
Geological Mapping 
What It Is, Who Does It, and Why We Do It 

• Geologic mapping portrays the distribution, composition, and structure 

of geologic materials at land surface and at depth (e.g., a 2D map of a 

subsurface unit), with observations and interpretations depicted by colors 

and symbols. 

• Primary driver - economic development by governments and private industry, that prosper from 

the numerous discoveries of minerals, coal, oil, and natural gas that mapping reveals. 

• Secondary driver – identification/delineation of aquifers, environmental protection of land and 

water, and assessment of hazards all became very prominent societal issues.  

• 3D geological mapping/geological modeling creates 3D representations 

of the Earth based on geological and geophysical observations made on land 

surface, but focuses primarily on the subsurface.  

Richard C. Berg 
Director, Illinois State Geological Survey 



Great Lakes Geologic 
Mapping Coalition 

First 5 Now 10 Geological Surveys 

Working Toward Uniform Goals 



Problem - Scientific Issues   
Multiple Landscapes Due to Glaciation  

• Layers of glacial sediment (1) thicken and thin or may be absent; (2) successive ice 
sheets advanced to different places at different times; and (3) ice carried debris of 
varying compositions.  

 

• Each major glacial advance left an ancient landscape similar to today’s landscape - 
hills, valleys, rivers, streams, and lakes.   

 

• Weathering/soil formation/erosion/deposition acted on these  landscapes between 
glacial episodes, adding complexity. 

 

• Old landscapes were overridden, some features were preserved, others eroded away 
and were replaced by new glacial materials. 



Problem - Scientific Issues  
“Haphazard” Arrangement of S&G Aquifers 

• Meltwater flowed away from ice margins and sand and gravel was deposited in 
channels at different times.  

 

• Because of multiple landscapes/changing environments, sand and gravel aquifers are at 
various depths, often not uniformly distributed, may change character, and difficult to 
predict.  

• Subsurface sand and gravel deposits are challenging to understand - 
characteristics must be interpreted from drilling records, cores, geophysics, and 
outcrops.  

• Locations of deposits are critical - used by a large percentage of the population 
(~50%) as a drinking water resource and for aggregate materials.  
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180,000 - 125,000: Illinois 

Episode Glaciation 

125,000 – 75,000 Sangamon 

Episode Interglacial 

75,000 – 12,000: Wisconsin 

Episode Glaciation 

Modern Landscape 

This is what we 

see today. 

Sandy Creek 

Sisters section 

Clear Creek 



We went from this to this 

Problem Summary  



Problem - Scientific Issues 
Earth Hazards 

• Difficult to assess potential for natural hazards and their 
consequences affecting land use. 

 

• Earthquakes, landslides, subsidence, floods, karst, and coastal 
erosion are geologic events.  

 

• Mapping the distribution of deposits, particularly in the 
subsurface, permits development of interpretive hazard 
maps and potential impacts. 



Problem - Scientific Issues  
Mineral Resources 

• Identification of sand and gravel, coal, and oil and gas is important to 
the region’s economy. 

 

• All construction projects require high-quality aggregate.  

• Hauling >costs - 2X, 8-24 mi. from source and 3X, @ 50 mi.  

• Land-use zoning ordinances may prevent pits/quarries from locating 
and expanding. 

• Land-use conflicts - must prevent "resource sterilization", and 
concurrently promote economic/residential growth and development 
of those same s & g deposits for drinking water.   



Problem - Human Factors 

 

• Attitude: Out of sight - out of mind.  

 

• Attitude: Not in my back yard. 

 

• Land-use planning decisions are made every day based on “best 
guesses”. 
• Geology is overlooked. 

• Balance can be attained between economic development and resource-based land-
use planning. 

 



Problem - Human Factors 
Result  - Bad and Expensive Siting 

• Millions of dollars are wasted each year for mitigation, waste disposal, industrial and 

commercial siting.  

• A low-level radioactive waste disposal facility siting cost about $86,000,000. 

• Clean-up for a high-end SuperFund site can cost $50,000,000.  

• The average SuperFund clean-up cost is about $15,000,000.  

• With detailed 3D geologic information, many of these “problem sites” would not 

have been located where they are in the first place.  

• Good planning minimizes problems.  



Addressing the Problem  
Answering Critical Scientific/Land-use Questions 

 
Three-dimensional Geological Mapping 

 
The Central Great Lakes Geologic Mapping Coalition 

 
Regional Similarities – Glacial geology,  

demographics, rust belt, agriculture, and the Great Lakes 
 

 
 

Bottom Line 

• STATEMAP could NOT address the mapping needs. 

• Very complex glacial geology requiring subsurface information to address critical scientific 
issues. 

• Need to portray 3D geology, answer development questions, and deliver                               
scientific and derivative products to users.   

• Takes >1 Survey to address issues. 



Central Great Lakes Geologic 
Mapping Coalition 

• State geological surveys of Illinois, Indiana, Michigan, and Ohio and the USGS in 1997 
formed the Central Great Lakes Geologic Mapping Coalition.   

 

• Mission to (1) develop, in partnership with map users,  dynamic databases of geologic 
information and create updatable, 3-D geologic maps and map products delineating 
the region’s surficial deposits and bedrock surface of the region of the four states, and 
(2) to produce, with partner groups, derivative map folios, assessments, and 
economic analyses that directly support critical decisions concerning natural 
resources, hazards, and environmental management.  

 

• Prioritize mapping in urban-suburban, high recreational use, point/non point-source 
environmental problem regions, transportation corridors, and areas with known 
hazards.  



Need for Three-dimensional 
Geological Information 

 

• Decision makers, planners, educators, engineers, and consultants evaluate complex 
and often competing public policy options involving earth resources.  

 

• Federal, state, and local governments and private industry need uniform and 
unbiased information about earth materials for managing water, land, and biological 
resources.  

 

• Geologic information needed to balance economic growth with natural resource 
needs of an increasing population, to assess hazards, and to manage the environment 
in a sustainable manner.  



The Plan 
The work plan – USGS OFR 99-349 

The societal reasons for the work 
– USGS Circular 1190 



3D Geological Mapping Program 
 Timeline, Capabilities, and Needs 

• Developed long-and short-term priorities. 

• Included information delivery and outreach plans. 

• Provided a timeline - 2.5 yr. mapping cycles. 

• About 12 maps (~700 mi2 – Lake County, IL size). 

• Assessed staffing/equipment capabilities/needs of each survey. 

• Provided cost estimates – ~$250,000/topographic quad (~56 mi2)  

• ~$7.00/acre for 3D mapping. 

• Provided a full implementation plan ($20M/yr. for 15 yrs.) 

• 16 new staff + present staff. 

• Included support staff (GIS, database, editors, graphics, lab technicians, drillers, etc.). 

• 3 support staff per 2 scientific staff.  
 

 



Original Coalition Mapping Management Plan  

Focuses on areas 
of greatest need, 
as determined by 
customers.  



Brief History 

• 1997 - Central Great Lakes Geologic Mapping Coalition was established by the IL, IN, OH, and MI 

SGSs, in partnership with the USGS.  

• 1999/FY2000 - A $500,000 line item (President’s Budget) in the USGS’ Earth Surface Dynamics Program.  

• “Unrequested funding increase” - reprogrammed funds from the NCGMP. Congress approved and 

permission was granted for the funds to be allocated to States. 

• 2002/FY2003 - Eliminated from the President’s Budget, but the Senate requested a funding restoration. 

• 2003/FY2004 - Reinstated $500,000 in the President’s Budget. The Senate recommended a $500,000 

decrease, the House restored the funding, and the Conference Report supported the action. Funds and 

support remained unchanged from FY2005 through FY2008. 

• 2008/FY2009 - Expanded to include the MN, WI, PA, and NY SGSs. 

• $500,000 again removed from the President's Budget. Omnibus Approp. Act of 2009 restored the 

program at an increased level of $750,000. 

• Coalition placed within the USGS’ NCGMP. Funds/support remained unchanged since FY2009. 

• Name changed to Great Lakes Geologic Mapping Coalition. 

• 2012 - Added the Ontario Geological Survey as a non-U.S. funded member.  

 

 



Congressional 
Interactions/Support  

1997-present 

Great Lakes Geologic 
Mapping Coalition 

How did we overcome multiple 
program removals and reinstatements?  
Organized >800 meetings with Washington 
DC House/Senate offices and District offices. 
 
 



 
 

Mon. Feb. 2 Tues. Feb. 3 Wed. Feb. 4 Thur. Feb. 5 Fri. Feb 6 

8 

8:15 Mon. Feb. 2 Tues. Feb. 3 Wed. Feb. 4 Thur. Feb. 5 Fri. Feb 6 

8:30 OH Gillmor-Andrew Beck, 

1203 LHOB 

8:45 IL Durbin-Catherine Potter, 

SD-332 

IN Hill-Lisa Shelton, 1024 

LHOB  v. int. 

9 IN Lugar-Aaron Whitesel, SH-

306 

IL Gutierrez-Tom Kotarac, 

2367 RHOB 

IL Hastert-Anthony Reed, 

235 CHOB 

9:15 MI Smith-Brian Bowker, 2305 

RHOB 

9:30 OH Boehner-Gary Mahmoud, 

1011 LHOB 

IL Weller-Torrey Babson, 

1210 LHOB 

IN Souder-Mark Pfundstein, 

1227 LHOB 

9:45 OH Tiberi-Bruce Cuthbertson, 

113 CHOB 

10 OH Voinovich-Brian 

Mormino, SH-317  

IL Fitzgerald-Bridget 

McNally, SD-555     

MI Upton-Chuck Yessaian, 2161 

RHOB 

IL Rush-Yardly Pollas, 2416 

RHOB 

IL Shimkus-Ray 

Fitzgerald, 513 CHOB 

10:15 IL Johnson-Therese Rios, 1229 

LHOB 

IN Pence-Leanne Holdman, 

1605 LHOB 

10:30 MI Stabenow-Kristen 

Knepper, SH-702 

OH Turner-Mike Wiehe, 1740 

LHOB 

MI Ehlers-Ellen Burns, 1714 

LHOB 

OH Strickland-Michelle 

Dallafior, 336 CHOB 

10:45 IL Schakowski, Amy 

Fuller, 515 CHOB 

11 IL Kirk-Cholly Smith, 1531 

LHOB 

MI Levin-Dan Jourdan, 2300 

RHOB   v. int. 

IL Manzullo-Steve Johnson, 

2228 RHOB 

11:15 IL Governor’s Office-Sol 

Ross, 440 N. Capitol St., 

Suite 240 

OH Jones-Tannaz Haddadi, 

1009 LHOB    

MI Kilpatrick-Jake Bennett, 

1610 LHOB 

OH Pryce-Peter Freeman, 221 

CHOB 

IN Hostettler-Adam Howard, 

1214 LHOB 

11:30 OH/MI DeWine/Levin-Joy 

Mullinex SR-140 

11:45 OH Ryan-Jen Moore, 222 CHOB 

v. interested 

IL Costello-Heather Lepeska, 

2454 RHOB 

12 

12:15 

Coalition Meeting Schedule  Delivered the Message 



Hundreds of Support Letters  
 



Result of this 

action? 

~$12,000,000    



Where We are Today 
www.greatlakesgeology.org 

 

• Shared mapping tools. 
• Shared field equipment. 
• Shared geological survey staff. 
• Shared scientific perspectives. 
• Long-range/detailed mapping plans. 
• Featured products. 
• “White Paper” issue statements. 
• Hundreds of publication citations and 

poster presentations. 
• User and supporting statements. 

 
 
 

http://www.greatlakesgeology.org/


Input from map users 
helped determine 
priorities 



A multiagency and 

multijurisdictional approach to 

mapping the glacial deposits of 

the Great Lakes region in three 

dimensions 

 

2016 GSA Special Paper 520, p. 

415-447.  

Quote – “It’s as if there was 
just one geological survey.”  



USGS Circular 

1190 Foreword 



USGS OF 99-349 Organization Chart 


