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Digital elevation model (Powers and others, 2003) with the 
approximate position of the pre-Late Wisconsinan sand and 
gravel terrace marked. 

Glacial map of Ohio 
(Pavey and others, 1999) 
showing the location of 
the 1:24,000 Perryville 
quadrangle that is within 
the Mansfi eld 1:100,000 
quadrangle, the Survey’s 
2007 USGS STATEMAP 
project area.

Water well data from the ODNR Divison of Water. Many of 
the borings in this area extend into poorly consolidated sand-
stones, so much of the well data in this fi gure show surfi cial 
materials deeper than they actually are. Such interpretation 
issues are common when using public well records.

Information is compiled into a geologic 
map using Mylar and printed base maps. 
The Survey is currently migrating to a fully 
on screen approach to map compilation.

Preliminary scanned map and line work. This map will be 
attributed with the stack information using a one-to-many 
relationship in ArcGIS (see next section).

Legacy glacial maps (Pavey and others, 1999) are also used 
to guide the interpretation of materials at the surface.

Parent material map derived from SSURGO digital soil GIS 
data obtained from the NRCS Soil Data Mart.

Drift thickness map (Powers and Swinford, 2004). This 
mapping is helping us revise this dataset as well. In the area, 
the central buried valley is interpreted to be much wider than 
on the current map.

Characterization of unconsolidated materials is needed for 
mineral resource, hydrogeologic, and geohazards applica-
tions. The Ohio Department of Natural Resources, Division 
of Geological Survey is conducting reconnaissance mapping 
at the 1:100,000 scale and detailed 3-D modeling at the 
1:24,000 scale to fi ll the gap in geologic knowledge be-
tween existing bedrock and soil maps.

PROJECT OBJECTIVES

 1. Provide three-dimensional information on surfi cial materi-
als using “stack” mapping (Kempton, 1981) techniques.

 2. Develop GIS tools to make mapping and the creation of 
derivative mapping products more effi cient.

 3. Develop high resolution 3-D models to support ground 
water simulations. Models can also be used to evaluate 
the accuracy of stack maps.

Seismogram (S wave) with velocity estimates for a lacustrine de-
posit over Ohio Shale, Ashtabula 1:24,000 quadrangle. 

GEOSTATISTICAL SIMULATION OF FACIES,

NESTED BY STRATIGRAPHIC UNITS

4. Conclusions from case study

• Stratigraphic-scale modeling 
based on water well data is jus-
tifi ed. Clearly the proportion 
of facies m is very different be-
tween the layers (table above).

• The use of water well data to 
model facies-scale features is 
suspect. The data provide little 
information on the horizontal 
extent of packages. In addi-
tion, the thickness statistics are 
likely to be biased due to vary-
ing methodologies employed 
by the drillers. Quantifi cation 
of this uncertainty is one of the 
project objectives.

1. Create a stratigraphic model from interpret-
ing well data

The model domain is divided into stratigraphic units (in this case a till layer 
(green), overlying a glaciofl uvial layer (orange) based on interpreation of the 
water-well data. The proportion and spatial structure of facies is assumed con-
stant within these units. Thin surface units (<5 feet thick) are not included in 
this model.

3. Use well statistics in SISIM simulations of facies

Single geostatistical realization (from SISIM algorithm). The till layer shows 
sand lenses that are not interconnected and are, therefore, likely to be unim-
portant to fl uid fl ow. There is much more interconnected sand and gravel in 
the lower glaciofl uvial system. These are likely to be interbedded with glacio-
lacustrine sediments and remnant till layers. Grid dimensions are in meters.

Complex queries can be generated using the Lithology Query toolbar and 
the two tools provided within the toolbar. The fi rst tool, shown in this fi gure, 
can select polygons that have one type of lithology overtop another type of li-
thology. The second tool can select polygons that have a combination of thick-
nesses and lithologies overtop one another. In this fi gure, we have queried for 
Sand and Gravel (SG) overtop of Lake Clays (LC). The selected polygons are 
then highlighted in red.

The stack-map application consists of three different toolbars. The fi rst tool-
bar is the Surface Geology toolbar. This toolbar is used to attribute a sur-
face-geology polygon to its records in the lithology table. The second toolbar, 
Geology Annotation Editing, is used to label a surface geology polygon 
by reading its one-to-many relationship lithology table and creating its stacked 
text labels. The third toolbar, Geology Query, is used to create custom que-
ries about the information in the one-to-many relationship lithology table. 

This fi gure is an example of a one-to-many relationship between a surface-
geology polygon and its lithology table records. The top table is the feature-at-
tribute table of the surface-geology polygon selected to the right. The bottom 
table is the lithology table showing the four lithology records.

To edit stack-unit lithologies, the Surface Geology Input form is used. 
This form is accessed automatically if a surface-geology polygon has not been 
attributed, or it can be accessed through a command button on the List Stack 
Lithologies form. In this fi gure, the top-most unit is being edited (Layer 1). 
The lithology is till (T), thickness is 40 feet, and the minus sign modifi er indi-
cates the maximum thickness for the unit.

GIS TOOLS ARE BEING DEVELOPED TO MAKE STACK MAPS AND DERIVATIVE PRODUCTS

TOOL TO ADD LITHOLOGIC STACKS TO LINE WORK (POLYGONS) AND CONDUCT QUERIES TO MAKE DERIVATIVE MAPS

In order to draw the stack-unit polygons, many different sources of informa-
tion are used. The most common source of information available is water-well 
logs from the ODNR Division of Water (Jones and Barrett, in press). In this ex-
ample, eight water wells have been selected, and a second stack-fi gure appli-
cation that was written has drawn stratigraphic columns for the selected water 
wells. A geologist can use these stratigraphic columns to aid in the delineation 
of the surface-geology polygons. With this second application, the amount of 
labor necessary to create stack fi gures has decreased from a few months to 
only a few days.

Much like the relationship between a surface-geology polygon and its lithol-
ogy table records, there is a one-to-many relationship between a water-well 
location and its records in the water-well log table. The top table is the fea-
ture-attribute table of a water-well location, showing the selected record of the 
water well at the bottom left of the map. The bottom table is the water-well log 
table showing the fi ve stratigraphic records related to the selected water-well 
location.

TOOL TO DISPLAY LITHOLOGIES FROM WATER WELLS
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DISPLAYING AND INTERPRETING MAPS ON THE WEB

An ArcIMS application was developed that allows users to browse, com-
pose, and print maps over the World Wide Web <http://www.dnr.state.oh.us/
Website/Geosurvey/SURFGEO/disclaimer.htm>.

TWO EXAMPLES OF MAPS DERIVED FROM STACK MAPS

Example application of stack maps for solving a practical problem. The 
stack map database was queried to fi nd locations where there was at least 50 
feet of till overlying shale and limestone (S-L unit on the map, other areas of 
the map are underlain by limestone and dolomite). The areas in orange and 
grey-orange meet this criteria. The areas in orange are also located at an ap-
propriate distance from cities and towns (which were buffered with a radius of 
2 miles).

1. Locate potential sites for a
sanitary landfi ll (hypothetical)

This map shows the average S wave velocity of all geologic materials from 
0 to 100 feet. The material sequence is queried from completed stack maps. 
The S wave velocities used to make the map are example values taken from 
the literature (Nottis, 2001). We are conducting S wave measurements at a va-
riety of fi eld locations to calculate an average velocity for each lithologic unit 
of the stack model to make a much more realistic map.

2. Assessment of seismic risk 

Felt reports from the March 12, 2007, 
earthquake near Twinsburg, Ohio. The 
shaded relief is on the bedrock topogra-
phy, which shows the major buried valleys. 
Can patterns in the felt reports be related 
to geology? Answering this question is dif-
fi cult due to the noise in the data, and many 
confounding variables. However, this map 
shows some intriguing patterns.

Geologists setting up a geophone ar-
ray in a northeast Ohio blizzard.

Running the seismograph.

3-D MODELING PROGRAM GOALS

 1. Create high resolution models to support a range of applications 
from groundwater simulations to educational visualizations for 
the general public.

 2. Develop methods to model sedimentary packages in glacial sedi-

ments at both stratigraphic and facies scales (important for ob-
taining realistic results from groundwater simulation models).

 3. Better understand the information provided by water well data, 
particularly the inherent uncertainties.

SUMMARY AND FUTURE RESEARCH

 1. The Ohio Geological Survey is mapping glacial sediments in 
3-D for a wide range of applications:

 • Reconnaissance mapping at the 1:100,000 scale using 
“stack” mapping techniques

 • Detailed 3-D modeling at the 1:24,000 scale, including both 
stratigraphic and lithofacies-scale sedimentary packages

•  Many data sources are used to make the maps, but litho-
logic records from public water wells are the most critical.

 2. Mapping efforts include the development of in-house ArcGIS 
software modules to aid in the creation of stack maps and de-
rivative mapping products.

 3. There is a wide variety of ancillary/complimentary research 
based on these mapping efforts:

 • Seismic refl ection and refraction work for exploration and 
characterization of engineering properties

 • Geostatistical and statistical studies of the uncertainty in 
the geologic models as well as the uncertainty in lithologic 
data obtained from water well and other test borings

 • Investigations into potential applications of the stack maps 
and models, including geohazard assessment, surface and 
groundwater hydrogeology, and mineral resource assess-
ment
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1:24,000-SCALE 3-D MODELS OF

GLACIAL STRATIGRAPHY

Preliminary 3-D model of the Galena quadrangle.

3-D model of the Milan quadrangle.

Current study areas with 3-D 
models of surfi cial geology.

MAPPING PROCEDURE

To make the maps, we interpret a 
wide range of base data. This illus-
trative example is for the Perrysville 
1:24,000 Quadrangle, an area near 
the glacial margin in north central 
Ohio.

McDonald and others, in preparation

HOW TO READ A “STACK” MAP

2. Generate statistics on the pro-
portion and thickness of facies (by 
stratigraphic unit) from the well 
data.

The well data are divided into low (m) and high (s) con-
ductivity facies. Facies proportions show a strong con-
trast between the stratigraphic units. Traditional experi-
mental variography is not reliable due to the spacing and 
noise inherent in water well data. The spatial structure is 
specifi ed using techniques described in Ritzi and others, 
2000.

 Glaciofl uvial Till Layer Layer

 facies m facies s facies m facies s

p 0.66 0.34 0.94 0.06

lv 5.24 2.77 12.01 2.68

cv 1.29 1.47 0.66 0.94

av 2.67 2.74 1.08 3.77
spherical

av 5.35 5.48 2.16 7.55
exponential

Venteris 2007a


