National Cave i s : " 1SBN 978-0-9910009-8-2
ettt 3, o A AN 90000>
and Karst Reséorchlnshfu % S s Sl iag e
400-1 Cascades Avenue TSR :
Carlsbad, New Mexico 88220 USA. . Ee o o TR
a RO e B su99100098
=



NCKRI SYMPOSIUM 7 Proceedings of the 15th Multidisciplary Conference on Sinkholes and the

Engineering and Environmenal Impacts of Karst and the 3rd Appalachian Karst Symposium 2018



NCKRI SYMPOSIUM 7
Proceedings of the

15th Multidisciplinary Conference on
Sinkholes and the Engineering

and Environmental Impacts of Karst
and the

3rd Appalachian Karst Symposium

Edited by: Ira D. Sasowsky,
Michael J. Byle, and Lewis Land

PR

i
i

%

b

:
4

National Cave and Karst
Research Institute

www.nckri.org

KARST WATERS
INSTITUTE




NATiONAL CAVE AND KARST RESEARCH INSTITUTE
Symposium 7

PROCEEDINGS OF THE 15TH
MULTIDISCIPLINARY CONFERENCE ON

SINKHOLES AND THE ENGINEERING AND

ENVIRONMENTAL IMPACTS OF KARST
AND THE 3RD

APPALACHIAN KARST SYmMPOSIUM

April 2 through 6, 2018
Shepherdstown, West Virginia

EDITORS:

Ira D. Sasowsky
University of Akron
Akron, Ohio, USA

Michael J. Byle
Tetra Tech, Inc.
Langhorne, Pennsylvania, USA

Lewis Land
National Cave and Karst Research Institute
Carlsbad, New Mexico, USA

Co-organized by:

National Cave and Karst
Research Institute

= KARST WATERS
< INSTITUTE




Published and distributed by

National Cave and Karst Research Institute

Dr. George Veni, Executive Director

400-1 Cascades Ave.
Carlsbad, NM 88220 USA
www.nckri.org

Peer-review administered by the Editors and Associate Editors of the Proceedings of the Fifteenth Multidisciplinary
Conference on Sinkholes and the Engineering and Environmental Impacts of Karst.

The citation information:

Sasowsky, I.D., Byle, M.J, and Land, L., editors. 2018. Proceedings of the 15th Multidisciplinary Conference on
Sinkholes and the Engineering and Environmental Impacts of Karst and the 3rd Appalachian Karst Symposium,
April 2-6, Shepherdstown, West Virginia: NCKRI Symposium 7. Carlsbad, New Mexico: National Cave and Karst

Research Institute.

ISBN 978-0-9910009-8-2

These conference proceedings are part of NCKRI’s Symposium Series, which are all open access publications, may

be shared freely, and are available for free at www.nckri.org.

ASSOCIATE EDITORS:
Douglas Aden

Ohio Geological Survey
Columbus, Ohio

John Barry
Minnesota Department of Natural Resources
St. Paul, Minnesota

Daniel H. Doctor
U.S. Geological Survey
Reston, Virginia

Joe Fischer
Geoscience Services
Clinton, New Jersey

Clint Kromhout
Florida Geological Survey
Tallahassee, Florida

Cover Photos:

James Lolcama
KCF Groundwater, Inc.
Harrisburg, Pennsylvania

Eric W. Peterson
1llinois State University
Normal, lllinois

Mustafa Saribudak
Environmental Geophysics Associates
Austin, Texas

David J. Weary
U.S. Geological Survey
Reston, Virginia

Ming Ye
Florida State University
Tallahassee, Florida

Images showing pre-construction setting and newly built Five-hundred-meter Aperture Spherical radio Telescope
(FAST). This instrument, completed in 2016, is the world’s largest filled-aperture radio telescope and was built
within an extremely large karst depression, Dawodang, in Pingtang, Guizhou, China. Images courtesy Dr. Boqin
Zhu, National Astronomical Observatories of China. See paper by Zhu et al., this volume.



CONTENTS

Organizing Committ@e ..., IX-X

FOT@WOI ... .o e e et et eeaaaeen Xl

Keynote Speaker

An Appalachian Mystery: The Hydrogeology of Mountain Lake in Giles
County, Virginia. Leaky Landslide or Covered Karst?
CRESIEN [SKIPD) F. WS et e e 1

Banquet Speaker

The Science Beneath the Ohio State Geothermal Field Fiasco:
A Cool Story About a Hot Topic
B SO B e e et e e e et e e e e e e e e e e e e e eans 2-3

Karst Hydrogeology |

Coupling Dye Tracing, Water Chemistry, and Passive Geophysics to
Characterize a Siliciclastic Pseudokarst Aquifer, Southeast Minnesota, USA
John D. Barry, Jeffrey A. Green, J. Wes Rutelonis, Julia R. Steenberg

and E. Calvin AIEXANAET, JE. ..ot 5-16

Groundwater Flow Systems in Multiple Karst Aquifers of Central Texas

Brian A. Smith, Brian B. Hunt, Douglas A. Wierman
ANA MQAICUS O. GAIY c.cooeeeeeeeeeetteeee e e e e e e e e e eees 17-29

Sinkhole Litigation and Liability

Karst, Scientific Uncertainty, and the Law

JESSE J. RICNQAIASON, Ittt e e 31-36
When Sinkholes Become Legal Problems

Steven T. Miano and PEtEr V. KEQYS ......coooeeeeeeeeeeeeciieeeeeeeeeeeeeeeeeeeeen 37-42
Litigation and the Complexities of Sinkhole Insurance Claims in Florida
LaArry D. MQAIIQ........cooooeeeeeeeeeeee et 43-45
Engineering Assessment of Karst Sinkhole Causation and Prediction in
Litigation

MICNQEI J. BYIE ...ttt 47-52

15TH SINKHOLE CONFERENCE NCKRI SYMPOSIUM 7



Karst Hydrogeology li

Using Stable Isotopes to Distinguish Sinkhole and Diffuse Storm Infiliration in

Two Adjacent Springs
James L. Berglund, Laura Toran and Ellen K. Herman......cccceeeeeeeeeeeeeeee.... 53-63

The Hydro-chemical Characteristics of a Karst Faulted Basin: Case study of
the Baiyi Basin, Kunming, China
Hong Liu, Dan Cuicui, Yang Liu and Mengmeng Wang .........cccceeeeeuuunee. 65-69

Surface to Cave Dye Tracing: Lessons Learned from the Belgian Karst
Amaél Poulain, Arnaud Watlet, Gaétan Rochez, Olivier Kaufmann,
Michel Van Camp, Romain Deleu, Yves Quinif and Vincent Hallet........ 71-76

GIS-Mapping-Management of Karst

Photolinears, Fractures, and Fallacies: A Post Hoc Study of Photolineaments,
Hillsborough County, Florida
Michael C. Alfieri, Sam B. Upchurch and Thomas L. Dobecki.................. 77-88

Assessment of Historical Aerial Photography as Initial Screening Tool to
Identify Areas at Possible Risk to Sinkhole Development
Clint Kromhout and MichQel C. AIfI€FI ... 89-96

Mapping of Potential Show Caves in the Racha Limestone Massif (Country
of Georgia)

Lasha Asanidze, Zaza Lezhava, Nino Chikhradze, George Gaprindashvili
and Guranda AVKORASAVIl ......uuuuueeeeeeeeeeieeeiieeeeeeeeeeeee e 97-103

A Comparative Study of Karst Sinkhole Hazard Mapping Using Frequency
Ratio and Artificial Neural Network for East Central Florida
YongJe Kim and Boo HyUN NOM ..o, 105-113

Karst Hydrology and Geochemistry

IV

Bulk Chemistry of Karst Sediment Deposits
Mohammad Shokri, Dorothy J. Vesper, Ellen K. Herman, Ljiliana Rajic,
Kimberly L. Hetrick, Ingrid Y. Padilla and Akram N. Alshawabkeh....... 115-120

Geochemical Comparison of Karst and Clastic Springs in the Appalachian
Valley & Ridge Province, Southeastern West Virginia and Central

Pennsylvania
Emily A. Bausher, Autum R. Downey and Dorothy J. Vesper................ 121-128

NCKRI SYMPOSIUM 7 15TH SINKHOLE CONFERENCE



An Unusual Spring in the Jackson River, Bath County, Virginia
William K. Jones and PhIlip C. LUCQAS .....uuuveveeeeiiiieeeeeeeeeeeeeeecccveveeeeen 129-131

Study on Early Recognition Methods of Cover-collapse Sinkholes in China
Long Jia, Yan Meng and Zong-YuQn PQN.........cccccvvueeeeeeeeeeeeeeeeeeeeecccnnns 133-142

Advances in Ulira-portable Field Fluorometry for Dye Tracing in Remote
Karst

Amaél Poulain, Geert De Sadelaer, Gaétan Rochez, Lorraine Dewaide
ANA VINCENT HANET oo 143-146

Laboratory Testing of the Potential for the Influence of Suspended
Sediments on the Electrochemical Remediation of Karst Groundwater
Kimberly L. Hefrick, Ljiljana Rajic, Akram N. Alshawabkeh,

Mohammad Shokri and Dorothy J. VESPEr .......coueeeeceeciieeeeeeeeeeeeeeeen. 147-152

The Water Chemical Characteristics of Qinglongdong Karst Spring,
Kunming China
Binggui Cai ANA HONG LiU .....uuuiiiiiiiiiiiieeeeeeeeeeeeeeecteeeeeee e 153-157

Review of Monitoring and Early Warning Technologies for Cover-collapse
Sinkholes

Zongyuan Pan, Xiaozhen Jiang, Mingtang Lei, Jianling Dai,

Yuanbing WU and YONGli GQO ....eeeeeeiieiiiieeeeeeeeieeeeeeee e 159-165

Electronic Access to Minnesota Springs, Karst Features & Groundwater
Tracing Information

Jeffrey A. Green, Robert G. Tipping, John D. Barry, Gregory A. Brick,

Betty J. Wheeler, J. Wes Rutelonis, Bart C. Richardson

and E. CaAlVIN AIEXANAET JF. ... 167-171

Appalachian Karst

Studies of the Appalachian Karst: 1770 - Present
Ernst H. KQSTNING cevvveeeeeeeeeeeeeeeeeeeeeeeeeee et 173-179

Factors Affecting Karst Spring Turbidity in Eastern Washington County,
Maryland

David K. Brezinski, Johanna M. Gemperline, Rebecca Kavage Adams

ANA DAVIA W. BOITON ccceiieeeeeeeee ettt 181-188

Patterns of Heterogeneity within Phreatic Karst Aquifers of the Great

Valley, Virginia and West Virginia: Evidence From Time Series Hydrologic
Monitoring, Groundwater Chemistry, and Stygobite Site Occupancy

Wil Orndorff, Daniel H. Doctor, Tom Malabad, Katarina Kosi¢ Ficco,

Zenah Orndorff and ANAreQ FUIEIl..........ooeieeecciiiieeeeeceeee e 189-201

15TH SINKHOLE CONFERENCE NCKRI SYMPOSIUM 7 V



Cold-air Trap Temperature Records Support Simple High-Density Air-flow
Mechanisms at an Appalachian Limestone Cave Entrance Sinkhole
J. Steven Kite and JONN TUAEK .........uuuviiiiiiiiiiiiiieeeeeeeecieeeeeeee e 203-212

Investigating Vadose Zone Hydrology in a Karst Terrain Through
Hydrograph and Chemical Times-series Analysis of Cave Drips at Grand
Caverns, Virginia

Joshua R. Benton and Daniel H. DOCION .....ccoecccuvieiiieeciieee e 213-219

Geologic Framework of Karst Aquifer Systems in Alabama
Gheorghe M. PONTQ ...ttt 221-226

Packer Testing and Borehole Geophysical Characterization of Observation
Wells in a Vertically Integrated Karst Aquifer in Augusta County, Virginia
Joel P. Maynard and Brad A. WHIt€ ..........cooovvvveveiieiiiiiciieeeeeeeeee e 227-233

Using Geophysics to Map Bedrock Faults, Dikes, and Surficial Geology in
Relation to Karst Features in the Briery Branch Quadrangle, Rockingham
County, Virginia

Brent B. Waters, Daniel H. Doctor and Joel P. Maynard....................... 235-240

Investigating Subsurface Void Spaces and Groundwater in Cave Hill Karst
Using Resistivity

Jacob Gochenour, R. Shane McGary, Gregory Gosselin,

ANA BEN SUMQNOVIC c.ooiieeieee ettt a e 241-249

Formation of Karst and Sinkholes

Vi

Role of Floods on Sinkhole Occurrence in Covered Karst Terrains: Case
Study of the Orléans Area (France) During the 2016 Meteorological Event
and Perspectives for other Karst Environments

Gildas Noury, Jéréme Perrin, Li-Hua Luu, Pierre Philippe

AN SEDASHEN GOUIIET ......eeeiieeeeeeeeeeeeeeee e 251-258

Quantitative Comparison of Sinkhole Geomorphology of Four Karst Regions
in Ohio
DOUGIAS AQEN ...ttt 259-267

Assessment of the Karstification Degree in the Copacabana Group for a
Tailings Dam Foundation, South Andes, Peru
Valeria Ramirez, Olimpio Angeles and Michael W. West ..................... 269-277

Lithology as an Erosional Control on the Cave Branch and Horn Hollow

Fluviokarst Watersheds in Carter County, Kentucky
Andrew K. Francis, Eric W. Peterson and Toby Dogwiler....................... 279-288

NCKRI SYMPOSIUM 7 15TH SINKHOLE CONFERENCE



Comprehensive Investigation and Remediation of Concealed Karst
Collapse Columns in Renlou Coal Mine, China
Shuning Dong, Hao Wang and Wanfang ZhOu .........ceeeeeeecevveeeeeennneee. 289-296

The Exireme Karstification of the Kinta Valley, West Malaysia
Ros Fatihah MUNGMMQQ .......uuveeeieieeeeeeeeeeeeeeeeeeeeeceeeeeeee e 297-305

Karst Geophysics |

Sinkhole Imaging and Identification of Fractures with § -wave Reflection
Seismic

Sonja H. Wadas, Saskia Tschache, Ulrich Polom

and Charlotte M. KIQWECZYK......uuuuuuueeeeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeev s 307-314

Joint Project SIMULTAN - Sinkhole Characterization and Monitoring with
Supplementing Geophysical Methods
Charlotte M. Krawczyk and SIMULTAN Research Group ...................... 315-321

Remedial Investigation of Large Scale Karstic Flow Conduits with Brine-
Enhanced Resistivity Imaging and Downhole Colloidal Borescope Methods
JAMES L. LOICAMIQ ..ttt 323-329

Combination of 2D Shear Wave Reflection Seismics and Travel Time
Analysis of Borehole Geophone Data for the Investigation of a Sinkhole
Area

Saskia Tschache, Sonja H. Wadas, Ulrich Polom

and Charlotte M. KIQWECZYK......uuuuuuueeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee s 331-339

Imaging of Deep Sinkholes Using the Multi-Electrode Resistivity Implant
Technique (MERIT) Case Studies in Florida
David Harro and HENOK KiflU .......uuviiiieiiiiiiee et 341-345

Karst Geophysics Il

Avoiding Caverns in the Arbuckle Mountains Using Electrical Imaging
Methods
Peter J. HUTCNINSON ...t 347-356

Sinkholes as Transportation and Infrastructure Geohazards in Mixed
Evaporite-siliciclastic Bedrock, Southeastern New Mexico
Lewis Land, Colin Cikoski and George VEeNi......ccccvueeeeeeeeeeeeeeeeeeeeecccnn, 357-367

15TH SINKHOLE CONFERENCE NCKRI SYMPOSIUM 7 VIl



Geotechnical and Modeling Investigations in Karst

Remediation of the Centenary College President’s House
Joseph A. Fischer, Joseph Jeffrey Fischer and Justin Terry ................... 369-374

Case Histories: Karst Successes and Failures in the Eastern United States
WAITEE G KUTSCINKE ... 375-382

Linking Geology and Geotechnical Engineering in Karst: The Qatar
Geologic Mapping Project

Randall C. Orndorff, Michael A. Knight, Joseph T. Krupansky,

Khaled M. Al-Akhras, Robert G. Stamm, Umi Salmah Abdul Samad, and
EIQIM ARMEA .o 383-391

Site Selection of the World'’s Largest Radio Telescope within the Dawodang
Karst Depression

Bogin Zhu, Yongli Gao, Wenjing Cai and Xiaoan Shi............ccccceeennn.. 393-395
Development of a Sinkhole Raveling Chart Based on Cone Penetration Test
(CPT) Data

Ryan Shamet, Boo Hyun Nam and David Horhota........c.cccceeevvevvvvvnnnns 397-404

Physical and Numerical Analysis on the Mechanical Behavior of Cover-
collapse Sinkholes in Central Florida
Moataz H. Soliman, Adam L. Perez, Boo Hyun Nam and Ming Ye...... 405-415

A Way to Predict Natural Hazards in Karst
Pierre-Yves Jeannin and ArnQuld MAIQrd .........eeeeeee oo, 417-425

Vil NCKRISYMPOSIUM 7 15TH SINKHOLE CONFERENCE



ORGANIZING COMMITTEE

Conference Co-Chairs

* George Veni, National Cave and Karst
Research Institute (NCKRI), Carlsbad,
New Mexico

* Daniel H. Doctor, U.S. Geological Survey
(USGS) Eastern Geology & Paleoclimate
Science Center, Reston, Virginia

» David J. Weary, USGS, Reston, Virginia

* Jim LaMoreaux, PELA Geoenvironmental,
Tuscaloosa, Alabama

Program Chair
+ Jack Hess, Geological Society of America
Foundation, Boulder, Colorado

Proceedings Editors

* Ira D. Sasowsky, University of Akron,
Akron, Ohio

* Michael J. Byle, Tetra Tech, Inc.,
Langhorne, Pennsylvania

* Lewis Land, NCKRI, Carlsbad, New
Mexico

Proceedings Layout

* Rebel Cummings-Sauls, Florida Academic
Library Services Cooperative, Gainesville,
Florida

* Julie Fielding, University of Michigan,
Ann Arbor, Michigan

Program with Abstracts

* Brian Hunt, Barton Springs/Edwards
Aquifer Conservation District, Austin,
Texas

* Brian Smith, Barton Springs/Edwards
Aquifer Conservation District, Austin,
Texas

Banquet and Food
* George Veni, NCKRI, Carlsbad, New
Mexico

* Daniel H. Doctor, USGS Eastern Geology
& Paleoclimate Science Center, Reston,
Virginia

« David J. Weary, USGS, Reston, Virginia

Beck Scholarship and Auction

 E. Calvin Alexander, Jr. University of
Minnesota, Minneapolis, Minnesota

* Dorothy Vesper, West Virginia University,
Morgantown, West Virginia

Circulars

* Daniel H. Doctor, USGS Eastern Geology
& Paleoclimate Science Center, Reston,
Virginia

Educational Accreditation
* Dianne Joop, NCKRI, Carlsbad, New
Mexico

Exhibitors and sponsors
*  Courtney Gasow, National Cave and Karst
Research Institute, Carlsbad, New Mexico

Field Trips Co-chairs

* Robert K. Denton Jr, GeoConcepts
Engineering Inc., Ashburn, Virginia

* Daniel H. Doctor, USGS Eastern Geology
& Paleoclimate Science Center, Reston,
Virginia

» David J. Weary, USGS, Reston, Virginia

Hotel and Conference Facilities

* George Veni, NCKRI, Carlsbad, New
Mexico

* Daniel H. Doctor, USGS Eastern Geology
& Paleoclimate Science Center, Reston,
Virginia

« David J. Weary, USGS, Reston, Virginia

* Courtney Gasow, NCKRI, Carlsbad, New

Mexico
Invited Speakers
* Yongli Gao, University of Texas-San

Antonio, San Antonio, Texas

15TH SINKHOLE CONFERENCE NCKRI SYMPOSIUM 7 IX



Professional Organizations Liaisons
 Wanfang Zhou, ERT, Inc., Knoxville,
Tennessee

Registration

 Loren Darby, NCKRI, Carlsbad, New
Mexico

* Courtney Gasow, NCKRI, Carlsbad, New
Mexico

Short Courses

* Robert K. Denton Jr, GeoConcepts
Engineering, Inc., Ashburn, Virginia

» Joe Fischer, Geoscience Services, Clinton,
New Jersey

Symbolic sale items
* Samuel V. Panno, Illinois State Geological
Survey, Champaign, Illinois

Treasurer
 Loren Darby, NCKRI, Carlsbad, New
Mexico

Website

* Gheorghe Ponta, Geological Survey of
Alabama, Tuscaloosa, AL (Main page)

* Dianne Joop, NCKRI, Carlsbad, New
Mexico (Registration)

Members at Large

* C(Clint Kromhout, Florida Department of
Environmental Protection, Tallahassee,
Florida (& Proceedings AE)

e Bashir Memon, PELA GeoEnvironmental,
Tuscaloosa, Alabama

* Boo Hyun Nam, University of Central
Florida, Orlando, Florida

 J. Brad Stephenson, CB&I  Federal
Services, Knoxville, Tennessee

* R.Drew Thomas, ECS Mid-Atlantic, LLC,
Chantilly, Virginia

* Ming Ye, Florida State University,
Tallahassee, Florida (& Proceedings AE)

X NCKRISYMPOSIUM 7 15TH SINKHOLE CONFERENCE

16th Sinkhole Conference Liaison

Ingrid Padilla, University of Puerto Rico,
Mayaguez, Puerto Rico



FOREWORD

Welcome to the Fifteenth Multidisciplinary Conference on Sinkholes and the Engineering and Environmental
Impacts of Karst and the Third Appalachian Karst Symposium. This year our meeting returns to the eastern United
States, and to one of the cradles of karst studies from the prior century: the Appalachians of Virginia and West
Virginia. Early cave exploration and science in this region occurred in tandem with groundbreaking European
studies in speleology. In 1930 William Morris Davis published his comprehensive “Origin of Limestone Caverns,”
making use of sites in the Appalachians, as well as others. Important documentary compilations of Virginia caves
by McGill (1933), Douglas (1964), and Holsinger (1975) appeared over the years, along with William Davies’
“Caverns of West Virginia.” In January of 1941, the National Speleological Society (NSS) was founded in nearby
Washington, D.C. by cavers who were very active in the Appalachian karst regions. Through their publication of the
“NSS Bulletin,” later “The Journal of Cave & Karst Studies,” a golden era of North American cave exploration and
science was developed and documented. The work and discovery continue to this day, as both pure exploration and
science move forward side-by-side.

The Sinkhole Conference, established in 1984 by Dr. Barry Beck, has a long history of bringing together scientists
and engineers with interests in applied aspects of karst settings. The eastern U.S. with its population centers and
dense infrastructure, is a critical locale with numerous examples of the challenges of co-existence with caves

and sinkholes. This was one spur for the convening of the first Appalachian Karst Symposium (Kastning &
Kastning, 1991). Twenty-seven years later we are happy to co-convene the 15th Sinkhole Conference with the 3rd
Appalachian Karst Symposium, to bring together scientists, engineers, managers, and others, who share a stake in
understanding karst systems.

Since 2011 The Sinkhole Conference has been sponsored by the National Cave and Karst Research Institute
(NCKRI), a congressionally-created non-profit organization dedicated to pure and applied research on caves,

karst phenomena, and karst hydrology. This year NCKRI joins with the Karst Waters Institute (KWI) as co-
sponsors of the meeting. KWI, which is incorporated in West Virginia, has the mission to improve the fundamental
understanding of karst water systems through sound scientific research and the education of professionals and the
public. Both organizations, along with supporting groups indicated in these Proceedings, welcome you and hope
you will have a great week at the National Conservation Training Center, Shepherdstown, West Virginia.

Ira D. Sasowsky, Proceedings Editor
University of Akron
Akron, Ohio
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FIGURE 60.—Cross-section of Shenandoah Valley, Virginia
After Virginia Geological Survey,

Interpretation of the folded limestones of the Shenandoah Valley by Davis
(1930)
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GEOLOGIC FRAMEWORK OF KARST AQUIFER SYSTEMS IN

ALABAMA

Gheorghe M. Ponta

Geological Survey of Alabama 420 Hackberry Lane, Tuscaloosa, Alabama 35401, gponta(@gsa.state.al.us

Abstract

Extreme droughts in recent years have highlighted the need
to enhance management and protection actions for the
water resources of Alabama. The Groundwater Assessment
Program (GAP) of the Geological Survey of Alabama
investigates the availability and quality of the states’
groundwater resources working in cooperation with other
state and federal agencies, local governments and water
systems, industry, educational institutions, and citizens.

Alabama is located in the humid region of the United
States, with numerous karst features, such as caves,
sinkholes (dolines), and springs occurring in carbonate
(limestone and dolomite) rocks, which underlie about
25% of the state. In the Interior Low Plateaus (Western
and central part), Appalachian Plateaus, and Valley and
Ridge Physiographic Provinces, which are in the northern
half of the state, carbonate rocks underlie many areas and
groundwater is contained mainly in karstified aquifers
with high secondary porosities. The southern half of
the state is situated in the Coastal Plain physiographic
province, where around 7.5% of the aquifers are located
in carbonates rocks.

All wells installed in carbonate rocks and karst springs
obtain water from solution cavities in these strata or
the regolith above them. These solution cavities are
not uniformly distributed, making prediction of their
occurrence extremely difficult. To better understand
the geologic framework of karst aquifer systems in
Alabama, a series of hydrogeological cross-sections
were constructed depicting stratigraphy and aquifers in
the area. The selection of cross-section lines and wells
were based on their geographic location, with preference
given to wells having a greater total depth and with
supporting geophysical and sampling logs. These cross-
sections were used to identify geologic structure, aquifers
(depth and elevation) and their production intervals, and
determine where deeper aquifers might be located.

The economic future and quality of life for Alabamians,
as well as sustainable ecosystem functions and services,

are dependent upon the availability and protection of the
state’s water resources. Therefore, future water source
development will require significant scientific research,
substantial logistical planning, and infrastructure
development to find and manage water sources.

Infroduction

Alabama’s climate is humid subtropical with warm,
summers and typically mild winters. Precipitation
generally occurs year round, except during drought
periods, varying from 1,270—1,372 mm in the Tennessee
Valley to 1,524-1,651 mm along the coast. (Stringfield
et al., 1974; Evans, 1998).

Alabama, with an area of 135,765 km?, is located in the
southeastern United States and has a karstifiable area of
about 34,051 km? (approximately 25%).!

Karst

The karstifiable rocks (limestones, dolomite) of the
northern half of Alabama (approximately 17.5%)
are mostly Paleozoic deposits, while rocks in the
southern part of Alabama belong mainly to Mesozoic
or Neogene deposits representing 7.5% (Figure 1).

The Alabama karst landscape was generated mainly
in the Quaternary. The most karstified deposits
belong to the Paleozoic sedimentary cycle. The
largest exposed carbonates region in the state, and
the most karstified area is in Appalachian Plateaus
Province. Based on the geomorphological and
structural aspects, there are two types of karst
landscapes specific to Alabama:

» Plateau type karst characterized by large
limestones, dolomite or chert plateaus with
surface karstic features like dolines (sinkholes),
closed depressions, dry valleys and streams with
elevation ranging between 100 m to 300 m. The

'All areas in km? or percent were estimated
based on the Szabo et al. (2006) Digital
Version of the Geologic map of Alabama.
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most important plateaus are in the Interior Low
Plateaus and Appalachian Plateaus Provinces.

» Bar/Ridge type karst features are ridges derived
from carbonate deposits alternate with non-soluble
rocks, which dip at over 45°. Very prominent
ridges appear because of the differential erosion
processes. The strike of these is controlled by
northeast southwest longitudinal faults with
regional extension, and is cut by transverse
faults, on which the karst aquifer is opened and
emerges to the surface through springs. The most
representative ridges are in the Valley and Ridge
Province.

The main karst features present in Alabama and
discussed briefly in this paper are: sinkholes, caves and
springs. In Alabama, the most common causes of land
subsidence are the development of sinkholes in areas
underlain by soluble carbonate rocks that are susceptible
to dissolution and the formation of caves and sinkholes.
More than 6000 sinkholes are recorded (based on the
7.5 USGS topographic maps/>10 m across or larger),
developed mainly in the northern half of the state, with
the highest concentration in the Appalachian Plateaus
Province (Ebersole and Tavis, 2010; Ebersole and Hill,
2016).

Over 4,386 caves® are known in Alabama, developed
in limestones and dolomite. Most of the caves are in
the Bangor Limestones (1369), about 211 caves in the
Monteagle limestones, and 141 caves in the Tuscumbia
limestones. The largest numbers of caves (3422) are
located in Appalachian Plateaus Province, the longest
one is 25,153 m and the deepest one is —184 m. In the
Valley and Ridge Province are recorded 513 caves, the
longest one is 5.4 km and the deepest is —95 m. In the
Interior Low Plateaus province are known 216 caves,
the longest is 3.34 km and the deepest is —60 m. In the
Coastal Plain Province there are 113 known caves, with
a maximum length of 417 m and —15 m vertical range.
Overall, the longest cave is over 25 km long and the
deepest one is —184 m.

The Alabama karst landscape was generated mainly in
the Quaternary. The most karstified deposits belong to
the Paleozoic sedimentary cycle. The largest exposed
carbonates region in the state, and the most karstified
area, is in Appalachian Plateaus Province.

2All cave numbers are from Alabama Cave
Survey database, as April 9, 2017.
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About 40% of public water supply by volume is derived
from groundwater sources, and 70% of the geographic
area of Alabama is supplied by groundwater sources.
Karst springs are numerous in the state, several being
used as public or domestic water supply (Hutson et al.,
2009). On Figure 1 are shown 109 springs, which are
measured (discharge) and sampled periodically. Because
of the high number of sinkholes and caves in the state,
they are not shown on our figures. The distribution and
density of the sinkholes and caves is comparable with
those of the springs.

Cross Sections

In order to understand the geologic framework of karst
aquifer systems in Alabama, a series of geological cross
sections were constructed depicting the stratigraphy of
the study area. The selection of wells included along a
particular cross-section line was based on the availability
of sample logs and associated electric logs.

The Geological Survey of Alabama (GSA) has a
large water well record file (more than 125,000), and
geochemical data dating to the early 1900s. Because
geophysical well logs were completed only in a small
number of the water wells and test holes drilled in the
area, well-log data from oil and gas wells were used to
generate the cross sections. The State of Alabama Oil and
Gas Board (OGB) has a large oil and gas well database
(more than 17,000 wells). These water well data will be
critical to Alabama’s water future and are managed using
the GSA RBDMS-ENV (Risk Based Data Management
System-Environmental) database (GSA, 2017).

Use of these cross sections allows rapid determination
of which aquifer is screened. These cross sections are
also important in planning for the exploitation of an
aquifer. The cross sections will be critical in further
exploitation of an existing aquifer or future exploration
for new resources as well as in aquifer contamination
risk assessments (GSA, 2017).

Due to space restriction, only one cross section (A—A’) will
be presented in this paper (Figure 2). The others will be
available online in the near future, at www.gsa.state.al.us.

Geology and Karst Features

Distribution in Physiographic Provinces
Five major physiographic provinces are recognized
in Alabama: the Interior Low Plateaus, Appalachian
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Plateaus, Valley and Ridge, Piedmont, and Coastal Plain
(Harper, 1920, 1942, 1943, Johnson, 1930, Fenneman,
1938, Pierce, 1966, Sapp and Emplaincourt, 1975, and
Mettee et al., 1996).

Interior Low Plateaus Province — Mississippian
Age Limestones/Chert/Dolomite Deposits

The Interior Low Plateaus Province is located in the
northwest part of the state and is traversed by the

Tennessee River from east to west. The Tuscumbia
Limestone and Fort Payne Chert are predominantly
present along the Tennessee River, outcropping in
the area at elevations around 120 m to 170 m. South
of Tennessee River, the Tuscumbia Limestone is
overlain by the Bangor Limestone which outcrops
as an east-west strip. In the eastern side of the
section the Monteagle Limestone is present in small
exposures.
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The Tuscumbia Limestone is a light-gray bioclastic or
micritic, partly oolitic limestone in beds that generally
are more than 30 cm thick. Thickness ranges from 0 to
75 m (Thomas, 1972).

The Fort Payne Chert consists of limestone with abundant
irregular chert nodules and beds. The Tuscumbia
Limestone and Fort Payne Chert overlie the Chattanooga
Shale, which is an aquiclude that can reach a thickness of
up to 25 m (Butts, 1926).

The Monteagle Limestone consists of limestone,
dolomite, and shale, and the Bangor Limestone consists
primarily of medium to light gray, bioclastic, and oolitic
limestone and overlay the Tuscumbia Limestones.
Thickness range between 60 and 90 meters.

The Bangor Limestone is an unconfined karst aquifer
in the Interior Low Plateaus Province. Groundwater
movement is through secondary porosity conduits and
solution enhanced fractures, which discharges to springs.
The thickness of the Bangor Limestone in the Interior
Low Plateau Province can range up to 150 m. The Bangor
aquifer is unconfined throughout the entire Interior Low
Plateaus Province area. Plateau-type karst dominates the
region and numerous sinkholes are identified in the area,
some large in diameter and a few meters deep.

About 216 caves are known in the area, the longest one
being Key Cave (Lauderdale County) with over 3 km
of passages disposed in a labyrinthic maze. The deepest
cave is Craigs Mill Bluepond —60 m located in Cherokee
County. Numerous springs are present, the largest
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one being Tuscumbia Spring (Colbert County) with a
discharge of 1,700 L/s.

Major aquifers in the Interior Low Plateaus Province
are the Tuscumbia Limestone and the Fort Payne Chert.
However, there are several minor aquifers including the
Bangor Limestone, and Monteagle Limestone (GSA,
2017).

Appalachian Plateaus Province -
Cambrian through Mississippian Age
Limestones/Dolomites/Chert Deposits

The Appalachian Plateaus Province, located in north
central, northeastern, and west Alabama is an undulating
surface frequently dissected by valleys. Elevations range
from around 200 m at Tuscaloosa to near 500 m in the
Jackson Mountains northeast of Huntsville and Lookout
Mountain near Mentone.

The limestones and dolomites outcropping in the
Appalachian Plateaus in Alabama include the Conasauga
Formation, Brierfield Dolomite, Ketone Dolomite, and
Knox Group (Copper Ridge Dolomite, Chapultepec
Dolomite, Longview Limestone, and Newalla
Limestone), Chickamauga Limestone, Tuscumbia
Limestone, Fort Payne Chert, Monteagle Limestone,
and the Bangor Limestone. The Pottsville Formation is
considered to be the major aquifer and the Conasauga
Formation is the oldest unit in the Appalachian Plateaus
Province.

The Tuscumbia Limestone and Fort Payne Chert overlies
the Chattanooga Shale in the southern and northeastern



sections of the Appalachian Plateaus Province. These
units serves as a minor aquifer in the area and wells are
primarily public and domestic supply wells.

Cross Section A-A’ is located in the eastern part of the
Appalachian Plateaus Province and ends in the Valley
and Ridge Province, showing the relationship between
the Tuscumbia Limestone and Bangor Limestone with
the non-carbonaceous rocks. In the southwestern end
of the cross section, the wells are screened/opened in
the karst aquifers of Tuscumbia Limestone, Fort Payne
chert, and Bangor Limestone. At the northeastern end
of the cross section, wells are completed in the Valley
and Ridge Province and karst aquifers are the primary
sources of water. Spring discharge is generally less than
100 L/s with some springs used as public water supply.
About 3422 caves are known in the area, the longest
one being Fern Cave (Jackson County) with over 25 km
of passages disposed in labyrinthic maze. The deepest
cave Obscure Magnificence is —184 m, and is located in
Jackson County.

Valley and Ridge Province - Cambrian
through Mississippian Age Limestones/
Chert/Dolomites Deposits

The Alabama Valley and Ridge consists of a series of
folded and faulted parallel ridges and valleys that trend
northeast-southwest with elevations ranging from 175 m
to 650 m. Ridges are made of sandstone and chert while
valleys are generally developed on limestone and shale.
In this province a ridge type karst is present. Sinkholes
are sporadic, small in diameter and a few meters deep.

The Valley and Ridge karst aquifer system consists
of several Paleozoic strata of Cambrian to Devonian
(Mississippian) age including the Shady Dolomite
(limestone, dolomite, chert, and silty clay), Conasauga
Formation (limestone, dolomite, and shale of varying
proportions), Brierfield Dolomite (dolomite with locally
abundant chert), Ketona Dolomite (mostly chert free,
remarkably pure dolomite), Bibb Dolomite (siliceous
dolomite characterized by locally abundant chert), Knox
Group (dolomite, siliceous dolomite, dolomitic limestone,
cherty limestone, and chert-free, relatively pure micritic
limestone), and the Little Oak Limestone- Lenoir
Limestone (limestone, chert, bentonite) (GSA, 2017).

The Bangor and Monteagle Limestone formations serve
as a major water source within the Alabama Valley and

Ridge predominantly used for public supply, although
several domestic and agricultural wells are also known.

About 513 caves are known in the area, the longest one
being 5.4 km long (Anderson Cave, Shelby County), and
the deepest one being —94 m (Bat in the Pocket Cave,
Etowah County). Numerous springs are present, and
some are in use by municipalities (e.g., Warren Spring,
Blount County).

Coastal Plain Province

The Coastal Plain Province in Alabama is characterized
by gently rolling hills, sharp ridges, prairies, and broad
alluvial flood plains. Calcareous rocks underlying the
Coastal Plain are of sedimentary origin and consist
of porous limestone, chalk, and marl. These strata dip
underground to the southwest at approximately 6 to
7.5 m per km and strike generally in east-west belts.

The Selma Group is comprised of the Mooresville
Chalk, Demopolis Chalk, and the Prairie Bluff Chalk
in western Alabama, and the Blufftown Formation in
eastern Alabama (Monroe, 1941).

The chalk is mainly calcareous marl with dark gray color,
hosting very few to no karst surface and underground
features even though they outcrop extensively in the
southern half of the state. These units are aquicludes that
reach a thickness of up to several tens of meters.

The Paleogene calcareous deposits of the Coastal Plain
Province are represented by the Lisbon and Crystal River
Formations. Toulmin and LaMoreaux (1963) reported that
the Lisbon Formation outcrops in southeast Alabama consists
primarily of sand but also contains significant amounts of
limestone and sandy limestone. The Lisbon aquifer is a major
public, domestic, agricultural, and industrial water source for
central and southeastern Alabama.

The Crystal River Formation includes all calcareous
deposits of late Eocene age lying stratigraphically
above the Moody’s Branch and below limestone beds
of Oligocene age (Smith, 2001). The Crystal River
Formation is characterized by white to cream medium-
textured to coquinoid limestone that is soft and chalky to
compact and brittle (Puri, 1953, 1957).

The Chickasawhay Formation (Oligocene series), which
overlies the Vicksburg Group, consists of bluish-gray,
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glauconitic, soft, sandy calcareous clay, and layers of
hard white limestone (Copeland, 1966).

The karst developed in the Coastal Plain Province is
plateau type karst. Sinkholes were identified in the area,
some large in diameter and only a few meters deep.

About 113 caves are known in the area; the longest one
being only 417 m long (Lion’s Den, Clarke County) and
the deepest cave is —15 m (Chastain Cave, Clark County).
A few small to medium size springs are present in the
area. The numbers of surface and underground karst
features is a result of the presence of porous limestones,
where karst features are poorly preserved.

Piedmont Province

The Piedmont province is a section of the “older
Appalachians” as described by Fenneman (1938). This
undulating plain is the result of long-term degradation
of the surface rocks while the underlying rocks are
severely deformed and angled to the surface. The
Piedmont province in Alabama is a wedge shaped
feature bounded on the south by coastal plain sediments
and to the northwest by the Alabama Valley and Ridge.
Piedmont geology is complex consisting of high- and
low-grade metamorphic and igneous rocks including
quartzite, phyllite, slate, schist, amphibolite, and gneiss
(GSA, 2017). There are some sinkholes in the Sylacauga
Marble.
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