luroy earthguake.
A macroseismic intensity was assigned to a locality, using the European Macreseismic
Scale of 1938, when adequate information was available. Accounting for the uncer-
t@inty of intensity assessment, the magnitude was estimated as moment magnitude
M =59 £ 0.2, reconfirming the ranking as the largestonshore or nearshore earthquake
in the historical seismicity record of Fennoscandia. In addition to the rea ppraisal of the
31 August 1819 earthquake. a macroseismic map i provided for the earthquake of 17
February 1819, which was feltin northem Finland and Sweden. S ome of its MDPs were
previously associated with the Lurey earthquake.
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Supplemen tal Material

Introduction

The selsinle hazard analyses mandatory for critical constrc-
tons are a major reason behind the need for earthquake cata-
logs covering both the prelnstrumental and instrumental eras,
at plate boundaries and continental interlors alike. The prein-
strumental selsmicity record in northernmost continental
Euwrope (Fennoscandla; Fig. 1) only spans a few centurles but
is sufficlent to demonstrate that earthquakes with larger areas
of perceptibility have occurred in the past, although they have
not ocourred durng the instrumental era.

This investigation focuses an the earthquake of 31 Augnst
1819 in Norway. Its eploenter is estimated to have been near
Luray, on the coast of Nordland, Norway (Flg. 1) Macmselsmic
maps have been publidhed by Ambraseys (1985) and Muir
Wood and Woo (1987). The latter map was republished by
Muir Wood (1988) and will serve as the main macroselsmic

2062 Sejmological Reseasch Lerters

reference in this investigation. Ambraseys (1985) and Muir
Wood (1988) made use of historical reconds, the contemporary
press, selsmological compllations, and travelers’ accounts
Apbraseys (1985, p. 370) ewen sent an open letter to the
Swedish press calling for unpublished information on the
Lurey earthquake but received a poor response. They esti-
mated the masdmum intensity to be 8 on the Medvedev-
Sponhever-Eérnk (MSK) and modified Mercalli intensity
(MMI) scales. They showed that the Lumy earthquake had
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Norway, a land of slope failures.. and earthquakes
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Earthquake-triggered landslides in Norway

« Mainland Norway
1819-2019
M=4.5
86 events

e skrednett.no

 Historical earthquake
\ archive @UIB
'\« Digital earthquake
> database @UIB
 met.no rainfall statistics




60°

— 90
J

15 landslides triggered
by 6 earthquakes

Blue: rockfall
Green: clay slide
Yellow: debris slide

Red:
earthguake location
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Landslide distance limits

Maximum epicentral distance of Earthquake triggered landslides in Norway compared
with events from eastern USA and Keefer's (1984) model
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Summary, part 1

15 landslides triggered by 6 earthquakes since
1819

Database is expected to be highly incomplete
Most triggered failures are small

Landslide distance limits for Norway are longer
than those identified by Keefer (1984)
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The 31. August 1819 Lurgy earthquake

« Largest historical event in Fennoscandia

» Triggered several rock falls and landslides
« Large waves were observed in the fjord

* Reports of people having difficulty standing
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The 31. August 1819 Lurgy earthquake

Challenges:
« Sparse population, limited literacy

* Newspaper publishers are consentrated In
major cities far away

 Husebye and Kebeasy (2004) proposed
owering magnitude to 5.1, which triggered a
arge debate.
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The 31. August 1819 Lurgy earthquake
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What did we do?

« Compile all available reports

* |nclude new data, not considered In earlier
studies

* Re-assess intensities according to EMS98

* Present all available sources, incl. English
translations

* Re-assess the magntiude
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New data

« 12 notes or entries in original archived
documents

« SIX contemporary newspaper reports
« Three recollections written down years later

gangs Stedernes Beskrivelse, imellem Gaarden Byg-
dassen | Rasen of Tververg i Vefien. -

s,

Vi ville u endelig slutle dette Kapitel med Be-
skrivelsen af det merkveerdige Tordskielv d: 31
Aug 1819, Det begyndte ome: Kiok ? 1/ Eftermia
Lienge havie Lufien veeret opfyld med rega-
svangre Skyer. da Himien endelig cfter 3 Ugers
skyliende Regn opilarede. Alle vare sysselsatte
med at redde det nesten halvraadne Poder, der laae

paa lorden. Himben fik en Blyefurve os man horte S

en hwul dundrende Lyd S, men meget hulere, end
cn langiiva gasende Torden. lorden bievede sas
vokdskoml ai Yindvernc flemrede mod Solen
Steder Murene I
e el ey p e Y
1 Flabal
e or B Favde i Ml sssende
Fydr, untar Togtsaviplace dom over. Man e
paa den blikstlle Ranflord Vandstraaler siaac hait,
som leegtmaster, og Yandet sies op. skiendt Seen
fulk, aver sine hjeste Flosbredder, Nogle Steder
spruciede op en mcset fin Sand, der syaes ol vire

henel fra lordens Indvolde, thi man har forgjeves  havids opi

soft efter den. Fieldene rystote san sirkl al den
(oriniede St i dess Toppe o ders

ned mod megen Brag og ligesom en
Sirean o Snisecalone Baskens bieve o

den
ophacte ko en veldkor Okan af Sydes e e
10 Minuter. - Man vil e

Beskriveises anden Deal - Sidste Gang mierkedes
det endog . 12 Marz 1333 - alisaa vedbliver et

Pas Gaanen Storstrand | Hemas Fierding, tkr
liggor ved den astro Bred af Gen sore Bugt Udskar-
pon - vist dete lordskiely sig odelmgsende. V-
ningshusene laae poa en stor Bakke o necen for
samme var en ¢ ubetydelig med Potatas dyeket
Siette. - D lorddielvet gik styrede denne Siete
‘ned 0g den Lesrbatkes Vestre Deel pea hvis Flade
ovenpan Husene stod EX meget siort 30 1 40
Faene stoet Lecsfald blev danned s bemele Hakke o

Kunne kormme Gl Landel, - Den ene Naboe maatt,
ved Folkets Hielp. flytie sin Gaard.

Men hivad seede ved et of de folgende lordskiely
den omialtc of i Afgrunden ligesom nedsi-
ke, 0g med Vand overskyllede Sicti stier op
tog sin forige Plads filboge. dog opfyldt med
en Meengde Ujeveheder, under del mege hoje Le-
erfald. Frapesende var del, at en Botte, hvori cf
Graey \xu s v Agere, o en gammel Kone
2 Konen heldigvis for-
o S o Uvkhen skoede, om aier
med Sletten op igjen. Man scer nu paa dete Sted el
stort Leerfald ovenfor Sietten, ikt or s gt
mare frapercnde, Som man vanskeliz, vden al
Kjende Tidrageise, kan forklare dets Tiblivelse

Finder man Spocr af noget ildsprutends Biergs
Tibverelse | Okctiden paa Helgeland? Er e Sporg-
s v Bevarshs o gt mate Vet o
Helgelendere, at [ besvaret, som de i 14 Aar

ot dt var vokomt | Ranor. N Under
ninger biey mig meddeslte fra Luroe Flerding og
Tuenaerne, hvor det har sttret Sig ligesaa om e
stierre end hos o5, - Fra d store Tinder | Tronen.

yricds Siene og paa Havel o Sundens saacs
Vandsraler og mange af de. paa Seen vierend.

ocde cieres Haade skulle omvelie. Denne Rysielse
wenloges, dog mindsc i Styrk, 7 Gangs summe AF-
Len og Nat Siden havde vi ielige Mindelser af den
i beele Asret endog flere Gange ugentig og | Aaret
1820 noppe en Maanedt imeliem. Siden har det vel
aftaged men ¢f ophort huilket man kan sec af mine
metcrolopiske Qbsevationer, der il folge derme.

vedvarends Tordshidy rebucer, a et aboreen
pas et Udbrud : vore om &) Helgelands, dog Nord.
lands Tracler Saa vic jog veed findes intet egentlig
Spocr af noget Crter, men at dee pas Tommen §
Nesne Sogn findes Bimpstezn er vist der fra. Havet
kan vare bragt og hvad den Bimpstoen som siges
fides hojers op | Feldel angaser overlader jeg Ul
andres Undersagelse.
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the rame Foute af the Momesteads an the werr ride of the
river, But nothng was fut ar the Aemesteads east gf the river.

Eammgi* National Archives, Helsinki, Finland: Sznate documents g3o, F
(24.03,66.04) ke D2/166 1819:
502 km — Thiz earth chaiing hav gocoraing to groountt that falfy with
£ach offer moved from the southwest to S Aertieast,
Becaure wp aiong the River Toruds that runs in the south and
nowth it wers vt foir forther than Farumg 3 miles [~33 km]
magy, but on the side of the viliages 4rpelomed KGOS the
sherking was more divcernible thon arownd Tormio and
Haparangdy
Tarnig I0F September 1519
J Beickr
Lyrkezle Newspaper [nplkes Tidningar 24 Mov 1519: O the same gy 5
{18.68,64 38) o et the sawis fime aon earthguake was ol alte i Luckasle,
338 km The sarth shook, howses creabed and groaned [oriz. usen
brakade]. roaft crecked, loowis i roosis TWURE! the chwrch
Tower and chistgy Sfacks seemed to wotter.
ikkzhwkza* Nemwspaper 3tpckholms Posten I8 Dec 1219: Lo pesple, | The oheervation: were 56
{16.00,67.85): Whp ar that tiwee camped up v the mowntaing close fo the | made outdoors.
Progy for the Norwegian borger, report how they experienced the zame
location in the nanral phenaweenon and were astenithed and awazed 3y I
mauetzins; the o thrt pots and paes clattared foEether in their Auts, aid
Tidealuokta Even the most insignifome shrubs visibly moved
Sami group
slanghter their
reindeer there in
early Beptamber
309 km
Cleripmen” Swedish National Archives, Foyal Swedish Academy of | possibly LT F
(23.64,66.38) Sciences,  Meteorological — observations  1690-1523,
479 km Meteorological observations in the temitory of Zweden,
SEFA/4I044681/12:57 Comnty of Hoghatten; Meteoralogical
oheervations i Hampakgds, Oumeclamsd by Johan Parde
1308-1822:
1818 on the 514 of July [3ic] an earthguais was fEit throush
the wihole region from the Sowheart o the soutivest alto i
Lapiand or merely an eartishaking.
Sdvar Newspaper [nplkes Tidningar 12 Dec 1819: an earthguaks 45
(20.53,63.90) s Bt o 3215 pm in the village of Jawge and the
434 km municipalioy of Limgd, lasting for abour 2 seconds and

Begiming with banging i junctions and walls, fhiliowed by o
strovg koine 1 the upper floors and attics af howses and Hen
o tha¥ing, 5o that marpy smailer gears on the wails began fo
move and the pils o the woodthed tinped over; the thaking
wiaz it only in @ given direcrion from the touth fo the Aerth,
In o, in the sowtfern end of the villege, sast of the river in

Zapale® Regionsl State Archives in Hirpsand, Sweden; Sopgale, Anearthquake on 20 Aug | F
(17.53,65.33) church archives SEHLAS 1010185/KI;J1785-1841) is also mentioned
234 km Minuotes of the meetings of the rmmicipelity council, mesting | {electronic supplement).
on 29 Movember 1818: £ 4. Bath Swealish and Lagpish fhlk
1oid 1o eve feit of the ground shaking on 31 dug
Stockholm* Nemspaper Allmianng Japmalan 11 Oct 18190 Qe perron | Some of the academy E
{18.72,59.33) reading @ bosk (ot § poon) lgying on @ 5ol whose position i | members falt the
B4+ km the room was from the North to the Sowed, felt ke faliing | carthoqueke ‘in the
Bockwards and roze yp Auwriedy and felr o shating, which | commtry=ide’, which carmort
aite gppeared W the opposie house. Sice he Reard mo | be located

gwishot, ond avother pertom Bt Rt howsehold whem
Inemediately arked, Aad mot abserved maything, fe fook if to be
a zpell af dizziness.

Newspaper Inpikes Tidninszr 24 Mow 1519

I the capital sy have observed thiz ratural phenomanon
Tivo persons siting in arme s, with their backs toward the
south, foif o shakmg or negyimg from the east o the was
which made the head neing from ane side 1o the other. This
il mat comtimue @ il minue, awd one g the persons
abserved some Fingd of suzpension fetween the shakings. The
walls and dearframes ware heard to creak; chamdeiiers
gy in the ceilings wung from the east 1o the wast
wonnmm drinimg coffee hed to hold an to the doble and o
caffes spill from the cup, etz — Tivs persons [ving on the
Jowrth floor afa howse in Nogragis [cental Stockhalm] flr
am LR folt or shakme. A subdued noise fhilowed from
ane such neinging of the Rowse, o that @ fea-ray hanging on
the wall hegam to shake fuly and @ ook hold on fo the hand
aimest 5l due to the abrupmes: of the jolt The earthouais
Iasted for 30 to 410 seconds, and it direction seemed fo be
Sfram the portneest to the southeast. It fegan with a
VRILIRAL ol and camis fo am end with @ horirorsal siump,
which became quite noticeatle because the 1aq frqy
menrtoned above finally moved half g span [7.1 om] on the
wall ..... This egrthguaks war also it on the third floor of
the house we dive by bur i the ower part o the fouse if was
hardly noticeable. — In pemeral the shaking was sironger i
the wpper floars thax o the lower ones.

Swedish National Archives, Foval Swadich Academy of
Sciences, Series Minutes, BE/SVAREVA-111010001/4/20
(1816-18200, Niinutes of the mesting on 2% Sept=mber
1818

5]
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Magnitude estimation

Based on area of perceptability of 1=4 (A,) (Muir
Wood and Woo, 1987):

.+ Mg =0.90 + 0.81 -log A,
. Mg =1.57 + 0.63 -log A, + 0.0007-sqrt(A,)

|=IV observations in Tornio (510 km) and
Stockholm (850 km) correspond to

M=6.0+0.3
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Magnitude estimation

Based on intensity prediction equation for ENA
(Bakun et al., 2003):

MMI=1.41+1.68 - M —0.00345 x A — 2.08 - log(A)
Applying to the 29 Intensity-distance datapoints and

averaging gives
M=5.910.2
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Conclusions

* New reports of the 1819 earthquake help
constraining the felt-area of the event

 Itis quite certain that the event was felt at
distant locations such as Stockholm and Kola

 Itis confirmed that the event is the largest
historical event in Fennoscandia with
M=5.9+0.2
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