Monday, December 12
1:30 – 3:00 Can Humans Cause Earthquakes? An Argument Driven Inquiry Lesson to Target
3D-NGSS- Learning– Dr. Danielle Sumy (IRIS Consortium) and Michael Hubenthal (IRIS
Consortium).

Presenters for Can Humans Cause Earthquakes?
MICHAEL HUBENTHAL – SENIOR EDUCATION SPECIALIST AT THE IRIS CONSORTIUM
Slippery Rock University (B.S.), Binghamton University (M.S.)
During his career, Michael has taught Earth science and physics in the
Maryland public school system and been an Earth System Science
Education Specialist at NASA’s Goddard Space Flight Center. While at
GSFC, he supported the development of several Earth System Science
curriculums, co-authored and supported the implementation of several
national satellite mission education plans, and developed the Earth
System Science school visit program for the GSFC Visitor Center. For the
past 15 years, Michael has been responsible for the development, management and evaluation
of IRIS’s teacher/instructor professional development program, its undergraduate internship
program, and the development of educational products for formal educational settings.
DANIELLE SUMY - PROJECT ASSOCIATE AT THE IRIS CONSORTIUM
Florida State University (B.S.), Columbia University (M.A., M.Phil., Ph.D)
Dr. Sumy started with IRIS in September 2014, and works on the Global
Seismographic Network (GSN), the Central and Eastern United States
Seismic Network (CEUSN), and the Early Career Investigators (ECI)
program, just to name a few. Before joining IRIS, Dr. Sumy conducted
research on aftershocks of the 2011 M5.7 Prague, Oklahoma induced
earthquake as a postdoctoral researcher at the University of Southern
California and the United States Geological Survey, respectively. Due to the misconceptions
surrounding induced seismicity, her research inspires her to educate and inform the public
regarding earthquake risk and hazard, something she continues today. Dr. Sumy resides in Falls
Church, VA with her husband, and also runs a successful Mary Kay business to enthuse and
inspire women to know that real beauty comes from the inside.

Can Humans Cause Earthquakes?
An Argument Driven Inquiry Lesson
to Target 3D-NGSS-Learning
Michael Hubenthal – IRIS
Danielle Sumy - IRIS

Shift/Happens
• Would you be surprised
if a M 5.0+ quake
occurred where you
live? Why or why not?

8 Stages of ADI

http://www.argumentdriveninquiry.com/

8 Stages of ADI

http://www.argumentdriveninquiry.com/

Performance Expectations)
Students who demonstrate understanding can:
MS-ESS3-4. Construct an argument supported by evidence for how increases in human population and
per-capita consumption of natural resources impact Earth's systems.
Science & Engineering Practices
Asking questions
Planning and carrying
out investigations
Analyzing and
interpreting data
Constructing
explanations
Engaging in argument
from evidence
Obtaining, evaluating
and communicating
information

Disciplinary Core Ideas

MS-ESS3A Natural Resources - Humans depend on
Earth's land, ocean, atmosphere, and
biosphere for different resources, many of
which are limited or not renewable.
Resources are distributed unevenly around
the planet as a result of past geologic
processes.
MS-ESS3B Natural Hazards - Some natural hazards,
such as volcanic eruptions and severe
weather, are preceded by phenomena that
allow for reliable predictions. Others, such as
earthquakes, occur suddenly and with no
notice, and thus they are not yet predictable.
However, mapping the history of natural
hazards in a region, combined with an
understanding of related geological forces can
help forecast the locations and likelihoods of
future events.
MS-ESS3C Human Impacts on Earth Systems Human activities have altered the biosphere,
sometimes damaging it, although changes to
environments can have different impacts for
different living things. Activities and
technologies can be engineered to reduce
people's impacts on Earth.

Crosscutting Concepts
Cause and Effect: Mechanism and
Explanation Events have causes,
sometimes simple, sometimes
multifaceted. A major activity of
science is investigating and
explaining causal relationships and
the mechanisms by which they are
mediated. Such mechanisms can
then be tested across given contexts
and used to predict and explain
events in new contexts.
Stability and Change. For natural
and built systems alike, conditions of
stability and determinants of rates of
change or evolution of a system are
critical elements of study. .

Stage 1: Identification of the task and
guiding question

Hydraulic fracturing

Wastewater disposal

Stage 2: Design a method and collect data
• Guiding Question: “How could oil and natural
gas production in Oklahoma alter the rate and
size of earthquakes in Oklahoma?”
– What type of data you need to collect?
– How you will collect your data?
– How you will analyze your data?

How could oil and natural gas production in
Oklahoma alter the rate and size of
earthquakes in Oklahoma?
• Let’s share some of the investigations that
were constructed.
Think about the nature of the conversation you
had. How does it compare to what we hear
during the way we normally engage students in
scientific investigations?

How could oil and natural gas production
in Oklahoma alter the rate and size of
earthquakes in Oklahoma?
Evidence
• Oklahoma Seismicity
– 1973 to 2008 (http://bit.ly/OK_Pre_Gas_Boom)
– 2009 to Present (http://bit.ly/OK_Gas_Boom)

• Map of Oklahoma hydrofracking wells
• Map of Oklahoma injection wells

Stage 3: Analyze data and develop a
tentative argument
• Using the data
provided
construct an
argument
using the ADI
format.

Question: How could oil and natural gas production in
Oklahoma alter the rate and size of earthquakes in
Oklahoma?

• Let’s share some of the arguments that were
constructed.
Think about the nature of the conversation you
had. How did you use scientific content to make
sense of the evidence?

Stage 4: Argumentation Session
Evaluate
• the content of the claim
• the quality of the evidence used to support
the claim, and
• the strength of the justification of the
evidence included

Stage 5: Explicit and reflective discussion

Natural Resources
Humans depend on Earth's land, ocean, atmosphere, and
biosphere for different resources, many of which are
limited or not renewable. Resources are distributed
unevenly around the planet as a result of past geologic
processes.

Where does natural oil and gas
come from?
• Source Rock – usually shales
– Temperature and Pressure
• Reservoir Rock – usually sandstone
• Structural Trap and Seal

PG&E

rocks and thick sequences of Paleozoic sedimentary strata to
the surface. The uplifts provide sites where one can observe
and collect a great number of fossils, rocks, and minerals (see
Table 1 and Figure 35).

Why is there natural gas in OK?

Figure 2. Major geologic provinces of Oklahoma (generalized from
Major geologic provinces of Oklahoma (OGS)
page 1, Fig. 1).

The principal sites of sedimentation were elongate basins
that subsided more rapidly than adjacent areas, and received
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Why do we need to use high-volume hydraulic
fracturing to extract the natural gas in OK
(or other tight shales)?

Natural Hazards
Some natural hazards (volcanic eruptions, severe weather) are
preceded by phenomena that allow for reliable predictions. Others
(like earthquakes) occur suddenly and without notice, and thus are
not predictable (yet). However, mapping the history of natural
hazards, combined with an understanding of related geological
forces, can help forecast the locations and likelihoods of future
events.

What is an earthquake? And what processes
cause earthquakes to occur naturally?

USGS Earthquake Hazards Program

Where do most earthquakes occur?

USGS

USGS Forecast for Damage from Natural and Induced Earthquakes in 2016

How can we use past seismicity to
contribute to forecasting? Prediction?
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Has seismicity in OK changed over time?

1973-2008

2009-2016

YES! Dramatically!
For 1973-2008 (~35 years), only 846 earthquakes in Oklahoma
For 2009-2016 (~7 years), 6195 earthquakes (and larger ones too!)

Human Impacts
Human activities have altered the biosphere, sometimes
damaging it, although changes to environments can have
different impacts for different living things. Activities and
technologies can be engineered to reduce people's impacts
on Earth.

Could small induced earthquakes relieve stress
on a fault, and therefore be a good thing?

Induced earthquakes at
the
Rocky Mountain Arsenal
in 1966 caused damage to
an overpass

J. Healy and B. Raleigh
at Rangely Seismic Experiment site
Photo: USGS

Could there be other potential environmental
impacts of fracking besides quakes?

From Howarth et al., Nature, 2011

In what ways might hydraulic fracturing
influence earthquake occurrence?

Poland Township, OH

Skoumal et al., 2015

How might engineering and/or technology affect
humans causing earthquakes?

Solidify individual learning

Can Humans Cause Earthquakes? An Argument Driven
Inquiry Lesson to Target 3D-NGSS-Learning
Explicit and Reflective Discussion Guide v1.0
ESS3A Natural Resources
• 6-8. Humans depend on Earth's land, ocean, atmosphere, and biosphere for different
resources, many of which are limited or not renewable. Resources are distributed
unevenly around the planet as a result of past geologic processes.
Discussion question(s):
Where does natural gas come from?
Why is there natural gas in OK?
Why do we need to use high-volume hydrolic fracturing to extract the natural gas in OK (or other
tight shales)?
ESS3B Natural Hazards
• 6-8. Some natural hazards, such as volcanic eruptions and severe weather, are preceded by
phenomena that allow for reliable predictions. Others, such as earthquakes, occur
suddenly and with no notice, and thus they are not yet predictable. However, mapping
the history of natural hazards in a region, combined with an understanding of related
geological forces can help forecast the locations and likelihoods of future events.

	
  
Discussion question(s):
What is an earthquake? And what processes cause quakes to occur naturally?
Where do most earthquakes occur?
How can we use past seismicity to contribute to forecasting? Prediction?
Has seismicity in OK changed over time?
ESS3C Human Impacts on Earth Systems	
  
• 6-8. Human activities have altered the biosphere, sometimes damaging it, although changes
to environments can have different impacts for different living things. Activities and
technologies can be engineered to reduce people's impacts on Earth.

	
  
Discussion question(s):
Is induced seismicity always a bad thing? Or in what ways could induced seismicity be a good
thing?
Could there be other potential environmental impacts of fracking besides quakes?
In what ways might unconventional gas production influence earthquake occurrence?
How might engineering and/or technology affect humans causing earthquakes?

ADI Earth Science Lab Investigation:
Can humans cause earthquakes? v2.0
Introduction
On Saturday, September 3, 2016, Oklahoma
experienced the largest earthquake ever
recorded in the state. A M5.8 earthquake
occurred approximately 9 miles (15 km)
northwest of the town of Pawnee, Oklahoma.
Residents within 30 miles of the epicenter
experienced moderate to strong shaking, which
damaged roads, broke windows, and damaged
masonry on residences and historical buildings.
In fact, the quake was large enough that many in
the neighboring states of Texas, Arkansas,
Kansas and Missouri also felt the earthquake.

Figure 1. The sandstone façade of this 100 year old historic
building in Pawnee, Oklahoma was damaged due to a magnitude
5.8 earthquake that occurred nearby on Saturday, September 3,
2016. (Photo: Oklahoma Channel 9 News)

While Oklahoma is not a region of the country
that we traditional think of as having a
significant earthquake hazard, earthquakes
have occurred there in the past. For instance, this earthquake is only the largest in a sequence of
earthquakes that began in 2009. However, this earthquake is interesting because it is the largest quake
ever recorded in modern times in Oklahoma. Moreover, it punctuates reports from residents of northwest
Oklahoma that the number of earthquakes they feel seem to be increasing rapidly. What could be going
on? Could these earthquakes be the result of the effort to extract natural gas from Oklahoma that also
increased in 2009?
Natural Gas Extraction in Oklahoma
The process of removing hydrocarbons from
Earth’s crust has become an essential activity for
humankind. However, major challenges arise
during oil and gas production that have the
potential to affect the natural and built
environments in a variety of ways.
One newer approach is known as the production of
unconventional gas resources, through a
process known as high volume-hydraulic fracturing
(“hydrofracking”). Hydrofracking involves injecting
large volumes of water (3-5 million gallons/well),
sand and chemicals into the rock under high
pressure to create cracks through which the gas
may escape the rock formation and then be
collected. Hydrofracking most commonly takes
place in gas fields found in shales.

Figure 2. Illustration of the water cycle of hydraulic fracturing
(Environmental Protection Agency).
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In addition, water is also trapped in the same pore space as oil and natural gas and is recovered during
conventional oil and gas production. In some places, this flowback water is estimated to be between 9 to
35% of the water injected into the
well. This suggests that between
387,000 gallons and 1,505,000
gallons of fluid will return to the
surface. The disposal of naturally
produced water and/or hydraulic
fracture fluid presents major
challenges, since the wastewater
is frequently injected back into
Earth’s crust.
Some states, such as Oklahoma
and Ohio, allow hydrofracking and
wastewater injection, while other
states such as Pennsylvania, allow
hydrofracking
but
require
wastewater to be transported out
of state for disposal. In Oklahoma,
hydrofrac fluid represents only 10%
Figure 3. Diagram of a deep wastewater injection well and a production well.
or less of the fluids disposed of in
wastewater injection wells [Murray, 2013; Rubinstein and Mahani, 2015].
The Task
Collect evidence to support or refute the claim that the unconventional gas production process in Oklahoma
has resulted in an increase in earthquakes within the state. Then, explain a mechanism by which this
process could alter the natural occurrence of earthquakes. The guiding question of this investigation is
“How could oil and natural gas production in Oklahoma alter the rate and size of earthquakes in
Oklahoma?”
Before you can design and carry out your investigation, you must determine what type of data you need to
collect, how you will collect it, and how will you analyze it. To help you make this determination, it will be
useful to consider what type of data you need to collect. Think about the following questions:
!
!
!
!

What is an earthquake?
What processes cause earthquakes to occur naturally?
Has seismicity in Oklahoma changed over time?
In what ways might unconventional gas production influence earthquake occurrence?

To determine how you will collect your data, think about the following questions:
!
!

Where might you find the sort of data you need to evaluate this question?
Are all online sources of data equal to one another? What might be some differences between
sources?

In order to determine how you will analyze your data think about the following questions:

2

!
!
!
!

What will be the best way to display/visualize your data?
What are the benefits of averaging your data?
Could there be any value in not averaging your data?
Could past events be useful for describing the future?

Materials. You may use your computer and the internet to collect data relevant to the investigation of
earthquakes in Oklahoma.
Investigation Proposal Required:

X Yes ☐ No

Safety Precautions. Follow all normal lab safety rules.
Getting Started. Before you can design and carry out your investigation, you must determine what type of
data you will need to collect, how you will collect it, and how will you analyze it.
Connections to Crosscutting Concepts and the Nature of Science and Scientific Inquiry. As you work
through your investigation, be sure to think about:
!
!
!
!
!

Scientists ask and/or evaluate questions that challenge the premise(s) of an argument
How scientists identify inputs and outputs of systems
Ways that graphs, charts, and images can be used to identify patterns in data
How empirical evidence is required to differentiate between cause and correlation, and make
claims about specific causes and effects
Ways the stability of a system might be disturbed either by sudden events or gradual changes that
accumulate over time.

Initial Argument. Once your group has finished collecting and
analyzing your data, you will need to develop an initial argument.
Your argument must include a claim. The claim is your answer to
the guiding question. Your argument must also include evidence
in support of your claim. The evidence is your analysis of the data
and your interpretation of what the analysis means. Finally, you
must include a justification of the evidence in your argument. You
will therefore need to use a scientific concept or principle to
explain why the evidence that you decided to use is relevant and
important. You will create your initial argument on a whiteboard.
Your whiteboard must include all the information shown in Figure
4.

Figure 4. Argument Presentation on a
Whiteboard

Argumentation Session. The argumentation session allows all of the groups to share their arguments.
One member of each group will stay at the lab station to share that group’s argument, while the other
members of the group go to the other lab stations to listen to and critique the other arguments. The goal of
the argumentation session is not to convince others that your argument is the best one. Rather, the goal is
to identify errors or instances of faulty reasoning in the initial arguments so these mistakes can be fixed.
You will therefore need to evaluate the content of the claim, the quality of the evidence used to support the
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claim, and the strength of the justification of the evidence included each argument that you see. In order to
critique an argument, you might need more information than what is included on the whiteboard. You might
need to ask the presenter one or more follow up questions such as:
!
!
!
!
!
!
!

How did your group collect the data? Why did you use that method?
What did your group do to make sure the data you collected are reliable? What did you do to
decrease measurement error?
What did your group do to analyze the data, and why did you decide to do it that way? What did
you do to make sure that your calculations are correct?
Is that the only way to interpret the results of your group’s analysis? How do you know that your
interpretation of the analysis is appropriate?
Why did your group decide to present your evidence in that manner?
What other claims did your group discuss before deciding on that one? Why did you abandon
those alternative ideas?
How confident are you that your group’s claim is valid? What could you do to increase your
confidence?

Once the argumentation session is complete, you will have a chance to meet with your group and revise
your original argument. Your group might need to gather more data or design a way to test one or more
alternative claims as part of this process. Remember, your goal at this stage of the investigation is to
develop the most valid or acceptable answer to the research question!
Report. Once you have completed your research, you will need to prepare an investigation report that
consists of three (3) sections. Each section should provide an answer for the following questions:
1. What question were you trying to answer and why?
2. What did you do during your investigation and why did you conduct your investigation in this way?
3. What is your argument?
Your report should answer these questions in two (2) pages or less. This report must be typed and any
diagrams, figures, or tables should be embedded into the document. Be sure to write in a persuasive style;
you are trying to convince others that your claim is acceptable or valid!
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Can Humans Cause Earthquakes: An Argument
Driven Inquiry Lesson to Target 3D-NGSS-Learning
Version 2 – Last update 11/28/16
Question: Does hydrofracking cause earthquakes in Oklahoma?
Evidence – Part I
For the given region - 11/01/1973 – 12/31/2008 (~35 Years) there were 846
earthquakes. The magnitude range for these quakes was M2.5 to M5.

http://bit.ly/OK_Pre_Gas_Boom
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Evidence – Part II
For the given region - 01/01/2009 – Present (~7 Years) there were 6195 earthquakes.
The magnitude range for these quakes was M0.8 to M5.8
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Evidence - Part III
Locations of Hydrofracked wells in Oklahoma from 2009 to 2012
https://www.iris.edu/hq/inclass/lesson/induced_seismicity_hydraulic_fracturing_wastewa
ter_injection_and_earthquakes

Earthquakes from
2009 to Present

Hydrofracked well
sites from 2009 to
2012
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Evidence - Part IV
Locations of deep injection wells of wastewater in Oklahoma from 2010 to 2012
https://www.iris.edu/hq/inclass/lesson/induced_seismicity_hydraulic_fracturing_wastewa
ter_injection_and_earthquakes

Earthquakes from
2009 to Present

Wastewater
Injection wells from
2010 - 2012
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Adapted from: http://www2.census.gov/geo/maps/dc10_thematic/2010_Profile/2010_Profile_Map_Oklahoma.pdf

Evidence Part V
Oklahoma population density based on 2010 census data
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Evidence Part VI
Mapped faults in East Oklahoma

Source:
http://www.ou.edu/content/ogs/data/fault.html
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Mapped faults in West Oklahoma

Source:
http://www.ou.edu/content/ogs/data/fault.html
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Stages of Argument-Driven Inquiry

	
  

All rights reserved. This material may not be published,
broadcast, rewritten or redistributed in whole or part with out
the express written permission from Victor Sampson, LLC.

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

ADI Laboratory Investigation Proposal A
The Guiding Question…
Hypothesis 1

Hypothesis 2

IF…

IF…

The Test

AND…
Procedure

What data will you collect?

How will you analyze the data?

What safety precautions will you follow?

Predicted Result if hypothesis 1 is valid

THEN…

Predicted Result if hypothesis 2 is valid

THEN…

AND…
The Actual
Results

I approve of this investigation.

Instructor’s Signature

Date

The development of this investigation proposal was supported by the Institute of Education Sciences, U.S. Department of Education, through Grant R305A100909 to the Florida State University. The format of the proposal is modeled after a hypothetical deductive-reasoning guide described in Exploring the Living World
(Lawson 1995) and modified from an investigation guide described in Macquire, Myerowitz, & Sampson (2010).

ADI Laboratory Investigation Proposal C
The Guiding
Question…


What data will
you collect?


Your Procedure

What safety precaution will you follow?

How will you
collect your
data?


How will you
analyze your
data?



Your actual
data

I approve of this investigation.

Instructor’s Signature

The development of this investigation proposal was supported by the Institute of Education Sciences, U.S. Department of Education, through Grant R305A100909 to the Florida State University.

Date

