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Fracking, a process that intentionally causes thousands of “microearthquakes” when 
the rock containing oil or gas is fractured apart,1 is shaking things up — literally. 

Fracking,2 along with the disposal of toxic fracking waste through underground 
injection control wells,3 has been linked to induced seismicity — in other words, to 
human-caused earthquake activity.4 

Although fracking itself can cause earthquakes, they are 

smaller and less frequently felt than earthquakes produced 

from underground injection control wells.5 A study in Seis-

mological Research Letters found that fracking was the likely 

culprit of hundreds of small tremors in Ohio during 20136; 

another Ohio-based study that came out in 2015 pinpointed 

fracking as the cause of a 3.0 magnitude earthquake near 

Poland Township.7 In 2011, fracking was associated with a 

3.8 magnitude earthquake in British Columbia, Canada8; 

that same year, in Blackpool, England, two earthquakes were 

directly linked to fracking operations.9 Fracking has also been 

linked to an earthquake that was felt in Garvin County, Okla-

homa in 2011.10 

More typically when talking about fracking-related earth-

quakes, the conversation is referring to the seismic events 

triggered by injection wells,11 a common method of disposal 

for fracking waste. In the eastern and central United States, 

earthquake activity has increased about fivefold, from an 

annual average of 21 earthquakes above a 3.0 magnitude 

between 1967 and 2000, to more than 300 earthquakes over 

three years from 2010 to 2012.12 According to scientists with 

the U.S. Geological Survey (USGS), this increased seismic 

activity is associated with wastewater disposal wells in states 

such as Oklahoma, Colorado, Arkansas, Ohio and Texas.13 The 

threat of increased earthquake activity is also of concern for 

the seismically active state of California, where the Monterey 

Shale overlaps the San Andreas Fault.14 

Induced seismicity occurs when human activity triggers a dor-

mant fault by adding or reducing stress and/or increasing pore 

pressure.15 When fluid is injected underground — as is done to 

fracture shale rock and for the disposal of fracking waste wa-

ter — it can lubricate fault zones. As fluid moves into a fault 

zone, pore pressure increases, which can cause the fault to slip 

and result in an earthquake.16  

It’s important to note that induced seismic events may not 

always strike soon after the injection activity begins; it may 

take a long time for an earthquake to trigger, and sometimes 

not until after the injection activity has ended.17 Fluid pres-

sure from high-rate disposal wells can migrate, so even if an 

injection well is not very close to a fault line or to one that 

is susceptible to earthquakes, the fluid pressure can migrate 

long distances to reach a fault that is more susceptible.18 
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Oklahoma 
Historically, Oklahoma is not a state known for its seismic 

activity. From 1975 to 2008, Oklahoma averaged only one to 

three 3.0 magnitude (or greater) earthquakes annually, but 

from 2009 to mid-2013, this annual average grew to about 40.19 

As a 2014 Cornell University study points out, wastewater 

injection nearly doubled in central Oklahoma between 2004 

and 2008.20 Katie Keranen, Cornell University geophysics pro-

fessor and lead researcher of the study, explains: “Because we 

have such high volumes [of waste water] going in, the rocks 

are quite permeable, and the pressure is able to propagate to 

really far distances. If the fault is ready to fail, it doesn’t take 

a lot of change in pressure to trigger an earthquake.”21 

Seismicity continues to skyrocket. As noted in a joint state-

ment by the USGS and the Oklahoma Geological Survey, from 

October 2013 to May 2014, the rate of earthquakes increased 

by almost 50 percent.23 Previously, Oklahoma was ranked 

only 19th for seismic activity in the United States, based 

on averages from 1974 to 2003 of 3.5 or greater magnitude 

earthquakes.24 Within a year, the number of magnitude 3.0 or 

Oklahoma Earthquake Trends22

• Oklahoma experienced a fivefold increase in 

magnitude 3.0 or greater earthquakes from 2013 to 

2014.

• From 2013 to 2014, the number of all earthquakes 

increased by 90 percent. 

• In 2014, there were 290 times more magnitude 3.0 

or greater earthquakes than in 2005. 

• From 2009 to 2013, underground injection volumes 

increased by 50 percent.*

• Since 1997, underground injection volumes have 

increased by at least 160 percent.*

* The actual increase is likely higher because data on the 
2013 volume are incomplete, according to the Okla-
homa Corporation Commission.

Mechanics of Induced Earthquakes

INFORMATION SOURCE: U.S. Geological Survey (USGS)
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greater earthquakes in Oklahoma increased by 437 percent, 

from 109 in 2013 to 585 in 2014.25 In 2014, Oklahoma was more 

seismically active than California, topping all states in the 

lower 48.26

In November 2011, Oklahoma experienced a 5.7 magnitude 

earthquake in Prague — what researchers believe to be the 

largest earthquake associated with wastewater injection in 

history, according to a March 2014 study by USGS research-

ers in collaboration with scientists from various universities. 

The study suggested that an earlier 5.0 magnitude earthquake 

induced by wastewater injection had triggered the larger 

earthquake.27 “The more small earthquakes we have, it just 

simply increases the odds we’re going to have a more damag-

ing event,” a USGS geoscientist explained in 2015, noting that 

minor earthquakes can lead to major ones. “To some degree, 

we’ve dodged a bullet in Oklahoma.”28

Along with the rise of earthquakes, the amount spent on 

earthquake insurance has increased rapidly. In 2008, Okla-

homa residents spent $3.5 million for standalone earthquake 

insurance from 72 insurance companies. In 2012, residents 

spent $10.3 million for such insurance from 108 companies. 

In 2013, residents continued to increase their spending on 

earthquake insurance, with $11.4 million spent from 105 insur-

SOURCES: Earthquake data from the Oklahoma Geological Survey. Earth-
quake Catalogue, Years 1997–2014. Available at 
http://www.okgeosurvey1.gov/pages/earthquakes/catalogs.php. Accessed 
January 23, 2015; wastewater injection data from Oklahoma Corporation 
Commission (OCC), Oil and Gas Division, Oil and Gas Data Files. UIC Injec-
tion Volumes 2006–2013. Available at http://www.occeweb.com/og/ogda-

not downloadable on the OCC website but were provided upon request.

Oklahoma Scientists Hid the Truth About 
Frackquakes for Five Years
On March 3, 2015, a journalist at EnergyWire broke the 

news that for five years, scientists in Oklahoma had 

suspected that the state’s recent unprecedented swarms 

of earthquakes could be due to oil and gas operations. 

The information was uncovered after obtaining emails 

through a state Open Records Act request. 31 

According to EnergyWire, in 2013, Austin Holland, a seis-

mologist from the Oklahoma Geological Survey (OGS) 

who is based at the University of Oklahoma, raised the 

issue after the OGS signed on to a U.S. Geological Survey 

press release recognizing that injection is a possible 

cause of earthquakes. He was asked to meet with the 

president of the university and with “concerned” oil and 

gas industry officials, including with Mitt Romney’s 2012 

campaign adviser on energy issues, Harold Hamm,32 who 

has donated over $30 million to the school.33

Before and after that meeting, the USGS and OGS have 

butted heads over the link between oil and gas activities 

and earthquakes, with the OGS pushing back against the 

idea that Big Oil and Gas could be to blame. 34 

Bob Jackman, a petroleum geologist, said that when he 

asked Holland about the earthquakes, Holland replied, “You 

don’t understand — Harold Hamm and others will not allow 

me to say certain things.”35 Holland disputed this, but did 

not offer a corrected statement to EnergyWire.36

Oklahoma Injection Well Volumes* (1997 - 2013) and Magnitude 3.0+ Earthquakes (1997 - 2014)
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Induced seismic events may not always strike soon after the injection activity 
begins. It may take a long time for an earthquake to trigger, and sometimes not 
until after the injection activity has ended.**

Fluid pressure from high-rate disposal wells can mi-
grate, so even if an injection well is not very close to 
a fault line or to one susceptible to earthquakes, the 
fluid pressure can migrate long distances to reach a 
fault that is more susceptible.***

* According to the OCC, the 2013 data are not complete and will be updated once available. Therefore, actual 2013 injection volume total may 

**  Ellsworth, William L. “Injection-induced earthquakes.” Science. July 12, 2013 at 1225942 to 1225943.
***  See Keranen, K.M. et al. “Sharp increase in central Oklahoma seismicity since 2008 induced by massive wastewater injection.” Science. July 3, 

2014; Bui, Hoai-Tran. “Wastewater disposal tied to surge in Oklahoma earthquakes.” USA Today. July 3, 2014.
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ance companies.29 As of January 2015, roughly 15 percent of 

Oklahomans had earthquake insurance, compared to about 

10 percent of residents in California, and up from around 2 

percent in 2011.30

Texas
Texas, a state built on oil and gas activity and the birthplace 

of fracking, is no stranger to the precarious effect of induced 

seismicity. On January 6 and 7, 2015, twelve earthquakes, 

ranging in magnitude from 1.6 to 3.6, were recorded in Irving, 

a town just west of Dallas.37 A seismic swarm started in mid-

April 2014, and by January 2015 it had produced 38 earth-

quakes, many of which were felt, and 4 of which were greater 

than 3.0 magnitude.38

The Irving earthquakes are one of four seismic swarms that 

have flooded northern Texas since 2008.39 Previous earthquake 

swarms occurred in the town of Cleburne from June 2009 to 

June 2010, close to the Dallas-Fort Worth International Airport 

from October 30, 2008 to May 16, 2009, and near Reno and Azle 

from November 2013 to January 2014.40 Prior to 2008, an earth-

quake large enough to be felt had not been reported in northern 

Texas in almost 60 years. Since October 2008, more than 120 

earthquakes have been reported in the region.41 

Research conducted by Southern Methodist University’s Geo-

logical Sciences department found that earthquake swarms 

recorded by the airport and in the town of Cleburne are 

plausibly connected to wastewater disposal.42 Prior to the seis-

mic outbreak in Cleburne, there had not been any recorded 

earthquakes, and the seismic events were within close proxim-

ity to two injection wells.43 The Dallas-Fort Worth swarm was 

associated with the disposal of brine from the Barnett Shale 

at an injection well drilled south of the airport. The southern 

well was roughly 200 meters (0.12 miles) from the center of 

the Dallas-Fort Worth earthquakes, and it began accepting 

waste water in September 2008, about seven weeks before the 

first earthquake. Prior to the Dallas-Fort Worth swarm, there 

had been no “felt” earthquakes in the region.44 Another study 

by Southern Methodist University researchers, about the 

Reno-Azle swarm, is pending.45

Northern Texas is not the only region being hounded by 

induced seismicity. Overall, earthquake activity is surging in 

the state. From 2000 to 2008, Texas had a total of 18 earth-

quakes of 3.0 magnitude or greater. In 2013 alone, the state 

had 16 earthquakes of 3.0 magnitude or larger.46  On May 17, 

2012, East Texas experienced the largest earthquake ever to 

be recorded in the region, a 4.8 magnitude quake near Timp-

son. Researchers believe that wastewater disposal wells may 

have triggered the historic event. Like the aforementioned 

events that occurred in northern Texas, wastewater injection 

wells were in proximity to the quakes, within 3 kilometers (1.9 

miles), and the area previously lacked seismic activity.47 

Texas Earthquake Trends48

• Texas experienced an eightfold increase in 
magnitude 3.0 or greater earthquakes from 
2007 to 2013.

• From 2007 to 2013, underground injection vol-
umes increased by 18 percent.

SOURCE: Analysis of earthquake data from Oklahoma Geological Survey. Earthquake Catalogue, Years 2000–2014. Available at 
http://www.okgeosurvey1.gov/pages/earthquakes/catalogs.php. Accessed January 23, 2015.

Oklahoma Earthquake Trends, 2000 to 2014
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Colorado
According to the USGS, Colorado tends to have “minor earth-

quake activity,” and the eastern portion of the state is consid-

ered “nearly aseismic.”49 However, injection disposal of fluid 

waste is linked to the largest earthquake in Denver’s history: a 

4.8* magnitude quake in 1967.50

In March 1962, the U.S. Army began injecting fluids into a 

12,045-foot well at its Rocky Mountain Arsenal, a chemical 

weapons manufacturing and disposal plant in the Denver 

area. Prior to the injection of chemical fluids, this area had 

low seismicity. From April 1962 to August 1967, however, more 

than 1,500 earthquakes rumbled through the Denver region.51 

Injection of these fluids at the Arsenal stopped in February 

1966, and earthquake activity began progressively declining 

after November 1967, and stopped by the late 1980s.52 

Similarly, in 2011, a 5.3 magnitude earthquake, believed to 

have been triggered by wastewater injection, occurred in 

Raton Basin,53 where large quantities of waste water were 

produced from drilling for coalbed methane.54 According to 

researchers who studied the induced seismic swarm in the 

area, “…there was a marked increase in seismicity shortly 

after major fluid injection began in the Raton Basin in 1999.” 

Only one earthquake equal to or greater than a magnitude of 

4.0 was produced from 1972 through July 2001, but 12 struck 

between August 2001 and 2013. The researchers determined, 

“The statistical likelihood that such a rate change would occur 

if earthquakes behaved randomly in time is 3.0%.”55

Earthquakes continue to increase in Colorado.56 Just miles 

northeast of the town of Greeley,57 amid drilling and fracking 

of the Niobrara Shale formation,58 a 3.4 magnitude earthquake 

rumbled on May 31, 2014. It is believed that injection wells, 

two of which are 1.5 miles away from the epicenter, may have 

induced the seismic event.59 This is the first earthquake in the 

area in about three decades.60 Just weeks later, on June 23, 

2014, there was a second earthquake. In response, on June 24, 

the Colorado Oil and Gas Conservation Commission directed 

the company to temporarily halt, for 20 days, fluid injection 

into one of its wells while it undergoes investigation. Three 

weeks later, the company was allowed to begin injecting 

waste water at lower pressure and volume, and in early 2015 

the Commission’s investigation determined that the company 

had not committed any violations and it was allowed to begin 

injecting at larger quantities.61

Ohio
Ohio has had its fair share of induced seismic activity, both 

from injection wells and from drilling and fracking wells. In 

2011, in Youngstown, Ohio — a town where there had been no 

recorded earthquakes since recordkeeping began in 1776 — a 

series of earthquakes struck after an underground injection well 

for fracking fluid disposal opened nearby.62 Injection began in 

SOURCES -

ToCall=init&internalPath=false&sessionId=1425590491307112. Accessed March 5, 2015.

Texas Injection Well Volumes and 3.0M+ Earthquakes, 2007–2013
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December 2010, and the first two seismic activities happened 

three months later, in March 2011. By mid-January 2012, a total 

of 12 seismic events had occurred, with the largest earthquake a 

4.0 magnitude on December 31, 2011.63 The underground injec-

tion well closed for investigation, and later a study confirmed 

that fluid injection at the well triggered the earthquakes.64

In 2014, a Seismological Research Letters study on fracking-

induced earthquakes in Harrison County, Ohio identified 

about 400 small tremors from October to December 13, 2013. 

Of those, 190 occurred within a 39-hour period after fracking 

began at a nearby well.65 Although the tremors were not large 

enough to be felt by residents, one of the authors said in a 

press release, “…the earthquakes were three orders of magni-

tude larger than normally expected.”66

Then, in March 2014, two earthquakes of magnitudes 2.6 and 

3.0, respectively, in Poland Township, Ohio caused the Ohio 

Department of Natural Resources to order a company in the 

vicinity to cease drilling and fracking in the Utica Shale until 

a cause was pinpointed.67 In early 2015, research published in 

the Bulletin of the Seismological Society of America indicated 

that these felt seismic events were induced by fracking, which 

activated a previously unknown fault.68 The researchers identi-

fied a swarm of 77 earthquakes ranging in magnitude from 1.0 

to 3.0 from March 4 to March 12, 2014.69

Illinois
Southern Illinois and the region surrounding the New Albany 

Shale is being targeted for drilling and fracking by the oil and 

gas industry. The New Albany Shale covers a large portion 

of southern Illinois, as well as southern Indiana and western 

Kentucky.70 Most major fault systems in Illinois are located in 

the southeastern and southern portions of the state,71 along 

with two primary seismic zones known as the New Madrid 

Seismic Zone and the Wabash Valley Seismic Zone.72 

The New Madrid Seismic Zone (NMSZ) is responsible for 

some of the largest historic seismic events in central and 

eastern North America, where, in 1811 and 1812, an estimated 

three to five earthquakes occurred. Although estimates vary 

for these significant quakes, they generally are believed to 

have ranged from between 7.0 and 8.0 in magnitude.73 

The NMSZ runs about 150 miles through several states includ-

ing southern Illinois, western Kentucky, western Tennessee, 

northeastern Arkansas and southeastern Missouri.74 The zone 

has about 200 small earthquakes a year, and a 2014 study 

found that seismic activity is not slowing down. Instead, stress 

is building up and could result in a sizeable earthquake.75 The 

lead author of the study, a USGS geophysicist, told a reporter: 

“It’s not going to go off anytime soon, but we do have evi-

dence that more stress is being built up now. Eventually, that 

energy will have to be released in a large earthquake.”76

Meanwhile, the Wabash Valley Seismic Zone (WVSZ) is the 

second most active seismic zone in the central United States, 

with the ability to generate recurrent large-scale earth-

quakes between 7.0 and 7.8 magnitude.77 The WVSZ, located 

in southern Illinois and Indiana, has caused several sizeable 

earthquakes.78 One of the most recent was an earthquake of 

between 5.2 and 5.4 magnitude that occurred in 2008 near Mt. 

Carmel, Illinois.79  

A 2009 study found that a 7.7 magnitude earthquake from the 

NMSZ could cause almost 86,000 casualties, which includes 

3,500 fatalities, as well as the displacement of over 7 million 

people through lack of utility services. An estimated 2 million 

people would need to find temporary housing three days after 

the earthquake. It could also leave over 1 million households 

without water and 2.6 million without electricity, all while 

generating a direct economic loss of about $300 billion.80 The 

Illinois Emergency Management Agency notes: “A catastrophic 

seismic event on the NMSZ could directly impact more than 

50% of the state’s population and could trigger a national 

response on a larger scale than any recorded earthquake event 

in modern United States history.”81

Adding to the complexity of the issue, multiple nuclear power 

plants and storage facilities and gas pipelines are within the 

NMSZ and WVSZ and could be damaged during a seismic 

event, potentially releasing radiation and toxic pollution. 

There are 10 interstate natural gas pipelines that travel either 

through or near the NMSZ and WVSZ that are “at high risk for 

multiple damage” from earthquakes.82 Roughly 27 nuclear reac-

tors are located near the NMSZ,83 with 15 nuclear power plants 

in the NMSZ.84 Within the NMSZ and WVSZ, there are 11 In-

dependent Spent Fuel Storage Installation (ISFSI) facilities.85 Six 

of these 11 facilities are in Illinois.86 The U.S. Nuclear Regula-

tory Commission defines an ISFSI as: “A complex designed and 

constructed for the interim storage of spent nuclear fuel; solid, 

reactor-related, greater than Class C waste; and other associat-

ed radioactive materials.”87 In Illinois alone, there are 11 nuclear 

reactors located at six nuclear power plants.88 

Opening the New Albany Shale up to drilling and fracking — 

and the subsequent wastewater injection wells — would put 

millions of people at risk.89  

Conclusion
A review of the literature reveals that the disposal of waste 

water into injection wells has long been linked to human-

caused earthquakes. As fracking proliferates, the amount 

of produced waste water grows, increasing the activity of 

injection wells. High-pressure injection well sites can trigger 

earthquakes, and, without action, they will continue to put 

our health, safety and water quality at risk. And while there 

is still much to be learned regarding the precise nature of the 

relationship between fracking and seismicity, there is enough 

evidence to know that the two are related. With countless 

people’s lives at stake, it would be irresponsible and short-

sighted to allow oil and gas wastewater disposal methods that 

induce such damaging earthquakes.
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