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Abstract 

 
Worldwide, about two thirds oil and gas reserves are estimated to be unconventional. These plays exploit reservoirs with low permeability 
and/or porosity making them difficult to characterize and produce. Difficult and expensive enhanced recovery methods such as precision 
horizontal drilling and multi-stage fracking make unconventional plays much more challenging than conventional hydrocarbon targets. Many 
unconventional plays are active in and around Arkansas, including the “Mississippi Lime” play in Northern Oklahoma and Kansas. The 
University of Arkansas can claim 70 years of investigation into the Mississippian section by faculty and students. We propose an ambitious, 
long-term plan to develop a digital 3D geomodel of the Mississippian over a 4000 square mile area of northern Arkansas and southwest 
Missouri. The goal is integration of information on all scales to build a regional model of the Mississippian, characterizing this unconventional 
reservoir at scales unavailable in typical exploration and production data. Our research will support expanding exploration and production 
activity in northern Oklahoma and Kansas. 
 
We plan to characterize the unconventional Mississippian formation in outcrop and near surface occurrence on length scales from the very 
small (core analysis and well logs) to large features seen in remote sensing and commercial 3D seismic surveys. While this effort recognizes 
the many scales of data routinely used in hydrocarbon exploration, key aspects of our work are calibration and quantification through advanced 
outcrop technology and linkage of all scales of investigation. Our work will strive to subdivide the Mississippian section into meaningful 
intervals that can be mapped from outcrop and with typical petroleum exploration data (core, wireline and image logs, and 3D seismic).  
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Intro: Unconventional Resources 



Unconventional Reservoirs 
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What is MArkUP? 

geophysics 

geophysics 



Mississippian Lime 
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3D Seismic Amplitude 



An analogy 



Hi-Resolution Well Data 



3D Seismic + Wells 



Got it 
No-Brainer                             



Oops 

Knowledge of reservoir geology drives interpretation 
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Legacy Data 

•  Boone Formation (Hopkins, 1894) 

•  U Arkansas Geology 1913-2013 
– A century of Mississippian study 



25 Miles 

50 mi2 area 



iPhone Geology 

•  Selected driving to fill coverage holes 
•  Geolocate App 

– Latitude and longitude (XY +/- 5-10 m) 
– Altitude (+/- 3-6 m) 

•  iPhone photos, key features and access 
•  Theodolite App 

– Strike and dip 
•  Post in Google Earth 
•  Classify outcrop features 



iPhone Geology: Geolocation App 



iPhone Geology: Photos 



iPhone Geology: Theodolite App 



iPhone Geology: Google Earth 



iPhone Geology: Classify Features 



Northwest Arkansas (Ozarks) Stratigraphic Chart
System Series Formation Member Lithology Thickness Range (ft)

MA Informal in italic more  >>>>> less
Kessler LS

Dye SH

Bloyd Caprock SS/LS

Pennsylvanian Morrow Woolsey/ SH/SS
Middle Bloyd

Brentwood LS

Prairie Grove SS
Hale

Cane Hill SS/SH

Pitkin LS LS

Upper SH

Chester Fayetteville SH Wedington SS

Lower SH

Hindsville/ LS//SS/SH
Batesville

Meramec Moorefield SH

Keokuk LS/CH/CT/SH
CT: Chert Tripolite

Mississippian Short Creek Oolite LS
Osage Boone

Elsey LS/CH/CT/CB
CB: Chert Breccia

Reed Springs LS/CH
may be 1 ft into Pierson

Pierson LS

Northview LS/SH
St. Joe LS

Kinderhook Compton LS

Bachelor SH

Chattanooga SH Upper SH

Sylamore SS

Devonian Clifty LS LS/SS

Penters Chert LS/CH/CB

Lafferty LS LS

St. Clair LS LS
Silurian

Brassfield LS LS

Cason SH SH/SS/LS

Fernvale LS LS/SH

Kimmswick LS LS/DOL/SS

Plattin LS LS

Joachim Dol DOL/LS/SH
Ordovician

St. Peter SS SS\SH

Everton DOL/SS/LS

Powell Dol DOL

Cotter Dol DOL/CH/SH

Jefferson City Dol DOL/CH/SS
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Deep Resolution Photography 
Pixels: 
7430 x 4020 



Deep Resolution Photography 



Formation Contacts and Fragments 

Devonian 
Shale 

Mississippian 
Limestone 



Formation Contacts and Fragments 

•  Top/base of Boone are key features 
– Google Earth profile topography 

•  Constraint on outcrop fragments 
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Rectangle of Miss. Boone thickness 

N S 



Base Miss 

Top Miss 

Sketch topography 
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Top Miss 

Mississippian Boone section 

Look here for  
upper Boone outcrops Look here for  

lower Boone outcrops 

Base Miss 
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Mississippian Boone section 

50 ft outcrop 

25 ft outcrop 

•  Outcrop fragments in context 
– Progress in stratigraphic zonation 

 

Formation Fragments 
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Sequence Stratigraphy 
Cretaceous Spanish Pyrenees 



Sequence Stratigraphy 
Cretaceous Spanish Pyrenees 
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Geophysics: Buried Contacts 

Soil 

Penn. SH/SS 

Miss. LS 



Geophysics: Buried Contacts 
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Geophysics: Buried Contacts 
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Light, soft, tripolite 

Geophysics: Species of Chert 

“Miss Chat” in OK 
Up to 30% porosity 

Limestone with  
minor light bedded chert 







GPR Profile 



GPR Profile 



GPR acquisition 



GPR acquisition 



GPR acquisition 



GPR acquisition 



Geophysics:  
Transported Carbonate Sediment 

Potential methods 
  GPR 



Geophysics:  
Transported Carbonate Sediment 

Globular chert 

Crinoidal debris flow 



Outcrop 

3D Seismic 



Middle Miss (Osage Co) 

Flow channel off 
carbonate ramp 

Highground between 
flow channels 

Time structure 

Geophysics:  
Transported Carbonate Sediment 



Middle Miss (Osage Co) 

Dense lime  
low reflectivity 

Amplitude 

Geophysics:  
Transported Carbonate Sediment 

Reworked sediment 
amplitude anomaly 





Seismic time structure overlay 



Seismic amplitude overlay 



Ongoing Projects 

Basement Faults and Sedimentary Structures 
Mechanical Stratigraphy of Miss. Carbonates 
Field Mapping of Basal Boone Chert Mounds 
Penn Sequence Stratigraphy in NE Oklahoma 
3D Seismic Mapping of Tripolite/Chat 



Rethink the Tripolite 

1 Mile 

Tripolite negative 
amplitude anomaly 



Conclusions 

Mississippian carbonate 
Unconventional target in OK and KS 

 Complex reservoir 
Near surface geophysics in AR can help 

 Formation contacts and fragments 
 Chert occurance and type 
 Transported sediment 

liner@uark.edu 




