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INTRODUCTION

Instantaneous elec tron ic communications have 
made most people aware of the devastation that 
can be wrought by an earthquake. Images of the 
terrible destruction in Sumatra in 2004, where 
more than 230,000 people died from a magnitude 
9.0 earthquake and subsequent tsunami; the 2005 
earthquake in Pakistan, where more than 80,000 
died; or the horrible scenes of the pancaked decks 
of the Nimitz freeway in Oakland, California, 
during the 1989 Loma Prieta earthquake are dra-
matic portrayals of the destructive potential of an 
earthquake.

In Ohio, and indeed in the eastern Unit ed States, 
there is a perception that de struc tive earthquakes 
hap pen else where but not here. In the short term, 
there is some truth to this observation because no 
one now living has ex pe ri enced a major destructive 
earth quake in the eastern part of the country. Large 
eastern earth quakes have such long re cur rence 
intervals that it is almost inevitable that a com-
 pla cent attitude will de vel op among the populace. 
It is human nature, perhaps, to assume that what 
has not hap pened for a long time will probably not 
happen again for a long time.

Seismologist Robin K. McGuire has stated that 
“major earthquakes are a low-probability, high-
con se quence event . . . .” Because of the potential 
high consequences, geologists, emergency planners, 
and other gov ern ment offi cials have taken a greater 
interest in un der stand ing the potential for earth-
quakes in some areas of the eastern United States 
and in educating the pop u la tion as to the risk in 
their areas. Although there have been great strides 
in increased earthquake aware ness in the east, the 
low probability of such events makes it diffi cult to 
convince most people that they should be prepared.

EARTHQUAKES AND
EARTHQUAKE WAVES

Earthquakes are a natural and in ev i ta ble con-
 se quence of the slow movement of Earth’s crustal 
plates. At the sites where these plates collide, 
earth quakes are a regular phe nom e non. More 
than 100,000 earthquakes with mag ni tudes of 3 or 
greater occur world wide each year, and 98 percent 
of these happen at plate boundaries. California 
is the site of numerous earth quakes because it is 
on the bound ary be tween the Pacifi c and North 
Amer i can plates.

Earthquakes occur along faults, which are zones 
of weakness in the upper crust, when suffi cient 
strain builds up to overcome the frictional resis-
tance of the blocks of rock on either side of the fault. 
When the blocks of rock snap, or quickly move past 
one another, an earth quake happens, releasing 
energy in the form of seismic waves.
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Seismic waves are of two primary types: body waves and 
surface waves. Body waves are divided into primary (P) 
waves and secondary (S) waves. P-waves are the fastest 
(about 3.8 miles per second) of the body waves and move 
with a compressional or push-pull motion. S-waves, also 
called shear waves, move more slowly (about 2.2 miles 
per second) and displace materials per pen dic u lar to their 
di rec tion of travel. Surface waves travel more slowly than 
either P-waves or S-waves and are re spon si ble for some of 
the destructive effects of large earth quakes. The ve loc i ty of 
a wave depends on the density and elastic properties of the 
ma te ri als through which the wave passes.

MEASUREMENT OF EARTHQUAKES

Seismographs are instruments that record seismic waves 
generated by earthquakes. A seismometer is the component 
that transforms seismic-wave energy (ground motion) into 
elec tri cal volt age that can be analyzed in digital form by 
com put er or into analog form that is displayed on a paper 
or fi lm tracing. The squiggly up-and-down series of lines 
that correspond to seismic-wave energy on these records 
are called seis mo grams.

One of the fi rst seismograph stations in the country was 
es tab lished at John Carroll University in Cleve land in 1900, 
and another station was installed at Xavier Uni ver si ty in 

Cincinnati in 1927. Both stations are now inactive. From 1977 to 1992, between 9 and 14 seis mo graph stations were operat-
ing in Ohio. In 1999 OhioSeis, the Ohio Seis mic Network, was established (see further details near the end of this brochure).

Earthquakes are measured in a number of ways, but two types of scales are most common. Magnitude and Mod i fi ed 
Mercalli intensity each portray useful in for ma tion.

MAGNITUDE SCALE

Magnitude is an instrumental scale that depicts the total energy released during an earthquake. It is ex pressed in arabic 
numerals and is calculated by mea sur ing the am pli tude of seismic waves on a seismogram. The mag ni tude of a par tic u-
 lar earthquake is the same at any location as it is a function of amplitude of the seismic waves versus distance from the 
epicenter. An in crease of one whole number on the magnitude scale corresponds to a 10-fold in crease in ground motion or 
amplitude of seismic waves. The scale is logarithmic; therefore, an increase of two whole numbers on the scale is a 100-
fold increase of seismic-wave am pli tude. The amount of energy released during an earth quake is about 31 times greater 
for each whole-number increase on the magnitude scale. For ex am ple, a magnitude 6 earth quake is about 31 times larger 
than a magnitude 5; however, a magnitude 7 earth quake is about 961 times larger than a magnitude 5. Magnitude can be 
expressed in various ways using dif fer ent waves, but the more common are: ML, Richter (local); Mb, P body wave; and Ms, 
surface wave.

The magnitude scale is open ended, that is, it has no upper or lower limits. The largest earthquakes ever re cord ed are 
in the 9 magnitude range, and the small est are negative magnitudes in the -1 or -2 range. Earth quakes with mag ni tudes 
between 2 and 3 com mon ly are felt by people in favorable locations in the epicentral area. Minor damage is generated by 
earth quakes in the mag ni tude 4 range, mod er ate damage in the magnitude 5 range, and major damage in the mag ni tude 
6.5 range. Local variations in geology and con struc tion practices can lead to wide dif fer enc es in the amount of property 
destruction and loss of human life for earthquakes of similar mag ni tude.

The differing velocities of P-waves and S-waves are used to determine the distance of an earthquake from the seis mo graph. 
Epicenters are computed using the arrival times of P-waves and S-waves at three or more seismograph stations. Modern 
software permits comparatively rapid computation of earthquake epicenters.

Generally, the more seismographs available and the closer these instruments are to the epicenter, the more precisely an 
earthquake can be located. In areas of com par a tive ly frequent seismic activity, a network of seismic in stru ments is deployed 
to maximize data col lec tion. Such net works can detect very small earth quakes, many of them well below the threshold of 
hu man de tec tion, and locate them accurately. This in for ma tion, when collected for a long interval, may defi ne the location 
and char ac ter is tics of faults and give many clues to the potential size and fre quen cy of future earthquakes.

Seismologists use earthquake-wave records on seis mo graphs to calculate the location, ori en ta tion, and sense of movement 
of the earthquake-generating fault. This pro ce dure, known as a fault-plane solution or focal mech a nism, provides valuable 
in for ma tion on the geo log ic struc ture that produced an earthquake.
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Interior zones of the Earth (fi gure modifi ed from Washington Divi-
sion of Geology and Earth Resources, Information Circular No. 85, 
1988). Earth’s crust consists of great plates that slowly move across 
the surface of the Earth in response to convection cells in the mantle. 
Most earthquakes occur where plates meet, such as at spreading or 
convergent boundaries.
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MODIFIED MERCALLI INTENSITY SCALE

Another earthquake-measuring scale is called the Mod i fi ed 
Mercalli Intensity Scale (MMI), which por trays the amount 
of ground shaking at a particular location on the basis of the 
effects felt by people and the observed damage to buildings 
and terrain. It is defi ned by roman numerals from I to XII—I 
being not felt and XII rep re sent ing total destruction. Intensity 
is com mon ly greatest at the epicenter and decreases with 
distance away from this point; however, differences in local 
geology may result in pockets of com par a tive ly high intensity 
and consequent damage at some distance from the epicenter.

Damage to buildings occurs when Modifi ed Mercalli inten-
sities reach the VII range. The felt area and MMI for a par-
ticular earthquake are commonly portrayed by an isos eis mal 
map, which is constructed by plotting the MMI (determined 
from press reports and ques tion naires) and drawing lines sur-
rounding areas of equal intensity. The chart to the left gives 
the general relations between Mod i fi ed Mer cal li intensity and 
magnitude; how ev er, these cor re la tions are very approximate 
because many geo log ic fac tors infl uence local intensity.

In the eastern United States, earthquakes tend to be felt 
over a much wider area than in the western United States; 
in fact, the damage area from an eastern quake is com mon ly 
about 10 times larger than from a western event of similar 
mag ni tude. In the eastern United States the relatively brittle 
and fl at-lying rocks tend to transmit seismic waves, whereas 
the struc tur al ly complex rocks in the western United States 
tend to attenuate seismic-wave energy.

CRUSTAL GEOLOGY AND
FAULTING IN OHIO

Ohio earthquakes are shallow-focus events, that is, they 
occur in the upper portion of the crust at depths of about 3 
to 6 miles, in crystalline (igneous and meta mor phic) rocks of 
Precambrian age. Precambrian rocks are nowhere exposed in 
the state and lie beneath Paleozoic sedimentary rocks at depths 
of about 2,500 feet in west ern Ohio to more than 12,000 feet 
in south east ern Ohio.

Until the mid-1980s, these rocks were poorly un der stood 
and known pri ma ri ly from a few samples ob tained from deep 
oil and gas wells. Statewide aer o mag net ic and gravity maps 
produced by the U.S. Geo log i cal Survey in co op er a tion with the Ohio Department of Natural Resources (ODNR), Di vi sion of 
Geo log i cal Sur vey re vealed an unanticipated com plex i ty to these Pre cam brian rocks. At the in vi ta tion of the ODNR Di vi sion 
of Geo log i cal Sur vey, an east-west, deep-crust al seis mic re fl ec tion pro fi le was run across the state in 1987 by the Con sor tium 
for Con ti nen tal Re fl ec tion Pro fi l ing (COCORP). This in ves ti ga tion opened up a new un der stand ing of the geo log ic his to ry 
of the Pre cam brian rocks be neath the state and gave ge ol o gists clues to the or i gins of some his tor ic earth quakes in Ohio.

These stud ies, and a study by a co op er a tive re search group known as the Cin cin nati Arch Con sor tium (con sist ing of the 
Ohio, In di ana, and Ken tucky Geo log i cal Sur veys and fund ed by in dus try spon sors), in di cate that about a bil lion years ago 
Ohio was the site of a col li sion be tween the North Amer i can con ti nent and a con ti nent to the east. This col li sion pro duced 
a moun tain range, known as the Gren ville Moun tains, that stretched from Can a da south ward through Ohio and ad ja cent 
areas. The Gren ville Moun tains were even tu al ly erod ed to a roll ing sur face that was cov ered by sed i men ta ry rock dur ing 
the Pa le o zo ic Era. East ern Ohio is un der lain by in tense ly de formed Pre cam brian rocks that mark the col li sion zone be tween 
the two con ti nents. West-cen tral Ohio is un der lain by a north-south zone known as the Grenville Front, which marks the 
west ern edge of thrust ing dur ing the col li sion. The west ern part of the state, west of the Grenville Front, is un der lain by 
ex ten sive down-dropped, fault-bound ed ba sins known as rifts.

These rifts mark the site where the crust be gan to split apart, eventually to form a new ocean basin; but for un cer tain 
reasons the rift ing ceased, leav ing a down-dropped area that ac cu mu lat ed a thick fi ll of sed i ment. At least one of these rifts, 

General relationship between epicentral Modifi ed Mercalli intensi-
ties and magnitude. Intensities can be highly variable, depending 
on local geologic conditions. (Modifi ed from D. W. Steeples, 1978, 
Earthquakes: Kansas Geological Survey pamphlet.)
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Basement structures in Ohio (modifi ed from ODNR Division of Geological Survey Map PG-23, 2002). This map portrays a number of deep 
faults and other structures that have been identifi ed by a variety of geologic studies. Some faults are well known, whereas others are specu-
lative. Very few of them are visible at the surface. The Fort Wayne (Anna) rift in western Ohio is the site of numerous historic earthquakes.

known as the Anna or Fort Wayne rift, appears to be the source of many earth quakes in Shelby and Auglaize Counties.
In general, Ohio earth quakes occur along pre-ex ist ing zones of weakness in Pre cam brian rocks. These zones of weak ness 

represent faults cre at ed during Grenville moun tain building and a rifting event, known as the Keweenawan, about 800 
mil lion years ago, or perhaps by later tec ton ic events, such as the formation of the Ap pa la chian Moun tains (com pres sion) 
during the late Pa le o zo ic or the open ing of the Atlantic Ocean (extension) during the Mesozoic. Scientists think that fa vor-
 ably ori ent ed faults are pe ri od i cal ly re ac ti vat ed in the cur rent stress re gime, which is north east-south west com pres sion.

Very few faults in Ohio are visible at the surface, and no surface faults in Ohio are known to be associated with historic 
earthquakes. Fur ther more, none of these faults exhibit evidence of movement during Recent (Ho locene) time; most of them 
probably have not been active since the Paleozoic. In fact, fault scarps generated by historic earth quakes have not been 
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clearly dem on strat ed in the eastern United States. Most faults known in the sub sur face of Ohio appear to originate in 
Precambrian rocks and die out up ward in the overlying Paleozoic rocks. There fore, most of them do not reach the surface 
where they can be directly mapped and stud ied. In addition, the bedrock surface over about two-thirds of the state is masked 
by a thick cover of glacial sediments.

Most subsurface faults in the state have been dis cov ered through mapping of rock units using oil and gas well data or by 
geophysical means, such as aeromagnetic, grav i ty, or seis mic-re fl ec tion pro fi l ing. Pre cise, detailed re cord ing of earth quakes 
by seis mo graph networks is also a great aid in identifying faults and other geologic struc tures in the sub sur face of Ohio. 
The fact that there are many unmapped faults in the subsurface of the state is dra ma tized by the large number of small 
earth quakes that occur in locations at which no faults are mapped.

HISTORIC EARTHQUAKE ACTIVITY IN OHIO

At least 200 earth quakes of 2.0 magnitude or greater with epicenters in 
Ohio have occurred since 1776, and 15 of these events are known to have 
caused minor to mod er ate dam age. For tu nate ly, there have been no deaths 
and only a few minor injuries recorded for these events.

Most earthquakes that occurred in Ohio before the 1960s have been located 
and assigned intensities and approximate magnitudes based on newspaper 
accounts. Ep i cen tral lo ca tions for many of these events probably have a con-
 sid er able margin of error. Noninstrumental data should be used cautiously.

Seismic activity is concentrated in, but not confi ned to, three areas of 
the state. One of the most historically active seismic areas is in Shelby and 
Auglaize Counties and portions of some ad ja cent counties in western Ohio, 
known as the west ern Ohio seismic zone (also referred to as the Anna Seismo-
genic Zone). More than 40 felt earthquakes have oc curred there since 1875. 
Although most of these events have caused little or no damage, earth quakes 
in 1875, 1930, 1931, 1937, 1977, and 1986 caused minor to mod er ate damage. 
Earth quake dam age has been most se vere in the Shelby County com mu ni ty 
of Anna. This town is centered over a 400-feet-deep buried valley that was 
formed in preglacial time by the Teays River, which follows the trend of the 
Fort Wayne (Anna) rift. Scientists think that Anna has experienced com-
 par a tive ly se vere ground mo tion be cause of am pli fi  ca tion of seismic waves 
by this thick valley fi ll.

Northeastern Ohio has experienced more than 80 felt earth quakes since 
1836; most have been small and caused little or no damage. Magnitude 4.5 
events oc curred in 1943 and 2001 and a magnitude 5.0 event occurred in 1986; 
the latter event caused minor to mod er ate damage and sev er al in ju ries. Some 
ge ol o gists have suggested that some of these earth quakes oc curred on an 
extensive north-south linear fea ture in Pre cam brian basement rocks known 
as the Akron mag net ic boundary. At least 40 small earthquakes have occurred since 1987 in association with a deep, now 
abandoned, Class I injection well in Ashtabula.

Southeastern Ohio has been the epicentral location for at least 10 felt earthquakes since 1776. Events in 1776 (lo ca tion 
uncertain), in 1901 near Portsmouth (Scioto Coun ty), in 1926 near Pomeroy (Meigs County), and in 1952 near Crooksville 
(Perry County) caused minor to moderate dam age. The geologic sources for these events are poorly un der stood.

Small earthquakes have been scattered through oth er portions of the state, particularly in south west ern Ohio in the 
vicinity of Cincinnati and in northwestern Ohio, in clud ing the Toledo area.

Numerous earthquakes with epicenters in other states have been felt in Ohio, and at least three of them have caused 
damage. The 1811–1812 series of earth quakes at New Madrid, Missouri—the largest earth quakes in his tor ic times in the 
continental Unit ed States—were felt strongly through out Ohio and were reported to have knocked down chim neys in Cin-
 cin nati. It has been es ti mat ed that Mod i fi ed Mercalli intensities (MMI) of VII to VIII were achieved in south west ern Ohio 
during these events. An earth quake with a mag ni tude of 5.3 centered at Sharpsburg, Ken tucky, in 1980 was strongly felt 
through out Ohio and caused minor to mod er ate dam age in some communities near the Ohio River in south west ern Ohio. 
On September 25, 1998, a 5.2 mag ni tude earth quake occurred just east of the Ohio-Penn syl va nia state line in Crawford 
County, Penn syl va nia, near Pymatuning Reservoir. This earth quake caused mi nor dam age in the epicentral area, in clud ing 
portions of Ohio near the state line.

SIGNIFICANT OHIO EARTHQUAKES

Summer 1776: The earliest Ohio earthquake to be noted occurred at 8 A.M. sometime in the summer of 1776 and was 
chronicled by John Heckewelder, a Moravian mis sion ary, who reported that “the southwest side of the house was raised 

Toppled chimneys were common in Anna, 
Ohio, from the March 2 and March 9, 1937, 
earthquakes. In this home, the chimney crashed 
through the ceiling, scattering bricks in a bed-
room. Fortunately, no serious injuries resulted 
from these earthquakes.
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Locations of felt earthquakes or those with magnitudes of 2.0 or greater in Ohio and its border areas. Locations and magni-
tudes of historic earthquakes are represented by symbols corresponding to felt area or maximum epicentral Modifi ed Mercalli 
intensities. Noninstrumental locations may be in error by a considerable distance, especially for early events.

with such vi o lence that the furniture of the room was nearly overturned.” Heckewelder spent the sum mer of 1776 at the 
Moravian mission of Lichtenau, which was in present-day Coshocton County. Be cause his report is the only ac count of this 
event, it is impossible to determine an epicentral location with any cer tain ty. In deed, the ep i cen ter of this earth quake may 
not have been in Ohio.

1811 and 1812: On De cem ber 16, 1811, and January 23 and February 7, 1812, the larg est earth quakes ever to strike 
the continental Unit ed States occurred at New Madrid, Mis sou ri, and were felt throughout an area of about two million 
square miles, in clud ing all of Ohio. In Ohio, some chim neys were toppled in the Cin cin nati area, which ex pe ri enced the 
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stron gest shak ing from these events. Should earth quakes of 
this in ten si ty be repeated at New Madrid, they would prob a bly 
cause con sid er able dam age in south west ern Ohio.

June 18, 1875: This earth quake was felt through out an area 
of at least 40,000 square miles and was most in tense at Sidney 
(Shelby Coun ty) and Ur ba na (Cham paign Coun ty), where ma-
 son ry walls were cracked and chim neys top pled. It has been 
in ter pret ed to have had a MMI of VII.

September 19, 1884: An earth quake in the vi cin i ty of Lima 
(Allen Coun ty) had an ep i cen tral MMI of VI. There were re ports 
of fall en ceil ing plaster as far away as Zanesville (Muskingum 
Coun ty) and Parkersburg, West Vir gin ia. On the ba sis of a 
felt area of more than 140,000 square miles, this earth quake 
is es ti mat ed to have had a mag ni tude of 4.8. Work men on top 
of the Wash ing ton Mon u ment in Wash ing ton, D.C., re port ed 
feel ing this earth quake.

May 17, 1901: Dur ing this earth quake, bricks were dis lodged 
from chim neys and some win dows were cracked in Ports mouth 
(Sci oto Coun ty) and chim neys were dam aged in Sciotoville. 
Mod i fi ed Mer cal li in ten si ties of VI were gen er at ed in the ep i-
 cen tral area. Based on felt area, this earth quake is as signed 
a mag ni tude of 4.3.

November 5, 1926: This earth quake was cen tered near 
Pomeroy and Keno, in Meigs Coun ty, where chim neys were 
top pled. A stove was over turned at Chester. Mod i fi ed Mer cal li 
in ten si ties of VII were gen er at ed in the ep i cen tral area, but the earth quake ap par ent ly was felt only in por tions of Meigs 
Coun ty and ad ja cent parts of West Vir gin ia. On the ba sis of this small felt area, this event has been as signed a mag ni tude 
of 3.6. Ex plo sive earth sounds were re port ed to have ac com pa nied this earth quake.

September 30, 1930: This earth quake cracked plas ter and top pled a chim ney in Anna (Shelby Coun ty). An ep i cen tral 
MMI of VII and a mag ni tude of 4.2 have been as signed to this event.

September 20, 1931: In this event, Anna and Sidney in Shelby Coun ty ex pe ri enced top pled chim neys and cracked plas ter. 
Store mer chan dise and crock ery were knocked off shelves, and stones were jarred loose from the foun da tion of the Lutheran 
church in Anna. A ceil ing col lapsed in a school at Botkins, north of Anna. A MMI of VII and a mag ni tude of 4.7 have been 
as signed to this earth quake.
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Potential Modifi ed Mercalli intensities for an 8.0 Richter mag-
nitude earthquake at New Madrid, Missouri (from Algermissen 
and Hopper, 1985). Potentially damaging Modifi ed Mercalli 
intensities of VII and VIII are projected across most of the south-
ern half of Ohio. During an actual event of this magnitude, it is 
probable that intensities would be much more variable, depend-
ing on local geology.
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Seismogram of the 4.5-magnitude Ashtabula earthquake on January 25, 2001. This recording was made at Ohio Seismic Network station 
LCCO, Lakeland Community College, near Kirtland, which is 35 miles west of the epicenter. The amplitude of the Lg wave is used in the 
calculation of the magnitude of the earthquake.
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March 2 and 9, 1937: These two earth quakes are the most dam ag ing to have struck Ohio. Maximum in ten si ties were 
ex pe ri enced at Anna (Shelby Coun ty), where a MMI of VII was as so ci at ed with the March 2 event and a MMI of VIII with 
the March 9 event. In Anna, chim neys were top pled, or gan pipes were twist ed in the Lutheran church, the ma son ry school 
build ing was so bad ly cracked that it was razed, wa ter wells were dis turbed, and cem e tery mon u ments were ro tat ed. Both 
earth quakes were felt through out a multistate area—plas ter was cracked as far away as Fort Wayne, Indiana. The March 
9 event was felt through out an area of about 150,000 square miles. Anal y sis of seis mo grams from these earthquakes by 
the U.S. Geo log i cal Sur vey (Sto ver and Coffman, 1993) as signed mag ni tudes of 4.7 and 4.9, re spec tive ly, to these events. 
On the ba sis of felt area, these earth quakes have been as signed mag ni tudes of 4.9 and 5.4, respectively.

January 31, 1986: This earthquake, which had a mag ni tude of 5.0 and a MMI in the high VI range, oc curred in Lake 
Coun ty, east of Cleve land, in the gen er al vicinity of a magnitude 4.5 event in 1943. The 1986 earth quake cracked plaster 
and ma son ry, broke win dows, and caused changes in water wells. The ep i cen ter was only a few miles from the Perry nuclear 
power plant. It is the most intensively stud ied earth quake in Ohio and was the subject of several sci en tifi  c reports (for 
example, Nicholson and others, 1988).

July 12, 1986: Minor damage, consisting pri mar i ly of cracked windows and plaster and fallen bricks from chim neys, 
was reported from this MMI VI earthquake cen tered northwest of Anna, near St. Marys, in Auglaize County. It had a 
magnitude of 4.5.

January 25, 2001: The city of Ashtabula was struck by a 4.5-magnitude earthquake (see seismogram below) that caused 
mi nor dam age to about 50 homes and busi ness es. This earth quake was the largest in a series of shallow earth quakes that 
began in 1987 and were at trib ut ed to fl uids from a Class I deep-injection well. Nearly 40 earth quakes above 2.0 mag ni tude 
were recorded at Ashtabula through 2001. Prior to 1987, no earth quakes had been not ed in the area.

SEIS MIC RISK AND SEIS MIC HAZARD IN OHIO

Seismic hazard refers to the physical phe nom e na, such as ground shak ing, as so ci at ed with an earth quake. Seis mic risk 
refers to the probability that damage from an earth quake will equal or ex ceed specifi ed values within a spec i fi ed period 
of time. In eval u at ing the seis mic hazard of an area, consideration must be given to geologic factors such as susceptibility 
of un con sol i dat ed sed i ments to in creased ground motion, land slides, and the po ten tial for liq ue fac tion—a phe nom e non in 
which nor mal ly solid sed i ments become liquifi ed and lose bear ing strength dur ing an earth quake.

Historic earthquake activity is an im por tant part of the process of determining Ohio’s seismic risk. It must be kept in 
mind that our 200-year history of earthquake ac tiv i ty in Ohio is just an instant geologically. Earth quakes in Ohio, and 
indeed the eastern United States, tend to have long recurrence intervals; that is, it may be hundreds or even thousands 
of years between large, dam ag ing earth quakes. For example, had the 1811–1812 earth quakes at New Madrid, Missouri, 
oc curred a cen tu ry or two earlier, it is unlikely that we would cur rent ly per ceive this area as capable of gen er at ing such 
large earth quakes.

This brief historic record of earthquakes in Ohio would suggest that a magnitude 5 earthquake is about the max i mum 
event for the state. How ev er, there is some concern that an earth quake in the mag ni tude 6 range could occur. On the basis 
of available data, it is diffi cult to ac cu rate ly predict the max i mum-size earth quake that could oc cur in the state and certainly 
im pos si ble to pre dict when such an event would occur. In part, the size of an earth quake is a function of the area of a fault 
avail able for rupture. How ev er, because all known earth quake-gen er at ing faults in Ohio are concealed be neath sev er al 
thou sand feet of Pa le o zo ic sedimentary rock, it is dif fi  cult to di rect ly de ter mine the size of these faults.

On the basis of historic seismic ac tiv i ty, it is likely that large earthquakes with ep i cen ters in the state would occur in the 
western Ohio seismic zone or in north east ern Ohio; there is a lesser pos si bil i ty of a large earth quake in south east ern Ohio. 
Some researchers have sug gest ed that north east ern Ohio is ca pa ble of a max i mum 6.5 magnitude earth quake, whereas 
western Ohio may be ca pa ble of producing an event in the 6 to 7 magnitude range (maximum MMI of IX). These sug ges-
 tions are spec u la tions at best, because there are in ad e quate data to ac cu rate ly judge the extent of the area avail able for 
rupture on any earthquake-gen er at ing fault.

A comparatively new fi eld of study, paleoseismology, is be gin ning to be used to evaluate the long-term seismic risk of many 
areas. Geologists examine stream banks and other exposures of sediment searching for sand blows, sand dikes, and other 
features that were formed by liq ue fac tion during a large earthquake in prehistoric times. No such paleoseismic evidence 
of a large earth quake has yet been found in Ohio, but extensive search es have not been carried out.

A variety of earthquake hazard/risk maps have been issued by various organizations in the last three decades. The most 
useful and widely used are those produced by the U.S. Geological Survey in 1997 (see Frankel and oth ers, 1997, under 
Further Reading) to il lus trate max i mum prob a ble ground motion within pe ri ods of time ranging from 50 to 250 years. 
These maps depict hor i zon tal ac cel er a tion expressed as a percent of gravity (see map at right) and are par tic u lar ly useful 
to engineers, ar chi tects, and in sur ance ac tu ar ies.

Acceleration is the rate of change of motion as Earth’s surface moves back and forth during an earth quake (ground shak-
ing). The acceleration due to gravity is 32 feet per second squared (980 centimeters per second squared), which is commonly 
expressed as 1.0g. At an acceleration rate of 0.1g, some damage may occur in poorly constructed buildings. Between 0.1g 
and 0.2g, most people begin to have diffi culty in keeping their footing and may experience nau sea. Acceleration maps de-
veloped by the U.S. Geo log i cal Survey allow en gi neers and architects to design buildings to with stand max i mum probable 
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ac cel er a tions in a specifi ed area.
Acceleration is a prime component in maps pre pared 

by Building Offi cial Code Administration In ter na tion al 
(BOCA). In Ohio these maps are used in de sign ing new 
commercial buildings and structures hous ing more than 
four families. Regulations for seismic con sid er ations in 
new construction are uniformly ap plied state wide by the 
Board of Building Standards of the Ohio Department of 
Com merce.

In a large object with a great mass, such as a build-
 ing, ground motion, particularly horizontal mo tion, can 
pro duce tremendous forces that can seriously damage 
a struc ture if the duration of the shaking lasts for a 
com par a tive ly long period of time. During many earth-
 quakes, the de struc tive shaking lasts only for about ten 
seconds. Some very destructive earthquakes gen er ate 
severe shak ing for a minute or more. The 1986 north-
eastern Ohio earthquake generated accelerations as 
high as 0.23g; however, these were mo men tary peak 
accelerations of such short du ra tion that they did not 
cause signifi cant damage.

National seismic risk maps are greatly generalized and intended to depict these risks on a broad scale. Ide al ly, detailed 
seismic risk maps should be produced for areas of the state that have historic seismic activity. Such maps would in clude 
critical analysis of historic earth quakes; detailed map ping of bedrock, structural, and surfi cial geology; in ves ti ga tion of 
prehistoric earth quake (paleoseismic) ac tiv i ty; and analysis of sediments and their engineering characteristics.

 THE OHIO SEIS MIC NETWORK

In early 1999, the fi rst statewide cooperative seis mic network, OhioSeis, became operational. This net work uses broad-
band seismometers to digitally record earth quakes in Ohio and from through out the world. The net work was es tab lished 
with the pri ma ry pur pose of de tect ing, lo cat ing, and de ter min ing mag ni tudes for earth quakes in the state. These data not 
only pro vide in for ma tion to the public im me di ate ly after an earth quake but, after a long period of mon i tor ing, will more 
clearly defi ne zones of highest seis mic risk in the state and help to identify deeply buried faults and other earth quake-
gen er at ing struc tures. OhioSeis was fund ed in part by the Federal Emergency Man age ment Agency (FEMA) through 
the Ohio Emer gen cy Man age ment Agen cy as part of the Na tional Earth quake Haz ards Re duc tion Pro gram (NEHRP) 
and is co or di nat ed by the ODNR Division of Geo log i cal Survey from the Ohio Earth quake Information Center at Alum 
Creek State Park in Del a ware County. Station lo ca tions (noted on ep i cen ter map on re verse) are: Ashtabula EMA 
(Ashtabula Coun ty), Bloom-Carroll Schools (Fairfi eld Coun ty), Botkins High School (Shelby County), Bowling Green 
State Uni ver si ty (Wood Coun ty), Clark State Community College (Clark Coun ty), Cleveland Mu se um of Nat u ral His-
 to ry (Cu ya ho ga Coun ty), Col lege of Wooster (Wayne Coun ty), Edison Community College (Mi ami County), Kent State 
Uni ver si ty (Portage Coun ty), Lake Erie Col lege (Lake Coun ty), Lake land Com mu ni ty Col lege (Lake Coun ty), Mohican 
Outdoor School (Richland Coun ty), Mount Union College (Stark County), ODNR Division of Geo log i cal Survey (Delaware 
and Franklin Counties), Ohio State Uni ver si ty (Franklin Coun ty), Ohio State Uni ver si ty–Lima (Allen Coun ty), Ohio 
State Uni ver si ty–Mansfi eld (Richland Coun ty), Ohio Uni ver si ty (Ath ens County), Shawnee State Uni ver si ty (Sci oto 

Range of acceleration (g’s)

 0.015 - 0.02
 0.03 - 0.04
 0.06 - 0.07
 0.10 - 0.15
 0.25 - 0.30
 0.50 - 0.55
 > 0.60

RANGES OF ACCELERATION AS A FUNCTION OF INTENSITY

(adapted from Bolt, 1993)

MM intensity

IV
V
VI
VII
VIII
IX
X

Note: 1g = 980 cm/sec2
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Peak acceleration (expressed as a percent of gravity) having a 2 percent 
probability of exceedance in 50 years. The acceleration of gravity is ex-
pressed as 1g. As an example, the “10” contour represents an acceleration 
of 10 percent of gravity, or 0.1g. Modifi ed from Frankel and others (1997). 
A geographically expanded version of this map, and others at various 
probabilities and acceleration values for any zip code in the United 
States, can be obtained from the U.S. Geological Survey earthquake 
hazards Web site at http://earthquake.usgs.gov/.

OhioSeis
The Ohio Seismic Network
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Coun ty), Uni ver si ty of Cincinnati (Hamil ton Coun ty), Uni ver si ty of To le do (Lu cas County), Wright State  Uni ver si ty–
Celina (Mer cer Coun ty), Wright State  Uni ver si ty–Day ton (Mont gom ery County), and Youngstown State University (Ma-
honing County). The sta tions are op er at ed in de pen dent ly by vol un teers as part of a co op er a tive agree ment. Each sta tion 
is con nect ed to the Internet for rapid access and transfer of data. The Ohio Earth quake In for ma tion Cen ter hosts a U.S. 
Geo log i cal Sur vey Advanced Na tion al Seis mic Net work sta tion, which relays data via satellite to the Na tion al Earth quake 
In for ma tion Cen ter in Golden, Col o rado.
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WEB SITES

Ohio Division of Geological Survey—information on OhioSeis and earthquakes in Ohio as well as other geologic in for ma tion about the 
state: <http://www.OhioGeology.com>.

OhioSeis—The Ohio Seismic Net work—extensive in for ma tion on Ohio earth quakes, including an an no tat ed cat a log of Ohio and border-region 
events, postings on cur rent, in stru men tal ly recorded earth quakes in Ohio and border regions, and contact and earthquake-reporting 
information: <http://www.ohiodnr.com/OhioSeis>.

U.S. Geological Survey—two Web sites:
Geologic hazards—earthquake risk maps and other use ful in for ma tion on earthquake risk in the Unit ed States: <http://earthquake.

usgs.gov/hazmaps/>.
Earthquake bulletin—rapid, near-real-time post ings of earth quakes throughout the world with epicentral maps, pre dict ed P-wave 

travel times, and other data: <http://earthquake.usgs.gov/recenteqsww/Quakes/quakes_all.php>.
Seismosurfi ng the Internet—an extensive listing of Web sites with earthquake information: <http://www.geophys.washington.edu/

seismosurfi ng.html>.
Ohio Emergency Management Agency—extensive in for ma tion about response to Ohio disasters and disaster preparedness: <http://ema.

ohio.gov/>.
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