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SUMMARY IN SWEDISH  

Under vintern 1811-1812 skakades Mississippi dalen av tre stora och 
tusentals små jordbävningar. Dessa tros vara bland de kraftigaste 
jordbävningar som skett i Nordamerika. Då seismisk utrustning inte 
fanns tillgänglig vid tillfället har man varit tvungen att uppskatta hur 
mycket energi som frigjordes, men de har generellt satts till mellan 
magnitud 7 och 8 på Richterskalan. Somliga forskare, så som Otto Nuttli 
hävdar att de var kraftigare, medan andra, med Seth Stein i spetsen, 
menar att de var svagare. Med hjälp av sandvulkaner, spår efter 
förvätskning och studier av träd i sprickor från seismisk aktivitet har 
forskare kunnat bilda sig en ganska god uppfattning om intensiteten av 
jordbävningarna vintern 1811-1812 och andra tidigare kraftiga 
skakningar av området, som är känt som ’The New Madrid Seismic 
Zone’ (NMSZ), efter den lilla staden New Madrid som var epicentret för 
den andra av de tre jordbävningarna. Geografiskt ligger den där 
delstaterna Missouri, Kentucky, Tennessee och Arkansas möts. 

Intensiteten på Mercalliskalan har varit lättare att bestämma eftersom 
den bygger på hur stora skada som görs en jordbävning. Tittar man på 
jordbävningskartor och jämför 1811-1812 jordbävningen med den stora 
jordbävning som skakade San Fransisco 1906 syns det tydligt att 
förödelsen av en jordbävning i mellanvästern är betydligt mer utspridd 
än för de i Kalifornien. Detta beror på att berggrunden i Kalifornien är 
väldigt uppsprucken vilket absorberar tryckvågorna från en jordbävning 
medan berggrunden öster om Klippiga bergen är mycket mer 
kontinuerlig. 

I Arkansas, som är den delstaten på vilken fokus i denna uppsats ligger, 
förekommer stor variation mellan de nordvästra högländerna och 
lågländerna i de södra och östra delarna av delstaten. Högländerna består 
till stora delar av välkonsoliderade sedimentära bergarter och en del 
metamorfa bergarter medan lågländerna består av lågkonsoliderade 
sedimentära bergarter och stora mängder ickekonsoliderade sediment.  

Generellt brukar jordbävningar mest uppstå i kanterna av 
kontinentalplattorna, men området som studeras i denna uppsats ligger 
mitt i USA. Anledningen att seismisk aktivitet kan uppstå så långt ifrån 
kanterna av den nordamerikanska plattan är den sprickzon som uppstod 
när kontinenten höll på att slitas sönder för ca 570 miljoner år sedan. 
Dragkrafterna byttes med tiden ut till tryckkrafter och Nordamerika 
förblev intakt. Idag pressas kontinenten istället ihop öster ifrån vilket 
skapar spänningar i berggrunden. När dessa spänningar överskrider 
stenens hållbarhet orsakar det mycket stora jordbävningar med ett antal 
hundra års mellanrum. Eftersom förkastningszoner är svaghetszoner i 
berget är det här jordbävningar sker. 

Östra Arkansas förväntas lida extra svårt när nästa jordbävning slår till då 
de löst konsoliderade sedimenten lätt förvätskas. Förvätskning sker när 
sandiga jordarter, som har mycket porer och en hög grundvattennivå, 
skakas av antingen seismisk aktivitet, sprängning eller borrning. Sanden 
förlorar sin bärighet börjar bete sig som en vätska. Detta kan leda till 
stora jordskred, sättningar i hus, skador på anläggningar så som broar 
och mycket annat. Skadar från förvätskning kan till viss mån förebyggas 
genom grundförstärkningar men i vissa fall är den enda lösningen att 
schakta ner till stabilare grund och antingen fylla på med andra jordarter 
som inte förvätskas lika lätt, eller grundlägga på plintar. Jordar som inte 
gärna förvätskas är jordarter med lera, då lerkornen klistrar ihop 
sandkornen och hindrar jorden att förvätskas. 
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Vad kan då göras för att skydda invånarna i Mellanvästern från nästa 
stora jordbävning? Genom att studera förskalv, trycket och vattenhalten i 
berggrunden, kvalitet och nivåer av grund- och ytvatten, gasemissioner så 
kan jordbävningar ibland förutspås. Dock kommer det aldrig att gå att 
förutse en jordbävning i alla lägen och även när man lyckas med det är 
en evakuering en svår och dyr procedur, särskilt när riskområdet är så 
stort att det inte skulle finns en naturlig tillflyktsort. Därför är det viktigt 
att bygga jordbävningssäkert där det behövs. 

Att förbereda samhället på en jordbävning när det inte har varit en på så 
många år i mellanvästern har krävt mycket arbete och kommer att göra 
så i många år framöver. Förberedelser måste ske på många nivåer, 
genom lagstiftning, samhällsinformation och reella förstärkningar av hus 
och infrastruktur, både offentligt och privat. Detta gäller framför allt hus 
byggda av betong eller tegel. Trähus är mer flexibla och kan till viss 
utsträckning röra sig med marken, men tegel- och betonghus är mycket 
bräckligare och spricker därmed lätt. 

Var det är värt att bygga jordbävningssäkert och var det inte är det är inte 
en självklarhet. Om skadorna inte beräknas vara så omfattande kan det 
vara mer ekonomisk riktigt att låta byggnader och infrastruktur ta skada 
vid en eventuell jordbävning och reparera i efterhand istället. För varje 
stad och område måste en individuell bedömning göras om huruvida det 
är lönsamt att förstärka byggnader. Ett exempel på en sådan bedömning 
har gjorts i den här uppsatsen med staden Memphis, då det är troligt att 
det är den stora stad som kommer att drabbas hårdast av en jordbävning 
i NMSZ. En jämförelse gjordes mot två andra stora jordbävningar i 
Turkiet 1999 respektive Japan 2008 för att få en uppfattning om vad 
skadorna skulle vara i Memphis vid en M 7,7-jordbävning. Utifrån en 
uppskattning av det ekonomiska värdet på ett människoliv kunde 
kostnaden för en sådan jordbävning beräknas om man utgår ifrån en 
prognos på 11 000 döda bara i Memphis. Även om stora summor läggs 
på förstärkningsarbeten på hus och anläggningar skulle förstärkningar av 
byggnader löna sig enormt, förutsett att de flesta dödsfallen sker i 
samband med kollapser av byggnader och liknande.  
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ABSTRACT  

The Mississippi River Valley, is hardly known as an earthquake zone, but 
may in fact be a natural disaster just waiting to happen. Historical 
records and paleoseismic investigations have shown that large magnitude 
earthquakes have occurred in the area and there are constantly 
microquakes all along the New Madrid Fault System. The inhabitants of 
the Midwest are living in a death trap so long society doesn’t preoperly 
prepare for earthquakes. The study presented here aims to prove that, as 
predicting earthquakes is difficult to the point of impossible, the only 
serious alternative is to reinforce existing buildings and infrastructure 
and make sure all new developments are seismically safe. The conclusion 
reached is, that although expensive, building earthquake safe and 
retrofitting existing buildings, is for the high risk areas by far cheaper 
than doing nothing when, not if, a new large magnitude earthquake 
occurs. For a city in the high risk area, the cost of retrofitting the current 
structures was 13 billion dollar to be compared with the 100 billion 
dollars in lost lives and properties of a worst case scenario. 

Keywords: Earthquake, Liquefaction, Disaster Prevention, New Madrid 
Seismic Zone, Risk Analysis, Arkansas, Memphis, Mercalli Intensity 
Scale, Seismic Building Codes. 

INTRODUCTION 

The New Madrid Seismic Zone (hereafter referred to as NMSZ) is the 
area that is the most seismically active in the United States east of the 
Rocky Mountains according to the US Geological Survey. The zone is 
located in the south central part of the country and stretches from 
southern Illinois, through Missouri and Kentucky down to northern 
Arkansas and western Tennessee (Fig 1). This paper will have a large 
focus on the State of Arkansas as that is where the study was conducted. 

 

 
Fig 1: Map of the Central United States and the New Madrid Seismic 
Zone. Source: USGS 
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The seismic activity is today low but many micro-quakes occur each year. 
In the winter of 1811-1812 the area experienced some of the strongest 
earthquakes that North America has known (Dunn et al, 2010).  

Scientists believe that the 1811-1812 earthquakes was not a freak event 
in history, but just one in a long series of large magnitude earthquakes 
that hit the region periodically.  

One of the major problems with earthquakes is that they often hit 
unexpectedly, thus giving people little time to put themselves in safety. 
Attempts have been made to predict when and where an earthquake 
might occur to be able to put people in safety ahead of time. Earthquake 
prevention started in the 1970’s in the United States and China. In the 
US the methods used were mainly been scientific whereas in China 
scientific methods have been combined with more unconventional 
methods such as observing animal behavior (Atkinson 1989). 

Although it can never be exactly predicted when and where an 
earthquakes will occur, there are some indications that some extreme 
seismic activity is about to take place; such as fore shocks, dilatancy, 
changes in ground and surface water and gas emissions. Not all of these 
precursors occur before a large earthquake nor do large earthquakes 
always follow events identified as typical precursors (Atkinson, 1989)  

Fore shocks often occur prior to a major quake and can also be called 
micro-earthquakes.  These fore shocks are sometimes strong enough to 
be felt by humans (and are often thought to be their own separate 
earthquake), but can also be of such a small magnitude that they are only 
registered by a seismograph. The problem with using fore shocks to 
predict earthquakes is primarily that there is no way of knowing if the 
seismic activity is in fact a fore shock, or just a separate small earthquake. 
Also, there is no way of knowing how long time will elapse between the 
fore shock and the actual earthquake. Some fore shocks occur just 
before the earthquake, others a year ahead. (Atkinson, 1989) 

Prior to an earthquake, the pressure on rocks in the ground will often 
increase and cause the rock to swell and crack, and the rock expands, 
called dilatancy. The phenomena can be observed if the faults crop out 
on the ground surface. It is also possible to measure dilatancy with 
geophysical methods. When rocks dilate, the velocity of S-waves in the 
ground changes. Thus by using geophysical continuous monitoring we 
can identify changes and predict potential occurrence of an earthquake 
(Atkinson, 1989). 

Water levels and water quality are also important indicators of eminent 
seismic activity. As the bedrock starts to crack, water will seep into the 
cracks, draining the soil and lowering the groundwater table, which will 
in turn lower the levels in lakes and streams. The water seeping into the 
bedrock may also come in contact with underground gas, which can 
cause changes in the water quality. Reports indicate that water may get a 
foul smell or turn murky just prior to an earthquake. The water flowing 
through the bedrock increases as the rock becomes more fractured. The 
rock then conducts electricity much better than it used to and this results 
in an increase of electromagnetic conductivity over time. Just before a 
quake occurs, the cracks close back up again, decreasing the flow of 
water and with it the electromagnetic conductivity. It is possible to have 
continuous monitoring of the conductivity in fault zones that measure 
the changes in voltage and by that predict the potential onset of an 
earthquake (Atkinson, 1989). 
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Increase in gas emissions is also reported as a precursor to earthquakes. 
Several gases have been reported to start leaking out of the ground prior 
to an earthquake; helium, hydrogen, carbon dioxide and methane. Of 
these radon is most promising with respect to predicting the occurrence 
of an earthquake (Atkinson, 1989).  

Radon exists naturally in almost all rocks. Seismic activity and fracturing 
of the rocks will enhance the release of radon from the rock.  The rate of 
radon emission is dependent upon the porosity of the rock. If stress in 
increased in the rock and fractures start to occur prior to the quake then 
the rate of emission will increase as well. One of the advantages of 
measuring radon as a precursor for earthquakes is that the increase will 
occur about four to six weeks before the quake, which is plenty of time 
to evacuate people who live in the risk zone. Other gases have also been 
found to start leaking out of the ground prior to an earthquake. Such 
gases are helium, hydrogen, carbon dioxide and methane (Atkinson, 
1989). 

None of these methods are guaranteed to predict a major earthquake, 
even if combined. Although they should still be used, for scientific 
purposes to learn more about seismic activity, it is not reasonable to trust 
them with the lives of the millions of inhabitants of the Mississippi River 
Valley.  

If prediction is not a serious alternative to keep people safe, is there 
something that can be done to prevent earthquakes from happening? 
The answer is very little. The only way of preventing major earthquake is 
by inducing smaller ones. This is an idea that sprung up in the late 1950’s 
when the nuclear weapons were tested underground in Nevada. It was 
observed that after each test blast small earthquakes occurred along 
faults in the area. A few years later, when the US army was injecting 
contaminated water into deep wells in Colorado, earthquakes started 
occurring, and there had not even been any known faults in the area. The 
injections minimized the friction along the fault which lowered the 
strength of the rock, causing the earthquakes. This theory was supported 
by the fact that when the injecting stopped, so did the earthquakes. In 
the sixties it was thought that these triggering could actually be the 
answer to the problem with earthquakes. If tension could be relieved by 
small earthquakes then larger quakes may be avoided. The problem with 
this was partly one of responsibility; who would pay for damage if a 
triggered earthquake that got stronger than planned for? There is no way 
of knowing or controlling the size of an induced quake. Also, it would be 
very expensive, as it takes very many small quakes to relieve the stress 
that causes a large quake. For example, the equivalent energy release of a 
M7.5 earthquake is more than one hundred M6 quakes. Therefore, this 
method would probably not work where too much energy has been built 
up already and too many lives are at stake, should the induced 
earthquake turn out bigger than planned (Atkinson, 1989). 

So, as it appears that preventing earthquakes is difficult and has a low 
success rate and inducing small ones to relieve stress, although brilliant 
in theory, does not work in real life, the only alternative left (except for 
evacuating) is to try to prepare by building seismically safe. States like 
California, that have earthquakes more frequently than the Mississippi 
River Valley, are better prepared for seismic activity. The Midwest is 
several decades behind in its earthquake preparedness. 

The aim of this thesis is partly to review why it is considered to be a 
threat of a large scale earthquake in the Mississippi River Valley. The aim 
is also to show that it is economically justifiable to retrofit buildings and 
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infrastructure in the region to make them seismically safe, as has been 
done in e.g. California. This will be done by making a cost benefit 
analysis of heavily reinforcing buildings or not doing anything. 

BACKGROUND  

To be able to assess the risk of earthquakes in the Midwest and discuss 
what needs to be done one needs to know about the physics behind the 
fault system, the geology in the area, the historical background of 
earthquakes in the region as well as possible ways to predict and prevent 
earthquakes. Also, some of the theories in the scientific community 
about NMSZ will be discussed. 

Geological setting of Arkansas and the Central Mississippi River 
Valley 

The whole North American continent is formed from many small 
continental arcs and micro continents that have been merged together 
through plate tectonics. These different micro continents were of all 
sizes and ages, creating a diverse continent. The Mississippi River Valley 
is founded on Precambrian rock, i e rock that is older than 550 million 
years, but this is covered by much younger rock and the. Precambrian 
rock crops out at the surface in Missouri. The upper surface of the 
Precambrian rock has undergone substantial erosion prior to the 
deposition of the overlying younger rock (Van Arsdale, 2009).  

Arkansas can be divided into five physiographic provinces; The Ouachita 
Mountains, the Ozark Plateau, the Arkansas River Valley, the Mississippi 
Embayment and the West Gulf Costal Plain. The former three are often 
lumped together as the interior highlands and the latter two simply called 
 

 
Fig 2: Physiographic province map of Arkansas. Source: AGS 
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the Gulf Costal Plains to the south and east, Fig 2. The majority of the 
rocks that crop out at the surface in Arkansas are sedimentary, however 
there are some although few outcrops of both metamorphic and igneous 
rocks. All metamorphic rocks in Arkansas are low grade. The igneous 
rocks do not make up more than 0.1 %of the total surface rock and 
mostly occur in the central Arkansas region (Arkansas Geological Survey 
web, 2011).  

Both clastic and chemical sedimentary rocks occur in the state. The most 
common clastic sedimentary rocks are shale, siltstone and sandstone and 
the most common chemical sedimentary rocks are limestone and 
dolostone. There are also thick sequences of unconsolidated layers of 
sediments in the Gulf Costal Plains that are mapped as sedimentary rock. 
The sediments are of two main origins depending on where in the state 
they occur. In the mountains of the northeast the sediments have been 
deposited while the region was covered by the sea; they are marine 
deposit. The sediments in the south and east are mostly deposited by 
rivers; fluvial in origin (Arkansas Geological Survey web, 2011). 

The highlands of the northwest consists of two mountain ranges; The 
Ouachita Mountains to the south and the Ozarks to the north, separated 
by the Arkansas River Valley. The Ouachita Mountains are known for 
being one of the few mountain ranges in continental U.S.A. that trend 
east-west. These highlands are made up of shale, limestone and 
dolostone which were deposited during the Paleozoic era. Alluvium 
unconsolidated sediments ranging from clay to gravel, occur in the 
valleys between the two mountain ranges. The rocks in the northwestern 
part of the state were deposited along the continental shelf, when 
northern Arkansas was covered by a shallow sea. The rocks in the 
southern part of the state, on the other hand, were formed in the deeps 
sea on the abyssal plain, covered by 1000 m of water. The continental 
shelf ended about where the Arkansas River Valley is today. At the end 
of the Paleozoic era due to tectonic uplift, the high plateau that would 
later become the Ozark Mountains was created. Since the Ozark Plateau 
consisted of both easily eroded shale and siltstone and more resistant 
sandstone and limestone, potholes were carved out by wind and water. 
What was left after the erosion are today the Ozark Mountains. At about 
the same time the abyssal plain was pressed up when continental plates 
merged together, folding and faulting the sediments and rocks for 
millions of years, and finally creating the Ouachita Mountains (Arkansas 
Geological Survey web 2011). This is known as the Ouachita Orogeny. 
Subsequent erosion has exposed broad synclines, narrow anticlines and 
thrust faults (Sims, 2011). 

The coastal plains on the other hand, are Quaternary in age and consist 
of unconsolidated clays, sands and gravels and poorly consolidated clays 
to sands, lignate and limestone. Some cretaceous rocks crop out in the 
Gulf Flood Plains, consisting of marl chalk and limestone (Arkansas 
Geological Survey web, 2011).  

Geological Origins of the New Madrid Seismic Zone 
Most earthquakes appear on or close to the plate boundaries, which is 
why some places, such as Japan, The Middle East, Chile, California, are 
known for severe earthquakes whereas places in the middle of a 
continental plate are usually tectonically stable. The question is then why 
the NMSZ has had such strong intraplate earthquakes, when it is so far 
away from any plate boundary. The answers in found in the Precambrian 
Era, about 600 million years ago. At this point in time, the North 
American continent was being pulled apart, by forces with approximately 
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east-west orientation. This caused molten rock to push up from the 
upper mantle into the lower crust. The extension of the continent also 
made the upper crust crack, thus creating north-south trending faults in 
the surface. (Jerry, 1988) 

About 30 million years later, in the beginning of the Paleozoic era, due to 
continued extension of the continent, the cracks in the surface had 
turned into a rift valley. It is important to note that this rift valley was 
active 570 million years ago. The magma in the lower crust caused 
volcanic activity in the rift valley. (Jerry, 1988) 

The North American continent stopped pulling apart 430 million years 
ago and instead it started being compressed by the surrounding clusters 
of micro plates. This caused the land to subside into the ocean, forming 
the Ozark Trough which was slowly filled up by sediments, which 
eventually hardened into sedimentary rock such as sandstone, limestone 
and shale; these rocks overlie the rift valley rocks. There was no volcanic 
activity during the formation of the Ozark Trough (Jerry, 1988). 

During the Mesozoic Era, about 150 million years ago, the continental 
plate was once again pulling apart; causing the land to rise back up but 
because of the buildup of sedimentary rock but the fault was tens of 
kilometers under the surface. Meanwhile, the magma in the lower crust 
was pressed up creating plutons in the upper crust (Jerry, 1988). 

In the last 65 million years, the Cenozoic era, the area was once again 
covered by water but this time the sediments did not become lithified; 
did not turn into sedimentary rocks. Rather the whole Mississippi Valley 
is covered by almost 1000 meters of unconsolidated to poorly 
consolidated sediment and is known as the Mississippi Embayment. 
During the last 65 million years the continent is once again being 
compressed (Jerry, 1988). The compression builds up as stress in the 
crust which eventually exceeds the strength of the rock resulting in 
failure and causing an earthquake. Most earthquakes occur at plate 
boundaries since stresses are greatest there, resulting in much more 
frequent earthquakes on the west coast than in the Midwest. Some of the 
compression also builds up stress in the faults of the NMSZ, and this is 
why powerful earthquakes are expected to occur, although more 
infrequent, in the Midwest. Since the New Madrid Fault System is 
covered by fifteen kilometers of sediments and rock, it is more difficult 
to study than to study zones of weaknesses that cut the ground surface, 
such as the San Andreas Fault in California (Johnston 2011). Another 
theory of why stress is building up in the NMSZ is that the lithosphere is 
dragging in the upper mantle as is moves across the underlying 
asthenosphere, and where there are deep faults penetrating down into 
the mantle, causing friction which results in the seismic activity. 
(Atkinson, 1989) 

Many other ancient intraplate faults in North America have deformed in 
a way that they little stress is built up in them, and they therefore do not 
generate a whole lot of seismic activity. This is not the case with NMSZ, 
which is why there is so much microseismicity in the area. Why the faults 
in NMSZ have not deformed in this way, but rather are believed to hold 
stress that could release a lot of energy, is unknown to us (Dunn et al, 
2010) 
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The Fault 
The fault is a strike slip fault, possibly turning into a reversed fault, i.e. 
hanging wall is above the footwall in the northern part (Tavakoli et al, 
2010). 

The NMSZ has not been as easy to study as the San Andreas Fault in 
California. San Andreas is shallow and cuts the ground surface in most 
places, so geologist can literary examine the fault without having to dig 
their way down to it. The faults in the Northeastern Arkansas on the 
other hand lie very deep, covered with more than fifteen kilometers of 
sediment and sedimentary rock. Another problem when studying it is 
that previous earthquakes are hard to detect since the soft sedimentary 
rock tends to not hold its form very well causing characteristic 
earthquake deformations caused by of older seismic events are lost as the 
rock deforms. Beneath the land where Arkansas, Tennessee, Missouri 
and Kentucky meet is an old rift valley that is about 200 km long and 
65 km wide. The almost 25 km deep fault system runs parallel with and 
is located in the middle of this old rift valley. To learn more about the 
fault’s length, shape and depth geophysical methods have been used. By 
studying how sound waves travel, reflect and refract at discontinuities in 
the ground, together with measuring gravity and looking at aeromagnetic 
maps as well as historic accounts of previous earthquakes, today 
geologists have a good understanding of the fault zone (Atkinson, 1989). 

For example Tavakoli et al (2010) tried to characterize and identify the 
geological structure of the fault in order to improve earthquake 
prediction and prevention. The study was built on the theory that there 
are zones of crustal weaknesses in the fault system along which the 
seismic activity occurred and where it can be expected to reoccur in the 
future. Although these weak zones would explain the micro seismicity, 
they do not explain how stress, large enough to cause a major 
earthquake, can build up in the zone. Two explanations are suggested. 
One is abnormalities in the lower crust temperature and the other that 
elastic lithosphere weak zones in the lower crust transfer stress up 
towards the surface. But to get an idea of what the fault system looks like 
the distribution of seismic events that has been recorded since 1974 were 
studied. This resulted in a model of the seismic system (Fig 3) (Tavakoli 
et al, 2010) 

Most seismic activity has been recorded along the stretch of the NMSZ 
called the Reelfoof Rift (or sometimes Reelfoot Thrust Fault) (Tavakoli 
et al, 2010). There have been speculations that the NMSZ is in fact only 
the last small section of a much larger fault line that stretches all the way 
up to the Atlantic Ocean at Newfoundland via the Ohio and St 
Lawrence Rivers. This theory is based on the fact that all the major 
earthquakes east of the Rocky Mountains have occurred along this 
lineament. But since earthquakes along this line tends to cluster at certain 
places, the theory is dismissed since it is believed that if it was one 
continuous fault, there would be seismic activity along the whole line, 
not only in sections. (Atkinson, 1989)  

According to Roy Van Arsdale (2009) the information gained about the 
NMSZ from seismic reflection is not enough to get a good idea of the 
fault system because the method does not go deep enough. One way of 
finding out more would be to use proprietary reflection data collected by 
gas companies. This information is not perfect as it is rather old (not that 
the fault has changed that much in the last 50 years…) and was not 
acquired for research purposes, rather for finding oil (Van Arsdale, 
2009).  
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Fig 3 The New Madrid Fault System, major faults as black lines 
and recorded seismic events as grey circles. Source Tavakoli et al. 

 

Earthquake Classification and Scales Used to Measure Earthquakes  
The place where the earthquake occurs is called the hypocenter and can 
vary in depth in the crust or upper mantle, but an earthquake’s 
hypocenter never occurs on the surface. The spot on the surface right 
above the hypocenter is called the epicenter. The depth of the 
earthquake places is the basis for classifying them into one of three 
categories. Earthquakes with a hypocenter between 0 and 70 km are 
classed as shallow, between 70 and 300 km makes an intermediate 
earthquake and if the hypocenter is located between 300 and 700 km 
below the surface it’s considered a deep earthquake (Atkinson, 1989). 

Earthquakes are measured by their energy release or by their effects; the 
Moment Magnitude Scale or the Modified Mercalli Intensity Scale, where 
the former is a quantitative scale and the latter is qualitative.  

The Moment Magnitude scale is also called the Richter scale, after 
Charles Richter, the scientist who first developed a method to determine 
the power of an earthquake. This was done by relating the amplitude of 
the largest waves registered by a seismogram with the distance from the 
epicenter. Even though this method is not used any more, the scale, 
which is logarithmic, is still called the Richter Scale (Smith and Pun, 
2006). The Moment Magnitude scale gives us the size of the energy that 
was released by the earthquake by assuming that the released energy is 
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proportional to the amplitude of the waves recorded by seismographs. A 
large earthquake will last over a period of time, resulting in many waves 
being registered, none of which adequately describes the energy release. 
Therefore, the seismic moment is calculated to give a more accurate 
representation of the released energy. This is done by studying a fault 
created by the earthquake, multiplying the area of the fault plane with the 
strength of the faulted rock and the displacement. The final scale that is 
used to classify the strength of the quake is modified to be logarithmic, 
to simplify comparison. The magnitude is often written as a number 
behind an upper case m. (Smith and Pun, EM 11.1, 2006). The Moment 
Magnitude Scale does not theoretically have an upper limit but in reality, 
an earthquake can never be stronger than the maximum stress that can 
be stored in the rock. Data suggests that no rock on earth would be able 
to store energy that would create a larger than M10 earthquake (Smith 
and Pun, 2006). 

The Modifies Mercalli Intensity Scale is a way of measuring intensity by 
studying how the earthquake is perceived by humans. It is expressed in 
roman numerals and ranges from I to XII where I is when the activity is 
only felt by very few people in special conditions, and XII great damage 
occurred to infrastructure (Smith and Pun, 2006). The Modifies Mercalli 
Intensity can be very useful when describing an earthquake that took 
place before seismic instruments were used to measure the magnitude. It 
requires however that there are personal accounts of the incident in 
existence.  

DIFFICULTIES IN ASSESSING HISTORIC EARTHQUAKES 

One of the difficulties with the NMSZ is that large earthquakes are very 
infrequent, giving seismologists little material to work with. Even though 
the area has been inhabited for millennia by Native American Tribes, 
European Americans have only lived in the vicinity for a little over 200 
years. The area around New Madrid was scarcely populated at the 
beginning of the 19th century giving geologists few written records of the 
earthquakes of 1811-1812, and almost none from before that. However, 
there are ways to study earthquakes long after they have taken place to 
determine approximate time and magnitude.  

Methods to Estimate Historical Earthquakes 

A phenomenon that has been very helpful when studying ancient 
earthquakes is that of sand blows. Sand blows are the results of when 
underground water and air under high pressure are forced out through 
small fissures in the ground during an earthquake, pulling with them 
large amounts of fine sand and spreading it in a circle around the outlet, 
sort of like a geyser. They normally have a diameter of 2.5 to 5 m, but 
may be up to 30 m at occasion, and the normal depth of the sand layer is 
between 7 and 15 cm, but like the diameter, the depth can vary too, 
being up to 30 cm. The surface around New Madrid and in the 
Mississippi and St Francis River Valleys in general, is covered by dark 
alluvial soil, which makes the light-colored sand blow circles easy to 
identify. Most of the times these sand blows are circular, but oblong sand 
blows do occur. One hundred years after the great New Madrid 
Earthquake, Myron Fuller studied the locations of these sand blows, and 
by this could determine exactly where fissures had opened in the ground 
during the shaking (Fuller, 1912). 

According to the Native American tradition in the area there had been 
an earthquake of similar magnitude previous to the 1811-1812 quakes. 
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This was considered in the mid 1800’s by the geologist Sir Charles Lyell, 
who had taken interest in the New Madrid Earthquake, but he deemed it 
as erroneous due to the lack of sink holes and dead trees. When Fuller 
did his comprehensive study of the area, he found that the Native 
Americans’ stories had been true. For example, Fuller found cracks in 
the ground, just as large as cracks caused by the 1811-1812 earthquakes, 
which had trees growing that were older than 200 years (Fuller, 1912). 

More data to suggest timing of historic earthquakes can be collected 
from trees, or more specifically, their rings. Out in Reelfoot Lake, 
cypress trees are growing, some of which are older than 1000 years. A 
dendrochronology (tree ring) study of these trees might be able to give 
us very specific information about historic earthquakes as changes in the 
environment might show up in the tree rings (Van Arsdale, 104). 

In a study by Doyle and Rogers (2005) the surface movements in the 
form of liquefaction from the 1811-1812 earthquakes were mapped by 
studying certain topographical signatures on contour maps that implied 
that lateral spreading had taken place. This not only gave new knowledge 
about what happened during the historic earthquake, but also a 
prediction of what a future quake may bring (Doyle and Rogers, 2005). 

With new techniques using topographic mapping protocols scientist 
were able to do landslide mapping in NMSZ and show that the lateral 
spread was massive during the 1811-1812 quakes along Crowley’s Ridge. 
Signs that were looked for to recognize where lateral spread divergent 
and opposing contours in the landscape, large fan plumes with stepped 
features and arch-shaped or theater-shaped head scarps. Once these 
features have been identified it has to be confirmed by geophysical 
methods that their origin is the 1811-1812 earthquakes and not some 
other paleoseismic event (Doyle and Rodgers, 2005). 

Occurrence of Past Quakes 
Seismographic records are not available from 1811 thus the magnitude 
of these quakes must be estimated from historical documents that 
describe the results of the quake, and use the Modified Mercalli Intensity 
scale as reference.  

Earthquakes are suggested to have occurred in the Mississippi River 
Valley before the existence of written records; before the area was settled 
by Europeans. Native American oral tradition is the basis for the 
interpretation as well as evidence found in geological records  suggest the 
occurrence of large quakes approximately dated to the years of 1450 
(±150 years), 900 (±100 years), 300 (±100 years) and as well 2350 
(±200 years) BCE. (Carlson and Guccione, 2010). Observations of 
smaller quakes in the 1770’s, the 1790’s and early 1800’s have been made 
by missionaries and settlers in the area but none as powerful as those of 
the winter of 1811-1812 (Fuller, 1912). 

The first larger study of the NMSZ was undertaken by Myron Fuller for 
the US Geological Survey in 1911, a hundred years after the great 
earthquakes of 1811-1812. The landscape is not thought to have changed 
significantly in this sparsely populated area during the intervening 
hundred years, so this study can be seen as a good substitute for the 
geological research not done immediately after the 1811-1812 
earthquakes (Johnston, 2011) 

The New Madrid Earthquake of 1811-1812 was in fact three major and 
thousands of minor earthquakes, which occurred in the part of the 
Mississippi River Valley where Missouri, Arkansas, Tennessee and 
Kentucky meet. The three major shocks came within less than two 
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months in the winter of 1811-1812 but aftershocks followed for more 
than a year (Fuller, 1912). The first shock had its epicenter at modern 
day town of Marked Tree, Arkansas, the second one just northwest of 
the town of New Madrid and the third one between the first two, right 
next to the Mississippi River (Van Arsdale, 2009). At this time in history 
there were so few settlers in the region that there were few casualties and 
very little monetary loss. (Fuller, 1912) 

First large quake: According to accounts given by the inhabitants of the 
small town of New Madrid, the first quake occurred at two in the 
morning of December 16th, 1811. Vivid descriptions have been given by 
the startled inhabitants of the ground moving like water in wavelike 
motions (Fuller, 1912) which would indicate ground oscillation due to 
surface waves (Sims, 2011l). 

The second large quake: following the first quake there were strong 
aftershocks for two days and after that the aftershocks got less intense 
until January 23rd,1812, when a new quake, as strong as the first one hit. 
(Fuller, 1912) 

The third large quake: Following the second quake there was about a 
month with relatively few aftershocks until February 7th,1812, when 
another equally strong earthquake struck the area, with bad aftershocks 
for several days (Fuller, 1912).  

Although there is known no death toll from the three large quakes, it is 
believed that most of the casualties were people who drowned in the 
river, either from falling in when riverbanks collapsed or by having their 
boats crushed in the wild water (Atkinson 1989).According to myth, one 
of the islands sank into the Mississippi River was one of the bases for 
river pirates that haunted the Mississippi at the time (Van Arsdale, 2009). 
There were numerous small aftershocks every few days for over a year 
(Fuller, 1912). 

There are descriptions (Fuller 1912) indicating the occurrence of  

 landslides, 

 uplift in some places,  

 subsidence in others places,  

 occurrence of great waves  on the Mississippi River, 

 riverbanks collapsed and  

 whole islands  in the river sank.  

There are different opinions on the actual magnitude of the 1811-1812 
earthquakes. Estimates range from M7 as believed by geologist Seth 
Stein (Stein and Newman, 2004) to as high as M8.8 as Believed by Otto 
Nuttli (Doyle and Rodgers, 2005). 

Later large earthquakes in the NMSZ have been recorded. One in 1843 
which has been estimated to M6.0 and another in 1976 which was 
measured to M5.0. Both had their epicenter very close to the town of 
Marked Tree (AGS seismic map, 2008) which is on the same straight line 
as along which the three 1811-1812 earthquakes occurred, only further 
southwest (Van Arsdale, 2009). Since measurements where started in 
1974 over a dozen earthquakes with a magnitude between 4.0 and 4.5 
have occurred in Northeastern Arkansas alone, and a lot more in the 
entire NMSZ. The most recent earthquake with a strength of M 4 in 
Northeastern Arkansas was in 2005(AGS Seismic map, 2008). 
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Different views and opinions on the NMSZ 
That there have been major earthquakes in the region is accepted in the 
scientific community but whether or not the NMSZ is likely to have 
another is not a topic without controversy. There is a group of geologists 
who believe that the Mississippi River Valley is way overdue for another 
large earthquake and others who think that it is a dying fault, unlikely to 
ever pose any threat to residents of the area. The reason this is so 
controversial is that earthquake prevention is expensive. If the fault does 
not pose a real threat to the inhabitants of the Mississippi River Valley, it 
would be a waste of money to prepare the community for one, money 
that could be used to prepare for floods or tornadoes, natural hazards 
very common in this part of the country. If a real earthquake risk is 
identified however, the money will be very well spent as damage can be 
avoided and lives saved. (Ausbrooks, 2011). 

METHODS  

The methods used to determine whether or not the NMSZ even poses a 
threat was by studying what scientists have written about the fault system 
in different research papers, by following the debate of those with 
extreme points of view in the matter and by interviews conducted at the 
Arkansas Geological survey. Seismic maps from the Arkansas Geological 
Survey.  

To determine the possible consequences of an earthquake in the region 
and what can be done to prevent damage a literature study was made. 
Also liquefaction maps of Arkansas were studied to understand 
liquefaction would be a problem and to what extent. 

To find out if it is economically feasible to reinforce buildings and 
infrastructure a cost benefit analysis was made. The cost of making 
buildings seismically safe was compared to the cost of lives lost if a 
major earthquake occurred. To do the analysis a certain smaller area, one 
city, was studied. Two modern earthquakes were looked at, on in an area 
with no seismic building codes and one in an area where everything is 
built to be able to withstand shaking of the ground. The cost of material 
losses and casualties from these two earthquakes were then scaled to the 
population of the city the New Madrid area and the difference between 
the two could be considered a rough estimate of the cost of a similar 
sized earthquake in the Midwest. This was then compared to an estimate 
of what retrofitting a large majority of the houses and public buildings in 
the city. 

RESULTS  

As mentioned in the background, there are different opinions on the 
relevance of preparing the Mississippi River Valley for an earthquake.  

Skepticism against the New Madrid Fault as a threat 
One of the big advocates of seismic quiescence is Seth Stein. He has in 
several articles argued that the New Madrid Fault is a dying fault. In an 
article by Stein and Newman (2004), “Characteristic and Uncharacteristic 
Earthquakes as Possible Artifacts: Applications to the New Madrid and Wabash 
Seismic Zones” they look at the relation between small and large-scale 
earthquakes and point out that the occurrence of small-scale earthquakes 
have been used when  establishing the reoccurrence time for the large 
scale earthquakes. According to the article the uncertainties of the data 
sets used are very great and that the way earthquakes of different 
magnitude relate to one another can differ greatly from one place to 
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another. They also claim that the physics that causes these uncertainties 
is unknown to us. Stein and Newman say that the number of 
earthquakes decreases linearly with rising magnitude, (since the 
magnitude scale is logarithmic, the decrease is actually logarithmic). 
According to Stein and Newman large magnitude earthquakes deviate 
from this pattern, by showing that large earthquakes do not occur as 
often as one would expect from looking at the occurrence of small 
earthquakes. This is claimed to be due to the faults not being infinite. In 
some regions reoccurrence times have been established by looking at 
historical data both large and small earthquakes in the area. Stein and 
Newman argue that these studies sometimes give the impression that 
large earthquakes are more common than they really are. Stein et al have 
studied earthquake sequences and their conclusion was that short 
earthquake records can give an impression that there is higher risk of 
earthquakes than there actually is, especially if a large earthquake 
happens to have occurred in that time span . Some of the complexity can 
have to do with the kind of fault studied. Strike slip faults may have 
more high magnitude earthquakes than what would be expected from 
looking at the low magnitude quakes, due to the fact that strike slip faults 
become smoother and smoother as the sides rub against each other. The 
fault system of NMSZ is considered a young formation (750 million 
years ago); the sides of the fault would not yet have been smoothened 
out by time (Stein and Newman, 2004).  

Stein et al (2009) have preformed a GPS study of surface movements in 
the area. They showed that no movements over 0.2 mm could be 
detected anywhere within 200 km of the NMSZ. They argue that if strain 
was being built up at the rate for the Mississippi River Valley to continue 
have earthquakes at the same rate that records have indicated for the last 
2000 years, a much larger strain should  be noticed. This, as well of the 
lack of topography that would have been shaped from the fault, would 
indicate that strain is no longer being built up as it used to. They use this 
fault and other mid continental faults as examples to prove that 
intraplate faults can: 

 turn on and turn off,  

 cause earthquakes to cluster and  

 cause earthquakes to migrate.  

They explain this by describing how an isolated fault behaves in the way 
we think of faults and earthquakes, with strain building up until the rock 
breaks, and then it starts over again and this causes the earthquakes in 
the isolated fault to occur relatively periodically. But, Stein et al (2009) 
also state that since faults are very seldom isolated, they are affected by 
seismic activity from surrounding faults. Likewise, the built up of strain 
in the rock may not be constant as it too may be affected by other faults 
and forces within the plate (Stein et al, 2009). At plate boundaries on the 
other hand, the strain rate is much higher so other forces are 
“negligible”, therefore the NMSZ can be considered to be isolated . 
They refer to GPS data that has shown displacement of the surface along 
the plate boundary, but not anywhere with the central United States. 
They also say that stress will build up much slower, and perhaps not at 
all, in an intraplate fault after an earthquake. Instead, it is more likely that 
stress will build up in other faults, not in the one that most recently had 
an earthquake. This is called migration of seismicity, and is known from 
other seismic zones such as the San Andreas Fault (Stein et al, 2009). 
This is caused when stress is applied on one fault from an earthquake on 
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another. According to Stein et al, this causes people to believe that the 
next large earthquake will be where the last large one was, when in fact it 
is very likely to have migrated to some other fault, where it will not be 
expected. 

Advocates for New Madrid Fault posing a threat 
On the opposite side, there is a group of scientist who believe that the 
NMSZ in fact poses a great threat to the people and infrastructure in the 

Mississippi River Valley. They were assigned to evaluate the situation by 
NEPEC (National Earthquake Prediction Evaluation Council) and their 
results were published in a report (NEPEC, 2011). To assess the 
likelihood of a new earthquake of the same size as the ones 1811-1812 it 
was necessary to unravel previous large earthquakes in the region. This 
was done by using the methods earlier such as looking at 
paleoliquefaction but also by new methods like studying where 
stalagmites in caves have been broken. Stalagmites and stalactites are 
created from calcium deposits over a very long time and when measured 
an approximate date of a break can be set. Strike slip offsets of the rock 
were also studied, and the patterns in the slip could be read as a time 
line, since major seismic events etch themselves into the rock. What was 
found was that there has been strike slip faulting in the NMSZ, that the 
majority has been nearly horizontal and almost parallel to the Mississippi 
River (NEPEC 2011).  

The report does confirm Stein’s theory that some of the microquakes in 
the area are aftershocks from the 1811-1812 quakes, but not all of them. 
Rather, the report argues that the repeated occurrence of large 
magnitude earthquakes in the region suggests that there are more big 
earthquakes to come. The study of breaks in stalagmites were a new 
piece of evidence that further confirmed this (NEPEC, 2011). 

Paleocurrent indicators in the sediment from the bottom of the 
Mississippi River were also studied these confirmed that the river had 
been redirected abruptly at about the same times as historical 
earthquakes are believed to have occurred. The same indicators of abrupt 
changes to the river channel could be found even further down in the 
sediment, which suggests that large magnitude earthquakes took place in 
the Midwest also before the historical ones that we know of. What was 
also found from these studies was that large magnitude earthquakes seem 
to have cluster together: a few within a couple of hundred years of each 
other and then a longer period (more than a thousand years) of relative 
seismic dormancy (NEPEC, 2011).  

The report also deals with the GPS data that Stein et al (2009) has 
presented. Three reasons are given that explain why GPS data cannot be 
used to prove that the NMSZ is dying: 

 Firstly is that the GPS network is not optimal in neither location nor 
distribution to study earthquakes and tectonic strain; especially 
compared to plate boundaries where surface changes appear more 
distinctly.  

 Secondly the GPS data is believed to have been disturbed by other 
parameters that do not have anything to do with tectonics.  

 Thirdly the resolution of the GPS data is not good enough for it to be 
certain what is a surface movement and what may just be bad 
resolution (NEPEC 2011). 

Several mechanical models have been made to show how seismicity 
occurs in the NMSZ. These different models can roughly be divided into 
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two groups; those that assume that stress is constantly being built up in 
the North American bedrock, and those that assume that no new stress 
is being added. Models in the latter group generally predict a decrease of 
earthquakes in the area, but this does not correspond well with the 
record of seismic events in the area. Therefore it has to be presumed that 
a model that assumed constant reload of the faults is more correct. A 
model that assumed a slow reload gives earthquakes that cluster in the 
way that it is interpreted to be the cause for the larger ones in the 
Mississippi River Valley (NEPEC, 2011). 

On the other hand geologist Roy Van Arsdale (2009) claims that GPS 
studies of the area have indeed showed surface movements. According 
to him the ground on either side of the Reelfoot Fault is converging, up 
to 2.7 mm per year, which is within the same order of movement that 
occurs yearly along the San Andreas Fault in California. This sort of 
surface movement indicates a stress buildup in the subsurface that would 
cause a major earthquake (the size of that of 1811-1812) every five 
hundred years, and this is consistent with those geologic records that we 
have, which Stein et al (2009) claim is uncharacteristic for the Midwest. 
Although Van Arsdale does agree with Stein et al (2009) on that 
seismicity might have migrated, and he suggests that GPS monitoring of 
surface movement should be conducted in southeastern Arkansas with 
the newly discovered Holocene fault. (Van Arsdale, 2009). 

Potential risks 
Earthquake hazards can be direct or indirect. Direct hazards are when 
damage is made from the actual movement of the ground or the waves 
going through it. The indirect hazards are not from the earth movements 
itself but dangers created by them, such as wildfires from broken gas 
lines, ground failure due to liquefaction and seismically induced ocean 
waves such as tsunamis (Atkinson, 1989) 

One of the direct hazards of earthquakes is fault displacement. This is 
when the ground pulls apart, is shoved together or shifts sideways, 
destroying building or engineering structure that might be built on top 
(Atkinson, 1989). 

Likewise tectonic uplift and subsidence (when landmasses are raised or 
lowered due to earthquakes) can cause major damage to overlying 
buildings. Subsidence can be primary or secondary since it can be caused 
by both tectonics and liquefaction (Atkinson, 1989). But since this occurs 
in a very limited zone, most of the damage from primary effects of the 
earthquake is due to shaking of the ground.  

Although there is a wide range of indirect hazards connected to 
earthquakes my evaluation was that the biggest threat in the Mississippi 
River Valley is that of liquefaction which will be discussed later.  

The 1811 quake caused landmasses to lift and subside which made the 
Mississippi to flow backwards in limited stretches of the river and even 
creating waterfalls in some places. The 1811 quake is known as “the 
earthquake that made the Mississippi River flow backwards for three 
days”. It is important to understand that it was not the whole river that 
ran backwards but just parts of it, an almost supernatural experience for 
the people who lived along those stretches of the river (Ausbrooks, 
2011). In most of these places the river found a new way to flow 
southwards. In some places meanders and tributaries were cut off 
completely. Such as with Reelfoot Lake, where the Reelfoot River was 
dammed up instead of emptying into the Mississippi (Van Arsdale, 
2009). 
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Fig 4 Mercalli Intensity map for the New Madrid Earthquakes of 1811-1812 as well 
as for the Great San Fransisco Earthquake in 1906. Source: Smith and Pun 

 

The spreading of seismic waves in the Midwest throughout the United States 

If, or rather when an earthquake strikes the NMSZ the destruction is 
very likely to not only be local, but spread over a wide area. This can be 
better understood by looking at an earthquake map of the United States 
(Fig 4). Two important earthquakes in US history are illustrated with 
their respective Modified Mercalli Intensity; The New Madrid 
earthquakes of 1811-1812 and the Great San Francisco earthquake of 
1906 (Smith and Pun, 2006).  

As displayed on the map (Fig 4), the intensity from the New Madrid 
Earthquake was felt over a much larger area than the San Francisco 
Earthquake (Smith and Pun, 2006). It is important to note that the 
destruction of the New Madrid Earthquake did not end as abruptly as 
the impression given by the map. The reason for the intensity contours 
ending is because there were barely any European Americans living 
further west to account for the destruction back in 1811. But by 
extrapolating the intensity contours westward an approximate earthquake 
map can be constructed. It is believed that the intensity would spread 
westward in the same fashion as it has done east, ending at the Rocky 
Mountains (Johnston, 2011). 

The reason for the difference in how seismic waves spread through the 
ground is found in the physical and mechanical properties of the rock. 
Rock mass that is hard and dense, with few cracks will spread the seismic 
waves much better than rock mass that is soft and fractured. The 
bedrock out in California is highly fractured and the coastal and central 
areas consist primarily of sedimentary rocks which lead to low 
transmittance of seismic waves. The Midwest on the other hand has had 
relatively little seismic activity in the past which has left the bedrock 
continuous (Johnson, 2011) It is the physical and mechanical properties 
of the upper crust that matters most when it comes to the spreading of 
seismic waves rather than the rock further down (Atkinson, 1989). 
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Fig 5 Estimated intensity for Arkansas from a M7.7 earthquake in NMSZ. Source: 
AGS 

The Mercalli intensity map of Arkansas for a M7.7 earthquake in the 
NMSZ ranges from VI in the interior highlands to X or more in the 
NMSZ itself (Fig 5). 

Seismic data 

The recorded earthquakes in the part of the NMSZ that stretches into 
Arkansas reveals extensive seismic activity (Fig 6). The most seismically 
active part of the NMSZ, the Reelfoot Fault does not go into Arkansas. 
Despite that, the map clearly shows that there is quite a lot of 
earthquakes along the fault that does penetrate into Arkansas, The 
Blytheville Fault (Tavakoli et al, 2010). The great earthquake of 
December 1811 is showed on this map as a large red dot over the town 
of Marked Tree. Some researchers, such as Arsdale (2009) and Tavakoli 
(2010) believe that the epicenter was actually where the town of 
Blytheville is now located. But it is Marked Tree that both the Arkansas 
Geological Survey and the U.S. Geological Survey consider to have been 
the epicenter (Arkansas Geological Survey web, 2011). There are also a 
vast amount of moderate sized earthquakes, M 4.0 to 5.9, shown. Six of 
these have occurred after 1974 (i e recorded by a seismometer) and half 
of those have occurred in the last ten years (AGS map, 2008). 

Liquefaction 

Liquefaction is when the soil starts acting like a liquid. Whether or not a 
soil liquefies depends mainly on the soil composition and the level of the 
groundwater table. Liquefaction mostly occurs in soils that are loosely 
compacted, often sands and silts, but sometimes also gravels and even 
fill material. Soils that contain clay are unlikely to liquefy as the clay 
particles fill up the pores between the grains. Generally soils that are 
more recently deposited are more likely to liquefy since they are often 
less compact than older soils that have consolidated over time. The soils 
in this part of the country are generally cohesion soils, with covalent 
bonds which also adds to the risk of liquefaction. As mentioned above 
the level of the groundwater table also affects liquefaction risks. The 
closer the groundwater table is to the surface, the greater the risk of 
liquefaction. Normally liquefaction only occurs in soils with a 
groundwater table less than ten meters below the surface, although 
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exceptions exist, where soils with groundwater more than twenty meters 
down has liquefied (Greene et al, 1994). When the ground shakes, due to 
seismic activity, the grains will first become more compact, reducing the 
size of the pores in the soil. This will cause the water in the pores to be 
pressed upwards and the grains will be pushed apart by the water flow. 
This in turn will make the soil act more and more like a liquid and the 
ground will lose its bearing capacity (Smith and Pun, 2006).  

Liquefaction can cause damage in several different ways, one of them 
being flow failures, which can result in huge bodies of earth being 
displaced tens of meters in a matter of seconds. Flow failures occur on 

slopes with an angle of more than 3º. When the soil liquefies it starts 

flowing down the slope, much like water runoff, causing destruction to 
anything built on the slope or beneath it. In the case of flow failure it can 
be the top soil that liquefies but even deeper soil layers can liquefy and 
pull overlying layers with them down the slope (Greene et al, 1994). 

 

 
Fig 6 Seismic map over Northeast Arkansas. Source AGS 
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Another result of liquefaction is lateral spread. This is when lower layers 
of soil on an almost flat surface (slope angle less than 3°) liquefy but the 
top soil stays intact. The top soil will float like ice sheets on water 
spreading apart as they move down the slope. The ground displacement 
is not as dramatic as with flow failure but it can still cause displacements 
up to several meters which can have severe consequences on the 
foundation of buildings and engineering structures as wells as pipelines 
(Greene et al, 1994). 

If there is no incline what so ever when a lower layer of soil liquefies the 
top layers may start moving in wavelike motions from the ground waves 
caused by the three earthquakes. This is called ground oscillation and 
might cause cracks in the ground to open and close relatively fast. Even 
when the ground does not oscillate great damage can be caused on a flat 
surface when the soil liquefies. As mentioned earlier the ground will lose 
its bearing capacity which can cause buildings above to tilt or even fall 
over completely. When the building is not very heavy this process will be 
much slower and is known as settlements, which can cause cracks in the 
walls when one side of the house settles more than the other (Greene et 
al, 1994). 

Although earthquakes are the main cause for liquefaction there are other 
earth movements like blasting or drilling that can lead to equally harmful 
liquefaction (Cernica, 1995).  

Liquefaction maps 

Maps showing the liquefaction potential can be created if one knows 
both the soil’s capacity to liquefy and the risks of seismic activity in the 
area; known as the liquefaction opportunity or liquefaction susceptibility. 
The terminology tends to vary; liquefaction opportunity is used on some 
maps and liquefaction susceptibility one others (Greene et al, 1994). 

 

 
Fig 7 Liquefaction map for Arkansas. Source AGS 
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The liquefaction susceptibility map of Arkansas shows that there are 
areas with very high and areas with low liquefaction susceptibility (Fig 7). 
The most dangerous area in the state is in the eastern Gulf coastal plains 
and the low risk area is the interior highland. of the northwest.  

In the area around the NMSZ the liquefaction risk is very high. However 
it is not just the distance from the seismic zone that determines the risk 
for liquefaction, it also depends upon soil type. There is a stretch of land 
with only moderate risk that runs through the area of high risk. This 
stretch coincides perfectly with the Crowley’s Ridge Formation. 
Providentially enough, two of the largest towns in the area, Jonesboro 
and Paragould, are situated on Crowley’s Ridge (NEAR Liquefaction 
Susceptibility, Map, 2011).  

The Crowley’s Ridge Formation crops out as a ridge that snakes down 
from the top northeast corner of the state down to the Mississippi well 
south of Memphis and is 32 km at its widest. It rises at about 90 m 
above the rest of the otherwise flat landscape and it is believed that it 
was formed by both faulting in the late Quaternary age and erosion. The 
erosion is believed to be that of Holocene Mississippi for the eastern 
escarpment and Prot-Mississippi channel and faulting for the western 
slope (Doyle and Rogers, 2005). 

How to prepare for an earthquake 
If there is a real risk of earthquakes in the Mississippi River Valley 
measures to prevent damage need to be taken. In other parts of the 
world where earthquakes occur much more frequent than in the central 
United States, prediction methods have been developed and society is 
prepared in different ways. The cost of such methods can come to play 
an important role as many still doubt whether a major earthquake will 
ever again occur in the Mississippi River Valley. The following section 
deals with how to predict earthquakes and prevent people getting hurt 
and property to be damaged. 

Building earthquake safe 

As none of the earthquake prediction methods are guaranteed to work 
every time communities close to major fault lines need to prepare for an 
earthquake to hit. Also, when such a large region is expected to be 
affected, evacuation is close to impossible, partly because there has to be 
somewhere for everyone to go, and also because people are generally 
very reluctant to leave there homes. 

Earthquake preparedness has to exist on several different levels; person, 
local, regional and also to some extent national. In California these 
preparations have been going on for decades, but since there is little 
knowledge of the threat in the Midwest, little has been done there until 
recent years. In California measures have been made to make buildings 
earthquake safe. Several different techniques have been used e g using 
the pyramid structure, where the base is larger than the overlying levels. 
Another measure is to isolate the base from the ground, using e g shock 
absorbers or ball bearings (Atkinson, 1989). 

Building seismically safe is not always the expensive enterprise it is made 
out to be. The larger the building, the less the marginal extra cost to 
make it earthquake safe is. For a skyscraper, the additional cost of 
constructing it to be able to withstand an earthquake is less than one 
percent of the total building cost (Atkinson, 1989) and three to five 
percent extra for smaller buildings. Also the development of the building 
codes may not have to be too expensive for the city as there are both 
national and state building codes to use as a base. (Atkinson, 1989). 
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Not all building may have to be built seismically safe. But when it comes 
to power plants, hospitals, fire stations and likewise, where the 
importance and value is more than the actual building, it is important 
that they stay functioning, especially during a natural disaster. Beyond 
these absolutely vital constructions, it is also a good idea if buildings such 
as schools and places of worship, are seismically safe (Atkinson, 1989).  

Life lines 

As mentioned in a previous section it is not only the actual quake that 
poses the danger to people and property. It is not only important to 
make buildings sturdy to not fall on people, but also make sure that the 
so called life lines are safe from harm during an earthquake. These are 
power lines, gas lines and water and sewage pipes, which, when broken, 
can cause much more damage than the actual quake did by causing fires 
or spreading disease, if a sewer pipe were to break. Power lines generally 
survive smaller quakes as the lines are not strung very tightly between the 
poles so there is room for a little movement. The weak point when it 
comes to power supply is the substations, which have many porcelain 
parts, which easily break when the ground vibrates. These effects can be 
lessened by keeping spare parts at every substation. When it comes to 
pipes for gas, drinking water or sewage, the older the pipes, the more 
likely they are to crack in an earthquake.  The best thing to do is replace 
all old pipes with pipes of ductile steel, but this is an expensive enterprise 
(Atkinson, 1989). 

Building Earthquake safe in Arkansas 

When it comes to building earthquake safe, Arkansas does have the 
advantage of having some experience in building tornado safe. When 
building a house to resist high wind forces a lot of steel is used, giving it 
strength which is good, but to survive an earthquake the flexibility of a 
building is very important (Atkinson, 1989). The more brittle a building 
is, the more likely it is to collapse in an earthquake. This is why masonry 
buildings are much more likely to collapse than wooden ones. 

Since it is neither sustainable nor reasonable to demolish every building 
that was not built according to seismic building code, the only option is 
to try to retrofit them. This means to strengthen or partially rebuilding 
by e g bracing the walls (Atkinson, 1989). Buttresses, once used in gothic 
architecture to hold up walls that were more stained glass than stone 
(Stokstad 1995), can again come to play an important role construction 
as they can transmit forces from the walls and down into the ground 
(Atkinson, 1989). 

Generally a house that is built on a concrete slab on top of the ground 
will survive better than one that has a basement. To make the basement 
of a house earthquake safe the best way is to build it out of reinforced 
concrete blocks and line the walls with plywood. This will keep the wall 
from cracking during an earthquake (Atkinson, 1989). 

It is also important what kind of soil type is under the house. Rock is the 
best ground to build on, natural materials are good and fill materials are 
generally bad, as they are not packed properly and will lose bearing 
capacity (see liquefaction). The frame of the house should be tied to the 
foundation and braced (Atkinson, 1989).  

Chimneys can pose a threat during an earthquake as they are brittle and 
bricks may loosen and fall, injuring people in the house. By building the 
chimney as short as it is safely possible and reinforcing it is a way to 
build more earthquake-safe. Likewise, by building the roof as light as 
possible, the chances of it falling down decreases. The studs, the vertical 
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bars holding up the roof, may also be reinforced with plywood, making 
the construction more flexible (Atkinson, 1989). 

It is not only the frame and foundation of the house that needs special 
attention when it comes to earthquakes. There are also appliances within 
the house that can cause major damage. The water heater should be 
fastened to floor or wall to stabilize it. During an earthquake the 
vibrations of the ground can cause the heater and other heavy objects to 
start wobbling, causing them to “walk” or fall over, starting fires or 
causing floods. A metal strap and some screws are often sufficient to 
anchor a water heater. It is also a good idea to install flexible gas-hoses 
to the heater that will not break easily (Atkinson, 1989). 

Dead or almost dead trees can cause a lot of problems in an earthquake, 
as the roots are not strong enough to anchor the tree to the ground. 
When these trees fall the can cut down power lines, kill people or smash 
cars (Atkinson, 1989). 

Preparing the Mississippi River Valley for an Earthquake  

Legal action 

Preparing for an earthquake is not only done by civil engineers, but also 
by legislators. Examples of such legislation are everything from laws that 
allow doctors to practice medicine in a different state than they are 
licensed in during a natural disaster to updated disaster plans for all states 
in the risk zone. Such disaster plans have to be tested regularly by having 
drills. The problem, from a city or municipalities point of view, with 
creating seismic building codes is not only that the development and 
enforcement of these codes cost money but it can discourage companies 
from establishing there. The mere fact that a city has seismic building 
codes may make it seem like it is more likely that an earthquake should 
hit there, rather than another city in the area that does not have 
regulations. Developers may also avoid building there as stricter 
regulations are believed to be associated with higher costs (Atkinson, 
1989). Another problem when preparing for earthquakes, not only in 
Arkansas, but all over the United States, is the decentralization of power 
in the country. Most of the knowledge of how to prepare exists on the 
federal level, when most of the preparing, needs to be done on a local 
level (Atkinson, 1989). 

Injuries and fatalities 

How many people who get hurt in an earthquake is very much up to 
chance. A high magnitude earthquake can kill no one and injure few if it 
occurs in a sparsely populated area. Likewise, a relatively low magnitude 
quake can have catastrophic consequences if it strikes in a large city. 
What time of day the quake occurs matters a lot too. During the day 
people tend to spend their time in buildings that are more dangerous 
from an earthquake perspective because they are built out of brick or 
concrete such as schools and office buildings. During the evening and 
night on the other hand people are at home, in their houses that are 
more often built out of wood. (Atkinson, 1989).  

Mitigating Liquefaction 

If the ground movement due to liquefaction is expected to be small, 
reinforcements can be made to buildings so that they will withstand 
settlements. If larger ground movements are predicted however, 
foundations might have to be strengthen by removing liquefiable soils 
and replacing them, grouting soils or by draining. The foundation of the 
structure can also be altered to withstand a liquefaction of the soil. This 
can be done by building on piles or piers that stand on more compact 



The New Madrid Seismic Zone 

 

 23 

soil further down. The earlier in the planning process that liquefaction 
risk is considered, the cheaper and easier mitigation becomes. It is 
difficult to stabilize ground under an existing building. (Greene et al, 
1994)  

What is being done in Arkansas 

 Earthquakes are being taken more seriously as a potential threat in the 
Mississippi River Valley now than 20 years ago. Information about what 
to do in during an earthquake can now be found on the emergency 
information board next to information about what to do in case of fire 
or a tornado. 

The Arkansas Geological Survey has very good and easily accessible 
information but there is no information at all to be found on Arkansas’ 
official website, Arkansas.gov.  

Cost Benefit analysis 
The amount of money spent on preparing for an earthquake is 
completely dependent on what kind of damage that can be expected. 
This principal applies both on large scale (if it is economically defensible 
to earthquake proof a skyscraper), and on the small scale. For example, it 
is maybe not meaningful to buy earthquake insurance if one lives in a 
area that is expected to have Mercalli intensities of V or VI since the 
damage (often broken windows and cracks in the plaster) would not 
amount to the co-pay of the insurance. The co-pay for earthquake 
insurance is normally based on the value of the house and set to a certain 
percentage of this value. This is a personal decision that each home 
owner needs to consider when buying home insurance (Atkinson, 1989). 
The seismic building codes, on the other hand are not a personal 
decision, but all-encompassing. Politicians have to decide where 
regulations are necessary and where they are not. Also, the additional 
cost of building earthquake safe should be compared to what the damage 
would be if an earthquake hit and there had not been any reinforcements 
done to the buildings and structures.  

To get an idea of how these two costs can be compared the city of 
Memphis will be used as an example. Memphis is the largest city in the 
area around NMSZ and is located on the border between Tennessee and 
Arkansas, with Memphis on the Tennessee side of the Mississippi and 
West Memphis on the Arkansas side. The city of Memphis has a 
population of 650 000 people and the metro area has a population of 1.3 
million. If there were to be a large magnitude (M7.7) earthquake in 
NMZS Memphis is expected to experience Modified Mercalli Intensities 
of IX (fig 5). IX on the Mercalli Intensity Scale means: 

"General Panic; Damage considerable in specially designed structures, 
well designed frame structures thrown out of plumb. Great damage in 
substantial buildings, with partial collapse. buildings shifted off 
foundations" (Smith and Pun, 2006). 

From this we are to understand that this is a intensity where it actually 
matters greatly if buildings are specially designed to withstand 
earthquakes or not. It may be the difference between if the building only 
takes damage, or is destroyed. Had the intensity been expected to be 
lower, earthquake proofing the buildings would have been a waste of 
money, and if the expected intensity had been higher (XI or XII) a 
special design might not have helped as the two highest intensities are 
nothing short of total destruction.  

To find out what the possible damage and fatalities might be in Memphis 
an earthquake of similar magnitude to a NMSZ worst case scenario 
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quake has been studies. The earthquake in question is the 1999 M7.4 
earthquake in western Turkey where buildings are not generally designed 
to withstand powerful earthquakes. Apart from this earthquake being 
fairly similar in magnitude, it also caused damage close to the epicenter 
of X and IX on the MMI and there was substantial liquefaction (Holze, 
2000) which is also to be expected in Memphis  according to the AGS’ 
liquefaction map. The epicenter of the 1999 earthquake was close to the 
city of Imit in the province of Kocaeli that has a population of 1'007'000 
people. The official death toll from the 1999 Izmit earthquake was 
17'127, with an additional 44'000 people injured and estimated property 
losses of somewhere between 3 and 6.5 billion dollars(Holze, 2000). 
Since the city of Memphis is slightly less populated than the Kocaeli 
Province chances are that the death toll would be proportionally a little 
lower there too. This would cause a death toll of approximately 11'000 
people. As for the property losses it may be a little unsure if the property 
values are the same in Memphis and Kocaeli, but the difference should 
not big enough to matter greatly in an estimation as rough as this one. 
The property damage in which case would be somewhere between 2 and 
4.2 billion dollars in Memphis.  

To get an idea of what good it does to design buildings specifically to 
withstand earthquakes a comparison can be made with the 2008 Iwate-
Miyago Nairiku earthquake in Japan. It had a magnitude of 7.2, an MMI 
of about IX but the death toll was only nine to twenty three people in a 
region with a population of 9.7 million people(Midorikawa et al, 2008). 
This would correspond to one to two fatalities in Memphis.  

There have been two very deadly earthquakes in the last few decades in 
Japan; Kobe in 1995 and the Tohoku earthquake in March of this year. 
None of these are any good for comparing with possible outcomes for 
Memphis. Kobe had an MMI of around XI which is higher than is 
expected in Memphis. The Tohoku quake makes for a bad comparison 
since most of the damage came from the tsunami that the quake 
induced, rather from the actual shaking. And it seems very unlikely that 
an earthquake in NMSZ would induce a tsunami anywhere that would 
then come and wash over Memphis. Neither is the Iwate-Miyago Nairiku 
quake perfect for comparison since the damage was relatively 
concentrated to the epicenter (which happened to be in a rural area), 
which would not be the case in the mid west where seismic waves spread 
far, but it is probably the closest to an similar scale earthquake that will 
be found in Japan 2000 homes were damaged in the tremor but only 32 
of these were severely damaged, which would  correspond to about 135 
homes damaged in Memphis and two homes severely damaged. Severe 
landslides made a lot of damage to roads and bridges in the area but it is 
hard to find an exact value of the damage to public and private property 
(Midorikawa et al, 2008). Even if there was a value it is not necessarily 
comparable with the mid west as property values in Japan are generally 
much higher. The Kobe earthquake, e g, had a much lower death toll 
than the earthquake in Turkey, but the degree of property damage was 
much greater. 

When it comes to assessing the total cost of an earthquake it is not only 
the damage done to public and private property but also the cost of the 
lives lost. The question is how does one assess the value of a human life? 
Traditionally the monetary value of a human life has been calculated 
from the loss of wages that would have been earned by the deceased. But 
this method is no longer in use. Instead one can go by what different 
governmental agencies have established as the monetary value of life, or 
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by using a statistical method. The statistical value of life is how much 
money a collective group is willing to withstand from for keeping one 
random person in that group from dying. For example if there is an task 
that has a 0.1 % chance of fatality and a group of a thousand people all 
have to perform that task (so statistically, one of them should die), how 
much money would one have to give to the group for everyone to want 
to perform the task. The statistical value of life is generally lower than 
the values established by governmental agencies. But the values by the 
governmental agencies vary from agency to agency. The Environmental 
Protection Agency (EPA) of the United States has set the value to 9.1 
million dollars whereas the Food and Drug administration has it at 7.9 
million and the Department of Transportation only at 6 million. These 
are the costs which the respective agencies think are reasonable to save 
one human life. So if there e.g. is an action that can be done by the car 
industry (which would fall under the Dept of Transportation) which 
would save 100 lives per year, the Dept of Transportation is likely to 
make it mandatory under law if it is expected to cost the car industry less 
than 600 million dollars. The EPA tends to value life higher if it has to 
do with cancer prevention as this is considered a slow and painful death 
and the Department of Homeland Security values life 100% higher when 
preventing a terrorist attack (NYT, 2011). Enough said about that. The 
conclusion of all this is that our lives are valued differently depending on 
how we die, or at least how we potentially die, since once we are dead, 
our lives are worth nothing. Earthquakes should fall under the EPA 
which would set the value to 9.1 million dollars per life. With an 
estimated death toll of 11'000, the cost of human lives lost in Memphis 
would be 100 billion dollars, in addition to the cost of property damage 
of 2 to 4.2 billion. In these calculations no consideration is taken to loss 
of revenue due to a natural disaster.  

Now let us assume that the vast majority of the people who would die in 
Memphis would do so because of lack of, for earthquakes, specially 
designed buildings and engineering structures. Assuming that all deaths 
can be prevented this way is probably faulty as some deaths can be due 
to drowning as a river bank collapse, acts of panic etcetera.  

According to a property web site Emporis.com, Memphis has 65 high 
rise (more than ten floors) buildings and 121 low rise (Four to ten floors) 
buildings. There was no data for buildings with less than 4 floors on that 
particular site. Assuming that the average high rise has a building cost of 
800 million dollars the additional cost to make them earthquake safe 
should be 8 million dollars, since the additional cost for high rises is one 
percent (Atkinson, 1989). But since the buildings are already in place, the 
retrofitting would have to be done afterwards, which is more expensive. 
In a report by the National Prevention Services (part of the US Dept. of 
the Interior) retrofitting a high or low rise building to make it seismically 
safe while rehabilitation work is being done to the building costs 
between $10 and $100 per square foot. Since this is just the additional 
cost, while doing other renovations, the upper part of the cost span 
should be expected, since there are a lot of fixed costs when renovation 
and most buildings in Memphis are probably not up for renovation any 
time soon. $100 per square foot seems likely for most of the buildings 
which would mean that retrofitting would cost about one million dollars 
per level. If the average low rise building has seven levels  and the 
average high rise building has twenty-five, the cost for retrofitting them 
would be seven and twenty-five million dollars each. The total cost for 
retrofitting all low rise buildings in Memphis would then be about 850 
million dollars and the total cost for all high rises would be 1.625 billion 
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dollars. The total cost for all high and low rise building in Memphis to be 
seismically safe would be just under 2.5 billion dollars. 

There are approximately 251 000 housing units in the city. Some of these 
are quite likely condos which may be located in some of the high or low 
rise buildings, earlier calculated for, which means that they may be 
'counted twice'. But on the other hand those condos (that may be 
counted twice) will be making up for the small buildings that people 
spend time in, without actually residing there, such as shops and 
restaurants. The average value of housing units in Memphis is 102 000 
dollars for houses with a mortgage, and 84 100 for houses without a 
mortgage (US Census bureau). Therefore, an estimated average value for 
houses in Memphis is set to 93 050 dollars. This is not necessarily the 
same as the building cost, since the value may have altered over the years 
but is a good estimate. Five percent of the value is $4650. According to a 
California based construction company retrofitting a private home costs 
between $2000 and $4000, but in these calculations $4650 per housing 
unit will be used, to be on the safe side. Given that, the total cost of 
reinforcing every housing unit in Memphis would be about 1.2 billion 
dollars.  

There are also 209 schools in Memphis and 20 colleges and universities. 
Assuming that it would be possible to make them earthquake safe for no 
more than 20 million dollars, the cost would be 4.6 billion dollars. 
Furthermore there are about 1380 places of worship in the city. It is 
unlikely that they would cost as much as a low rise to renovate to seismic 
codes since many of them are quite small. Therefore an average of one 
million dollars per unit should be sufficient, allowing all these to be 
improved for about 1.4 billion dollars. 

The market value of Graceland is probably so astronomical that the only 
reasonable thing to do is to take it apart and move it somewhere else 
altogether. It is a natural hazard on its own anyway. Finally there are two 
large bridges for car traffic across the Mississippi River; the Hernando 
DeSoto Bridge and the Interstate 55 Bridge. The cost of making these 
two bridges earthquake resistant is hard to estimate but the Golden Gate 
Bridge in San Francisco is currently being retrofitted to a price of just 
under 400 million dollars. So the retrofitting of the two bridges should 
not exceed one billion dollars (500 million each on average). In addition 
to these there are two rail road bridges that I don't think would need 
reinforcement since they seem to be made out of steel and should 
withstand an earthquake better than a concrete bridge. As for the small 
road bridges across the tributary rivers north and south of Memphis the 
reinforcements of them should not add up to any greater sums. 

Adding up the costs (see table 1) of reinforcing these buildings, private 
homes, schools, places of worship and bridges lands the city, residents 
and businesses of Memphis at a sum of 10.6 billion dollars, which is still 
much lower than the cost if nothing is done and an earthquake hits, a 
little over 100 billion dollars. As we saw with the example of the 2008 
earthquake in Japan, damage will still be done by and earthquake, despite 
the best efforts to prepare. But since we know that the value of property 
loss is very small compared to the value of a human life (9.1 million 
dollars), the fact that so few people died in Japan makes the losses very 
small in comparison to what they would have been if buildings had not 
been earthquake safe and many people had lost their lives. 
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Table 1: Costs of retrofitting the buildings in Memphis 
 

Type of building Number of 
Buildings 

Cost to retrofit ($) Total 
Cost 

($ million) 

High Rises 65 25000000 1625 

Low Rises 121 7000000 847 

Private Homes 251000 4650 1167 

Schools 209 20000000 4180 

Colleges 20 20000000 400 

Places of Worship 1380 1000000 1380 

Major Bridges 2 500000000 1000 

Total cost: 10.6 billion dollars 

CONCLUSIONS AND DISCUSSION  

The NMSZ definitely poses a threat to the Mississippi River Valley, 
contrary to what Stein et al presented in 2009. One of the reasons for 
making this conclusion is that monitoring land displacements (the PGS 
studies that have been conducted) over a short period of time may not 
give a good indication of long term changes. Furthermore, since the fault 
system in buried under such a thick layer of unconsolidated sediments 
this may make changes in the surface harder to detect than for close 
surface faults, such as San Andreas.As for the theory Stein and Newman 
(2004) presented dealing with the small-scale seismicity not supporting 
the estimated reoccurrence times for large-scale seismicity, it is 
disturbing that when making their calculations they have used calibration 
scaled for the whole United States, which may reflect heavily the 
circumstances in California and Alaska and not so much the Midwest. 
But an important point that Stein et al misses out on totally is that of 
earthquake intensity. It all comes back to the important difference in the 
two ways that earthquakes are measured. In both his articles, Stein argues 
that the New Madrid Earthquakes of 1811-1812 were not as powerful as 
other seismologists have claimed them to be. But it is impossible to get 
away from the fact that the earthquakes, despite energy release caused 
major damage. This means that even if the next New Madrid Earthquake 
is not as high in magnitude as we have believed the 1811-1812 quakes to 
have had been, the intensity on the Mercalli intensity scale can still be 
very high. 

The fact that the half of the moderate sized earthquakes that occurred in 
Northeast Arkansas since earthquakes started to be monitored by 
seismometers occurred in these last ten years indicates that the fault it 
not dying.  

As for conclusions when it comes to earthquake prevention and 
prediction I think that the Midwest has come far but still has a long way 
to go. The gap is too big between federal and local government and this 
is where the state needs to come in as a bridge. For example, the 
Arkansas Geological Survey can with data from the USGS help raise 
awareness in Arkansas about the dangers of the NMSZ. The internet is 
important when it comes to informing the public but it is not enough. 
People will not seek out information on their own and they will not 
know to go to the Survey’s website to find it. Earthquake news needs to 
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be posted on the State website with clear directions to the ASG for 
further information. 

Technology will probably play a vital and positive role the day an 
earthquake strikes. As cell phones and mobile internet become more 
common, the risks of people being cut off due to damaged phone and 
power lines are steadily decreasing. 

No matter how much resources are spent on prediction there will always 
be some earthquakes that catch us off our guard. Also, a correct 
prediction may allow people to evacuate but evacuation is a difficult 
affair, and the time available is too short for evacuation, especially when 
such a large region is expected to be affected. In the case of a large 
magnitude earthquake in NMSZ it will not be possible to just evacuate to 
the next town, even if by some chance the earthquake was predicted by 
seismologists. The closest safe place may be hours away by car. Even 
though prediction may allow certain secondary earthquake hazards to be 
prevented, by for example shutting down high risk enterprises such as 
nuclear power plants, a prediction does not prevent severe damage to 
buildings. Therefore building seismically safe is important and as the cost 
benefit calculations showed it can be a huge money saver. It is important 
to note that all the figures used for the calculations are estimates. For 
example, the cost of reinforcing a high rise may escalate when it comes 
to very tall sky scrapers. This is especially important for cities to 
remember when allowing new high rises to be built. Demanding the 
building to be earthquake proofed already at construction may save a lot 
of money in the future, as the cost of earthquake proofing an existing 
building is much higher. 

Although the values for costs in this study are just estimations, the costs 
for preventive methods versus the cost if an earthquake hits an 
unprepared Memphis, are clearly not even on the same scale. The costs 
of preventing have to be astronomically higher for it not to be worth 
preparing Memphis for an earthquake. 

Memphis was used for a cost benefit calculation in order to compare 
what could be the situation in the mid-south. Further research is needed, 
including a similar cost benefit study for every city in the region in order 
to find out whether or not it is feasible to earthquake proof the buildings 
in the city. Just because it is justifiable to spend a lot of money in 
Memphis does not mean that the same is applicable for any city in the 
region. A city where a lower Mercalli intensity is expected might not lose 
nearly as many lives, and therefore making it unfeasible to retrofit 
buildings. 
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