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Let me ask a question. As of today (currently!) – what is the most seismically active state in the lower 48? When faced with this question, many rush to answer (D) California. In addition, when faced with this list, Oklahoma stands out like a sore thumb. However, OK is the most seismically active state in the lower 48. In fact, when you think OK hazards, you think tornados and weather, NOT earthquakes.



Updated from Keranen et al. [2014]
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So, why is this the case? This slide shows the number of earthquakes per 1000 sq km from 2000 to 2017, with CA in blue and OK in red. Before 2009, OK barely registered compared to CA, but a noticeable uptick occurred in 2009. In the past couple of years, beginning around 2013, OK has outpaced CA significantly with the number of M3 and greater earthquakes in the state. The increase in the rate of earthquake activity after 2009 is correlated with the onset of the hydraulic fracturing boom, so that must obviously be the cause, right? Well, actually no. In this talk, I’ll address the challenges of how to effectively communicate and educate the public on earthquakes in OK.
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If we look at OK alone, from 1975-2009, there were only 40 M3 and greater earthquakes that occurred during this 34 year time period. However, after the start of the hydraulic fracturing boom in 2009, the rate of earthquake activity has skyrocketed – with 2324 M3 and greater earthquakes during this time. The earthquake activity is also partitioned to the central and northwest portions of the state.
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This map is showing the percentage of Native Americans living in different parts of OK, with higher numbers of natives in areas with darker colors. If we look at where the earthquakes occur, we observe that much of the eastern and southern parts of the state have large Native American population. Clearly many Native American communities are experiencing shaking from these earthquakes, and this gives us an opportunity to talk about earthquakes and earthquake hazards with native populations. Additionally, the geosciences are not very diverse, and we have an opportunity in the face of this new hazard to work with Native American communities to discuss and communicate about geoscience.
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How do we best communicate the reasons why these earthquakes are occurring? The subject of hydraulic fracturing is highly politicized, and a quick Google search will illustrate the challenge of how to best communicate about human induced earthquakes to the general public. Fracking is such a great word to say, as it rolls off the tongue and it's very dynamic and catchy! Many citizens blame hydraulic fracturing for earthquake activity, but it’s simply not true for Oklahoma.
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Let’s discuss the process. Hydraulic fracturing occurs as they first drill a vertical, and then a horizontal well, into a tight shale formation; tight meaning that there aren’t many fractures and fissues to open up pathways for oil and natural gas to flow. By it’s very nature, fracking causes small earthquakes – but usually very small, on the order of a M1, which we wouldn’t be able to feel. After the shale formation is fracked, oil and natural gas and water from the rocks themselves – called produced water is accumulated. Produced water can be obtained either through hydraulic fracturing, or other production avenues. In fact, only 10% of produced water comes from hydrofracking in OK. Only 10%! After the produced water is separated from the oil and gas, the water must be disposed of properly or treated to be used. Thus, the process of wastewater injection is done. This process usually occurs at much deeper depths, and a deeper depth can allow for proximity to a fault, and or for a larger earthquake.  The largest ever correlated with wastewater injection is a M5.8, which I’ll talk about in a few minutes.



Langenbruch and Zoback [2016]
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Now that we’ve covered differences between hydrofracking and wastewater disposal, this map shows areas where earthquakes have been occurring and areas of high volume wastewater disposal. The background color shows the cumulative volume (m3) of saltwater injected into the Arbuckle formation between 2009 and 2016 in Oklahoma. Historic earthquakes (1979–2008) are shown as black circles, and recent earthquakes (2009 to September 2016) are presented as gray circles. Colored stars show the locations of recent M ≥ 4.5 earthquakes. What I hope this shows is that earthquakes are correlated with areas of high volume wastewater injection, not with hydraulic fracturing. 



2011 M5.7 Prague, OK 2016 M5.8 Pawnee, OK 

Hydraulic Fracturing: Mmax ~ 4.6
Wastewater Injection: Mmax ~ 5.8
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Furthermore, while hydraulic fracturing causes earthquakes, the maximum magnitude observed is around a M4.6, while earthquakes associated with wastewater injection are around a M5.8. Thus, this is an order of magnitude difference, and each order of magnitude represents 32x additional seismic energy released during a seismic event. This difference is non-trivial! And the earthquakes associated with wastewater injection, like the 2011 M5.7 Prague, OK and 2016 M5.8 Pawnee, OK, are damaging and pose a threat to our way of life.



“When I first got there (to the Oklahoma Geological Survey), it did feel 
like people were trying to-,” she trails off. “Not lie, but they were trying to 
soften. I had the feeling they were trying to protect something.”

- Amberlee Darold, former OGS seismologist (now at USGS) 



New York Times
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And because of the damages, especially in the Pawnee area of Oklahoma, the Pawnee Nation has decided to sue! In tribal courts, they are suing two major oil companies who operate injection wells responsible for the event. 



• Change in hazards - weather to earthquakes

• Confusion as to cause of earthquakes

• Earthquakes impact tribal communities
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no regional knowledge of earthquake hazards, very little community resilience for this hazardcomplicated by lack of communication from government organizations  - issue is not semantic, it's about responsible wastewater injection practices, not frackingthis gives us an opportunity to educate and communicate about earthquake risk and hazard with native communities and also to increase native interest and participation in geosciences 



Video Redacted





• Audience: Cherokee, Shawnee, Pawnee, Choctaw, 
Chickasaw, Wichita

• Why? establish trust and make geoscience accessible
• Ask participants about their concerns/priorities,  

and intersection with geoscience?
• Dialogue between scientists and participants
• How can education help your community address 

your concerns?
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