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Tectonics in the 21st century: Dynamics of a habitable planet 1	  
Understanding deformation and the processes that link Earth systems,  2	  

from geologic time to human time 3	  
 4	  

Draft Table of Contents 5	  
 6	  
Executive Summary (1-3 pages) 7	  
Executive summary will include a brief introduction to the field of tectonics and major areas of 8	  
basic and applied research. It will describe the community effort to identify and articulate the 9	  
emergent areas and opportunities for breakthrough, including the May workshop and other 10	  
activities, review process, etc. It will summarize the main contents of the document, including the 11	  
Grand Challenges. 12	  
 13	  
Introduction: Tectonics in the 21st century: Dynamics of a habitable planet (5 pages) 14	  
The Introduction will define tectonics, frame our approach, what we do and what we contribute.  15	  
Some concepts relevant to Defining Tectonics: The field of tectonics examines processes related 16	  
to the deformation of the Earth from its surface interactions to the planet’s interior, from deep 17	  
time to human time. The primary goal of this multidisciplinary field is to understand the 18	  
processes that link Earth systems, deformation and life, through Earth’s billion-year history to 19	  
today.  20	  

• Tectonics studies the ancient and active development of the Earth system by observation, 21	  
measurements, and characterization of Earth materials and processes, on all spatial scales 22	  
(nano-  to planetary), over all Earth history, using a broad arsenal of field, modeling, 23	  
theoretical and and lab-based approaches. These data are integrated into models of 24	  
deformation from the surface to the upper mantle and its interplay with other earth 25	  
systems, with the ultimate goal of understanding how the dynamic Earth works.  26	  

• Tectonics is an integrative branch of geoscience, providing an intellectual framework that 27	  
links processes operating in the solid earth, hydrosphere, atmosphere, biosphere. 28	  
Tectonics helps maintain a habitable planet that is unique in the solar system. It is 29	  
intimately connected with humans, having shaped the world we live in and providing 30	  
critical benefits to humanity with respect to mitigation of geologic hazards and the search 31	  
for and sustainability of Earth resources.  32	  

• As a community, we are uniquely poised to contribute 1) the element of deep time, 2) 33	  
perspectives on deformation from shallow seismogenic zones to mantle depths, and 3) the 34	  
integration of diverse disciplinary perspectives to advancing understanding in these areas. 35	  

• This section will summarize examples of how tectonics in the 21st century is on the cusp 36	  
of breakthroughs in emergent areas because new understanding of deformation processes 37	  
and their products through time and space are being made possible by new technologies 38	  
and approaches. It will provide examples of how these developments promise to help 39	  
solve longstanding questions that were previously intractable and illuminate new 40	  
surprising interactions among tectonics and other Earth systems. Grand challenges in 41	  
both areas have rich cross-disciplinary implications. 42	  

 43	  
Part 1: Grand Challenges in the Field of Tectonics (~50 pages total, ~10 pages per challenge) 44	  
The introduction to this section will smooth the transition from the previous section and provide 45	  
context for diverse audiences by framing the Grand Challenge themes from the broad (theme 5) 46	  
to the specific (theme 1). The details of the themes will be presented in the order listed below to 47	  
enable them to build intellectually on one another.   48	  
 49	  
Grand Challenge 1: What controls the full spectrum of fault zone behavior through time, 50	  
from the Earth’s surface to the upper mantle?  51	  
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        Introduction (for each challenge, the introduction will describe the intellectual merit of 1	  
the challenge, and why the time is right to make significant advances now). To frame this 2	  
challenge, we draw a distinction between what we can measure with geophysical tools (i.e., the 3	  
recognition of a much wider array of fault-zone behaviors than was previously recognized) and 4	  
what we can contribute through study of the rock record, from surface deformation to the mantle - 5	  
to develop an understanding of what produces specific behaviors at different depth ranges and 6	  
constraints on rheology. Relatively recent advances in geophysical data collection, including 7	  
denser GPS arrays and more sensitive seismometers, have allowed us to identify a range of fault-8	  
zone behavior, and modeling helps determine depth ranges that produce different behaviors, etc. 9	  
In response, we have abandoned the simple idea of shear systems failing through either 10	  
earthquakes or creep. However, we don’t know what processes produce different behaviors, such 11	  
as slow slip events. Understanding the processes that control different slip rates and the 12	  
development of these events in space and time - with implications for deformation both near and 13	  
far from plate boundaries - requires investigation of the rock record from the surface to the 14	  
mantle.  15	  
[[Some example questions to illustrate some of the types of research that might fall in this area 16	  
include: How can we reconcile the great range of spatial (10-6 to 106 m) and temporal (10-6 yr to 17	  
107 yr) scales at which deformation of the solid Earth occurs? How do modern geodetic 18	  
measurements relate to the long-term accrual of slip on faults? How does the long-term slip on 19	  
near-surface faults related to deformation in deep shear zones? How is the development of plate 20	  
boundaries related to intraplate deformation? How do we measure the rates of movement on 21	  
faults and shear zones? How do we move beyond the continents to the oceans to understand fault 22	  
zone behavior using deep water tectonics? How are earthquakes recorded in the rock record? Can 23	  
slow slip and other fault zone behaviors be inferred from the rock record? What surface features 24	  
characterize oceanic crust and how do they relate to its seismogenic characteristics? How does a 25	  
wide range of fault zone behaviors drive the long-term development of the Earth’s surface? How 26	  
does faulting result in the localization of damage in surface and near surface environments? What 27	  
material properties and processes control the strength of seismogenic faults? How can we predict 28	  
the impact of fault behaviors on human and geologic timescales from earthquake rupture to 29	  
mountain belts? How do we reconstruct landscape characteristics before and after earthquakes? 30	  
What forces drive surface deformation and changes in topography? etc.]] 31	  
        Requirements to make Progress (input to be solicited at GSA Town Hall and online) 32	  
        Example sidebars, focusing on science questions and societal links where relevant 33	  

The 4 example sidebars below were chosen to illustrate several key aspects of this 34	  
challenge from the surface to the deep parts of the lithosphere.  The last sidebar (#4) will 35	  
articulate why determining the rheology of the deep lithosphere, and linking it to shallow depths, 36	  
matters.  The problem of actually determining  lithospheric rheologies is addressed in challenge 37	  
2.  In this, and similar ways, each successive challenge builds upon the previous ones.  38	  

Sidebar 1: Tectonic geomorphology and fault zone deformation. This sidebar 39	  
illustrates the need to determine how fault zone deformation relates to the formation and 40	  
development of tectonic landforms/tectonic geomorphology over time. It includes 41	  
technological advances and examples (e.g. advances in topographic characterization for 42	  
determining fault offsets using structure from motion, new lidar technologies), and 43	  
methods (e.g., geochemical, geochronologic methods) for dating slip events and 44	  
magnitudes (e.g., combining Lidar and U-Th dating of soil carbonates to understand slip 45	  
histories of active faults). Active tectonic research is on the verge of more thorough 46	  
integration of paleoseismic observations with process-based geomorphic and 47	  
sedimentologic observations, and has begun to integrate paleoseismic observation with 48	  
Earth models of rupture scenarios at plate margins. Continued, more refined field 49	  
observations applied to a variety of modeling approaches (e.g. common to crustal 50	  
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deformation research, process geomorphology, earthquake studies) is needed and will 1	  
serve to inform patterns and processes of fault zone deformation.  2	  

Sidebar 2:  The earthquake cycle from geologic to human time. This sidebar 3	  
highlights the importance of spanning the short and longer-term deformation processes 4	  
through observations, theory, and modeling. It  illustrates the need to reconcile (1) how 5	  
geodetic measurements (i.e. short-term slip) relate to the long-term accrual of slip on 6	  
faults and (2) the great range of spatial (10-6 to 106 m) and temporal (10-6 yr to 107 yr) 7	  
scales at which surface deformation and flow of the deep crust occurs.  It will illustrate 8	  
the perspectives we gain from geodesy through studies of the entire earthquake cycle to 9	  
studies of fault zones on million year time scales (e.g., we know that slow slip behavior 10	  
exists and  we are now at a point where we need to determine how it  relates to long-term 11	  
behavior of large faults and subduction zones.  This will involve linking active tectonics, 12	  
paleoseismology, the evolution of fault rocks etc.). It also will illustrate why determining 13	  
million-year slip records of faults matter to society.   14	  

Sidebar 3: Reading and using the rock record of fluid-fault interactions.This 15	  
sidebar illustrates how important fluid-rock interactions are in controlling the short-term 16	  
and long-term activity of  faults, including how long-term deformation histories set the 17	  
stage for faults to be either barriers or conduits for fluid flow, etc.  It will discuss new 18	  
concepts and analytical approaches being brought to bear on these issues. It will also 19	  
mention that these topics are important for managing natural resources, geothermal 20	  
energy, CO2 sequestration, injected contaminants, but these applications will be the focus 21	  
of sidebars in Challenge 5.  22	  

Sidebar 4: Why deformation in the deep crust and mantle matters for the 23	  
earthquake cycle. This sidebar illustrates how important it is to relate the rheologies of 24	  
near-surface faults and shear zones to zones of deformation operating deep within the 25	  
crust and upper mantle.  It will communicate why new data on the rheologies of shear 26	  
zones in the deep crust and mantle are required for successful modeling of the earthquake 27	  
cycle.  In addition, it will show how a better understanding of the rheology of deep shear 28	  
zones, as well as the rheology of polymineralic rocks in general, is important not just to 29	  
understanding ‘the full spectrum of fault slip behavior’, but also to understanding 30	  
landscape evolution. 31	  

 32	  
Grand Challenge 2: How does rheology vary throughout the lithosphere as a function of 33	  
composition, fluid flow, melting, and fluid-tectonic interactions, pressure, temperature, 34	  
strain rate and other factors?  35	  
        Introduction (intellectual merit of the challenge, and why the time is right to make 36	  
significant advances now).  Fluids, including melts, play a crucial role in the structural, 37	  
petrologic, and rheological evolution of the lithosphere. The field of tectonics has the ability to 38	  
integrate diverse observations made over a wide range of spatial scales; from laboratory 39	  
experiments and studies of microstructures at nano- and microscales to deformation modeling and 40	  
field observations made at the scale of orogens and continents.  The sidebars below illustrate: (A) 41	  
the need to better explore the connections between laboratory, field, and modeling approaches to 42	  
determining rock rheology and (B) the changing role of fluid-rock interactions with depth in the 43	  
lithosphere. If we can we predict the rheology as a function of composition, temperature, strain 44	  
history, fluid, time and scale we could understand the dynamics of Earth deformation. 45	  
[[Some example questions to illustrate some of the research directions in this area: How does 46	  
deformation localize into faults and shear zones? How do we resolve the constitutive laws 47	  
deformation at different depths within the lithosphere? What material properties and processes 48	  
control the strength of seismogenic faults? How do changes in surface elevation reflect the 49	  
strength, buoyancy and material properties of the lithosphere? How do we relate the rheologies of 50	  
near-surface faults and shear zones operating deep within lithosphere? How do the macroscopic 51	  
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properties of deformation, such as the formation of plate boundaries and the flow of mountains, 1	  
reflect deformation mechanisms and material properties at the microscale? How do variations in 2	  
composition, temperature, and the strength of materials within the Earth relate to the dynamics of 3	  
mantle convection and the formation of plate boundaries? How do plate boundaries form? How 4	  
are tectonic stresses transmitted between plate boundaries? How are continental and oceanic 5	  
tectonics linked? How do we move further beyond the concept of lithospheric plates? How are 6	  
the driving forces and products of deformation transferred between different regions of the 7	  
lithosphere?  How does the distribution of deformation within the lithosphere develop over 8	  
different spatial and time scales?]] 9	  
        Requirements to make Progress (input to be solicited at GSA Town Hall and online) 10	  
        Examples and sidebars focusing on science, mentioning societal links.   11	  

Sidebar 1: Fluid flow, metamorphism, and crustal rheology. This sidebar 12	  
highlights how fluids, and their association with metamorphic, magmatic and anatectic 13	  
processes, play a key role in determining the rheology of the lithosphere. It highlights our 14	  
need to determine polymineralic rheologies and will show how a detailed understanding 15	  
of  metamorphism is crucial to determining how crustal rheologies develop during 16	  
tectonic activity.  It also will highlight the processes that generate and transport melts and 17	  
magmas, and explore the tectonic consequences of these for orogenesis, continental 18	  
subduction, and other tectonic processes.  19	  

Sidebar 2. Linking deformation experiments to natural shear zones.  This 20	  
sidebar highlights how recent breakthroughs and various technological advances 21	  
(including EBSD) are helping us better link observations of microstructures in lab 22	  
experiments (including rock mechanics) to deformation mechanisms and the rheology of 23	  
natural shear zones.  For example, we all know that melt is important for crustal rheology 24	  
but we need careful experiments to recognize and understand the microstructures that tell 25	  
us about its presence and its effects in natural polymineralic rocks.  This 26	  
sidebar  highlights where we need to go.  For example, polyphase flow laws that 27	  
approximate lower crustal compositions are scarce: the only existing experimental study 28	  
of polymineralic anorthite-diopside aggregates (applicable for understanding lower 29	  
crustal flow) does not consider the role of melt during deformation. 30	  

Sidebar 3: Determining the bulk rheology of deep crustal shear zones. This 31	  
sidebar highlights the need to link quantitative deformation modeling and theoretical 32	  
analyses to information obtained from laboratory experiments and field studies to 33	  
determine the behavior of polymineralic systems.  This integrated approach is crucial for 34	  
understanding the root causes of how deformation localizes and strain is accommodated 35	  
at a wide range of spatial and temporal scales. 36	  

 37	  
Grand Challenge 3: What are the dynamic interactions among Earth-surface processes, 38	  
landscape evolution, and tectonics?  39	  
        Introduction (intellectual merit of the challenge, and why the time is right to make 40	  
significant advances now).  The idea that atmospheric and geodynamic processes may be strongly 41	  
coupled through surface processes/erosion is one of the most fascinating developments in Earth 42	  
science over the last two decades, and a rich and fundamental problem that has driven a large 43	  
portion of work in the fields of geology, geomorphology and geodynamics. It is clear that tectonic 44	  
controls on the configuration of continents, mountain ranges and high topography affect 45	  
atmospheric circulation and therefore climate, and new analytical and modeling approaches are 46	  
making possible topographic and climatic reconstructions to quantify these relationships through 47	  
time. These approaches combined with new geophysical and geochemical observations are 48	  
enabling fundamental advances in our understanding of the links among deep earth processes, 49	  
dynamic topography, and the buoyancy of lithosphere. But a paradigm shift is occurring in the 50	  
way we view the long-standing question of “climate-erosion-tectonics” interactions and where we 51	  
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can gain traction. Based on research over the past decades we have begun to hone in on critical 1	  
new questions; we recognize that climate is critically important to surface processes, but we 2	  
cannot begin to understand their interactions or their impact on tectonic deformation until we 3	  
understanding the interactions of rock damage, surface processes, landscape development, 4	  
deformation, topographic stresses, and chemical weathering. This is where the breakthroughs are 5	  
waiting to happen. The tectonics community owns the integration of the myriad techniques 6	  
needed to address this question.  7	  
[[  Example questions:  What forces and mechanisms drive the exchange of heat and mass 8	  
between the mantle and the earth’s surface? How do we predict the dynamic response of Earth’s 9	  
surface to motion within the deep crust and mantle?  How do interactions among surface loads, 10	  
lithospheric deformation, and mantle flow guide the spatial and temporal evolution of topography 11	  
and the stratigraphic record? How are connections between the surface and deep Earth expressed 12	  
in the rock/stratigraphic record and in active tectonic processes? How is topography created, 13	  
maintained and destroyed, and what does the elevation history of Earth’s surface reveal about 14	  
deep-earth processes? How do we predict the dynamic response of the surface, including near-15	  
surface deformation and damage, to motion within the deep crust and mantle? How does tectonic 16	  
topography influence atmospheric circulation and therefore climate, create climatic gradients, and 17	  
affect the kinds of surface processes that operate in different places? To what extent is 18	  
localization of strain and exhumation related to surface erosion? How can we separate the effects 19	  
of climatic and topographic change in the sedimentary record? ]] 20	  

Requirements to make Progress (input to be solicited at GSA Town Hall and online) 21	  
        Examples and sidebars focusing on science, mentioning societal links 22	  

Sidebar 1: Linking global geodynamics with the geologic record of surface 23	  
topography. This sidebar will illustrate how we can potentially link deep-earth processes 24	  
(such as mantle flow) to the geologic record, plate tectonics and surface topography (such 25	  
as Laramide subduction and the development of dynamic topography in North America, 26	  
changes in relative sea level driven by coastal uplift and subsidence, slowdown of 27	  
tectonic plate motions. It could show how models of global geodynamics like these, 28	  
which depend on understanding rheology, can be tested with quantitative paleoelevation 29	  
constraints and tectonic reconstructions to learn fundamental things about how the planet 30	  
works (e.g., determine mechanisms responsible for lithospheric buoyancy and the 31	  
development and maintenance of high topography).  32	  

Sidebar 2: Geodynamics of mountain belts. This sidebar will show how 33	  
improved knowledge of rock rheology and the physical connections that exist between 34	  
the deep-Earth and its surface can be integrated with geochronology to improve our 35	  
understanding of mountain-building and other processes. We recognize that climate plays 36	  
a role in surface processes, which redistribute mass and therefore affect stresses and 37	  
deformation. But work over the past 15 years tells us that to make strides we must first 38	  
understand the relationships among tectonic driving forces, deformation and erosion, and 39	  
ability to integrate new geochronologic capabilities and models set us up to make 40	  
significant advances in this area now. Orogenic syntaxes (e.g., Alaska, Himalayas) are a 41	  
possible example. 42	  

Sidebar 3: Damage, surface processes, landscapes 1: how do tectonic 43	  
processes affect erodibility? This sidebar highlights effects of the history of deformation 44	  
and its legacy of damage in the near surface, interactions with surface processes. Mention 45	  
diverse methods for quantifying damage, material properties, and surface process rates 46	  
(from ways to measure erosion like cosmogenics, new shallow geophysics GPR to get a 47	  
material properties that might be useful at scale of landscape modeling). Recognize 48	  
climate is critically important to weathering and erosion/surface processes, and therefore 49	  
potentially to deformation, but the first step is to understand quantitatively how 50	  
deformation history affects rock material properties and vice versa. “Erodibility” is key to 51	  
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understanding and modeling landscape development at every scale, from a bedrock 1	  
channel to mountain belts and continents. But there is more to rock strength and 2	  
weathering than lithology - frontier is finding a way to quantify the effect of 3	  
tectonic/deformation/damage history on rock material properties at scales that are 4	  
relevant to modeling (from predicting fracture distributions to mountain belt 5	  
development). Likely to focus on long-term, large scale.  6	  

Sidebar 4: Damage, surface processes, landscapes 2: dynamic coupling of 7	  
tectonic/topographic stress, damage, chemical weathering and physical erosion. This 8	  
sidebar will explore how tectonic stresses may interact with topography to influence 9	  
bedrock disaggregation, groundwater flow, chemical weathering, and the depth at which 10	  
many biogeochemical processes occur. It will highlight possible feedbacks between 11	  
focused erosion and the expression of deformation following zones of weakness in the 12	  
near surface. Likely focus on shorter timescale, spatial scale of valleys and watersheds. 13	  
Also taps into major ongoing debates in the critical zone/surface 14	  
processes/hydrology/geochemistry community regarding the onset of rock weathering 15	  

 16	  
Grand Challenge 4: How have tectonic processes shaped the co-development of the solid 17	  
Earth, biosphere and atmosphere? / How have tectonic processes shaped the co-development 18	  
of systems that link the solid earth, biosphere and atmosphere? / How have tectonic processes 19	  
linked the development of the solid Earth, biosphere and atmosphere? 20	  
        Introduction (intellectual merit of the challenge, and why the time is right to make 21	  
significant advances now). We have a billion-year memory of how our planet developed recorded 22	  
in rocks. Tectonicist bring an Earth-systems perspective to address the fundamental questions 23	  
regarding the development of our habitable planet and its interactions with life. This billion-year 24	  
memory allows us to explore how the deep Earth-surface-atmosphere cycling on our planet 25	  
began. By adding the element of deep time, tectonics adds the “4th dimension” to our 3D view of 26	  
the planet, giving us access to the mechanisms responsible for the world we live in today.  27	  
[[   Example questions: How did a habitable planet develop? In what tectonic environment did life 28	  
begin? How did the origin and evolution of life interact with early Earth dynamics? How are 29	  
thermal, biogeochemical and deformation processes coupled in faults and shear zones? How do 30	  
geologic and climatic processes influence the evolution of life?  How has paleogeography 31	  
affected the distribution and evolution of biota? How do tectonic processes create landscape and 32	  
climatic changes, and form ecological gradients and physical habitats, that set the stage for 33	  
species evol*&#on? How are tectonic and other processes recorded in the sedimentary record? 34	  
What tectonic processes does our planet share with others in our solar system? What tectonic 35	  
processes characterized the early earth and how did they differ from those of today? How does 36	  
understanding processes on the early Earth and on other planetary bodies inform our 37	  
understanding of how life comes about? When did plate tectonics start and how has it been 38	  
maintained? How did the continents form and why have they persisted for billions of years to 39	  
preserve records of these processes? How does mountain building change the production and 40	  
export of carbon from a landscape, burial of organic matter, and transport of organics deep into 41	  
the crust during subduction? What role do tectonic processes play in changing long-term fluxes of 42	  
organic matter to the surface and depth?  What are the feedbacks to metamorphism? How do we 43	  
quantify the rates and timing of these processes and interrogate the rock record to answer these 44	  
questions?  ]] 45	  

Requirements to make Progress (input to be solicited at GSA Town Hall and online) 46	  
        Examples and sidebars, including mention societal links where relevant 47	  

Sidebar 1: How did tectonic processes build a habitable planet that is unique 48	  
in solar system?  The onset of plate tectonics set in motion the deep earth- surface- 49	  
atmosphere cycling that enabled life to develop. Understanding when and how plate 50	  
tectonics started is key to understanding how this cycling on our planet began. This 51	  
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sidebar will explore the initiation of these cycles.  This sidebar also will explore the 1	  
interactions of tectonic and atmospheric processes that maintain habitable conditions, 2	  
e.g., the role of tectonic processes like long-term weathering of mountain in regulating 3	  
solid earth-atmosphere interactions such as the carbon cycle.  4	  

Sidebar 2: Tectonics, landscape dynamics, and biodiversity. How do biologic 5	  
and tectonic processes interact at microscopic to global scales? This is an intriguing 6	  
emerging area of research where tectonics can take leadership. For example, 7	  
mountains/topographic complexity are bio-diversity hotspots, and topographic gradients 8	  
produce climate and ecological gradients that set physical habitats and result in biological 9	  
gradients. How are biogeochemical cycles and plate tectonics coupled now and in the 10	  
past? Research in this area is still identifying basic processes and mechanisms. New 11	  
molecular techniques and advanced genomics, ancient DNA, combined with new 12	  
methods for topographic and environmental reconstruction, set the stage for 13	  
understanding Earth’s biodiversity in a tectonic context - and how it will change with 14	  
future climate change - in a new way. E.g., topographic barriers to species migration have 15	  
isolated populations and led to their diversification over plate tectonic timescales, and a 16	  
much newer finding that they have done so on shorter timescales (e.g., recent uplift and 17	  
river incision in the Appalachians). Because the steepest climate gradients on Earth are 18	  
vertical rather than latitudinal, habitat changes as sea level rises and temperatures rise is 19	  
going to be dictated by the distribution of tectonic features.  20	  

Sidebar 3: 4D Earth initiative. The 4th dimension of time is essential to add to 21	  
the geophysical snapshot of North America obtained from Earthscope.  Our ultimate goal 22	  
is to obtain an Earthscope-level of detail everywhere on the planet so that we could all 23	  
use a Google Earth-style, Ron Blakely-type 4D back-in-time plate reconstruction of the 24	  
Earth and its environments. This would be a fabulous predictive tool.  E.g., this sidebar 25	  
could highlight what we would learn from realizing the Earthscope vision of 4D North 26	  
America, and the utility of understanding the supercontinent cycle, which has the 27	  
potential to provide “aha moments” for finding resources and making connections among 28	  
fragments of the Earth’s surface through its deep past.   29	  

Sidebar 4: Geochronology as a key to solving global tectonic problems.   This 30	  
sidebar emphasizes recent advances in geochronology (detrital geochronology/ 31	  
thermochronology, from catchment to drainage basin to billion year old zircons) and 32	  
explains how using these is essential to our communities exploration of tectonic 33	  
processes. It will highlight the role geo- and thermochronology plays in our 34	  
understanding of deep time and the processes that have shaped the modern world. 35	  

Sidebar 5: Survival of the cratons. The only reason we have a billion-year 36	  
memory of how our planet developed is because the cratonic roots of the continents have 37	  
survived.  We do not adequately understand why this is the case.  Mantle convection and 38	  
other processes should have eroded cratonic roots by now.  This sidebar will emphasize a 39	  
global geodynamic perspective on how cratons have been maintained.  It will emphasize 40	  
how advances in geochron, modeling  and probably isotope geochemistry is needed to 41	  
figure it out.  42	  

 43	  
Grand Challenge 5:  How can interactions between tectonic processes and society help 44	  
advance scientific knowledge and help us determine how best to sustain an increasingly 45	  
urbanized planet? 46	  
        Introduction (intellectual merit of the challenge, and why the time is right to make 47	  
significant advances now).  The sidebars chosen for this challenge are divided into two 48	  
categories:  (1) one that emphasizes how interactions between human activity and tectonic 49	  
processes can be used to advance scientific knowledge (Sidebar #1) and (2) how we must use our 50	  
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expertise and knowledge of tectonic processes to aid sustainability, manage resources, and 1	  
mitigate geologic hazards (Sidebars 2-4).  2	  
[[ Example questions: How does long-term geologic history set the stage for how fluids move 3	  
through rock? How do we predict when faults will be barriers to fluid flow vs. fluid 4	  
superhighways, and how this controls resources? Where do we put contaminants (e.g. radioactive 5	  
waste and CO2)? How do deformation processes influence the search for, and management of, 6	  
natural resources, including water, economic minerals, hydrocarbons, and geothermal energy? 7	  
How can find and maintain sustainable energy sources? What mechanisms link destructive 8	  
earthquakes to landslides and tsunamis? How can we mitigate the impact of natural hazards such 9	  
as earthquakes, tsunamis and landslides? Where is the water? Where are the ore deposits? 10	  
Hydrocarbons? How do we exploit geothermal resources? ]] 11	  

Requirements to make Progress (input to be solicited at GSA Town Hall and online) 12	  
        Examples and sidebars 13	  

Sidebar 1: The Oklahoma Experiment. This sidebar highlights how we could 14	  
use the unintended, large-scale experiment of induced seismicity to better understand 15	  
linkages among fluid injection, deformation, and the earthquake cycle.  In this sense it 16	  
will highlight how this experiment can be used to fundamentally advance scientific 17	  
knowledge.  18	  

Sidebar 2: Fate of CO2 and contaminants injected in subsurface.  This 19	  
sidebar will highlight how our community can use its knowledge of tectonic processes to 20	  
better understand CO2 sequestration and what happens to contaminants in the subsurface. 21	  
There are strong links to the topics addressed in Challenge #2. 22	  

Sidebar 3: Tectonics and resource sustainability.  This sidebar provides an 23	  
important example of how the application of our knowledge of tectonics can be used for 24	  
resource sustainability.  We suggest that this example could highlight on 1) Water 25	  
(i.e.  where is it and what happens when you extract it) and 2) Energy (i.e. oil, gas, 26	  
geothermal and REE needed for solar panels).  For the former, we could emphasize the 27	  
role of faulting and fracturing. For the latter,  we could illustrate how fluid flow and 28	  
fluid overpressures are linked to the generation, maturation and migration of 29	  
hydrocarbons and ore-forming hydrothermal fluids.   30	  

Sidebar 4: Long term tectonic record/rates informing hazards.  This sidebar 31	  
specifically explores how our community can use its knowledge to mitigate natural 32	  
hazards, including earthquakes, volcanic eruptions,  tsunamis, and landslides. It will 33	  
show how many of the processes that form the centers of the other challenges provide 34	  
important context to hazards and shows why these studies matter to society.  E.g., the 35	  
study of active tectonic processes is societally relevant to the 21st century human 36	  
population, and the tectonics community should be funded to (1) accurately quantify the 37	  
rates and timing of recent crustal deformation, (2) characterize the distribution and style 38	  
of these processes across the landscape, (3) identify the factors that control the 39	  
variability in these systems, and (4) integrate active tectonic findings into a better 40	  
understanding of larger- and longer-scale crustal deformation processes. 41	  

   42	  
Part 2: Sustaining a Healthy Future for Tectonics (20 pages) 43	  
The content for this section will be developed late Fall 2016, and will include sections on 44	  
resources needed to advance in these areas.  45	  
        Resources Needed to Advance the Science 46	  

Sidebar: Cyberinfrastructure, from geochem to strabo.  47	  
  Sidebar: Pushing frontiers in methods development. This sidebar highlights 48	  
the need to include analytical expertise in the core of research efforts, not be limited to “contract” 49	  
data that is divorced from collaborative interpretation with the experts who generated those data 50	  
(geochron, geochem, EBSD etc). It makes the distinction between using tried and true methods 51	  
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versus developing those that push brand new frontiers. The bottom line is that we need to use 1	  
both, and tailor the approaches to each problem. Could mention AGES program as a great model 2	  
that also advances research student education (leads into later section on Training the workforce 3	  
of the future). 4	  
              Building and Maintaining a Strong Tectonics Community 5	  
 Training the Workforce of the Future 6	  
                    Increasing Diversity    7	  
                    Increasing Quantitative Skills 8	  
 Communicating our science in service to society 9	  
 10	  
Summary (1 page) 11	  
Appendix: Tools of the Trade (5-10 pages) 12	  
Recommended Reading (1 page) 13	  
Explanation of Terms and Abbreviations (3-5 pages)  14	  


