PROJECT SUMMARY
Tectonic Targets for EarthScope in the Ozark Plateau / lllinois Basin Region of the U.S. Midcontinent

This proposal seeks funding for a tday workshop to develop a coordinated mustitutional effort

that can utilizeEarthScoperesouices to address firstrder questions concerning the character and
tectonic evolution of a particularly interesting block of crateplatform lithosphere and underlying
mantle in the Midcontinent of the United States. The specific region of focus inthel®©zark Plateau

and the lllinois Basin. The proposed workshop will foster partnerships among researchers familiar with
the tectonic context of this region (which encompasses lllinois, Indiana, Missouri, and Kentucky), those
familiar with existing geopysical data sets covering the region, and those with experience in design and
implementation of geophysical experiments that can take advantage of the transportable and flexible
arrays and other instrumentation associated ®#hthScope The workshop @anizers will strive to

bring together individuals from research universities, state geological surveygeéowolleges, and the

U.S. Geological Survey. The transportable arrafzathScopewill arrive in the Midcontinent in 2011,

so time is runninghort to set a scientific ager@a focused approach is needed now.

Intellectual Merit:  Cratonic platforms are lorgved continental provinces in which a veneer of
sedimentary strata overlies Precambrian crystalline basement. The proposed worksogusvidn a

block of the U.S. Midcontinent that provides one of the most fascinating examples of epddtioien
lithosphere in the world. Specifically, this block includes a major intracratonic uplift (the Ozark Plateau),
and a major intracratonic bagjme lllinois Basin). Notably, the structural relief between the Cambrian
Precambrian unconformity at the crest of the Ozarks and the comparable horizon at the base of the lllinois
Basin (< 100 km to the east)dser 7.5 km comparable to orogenic rdlieThis block also includes the
northern end of the Mississippi embayment (a region that remained anomalously low during the Mesozoic
and Cenozoic), three major Proterozoic lithosphere accretionary boundaries (borders of the Yavapai,
Mazatzal, and Grenvd belts), one of the world's largest anorogenic igneous provinces (the 1.47 Ga
Eastern Granit®&khyolite Province), and the intersection of several significant-fmdfold zones that
possibly represent inverted Proterozoic rifts (Nelson and Lumm, M&2hak and Paulsen, 1996). The
target region is also one of the mestsmically activeegions of cratonic platform lithosphere anywhere.
Similar, though perhaps not as dramatic, lithospisesde features occur in craton platforms worldwide,

so studyof the proposed target block will potentially provide insight into-finster issues of continental
tectonics in general. For example, work in the area can address issues of craton formation and evolution,
intraplate seismicity, and the formation of airatonic epeirogenic structures (regional basins and
domes). In cratonic platforms, coherent and coupled motions have continued from the Precambrian to the
present (e.g., Park and Jaroszewski, 1994; van der Pluijm and Catacosinos, 1996; Howell and van de
Pluijm, 1999). Surprisingly, decades after the advent of plate tectonics, we have no universally accepted
theory to explain controls on tectonism in cratonic platforms, even though these regions account for over
25% of continental lithosphere. The liation on understanding comes largely from lack of data on the
deeper character of the crust and mantle beneath these regions. Such data may become available through
EarthScope so the unique opportunity to organize a coordinated scientific agenda fyingtua
particularly illustrative example of cratonic platform is not to be missed.

Broader Impacts: The target area addressed by this workshop encompasses large populations (both
urban and rural), including undegpresented groups, who traditionallywaanot had strong connections

to geoscience. Projects that may nucleate at this workshop have the potential to stimulate interest among
these populations. The target area also contains major energy resources (and may be the site of
FutureGen) and has Mhio-assess but significant seismic risk. Projects that may come out of the
workshop could provide needed tectonic context for understanding Midcontinent resources and risk.
Also, the workshop will explicitly address opportunities for outreach, ands$idoow existing outreach
programs (including those at Indiana University, Purdue University, and lllinois State University) can
connect to potential new scientific discoveries about the Midcontinent cratonic platform.



PROJECT DESCRIPTION
OBJECTIVES

The purpose of this proposal is to obtain funding forEarthScopesponsored workshop addressing first

order tectoniaelated problems of Midcontinent cratomuatform lithosphere (Figs. 1 & 2; e.g., Park and
Jaroszewski, 1994). The target of the workshoa iegion in lllinois, Indiana, Kentucky, and Missouri

that includes prominent examples of all major features characteristic of cratonic platform lithdsphere
effect, it is a "type specimen” of a type of lithosphere that accounts for over 25% of cahtameas, yet
remains incompletely understood. Specifically, the block includes the Ozark Plateau (a major
intracratonic uplift), the lllinois Basin (a major intracratonic basin; Leighton et al., 1991; McBride et al.,
2003), the northern end of the Missjgpi embayment, and intersecting faautidfold belts (Marshak et

al., 2000), some of which pose significant seismic risk (e.g., Hamburger and Rupp, 1988; Bear et al.,
1997; McKenna et al., 2007; Tuttle et al., 2002; Stein and Mazzotti, 2007). Bereatndéer of
Phanerozoic strata, th€@OPIB block (for Ozark Plateau andllinois Basin) also contains intriguing
lithospheric features, such as: structural relief of over 7.5 km, defined as the vertical difference between
the elevation of the Cambrian/Pagcbrian boundary in the Ozark Plateau and depth of this unconformity

in the lllinois Basin (Marshak et al. 2005); important Proterozoic sutures such as the boundaries of the
Yavapai, Mazatzal terranes, and Grenville belts (Van Schmus et al., 2007; Halp2607; Sims et al.,

2008), and the possibility of significant Proterozoic rift basins (McBride et al., 2007). Study of the
succession of progressively younger terranes may provide insight into the cratonization process. Finally,
the region hosts thedstern Granit&khyolite province (e.g., Van Schmus et al., 1996), the result of an
immense felsic igneous event whose cause and consequences remain incompletely understood.
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Fig. 1: Simplified tectonic map; orange=basin; yellow=dome; red=rift. Fig. 2: Basins and arches, eastern U.S.

The OPIB block remains mysterious because it does not contain extensive surface exposures, and has not
been extensively studied using modern geophysical techniques. Thetdodgng challenge of
unraveling itscharacter and evolution can only be addressed with new geophysical data, so the sweep of
EarthScopeanstrumentation into the region provides a compelling opportunity for study. A fundamental
understanding of the OPIB block will provide key insight intaikr lithosphere blocks worldwide, and

will provide a valuable basis for comparison with other types of lithosphere.

By focusing the workshop on a specific target block, we anticipate that the event will lead to submission
of a set of linked proposal$dt can take optimal advantage of the deployment of instruments in the
Midcontinent, set for 2011 and 2012. The workshop will bring together geologists and geophysicists with
interest and knowledge of tectonics in the target region with researchersl skilllhe seup of



EarthScopeexperiments, in deployment &arthScopeelated instrumentation, and in the interpretation

of EarthScopedata. During the course of the meeting, we will discuss the geolagiophysical
background of the area (from the faiwe down into the underlying asthenosphere) and will refine the
nature of specific scientific problems to be addressed. We will then develop a set of experiments
designed to test hypotheses about these problems. Also, we will establish a time fravoekfax

strategy for proposal submission, and a means to make appropriate linkages between projects within the
target block with projects that may develop in adjoining areas. Finally, we will address the important
issue of outreach, and develop a prelamnstrategy for bringing the new results of proposed studies to a
broader population.

The meeting will be designed to improve communication and interaction among geoscientists who could
contribute to the understanding of cratonic platform lithosphereuaddrlying mantle. Thus, an effort

will be made to attract faculty from research universities, researchers at state geological surveys and the
USGS, faculty at undergraduate institutions, and researchers from industry.

NEED FOR A WORKSHOP / LIST OF TOPICS
Introduction

The EarthScopetransportable array sweeps into the Midcontinent (Long 94°W to 85°W) in 2011 and
2012 (Fig. 3). During these years, the array will span a swath of North America's craton, ranging from
the southern edge of the Canadiarelsh(on the north), across the basins, domes, and arches of the
cratonic platform, and onto the coastal plain (on the south). Measurements made with the array, if
supplemented by those of additional instruments, provide an ideal opportunity to adchtessldi
problems of an important region of continental lithosphere, the cratonic platform. In many ways, less is
known about the tectonic evolution and behavior of cratonic platforms than about Phanerozoic orogenic
crust. Indeed, geoscientists have ragreed on a theoretical framework to describe intracratonic
processes, because key structures lie buried beneath younger strata and glacial deposits (Fig. 4), GPS site
velocities remain less than measurement error in most locations, and significang eyastiogical and
geophysical data have not yet been integrated into widely available publications. Major scientific
guestions about the cratonic platform lithosphere of the Midcontinent remain unresolved.
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Fig. 3: EarthScope transportable array. Fig. 4 “Lack of outcrpé the Midcontinent challenge!

EarthScopeprovides an amazing opportunity to address these scientific questions concerning the
Midcontinent cratonic platform. Yet as of now, the scientific camity has not developed an integrated

and comprehensive strategy to take advantage of new data to address these questions. Part of the reason
for this is that relatively few geoscientists have actively worked on tectonic issues in the region during
recentdecades, and relatively few researchers adept at HsirlgScopedata are aware of the firetder



problems related to the region. Considering the timing oEtdr¢hScopéanstrumentation deployment, it
is urgent that a coordinated scientific agendaeb®blished in advance of the July, 2010 proposal
submission deadline.

This proposal seeks funding for a workshop that will address the applicatitartbfScopeaesources to

solve tectoniaelated problems in the OPIB block, a "type specimen” of crafgaiform lithosphere.

This block was targeted because it contains excellent examples of the key elements characteristic of
cratonic platforms, so information gained by studying this region can be used to interpret similar
lithosphere elsewhere, and caoyde a basis of comparison for shields and orogens. Not only does the
OPIB block encompass the Ozark Plateau, the lllinois Basin, and the northern part of the Mississippi
embayment, but it includes major Proterozoic lithospheric boundaries, sevemliatrécratonic seismic

zones, and a perplexing anorogenic granite province. It was identified as a key area of interest in the
context of theGeoFramanitiative in 2006.

The proposed workshop will be held at the University of Illinois. It was metivby a sefunded half

day meeting held in Urbana on June 5, 2009, attended by researchers from four universities and two state
surveys. The participants identified a preliminary list of important issues and delineated a target area that
could be appragate for discussion in more comprehensive workshop. Discussions by the Pl with Dr.
Greg Anderson on June 18, 2009 confirmed that a request for a workshop could be considered by NSF.
We propose that the workshop be held in early March, 2010, to provitieient advance time for

science proposal submission in July, 2010.

Because the OPIB block is not familiar to a broad audience, we begin this proposal by briefly reviewing
its key tectonic elements. Then, we justify the need for a workshop, the togiesaddressed at the
workshop, and the logistics of the meeting.

Geological Context of the Ozark Plateau / lllinois Basin Block

North American continental lithosphere can be divided into two fundamental provinc€sa{dyrefers

to the part of thdithosphere that is relatively stable and has not been affected by penetrative deformation
and/or metamorphism for at least the last 1 billion years. North America's craton grew in the Precambrian
by the collision and suturing of Archean blocks, by atmmeof crustal slivers, oceanic blocks, and
volcanic arcs between 1.8 and 1.6 Ga, and by formation of the Grenville orogen at 1.1 Ga. Various
processes, which remain incompletely understood, contributed to the cratonization of this region (e.g.,
Hinz, 196). One phase of cratonization may have led to the intrusion and extrusion of vast volumes of
felsic igneous rocks between 1.5 and 1.3 Ga in a region now known as the EasternRbraniite
province. (2)Phanerozoic orogenare regions that have beewalved in rifting, convergence, and/or
collision at discrete times during the Phanerozoic. They have been penetratively deformed and/or
metamorphosed during this time, and thus remain relatively warmer and softer.

North American's craton consists of tianadian shieldvhere Precambrian terranes are largely exposed

in a broad region of low relief, and theratonic platform where a cover of Phanerozoic strata
unconformably overlies Precambrian basement. The sedimentary cover of the platform varies in
thickness from 0 km in the St. Francois Mountains of the Ozark Plateau to 7.5 km in the lllinois Basin
depocenter (Marshak et al., 2005). Within the platform, there are two orders of structure. (1) Regional
scaleepeirogenic structuremre broad areas ottiosphere (on the order of 2600 km in diameter) that

have undergone gentle subsidence or uplift during the Phanerozoic (Heidlauf, et al., 1986; Bond and
Kominz, 1991; Kolata and Nelson, 1981gxamples include the Ozark Dome (topographically, the
Ozark Pateau), and the lllinois Basin. Subsidence analysis indicates that the basin regions have
undergone both lonterm thermal subsidence and discrete pulses of tectonic subsidence temporally



linked to Appalachian tectonic events. In contrast, arches amgsihave remained relatively high
throughout the Phanerozoic, and may rise at times when basins subside. Despite this apparently coupled
behavior, the londived geologic contrasts between subsiding and uplifting regional features imply that
the lithosphéc provinces have remained fundamentally different. Significantly, structural relief of about
7.5 km exists between the Precambi@mbrian unconformity at the center of the lllinois Basin and the
same contact at the peak of the St. Francois Mounté®)sNumerougMiidcontinent faukkandfold zones

(Fig. 5) occur within and bordering epeirogenic structures (Braile et al., 1986; Marshak and Paulsen,
1996; McBride and Nelson, 1999). These zones are as large as 100 km by 500 km, and consist of faults
(typically steeply dipping in the upper crust), some of which intersect the land surface and some of which
die out updip in monoclinal folds. In effect, these zones are subdued versions of Lasiphele
basementinvolved uplifts typical of the Rocky Mountas and Colorado Plateau. A number of zones are
clearly associated with narrow sediment and/or volcléd troughs, and have been interpreted as
Proterozoic rifts. Some of the faalhdfold zones remain seismogenic, capable of generating > M = 7
events. Faultandfold zones within the proposed study area (e.g., Wabash Valley; NE Missouri; New
Madrid) are among the most active intracratonic seismic zones worldwide.

Fig. 5: Fault and fold traces of the OPIB target block. Three trends dominate (NW; NNE; E-W).
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Fig. 6: Vertically exaggerated cross section, Ozark / lllinois Basin boundary. Fig. 7: 3-D model of the boundary.



Workshop Justification

Previous EarthScopeworkshops addressj the Midcontinent covered the entire contineirtedrior
region. These meetings consistently pointed to the OPIB block as -priogty target, because of the
number of major tectonic features that it contains. These features include:

Athe largestand topographically most prominent, epeirogenic dome (Ozark Plateau);

Athe deepest intracratonic basin (lllinois Basin);

A structural relief of about 7.5 km;

Aseveral of the most prominent faalhdfold zones (Reelfoot rift; Rough Creek graben; naathe
Missouri fault zone; Wabash Valley fault zone; La Salle belt; Fluorspar district fault system);

A several active intracratonic seismic zones (e.g., NE Missouri; New Madrid; Wabash Valley);

Athe NESW-trending boundary of 1.7 Ga crust;

Athe NESW trerding boundary of Paleoproterozoic crust;

A the buried Grenville front;

A'the Mississippi embayment;

A possible Proterozoic rift and foreland basins.

Despite the high priority of the OPIB block, earlier meetings did not yield a specific, workable stientifi
agenda designed to study it. TharthScopdransportable array is now approaching the Midcontinent and

will sweep through the region in 20PD12. Considering this temporal context, and the important
opportunity that study of the OPIB block provides facreasing our understanding of continental
assembly and evolution, it is urgent that research plans for study of the OPIB block be established now.
With this goal in mind, we proposefecused workshoplesigned to lay the foundation for development

of EarthScopeelated research proposals that specifically address the OPIB block. By narrowing the
scope of the meeting to address a specific target whose dimensions are compatible within the scale of
EarthScopeexperiments, we anticipate that meeting wilcleate a set of strong, linked proposals. The
workshop setting is needed to bring researchers with expertise in utliaitigScopealata together with
researchers who have expertise on tectonic issues of OPIB block.

In order to assess the potentiabof proposed focused approach, and to establish a preliminary scientific
rationale for study of this region, a small group of researchers met, at their own expense, at the University
of lllinois on June 5, 2009. The meeting, organized by Stephen Maisblakied:

- Stephen Marshak, Xiaodong Song, Alison Anders, and Jonathan Tomkin (Univ. of Illinois),

- Michael Hamburger and Gary Pavlis (Indiana Univ.),

- Seth Stein (Northwestern Univ.),

- Hersh Gilbert and Eric Calais (Purdue Univ.),

- Mary Parke [hdiana Geological Survey), and

- Timothy Larson (lllinois State Geological Survey).
In addition to those in attendance, Suzan van der Lee (Northwestern Univ.), John McBride (Brigham
Young Univ.), and Scott and Beth Wilkerson (DePauw Univ.) contribiglegls. The group concluded
that the OPIB block warrants intense study, and that a focused workshop would be needed to stimulate
development of research proposals concerning the block. Mary Parke, Scott Wilkerson, Seth Stein, Mike
Hamburger, Tim Larson,obn McBride, and Gary Pavlis assisted in preparation of this proposal for a
workshop.

Topics to be Addressed

Considering the diversity of tectonic features within the OPIB block, work in the region could address
many questions, including:



AWhat are he differences between basin lithosphere and dome lithosphere?

AWhat is the cause of cratonization, and what is the nature of North America's cratonic roots?

AWhat is the origin and evolution of cratonic basins?

A Are there Proterozoic accretionargtienic boundaries at depth?

A Does lithosphere of a cratonic platform differ from that of shields or orogens?

A Do mantle features influence distinct provinces within the platform (e.g., Bedle and van der Lee,
2006; Forte et al., 2007)?

AWwhat makes Misissippi embaymeriiehave differently from adjacent lithosphere?

A Did the formation of the granihyolite province leave residuum at depth?

A Are there deep manifestations of Proterozoic rifts?

AWhat factors driver the subsidence of basins?

A Can dscrete, independently moving crustal blocks be delineated?

AHow does the Moho vary with location?

A Do deep crust or mantle features control seismicity (e.g. Hildenbrand, et al., 2002)?

Participants in the proposed workshop will develop testable ngrkiypotheses pertaining to these
problems that can be resolved by a wpddinned configuration of geophysical (seismic; GPS; and
magnetotelluric) experiments. Of note, some geophysical data for the target block already exist. But
these data, archived state geological surveys and in industry files, have not been available broadly. As
part of theEarthScopeprojects that will evolve from our proposed workshop, we will develop a strategy
for accessing these data.

The answers to the problems that wdl adldress in the context &arthScopewill be of global interest,

because comparable lithospheric provinces occur on all continents. Further, because we are examining an
important specimen of cratonic platform lithosphere, results from work in thegeooPIB target block

could serve as a basis for comparison with other types of lithospheric provinces, and could be used to
address such questions such as: How does the lithosphere of platforms, shields, and orogens differ at
depth?

Need for a TectonicFramework GIS Map

Our preliminary workshop also determined that in order for science planning concerning the OPIB block
to be successful, there is a need for a-GdSed compilations of key existing geological and geophysical
data pertaining to the blockSuch compilations do not currently exist, except in a rudimentary form
assembled for this proposal (Fig.-Bdhese images are courtesy of Curtis Abert, ISGS), so there is no
way to visually examine spatial relationships among faults, folds, crustahpes, potential field data,
seismicity, basement structure, and existing reflection profiles. Thus, as part of this workshop proposal,
we request funds to develop a preliminary-geferenced compilation of the above data on a DEM base
for a region thaincludes lllinois, Indiana, Kentucky, and Missouri. Some of the information needed for
this compilation is available through state geological surveys, so part of the funding will be used for travel
to state survey offices. Specifically, in preparatifum the meeting, we will make preliminary
compilations of the following:

Abedrock geology,

ADEM of surface topography,

A DEM of the sukPleistocene surface,

A structure contour maps on the Tippecanoe and the Kaskaskia sequence boundaries,
A structurecontour map on the Precambrian basement surface,

A earthquake epicenter map,



A gravity anomaly map,
A aeromagnetic map,
Afault and fold distribution map.
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Fig. 8a: Simplified bedrock geology, OPIB block. Fig. 8b: Topography of the bedrock surface, OPIB block.

Fig. 8c: Magnetic anomaly map, OPIB block. Fig. 8d: Epicenters of post-1973 earthquakes, OPIB block.



