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ABSTRACT 
A three-dimensional geologic model for Lake County, Illinois has been made by the Illinois State Geological Survey 
(ISGS) based on analysis of data from more than 200 exploration boreholes, 24,000 water-well and engineering 
borehole records, and several miles of geophysical transect data.  A data-sharing agreement with the county has 
facilitated the exchange of digital data, including access to county-wide, high-accuracy datasets that facilitate 
mapping and quality control of public domain information, such as water-well records. In Lake County, the variability 
of the continuity and physical characteristics of deposits, typically associated with a number of inset proglacial 
depositional sequences, necessitates application of both lithostratigraphy and allostratigraphy to map and model 
geologic surfaces.  A number of map units are defined based on genesis, as a practical matter, where bounding 
surfaces are more readily identified than the boundaries of discrete lithologic units. Throughout the mapping process, 
ISGS staff have interacted with local decision makers for them to gain an understanding of local natural resource 
issues, and to provide geologic information to those making decisions.  Interactions have included presentations to 
the county board, local municipalities, industry, and the general public.  Future challenges include the design and 
presentation of the three-dimensional model for the end users. 
 
1. INTRODUCTION 
Lake County, Illinois, is bounded by Wisconsin along its northern border and Lake Michigan along its eastern border 
(Figure 1).  As an extension of the Chicago Metropolitan area, the county has a population of more than 700,000 in 
about 445 square miles of land (nearly 1600 persons/square mile) that use both surface water from Lake Michigan 
and groundwater from both glacial deposits and carbonate and sandstone bedrock. 
 
 Lake County contains fifty-five individual villages, towns, and cities, as well as a number of other unincorporated 
entities.  The large number of individual government units, large population, and mix of urban, suburban, rural, 
agricultural, and unique natural areas has presented a challenge to planning for long-term management and supply of 
water to the residents of the county.  In part, geologic mapping has been driven by the need to determine the viability 
of developing further the groundwater resource, compared to the cost of building infrastructure to withdraw, treat, and 
transport additional quantities of surface water from Lake Michigan to more distant communities.   
 
Mapping the three dimensional geology of the county can be categorized as three broad components:  1.  discovery 
of a geologic framework;  2.  classification of mappable geologic entities from that framework (lithostratigraphic units 
and allostratigraphic units); and 3.  implementation of technological steps and the use of software components to 
carry out geologic mapping.  
 
2. GEOLOGIC FRAMEWORK 
Lake County, Illinois is underlain by a number of glacigenic sequences that record the fluctuations of the Lake 
Michigan lobe ice margin in and out of the Lake Michigan basin (Figure 1) during the lobe’s last occupation of 
northeast Illinois between about 18,300 and 16,700 cal yr BP (15000 and 13500 14C yr BP).  In Lake County, the 
variability of the continuity and physical characteristics of deposits, typically associated with a number of inset 
proglacial depositional sequences, necessitates application of both lithostratigraphy and allostratigraphy to map and 
model geologic units.  A number of map units are defined based on genesis, as a practical matter, where bounding 
surfaces (primary depositional contacts or erosion surfaces) are more readily identified than the boundaries of 
discrete lithologic units. There are facies changes within the units, with considerable lithologic variation in some 
places.   
 
Importantly, the glacier was constrained by the geometry of the depositional basin—the surface of which includes 
both bedrock and older glacial deposits.  Like other places around the Great Lakes where the ice margins of outlet 
lobes were constrained in basins, the primary depositional environments were associated with local to regional glacial 
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lakes.  These settings differ from others on a continental scale where meltwater could drain away from ice margins.  
Differences in these two contrasting situations dictate how a geologist approaches subsurface geologic mapping in 
glacial terrain.  For settings where lacustrine deposits are dominant (local to large glacial lakes), allostratigraphy is a 
viable approach to mapping units.  In these cases, mapping units based on depositional environments is necessary 
where bounding surfaces become the primary mappable attribute.  Because most to all of the sediment shed from the 
glacier is trapped in the depositional environment(s), sediment variation (e.g. thickness of sediment bodies, grain size 
of discrete bodies, etc.) is great.  This is the case for Lake County.  This contrasts to areas where meltwater drains 
away from the ice margin in constrained channels, and where fine-grained sediment is transported to flood plains and  
ocean floors via large continental drainage systems.  In these environments, lithostratigraphy is more applicable 
where diamictons, for example, are more uniform in physical characteristics and seemingly are mappable over large 
areas.  
 

 
 
Figure 1.  Area of Lake County, Illinois, illustrating the creation of a depositional sequence in a glacial lake and 
outlining bounding surfaces that define allostratigraphic units. 
 
3. METHODS 
Field data collection 
More than 200 boreholes were drilled by wire-line and direct push methods in which more than 24,000 feet of 
continuous core was recovered.  Down-hole natural gamma-ray logs were obtained from each borehole.  By working 
cooperatively with private water-well drillers, more than 400 additional natural gamma-ray logs were obtained from 
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cased private water wells during construction of the wells.  More than 21 miles of surface geophysical transects were 
made using radar, electrical resistivity, and seismic reflection.  Outcrops are rare, revealed in only a few gravel pits 
and small road-side cuts, but nevertheless provided some information on local depositional settings.    
 
Data standardization 
The lithologic and descriptive logs for location-verified geologic, engineering, and water-well records were 
standardized so that the descriptive data could be logically analyzed and displayed graphically (Figure 2).  
Importantly, standardization does not mean simplification.  Replication of short to long verbose descriptions were 
mapped to five separate database fields, corresponding to a primary lithology, color, textural modifiers, and 
consistency of the material being recorded. To ensure quality control, the standardization process relies on look-up 
tables for allowable terms in each field; additional terms were added look-up tables as needed. Geologic logs and 
water-well logs had some differences in data structure and accompanying descriptive terms because there is both a 
different precision in geologic logs as well as fundamental differences in terminology (driller vs. geologist).  For 
example, geologic logs typically contain both a material and a texture (e.g. diamicton and loam, respectively); terms 
that absent on most water-well logs.  Geologic logs also often contain an interpretation.  Therefore, a different set of 
look-up tables and different application of fields were used to accommodate different terminologies. In the water-well 
record database for the project, approximately 132,000 individual descriptions (more than 25,000 unique) were 
parsed into about 40 primary lithologies with accompanying color and other modifiers.   
 

 
Figure 2.  Lithology standardization database windows viewed in Microsoft Access. An easy to use graphic interface 
(a.) for filtering data provides advanced query options to group similar descriptions for standardization. The user does 
not need to know a query language or query functions.  The “Edit” function on the interface returns the result of the 
filter in a table (b.) for editing. The table (b.) shows the original drillers’ description in the “Description” field (left) and 
new standardized terms in the “Lithology”, “Color”, “Consistency”, “Mod1”, and “Mod2” fields (right). Editing takes 
place by selecting one or more cells in a field, and choosing a value in the drop-down list of terms (c.) available for 
that field.  The available terms are provided in a lookup table.  The example drop-down list (c.) shows some of the 
terms available to populate the “Lithology” field.  
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Borehole location verification 
A full-time staff position was dedicated to location verification of all borehole records.  Through data-sharing 
agreements with local units of government (typically counties or county GIS consortiums) we obtain detailed property 
parcel layers and other vector and raster map layers that help us identify the location of water wells or engineering 
boreholes on the ground.  A code was applied to each borehole record in the database that indicated the level of 
confidence in the location, which  in turn was used to determine if the record would be included in the mapping.  For 
this project, 15,000 water-well records (~38%) were rejected from a total set of 39,000 because of inadequate 
locational information. 
 
Interactive 3D analysis in ArcGIS 
The standardized descriptions for the lithologic logs provided the ability to analyze the records statistically or visually.  
To analyze the data visually, we developed our own scripts* for ArcScene that created three-dimensional (3D) 
shapes of  the boreholes.  The 3D representations of the borehole data are 3D multipatch features in shapefile 
format.  Importantly, the multipatch features have all of the attributes included in the borehole database (elevation, 
thickness, standardized term fields, original description, etc.) (Carrell 2013, DeMeritt 2012).  Geologic cross sections, 
geophysical profiles, and any other kind of 2D and 3D profile, object, or data can be added to the 3D Scene. 
 
The visual display in ArcScene and the ability to navigate around and through all datasets in three-dimensional space 
facilitated the discovery of geologic features and the interpretation process. The scripts provided the ability to easily 
populate an attribute table with interpretations based on mass selections of intervals for multiple borehole or water-
well records (Figure 3). This workflow allowed for mapping in small discrete areas for testing hypotheses about trends 
of geologic or depositional features. Surface interpolation and creation of structure contour surfaces then proceeded 
based on the elevation values of the top or bottom of the attributed record intervals (Figure 3). 

  
Figure 3.  Screen capture of a ArcScene window showing elements of the 3D geologic mapping workflow.  a.) 
Custom toolbar with buttons that execute custom scripts; b.) selected intervals (highlighted in light blue) of 3D 
multipatch features that represent lithologic records, note that only intervals that represent sorted sediment are 
shown; c.) natural gamma-ray log traces; d.) exploration test hole shown in larger diameter to highlight better quality 
information, displayed as a separate dataset; e.) selected multipatch features highlighted as attribute table records, 
interpretation for geologic unit identified in field by red arrow; f.) “Create Surface” script executes  the TopotoRaster 
geoprocessing tool based on tops or bottoms of selected intervals (user choice); g.) raster surface rendered from 
selection of interpreted record intervals using the “Create Surface” window shown in f.) and h.) key to 3D borehole 
representations, based on standardized terms. 
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Figure 4.  Adobe Illustrator art board showing attributed structure contour lines (multicolored thin lines), data points 
the elevation of the top on an interpreted unit from an ArcScene attribute table (e.g. Figure 3e), outcrop boundary 
(thick dark blue line), and other features.  Two MAPublisher windows are shown:  georeferenced layers (upper), and 
selected attributed lines (lower). 
 
Creation of mapped surfaces 
Once data were attributed with interpretations in ArcScene, as shown in Figure 3,  geologic surfaces were 
interpolated using the ArcGIS TopotoRaster geoprocessing tool.  A draft surface for each map unit was rendered to 
validate interpretations, first in patches or small local areas (example Figure 3g) then as regional layers.  However, a 
necessary component to the mapping is shaping the geometries of features (noting that much of mapping done here 
was based on depositional units defined by bounding surfaces), which is a limitation of most interpolation software.  
Hand-drawn structure contour lines were made to control the shape of ice-contact faces, control placement of edges 
of braided stream deposits, control the orientation and shape of depositional slopes, or otherwise create the lateral 
boundary or edge of the map unit.  The software application of choice for the process of drawing shapes and lines 
was Adobe Illustrator with the MAPublisher plug-in (Figure 4) MAPublisher applies world coordinates to the Adobe 
Illustrator art board, allowing for the creation of georeferenced artwork.  Importantly, the Adobe Illustrator drawing 
tools provided for efficient creation of lines and shapes with attributes that could be exported in a variety of geospatial 
formats.  As a productivity tool, this workflow outpaced the labor intensive digitizing, attributing, and editing of the 
ArcGIS software suite.  The structure contour lines created in Adobe Illustrator were exported in shape file format, 
then included with the interpreted borehole point data for geoprocessing with the ArcGIS TopotoRaster interpolation 
tool (Figure 5). 
 
 4. SUMMARY 
Geologic contacts between regional depositional sequences and erosional surfaces are primary subsurface 
mappable surfaces in Lake County, Illinois.  The contacts are bounding surfaces, and define allostratigraphic units.  
Other mapped units or surfaces are defined by lithostratigraphic properties. Therefore, both allostratigraphic and 
lithostratigraphic characteristics define the mappable units within the geologic framework.  Mapping the geologic 
surfaces within the framework was facilitated by using custom scripts and software utilities developed by the Illinois 
State Geological Survey for Microsoft Access and ArcGIS software.  In addition, the Adobe Illustrator drawing tools 
coupled with the MAPublisher plug-in that enables georeferenced and attributed features in Illustrator, provided for 



  28

 
Figure 5.  Low angle oblique view of an ArcScene window.  View is from east, in the vicinity of the Lake Michigan 
shoreline, to west.  a.) mapped geologic surface interpolated from data and hand drawn structure contour lines; b.) 
interpreted ice-contact face, geometry completely controlled by structure contour lines; c.) landsurface; d.) bedrock 
surface; e.) cartographic cross section (Barnhardt et al. 2001) displayed along its cross section path. 
 
efficient creation of structure contour lines and other features that could be exported in a variety of GIS formats for 
use in the surface interpolation process or 3D viewing in ArcScene. 
 
The large and dense population of this county has created a need for detailed geologic information.  The large 
population has also created a prolific number of subsurface geologic records in the form of water-well and 
engineering borehole records, which has, in part, enabled detailed, 3D geologic mapping.  The data within the large 
number of subsurface records revealed some of the variation associated with the inset lacustrine sequences, but did 
not replace the need for exploration test holes.  Further, even though we drilled more than 200 exploration holes, that 
number was just enough to sample the wide array of landforms and sediment packages, and to provide us an 
understanding of characteristics of the subsurface geology.  This understanding has enabled us to provide counsel to 
the local officials, and their hydrogeologic consultants, about development of groundwater resources. In particular, we 
have been able to explain why some communities have not been able to find suitable aquifer material in areas near 
existing groundwater production wells.  For planning purposes, dramatic changes in geology over short distances has 
weakened confidence in long-term reliance on groundwater. 
 
Importantly, the geologic mapping, and our knowledge that we export from the mapping process, has aided in the 
decision making about planning for additional water withdrawal from Lake Michigan.  There are two very important 
parts to this planning.  First, the State of Illinois is limited by an U.S. Supreme Court decision on the quantity of water 
that the State can withdraw from Lake Michigan.  Therefore, each additional allocation for some Illinois communities 
impacts the potential future use of that resource for other communities.  Second, the cost for development of the 
infrastructure to pump, treat and transport water from Lake Michigan to communities in western Lake County is 
estimated to be more than $200 million.  The stakes are high, so we better understand the details of the geologic 
framework.  
* links to the scripts for ArcGIS that were used in the geologic mapping:  
http://resources.arcgis.com/gallery/file/geoprocessing/details?entryID=C83CC388-1422-2418-7F10-B4D3DF5F1EE6  
http://resources.arcgis.com/gallery/file/geoprocessing/details?entryID=3CB0669C-1422-2418-7F29-072DB9AA0AE3  
http://resources.arcgis.com/gallery/file/3dgis/details?entryID=471521CC-1422-2418-34BA-6D2E07EBB617 
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