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INTRODUCTION  
Welcome to the Geologic Mapping Forum 
 
March 27 - 29, 2018, Minneapolis, Minnesota 
 
GMF'18: At the Geologic Mapping Forum in Minneapolis from March 27th to 29th, 2018, ~100 geological map 
authors, program managers and allied professionals from geological surveys and allied agencies met to discuss the 
status and future of geologic mapping in the USA. The meeting was hosted by Minnesota Geological Survey on the 
University of Minnesota campus. 
 
LOCATION: The meeting was held near the Mississippi River, at the Humphrey School of Public Affairs on the West 
Bank campus, in the Humphrey School Conference Center at 301 19th Avenue South, Minneapolis, MN 55455.  
 
PRESENTATIONS: Unless they had been invited to speak in a plenary, all participants were urged to present a 15-
minute talk in a concurrent session or a poster. Plenary, concurrent session, and poster presenters were asked to 
submit a 1 to 2-page abstract. 
 
PROGRAM: The meeting commenced with registration and a reception at the hotel with light food and drinks on 
Monday from 5 to 7 PM, followed by conference sessions from 830 AM Tuesday until 4:30 PM Thursday. 
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Talk: GEOLOGICAL MAPPING WITH AIRBORNE 
ELECTROMAGNETICS  
Jared D. Abraham, M.S., P.G., P.G.p., jabraham@aquageoframeworks.com, Ted H. Asch, Ph.D., P.G., 
P.G.p., James C. Cannia, B.S., P.G., Aqua Geo Frameworks, LLC, 130360 Country Road D, Mitchell, NE 
69357-2508 
 

The use of Airborne Electromagnetic (AEM) technology to map geology, outside of traditional mineral 
exploration, has gained momentum over the last 20 years in the United States and abroad. The State of Nebraska 
has been on the forefront of implementing AEM in the United States (US) for water resources management over the 
last decade with projects across the state in a variety of geologic settings. Other states within the US have also 
begun to utilize AEM for geological mapping for many purposes including: groundwater characterization, hazard 
analysis, contamination migration, saline water intrusion, agricultural salinization, and infrastructure design. All of 
these problems involve the mapping of 3D geology at a depth range from 1 m down to 400 m. AEM provides a cost-
effective way of non-invasively acquiring data over large areas. There are many AEM systems that have been 
developed mostly driven by the mineral exploration needs but recently also focused on groundwater and engineering. 
Each system has a specific bandwidth that it operates within and thus a specific sensitivity to a range of earth 
resistivities and a specific sensitive depth range. Thus, proper system selection is critical to success. This is typically 
accomplished through a process of forward modeling an idealized earth resistivity model of the area and comparing 
different systems’ ability to resolve the areas of interest. An example would be if the area of interest is a fault zone 
that has a shale unit that is offset. Two forward models could be prepared with the shale (typically electrically 
conductive/low resistivity) at two different depths. The forward model’s response of the AEM system would then be 
inverted to recover an earth resistivity model and then an assessment on the system’s ability to resolve the different 
depths of the shale could be completed. Examination of the electrical resistivity contrast of the units of interest is 
required. Information can typically be gained by an examination of geophysical logs. Inversion is yet another part of a 
successful AEM survey. There is a vast array of different inversion algorithms that use deterministic or stochastic 
methods to invert the AEM data into earth resistivity models. Some of these models are 1D, constrained 1D, 2-D, and 
3D, all of which have limitations and assumptions and are not appropriate in all geological environments. Processing 
and calibration of the data is also critical to success. Survey planning, system positioning, transmitter (Tx) current 
monitoring, and electronic stability are just some of the issues that need to be addressed to ensure a successful 
mapping project. Even with the limitations of AEM, it can provide valuable insight into the geology. 

In California a large agricultural group desired to map the geological framework in order to place additional 
groundwater irrigation wells in an area of the Californian Central Valley adjacent to the Sierra Nevada uplift. The 
geology in the area is dominated by igneous and metamorphic rocks of the Sierra Nevada uplift and the subsequent 
erosional deposits that were shed off the uplift into the Central Valley. Buried unconsolidated sand and gravel 
deposits form the best aquifers in the area. In some deeper areas of the valley high Total Dissolved Solids (TDS) 
water is known to exist. AEM was used to define the contact of the igneous and metamorphic rocks as well as 
determine the location of the sand and gravel deposits with low TDS water for drilling targets (Asch et al., 2017; 
Figure 1). Pumping tests indicated that the wells provided adequate yields to expand current agricultural areas. 

In Nebraska several AEM surveys have been conducted over the past decade and many of these have been 
focused on determining the configuration of the bedrock units (either Cretaceous or Pennsylvanian) and the overlying 
Tertiary and Quaternary deposits. Most of the aquifers in Nebraska are within either the Tertiary Ogallala Group or 
fluvial/glacial fluvial Quaternary deposits (Korus and Joeckel, 2011). Minor aquifers exist within parts of the 
Cretaceous Dakota Group. Most of the geological units within the Cretaceous are dipping toward the west with no 
other structural component, with the exception of the Chadron and Cambridge arch in central Nebraska (Moore and 
Nelson, 1974). An AEM survey was flown over the area of the Cambridge Arch to determine the configuration of the 
Cretaceous bedrock and the overlying Tertiary and Quaternary aquifer units (AGF, 2017). The AEM clearly mapped 
the presence of the arch within the Cretaceous units (Figure 2). The Cretaceous Pierre Shale is exposed east of the 
arch but is eroded off much further west of the arch due to the regional west dipping stratigraphy. The Cretaceous 
Niobrara and the Cretaceous Carlile Shale are uplifted in the center of the arch. The Tertiary White River Group Brule 
Formation and Tertiary Ogallala Group unconformably overlie the Cretaceous units of the Cambridge arch and were 
deposited after uplift.  They were subsequently eroded during the Tertiary and Quaternary. 

In summary using well planned AEM surveys with appropriate well calibrated systems and rigorous 
processing and inversion can produce positive results when applied to the appropriate geological environment. As 
with all geophysical investigations the use of existing borehole logs, geological maps, water quality data, and remote 
sensing data needs to be integrated to provide a holistic view of the geophysical data in a geological context. To 
ensure success with AEM, forward modelling coupled with appropriate system selection and inversion are the keys to 
success. 

mailto:jabraham@aquageoframeworks.com
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Figure 1: Interpreted AEM resistivity-lithology profile (west to east) for a survey from valley in the west toward the 
Sierra Nevada Mountains in the east (modified from Asch et al., 2017).  

 
Figure 2: Interpreted AEM profile (west to east) for a survey line across the Cambridge Arch central Nebraska from 
the west to the east (modified from AGF, 2017).  
 
Aqua Geo Frameworks, 2017, Hydrogeologic Framework of Selected Areas in Twin Platte and Central Platte Natural 
Resources District, Prepared for the Lower Platte South Natural Resources District: by Aqua Geo Frameworks, LLC, 
Mitchell, Nebraska. http://enwra.org/coop.html 
 
Asch, T.H., Abraham, J.D., Cannia, J.C. (2017) AEM-Based hydrogeological frameworks in the Owens and Central 
Valleys of California, Fast Times Vol, 22, no, 3, p 47-56, December 2017, http://www.eegs.org/past-issues 
 
Korus, J.T., and Joeckel, R.M., 2011, Generalized geologic and hydrostratigraphic framework of Nebraska 2011, 
version 2. Conservation and Survey Division, School of Natural Resources, Institute of Agriculture and Natural 
Resources, University of Nebraska-Lincoln. 
 
Moore, V.A., and Nelson, R., B., 1974, Effect of Cambridge-Chadron structural trend on Paleozoic and Mesozoic 
thickness, Western Nebraska:  AAPG Bul., V 58., No. 2, p 260-268. 

http://enwra.org/coop.html
http://www.eegs.org/past-issues
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Plenary: SEAMLESS BUT NOT FAULTLESS, LESSONS LEARNED 
FROM STATEWIDE DIGITAL MAPPING IN KENTUCKY 
William Andrews, Doug Curl, and Warren Anderson; Kentucky Geological Survey, 228 MMRB, UK, 
Lexington, KY 40506-0107; wandrews@uky.edu 

Kentucky has a robust legacy of producing detailed geologic maps and associated products in the last six 
decades. 

Between 1960 and 1978, an unprecedented cooperative US Geological Survey–Kentucky Geological 
Survey geologic mapping program published a complete statewide set of 1:24,000-scale geologic quadrangle maps 
for Kentucky. This program produced 707 published USGS GQ maps, authored by over 200 field geologists (661 
person-years) working from 18 field offices. The program was matched 1:1 with Federal and state funds and cost a 
cumulative total of $20,927,500 in 1978 dollars. Numerous scientific and economic benefits from the program have 
been well documented, and include a detailed knowledge of Kentucky stratigraphy and an independent cost-benefit 
assessment of the program from Illinois which found a conservative 25x to 39x return on investment for the published 
maps. The 1:24,000-scale geologic maps were manually generalized to produce published 1:250,000, 1:500,000, and 
1:1,000,000 statewide maps for Kentucky. 

From 1996 to 2004, a KGS team of 26 professionals and 32 students–in part supported by STATEMAP–
captured points, lines and polygons from mylar separates produced as part of the original cooperative mapping 
program and stored the resulting data in a vector Geographic Information System. Total cost of this program was 
$3,654,191. The resulting 24k-resolution digital data were compiled into thirty-two 1:100,000-scale geologic maps for 
the state, with the last map completed in 2011. A 1:350,000 compilation geologic map was also published from the 
detailed digital data. 

Although the original GQ maps locally acknowledged thick Quaternary deposits where present, most of the 
USGS maps focused on bedrock geology. In 2004, the Kentucky Geological Survey resumed active field mapping to 
execute surficial geologic mapping in areas identified by the state geologic mapping advisory committee as a priority 
for the additional mapping. Since then, an additional seventy-four 1:24,000 surficial geologic quadrangle maps have 
been produced at KGS with STATEMAP support. Three surficial geologic quadrangles have been mapped by 
EDMAP-supported students affiliated with regional universities. 

The availability of complete detailed geologic (bedrock) mapping for Kentucky enabled the development of a 
free online geologic map service at KGS. This web service is frequently accessed by users in multiple industries from 
Kentucky and beyond; sales of paper maps has declined sharply since the launch of the digital web delivery service. 
Much of the documented return on investment for Kentucky geologic maps stems directly from the knowledge by 
active users that detailed geologic map data is available for the entire state and thus they can plan business models 
and procedures based upon the existence of the mapping data.  

Professional collection of geologic map data can seem expensive upon initial examination of the costs, but 
collection by student mappers or crowd-sourced maps have potential issues of consistency and quality that can be 
prohibitively expensive to reconcile later. The documented high return on investment from professionally produced 
geologic maps clearly indicates that the effort is worth the cost of deploying well trained, experienced geologic 
mappers to produce the best quality data possible.  

Admittedly, numerous continuity issues exist in the digital geologic data for Kentucky. Each of these 
circumstances produce “busts’ in the data, but in themselves are in fact an honest portrayal of the state of geologic 
knowledge for a given area, and each can be resolved if jurisdiction priorities justify the necessary commitment of 
resources and effort. In some cases, geologic marker beds terminate, so extrapolation of those contacts throughout 
an area is geologically untenable; few economical solutions exist for this issue aside from reconsideration of 
stratigraphic boundaries or marker beds. In the original geologic quadrangle mapping, the early mappers did not have 
the complete stratigraphic context that subsequent mappers enjoyed, so some of the earlier maps are mapped n less 
detail than adjacent areas; this can be resolved through the commitment of resources to redeploy mappers to map 
the current stratigraphic model in the more generalized areas. Also, some field office developed detailed local 
stratigraphic terminology that did not interpolate well to nomenclature used by adjacent field offices; this can be easily 
reconciled through communication, stratigraphic correlation and nomenclature reassignment. (Nomenclature 
reassignment is straightforward WITHIN a jurisdiction, but can be prohibitive BETWEEN jurisdictions, such as 
between adjacent states with long respective histories of using certain nomenclature systems.) During the KGS 
digitizing process, some data-capture choices were made on the basis of compiling 100k maps, and not on the basis 
of generating a complete digital database, so some minor arcs and polygons were not collected or were lumped with 
adjacent units; these can be addressed by committing resources to reopen the digitizing project and collect the 
missing data.  

The existence of a foundational layer of detailed (1:24,000) geologic maps statewide in Kentucky is a unique 
situation. Based on conversations with stakeholders who have footprints in adjacent states, the consensus is that 
having the best available geologic map data is preferable to having none at all, and that digital access to a dataset is 
generally preferred to paper. At the current rate of geologic map production for the country, complete coverage may 
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take 25 to 40 years to complete; with current critical issues of resources, hazards, and environmental management, 
the current body of geologic map data needs to be made available now, or essential geologic input may be 
disregarded in decision making processes. As the inventory of detailed geologic mapping increases over the coming 
years and decades, those new maps can and should be added to the system. 
Discussion points and summary of lessons from geologic mapping in Kentucky 
A complete geologic map data set includes separate bedrock and surficial geologic mapping data layers to parallel 

the separate nature of characterization and application of bedrock and unconsolidated geologic units. 
A draft 1:500,000 geologic compilation exists for the nation; along with available published 1:2,500,000 and 

1:5,000,000, these data provide an available framework for complete geologic map coverage on a national 
scale.  

Where available, more detailed (1:100,000 and 1:24,000) geologic map data can be served as underlying layers 
when users zoom into the data sets.  

Future mapping can prioritize areas where feedback suggests more detail is needed; the STATEMAP model of 
citizen-guided cooperative geologic map funding and production should be continued and expanded.  

Reconciliation of state-line busts should focus on lithostratigraphic generalizations and not on specific stratigraphic 
nomenclature; many jurisdictions have deep legacies of using specific terminology and wholesale changes 
can be institutionally prohibitive.  

Feature level metadata in the digital data can preserve local nomenclature and terminology.  
 
  

 
 
. 
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Talk: RECONCILING REGIONAL STRATIGRAPHY FROM KENTUCKY 
THROUGH MULTIPLE APPLIED INTERSTATE PROJECTS 
William Andrews, John Hickman, and Doug Curl; Kentucky Geological Survey, 228 MMRB, UK, 
Lexington, KY 40506-0107; wandrews@uky.edu 
The Kentucky Geological Survey has participated in numerous interstate cooperative projects, which have 
necessitated and resulted in reconciliation of local geologic map and subsurface stratigraphic nomenclature with 
adjacent states. The cooperative USGS–KGS geologic mapping program in 1960 to 1978 and subsequent studies 
have produced a detailed understanding of the stratigraphy of Kentucky. Various regional and interstate applied 
projects such as seismic assessments, carbon management and petroleum play projects, and coal-field assessments 
have facilitated interstate and interagency cooperation and communication. Although in many cases the specific 
terminology has not been standardized, the projects have resulted in a detailed matrix of stratigraphic correlations 
between adjacent states. Any future questions concerning continuity or correlation of differently named stratigraphic 
units thus should be easily resolved between Kentucky and neighboring states. 
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Poster: ADVANCES IN 3-D GEOLOGIC MAPPING OF NORTHERN 
INDIANA USING 3-D GEOLOGICAL INTERPRETATION SOFTWARE 
José Luis Antinao, Robin Rupp, Indiana Geological and Water Survey, 611 N Walnut Grove Avenue, 
Bloomington, Indiana 47405 (jantinao@iu.edu) 

Developing a three-dimensional (3-D) geologic framework for the Quaternary deposits of Indiana is a key 
priority for the Indiana Geological and Water Survey (IGWS) and is critical to address concerns about future 
availability and quality of natural resources such as groundwater and industrial minerals. The goal of the 3-D geologic 
framework is to develop a model that represents the distribution of each defined chronostratigraphic unit in depth, but 
which also allows derivative properties like hydraulic conductivity to be incorporated into the model in the future. A 
pilot project begun in 2017, partially funded through the Great Lakes Geologic Mapping Coalition, focused on 
developing a digital 3-D stratigraphy of glacial deposits in northern Indiana. The main objective of this project is to 
introduce a digital 3-D stratigraphy for deposits of the Saginaw and Huron-Erie Lobes in a specific portion of the 
interlobate region in northern Indiana. Geographically, the project is centered on the Lagrange 7.5-minute USGS 
quadrangle. This project will update unpublished geologic cross sections from earlier mapping efforts (e.g., Fleming 
et al., 1997; Brown et al., 1998) and older stratigraphic information from the IGWS ILith database (Brown et al., 
2000), with new stratigraphic data from the period 1999–2017; this new information comes from the Indiana 
Department of Natural Resources, Division of Water water-well database. New chronostratigraphy from near-surface 
(upper 5 m) samples collected since 2016 and new targeted drilling during the summer of 2018 will complement the 
3-D data set. The additional coring will be done in areas of low data density according to a first assessment of the 3-D 
stratigraphy. 

The stratigraphic picks for the units to be analyzed in cross sections will be presented as 3-D data sets 
(surface tops). IHS Petra® software will be used in this project, facilitating the integration of disparate data sets such 
as geophysical data (e.g., gamma logs, magnetic susceptibility logs), legacy data (e.g., geotechnical logs, sampled 
well locations), and archival data of variable quality (e.g., water-well log records and interpreted cross sections). One 
advantage of using Petra is that it is already used by the IGWS to develop 3-D stratigraphy on bedrock units; 
therefore, it will facilitate a rapid, seamless integration of data between bedrock and unconsolidated deposits. The 
data framework includes new stratigraphic and ancillary legacy data described above, language and structures that 
follow the Geologic Map Schema implementation stated by the National Geologic Map Database, and the 
development of a metadata structure. The current project also aims to generate a robust geochronologic foundation 
that will enable the lithostratigraphic succession to be placed within the sequence stratigraphic (chronostratigraphic) 
framework. 

More than a dozen chronostratigraphic units have been assigned in the 3-D framework generated by the 
project. A byproduct of the work in progress is the digitization of unpublished data in paper cross sections stored in 
the IGWS archives, thereby giving other researchers greater access to these legacy formats. 
References 

Bleuer, N.K. 2004. Slow logging subtle sequences: The gamma-ray log character of glacigenic and other 
unconsolidated sedimentary systems. Indiana Geological Survey Special Report 65, 39 p.  

Brown, S.E., A.H. Fleming, H. Jones, H., and T.L. Schrader. 1998. Glacial terrains of the Mongo, Wolcottville, and the 
Indiana part of the Burr Oak 7.5-minute quadrangles, LaGrange and Noble Counties, Indiana. Indiana Geological 
Survey Open-File Study 98-06, 24 p., scale 1:24,000. 

Brown, S.E., N.K. Bleuer, M.A. O’Neal, J. Olejnik, and R.F. Rupp. 2000. Glacial terrain explorer: Indiana Geological 
Survey Open-File Study 00-08, CD-ROM. 

Fleming, A.H., S.E. Brown, A.J. Smous, A.J., and T.L. Schrader. 1997. Glacial terrains of the Topeka, Shipshewana, 
Oliver Lake, LaGrange, and Sturgis 7.5-minute quadrangles, LaGrange and Noble Counties, Indiana. Indiana 
Geological Survey Open-File Study 97-14, 38 p., 4 maps. 
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Plenary: OFFSHORE GEOLOGIC MAPPING 
Walter Barnhardt 
U.S. Geological Survey 
Woods Hole, MA 02543 USA  
wbarnhardt@usgs.gov 

Geologic mapping of submerged lands helps us to understand the evolutionary history of marine and 
lacustrine environments, and determine the processes that have shaped adjacent coastal areas.  On land, the 
conditions of the nation’s geologic resources and environments are mostly well known, but in most cases equivalent 
information about offshore geology does not exist.  Effective management of ocean- and lake-floor resources requires 
detailed knowledge of bathymetry, substrate type (i.e., rock, gravel, sand, mud), and shallow structure and 
stratigraphy.  In addition, a better understanding of the relationships between offshore geologic processes and 
geohazards supports efforts to reduce the risk to populations and infrastructure.  For example, submarine 
earthquakes and landslides originating in the deep sea have the potential to generate tsunamis that can propagate 
across the continental shelf to the coast.  Oceans and lakes also contain large stocks of economically important 
minerals, industrial aggregates, and energy resources, and host unique ecosystems and other habitats important for 
fish and marine mammal species.  This presentation gives a brief history of seafloor mapping and the ongoing 
technological advances that have improved our ability to image and sample these remote environments.  The primary 
focus is how science can address the challenges of coastal change through the integration of offshore geologic 
mapping, measurements of hydrodynamic processes such as storm waves and currents, and numerical modeling of 
sediment movement.   
For more information about offshore geologic mapping at the USGS: 
Linking the Delmarva Peninsula’s Geologic Framework to Coastal Vulnerability 

https://woodshole.er.usgs.gov/project-pages/delmarva/ 
Geologic Mapping of the Massachusetts Sea Floor 
https://woodshole.er.usgs.gov/project-pages/coastal_mass/ 
Coastal Change Processes 

https://woodshole.er.usgs.gov/project-pages/coastal_change 
 

mailto:wbarnhardt@usgs.gov
https://woodshole.er.usgs.gov/project-pages/delmarva/
https://woodshole.er.usgs.gov/project-pages/coastal_mass/
https://woodshole.er.usgs.gov/project-pages/coastal_change
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Plenary: GEOPHYSICS FOR MAPPING 
Paul A. Bedrosian, Geology, Geophysics and Geochemistry Science Center, United States Geological 
Survey, Denver, CO 80212, pbedrosian@usgs.gov 
While geologic maps are typically 2D in presentation, they are fundamentally 3D in the conceptual understanding that 
goes into their creation. Constraints on the third dimension come from surface structural measurements, sparse 
drillhole data, rare xenoliths, and increasingly from geophysical measurements. In considering geologic mapping at 
regional and national scales, geophysics must be a fundamental component, alongside field mapping, borehole data, 
geochronology, and geochemistry. The immense areas to be mapped, together with vast regions concealed by 
glacial, sedimentary, or volcanic cover demand a geophysical approach.  Even with the rosiest of budgets, we can’t 
drill our way into the third dimension at such scales. At a more local scale, traditional field mapping is, on its own, 
sometimes insufficient to map the subsurface with the detail required for hydrologic investigations, mineral and 
energy resource studies, and hazard assessments. 
I will present a series of case studies that highlight geophysical contributions to geologic mapping at a variety of 
resolutions from < 1:24 k to 1:5 M. Impacts range from modest refinement of map units, to pronounced improvements 
in subsurface resolution, to fundamental changes in the conceptual understanding of an area. The range of tools in 
the geophysical toolbox will be discussed and the importance of choosing the right tool(s) for the job highlighted. In 
the context of regional or nationwide mapping efforts, application of a one-geophysical-method-fits-all approach is 
neither efficient nor cost effective. A nationwide mapping program requires an adaptive framework, with the type, 
extent, and resolution of acquired data (geologic, drillhole, grophysical) guided by expert panels with regional 
geologic expertise. This heterogeneous approach is inherently complex, requiring large amounts of up-front effort and 
coordination, but is critical to developing geologic maps that address the concerns of local, regional, and national 
stakeholders. 
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Plenary: URBAN GEOLOGICAL MAPPING: PUSHING THE FRONTIERS 
OF SCIENCE BELOW PARKS, CONCRETE, INDUSTRY, BUSINESSES, 
AND RESIDENCES 
Richard C. Berg, Illinois State Geological Survey, 615 East Peabody Drive, Champaign, IL 
rberg@illinois.edu 
Conducting geological mapping in urban settings is perhaps the most challenging mapping and the mapping exercise 
least desired by mappers. Logistics of where to obtain new subsurface information can be extremely limited, and 
sometimes depending on neighborhoods, not a safe working environment. Existing data, while often times plentiful, 
can be very difficult to obtain due to confidentiality restrictions. Just mobilizing from one location to the next location, 
considering traffic, pedestrians, and other urban travelling restrictions and obstacles is sometimes near to impossible. 
However, urban paved-over settings are some of the least understood geological environments, and perhaps the 
most deserving of our mapping attention. Indeed our city’s subsurface hosts deep foundation pilings and basements, 
underground tunnels for drinking water and waste water, sewage lines, pipes, electrical and fiber optic lines, as well 
as subsurface modes of transportation in the form of tunnels and subways. Urban land is a myriad of streets, parks, 
ecological restoration areas, industrial holdings, waste disposal and contaminated sites, surface and subsurface 
infrastructure development, and residential/commercial establishments.  

It is within the above context that high resolution 3D geological mapping will reveal “what lies beneath”. Only 
through a deep understanding of the subsurface environment can we truly assess contamination of the soil, 
contaminant mobility and pathways of contaminant movement with groundwater, as well as understanding the depth 
to, thickness, distribution, character, and continuity of deposits including aquifers, as well as address numerous other 
urban issues.  
Land-use and development decisions require knowledge of the subsurface for evaluating: 

1. The local movement of contaminants because the soil holds wastes, spills, and debris from generations of 
habitation, and many areas have been redeveloped into parks, playgrounds, and areas of urban agriculture, 
and pose a real hazard.  

2. Costs of cleanup of contaminants and long-term performance of waste disposal sites, as well as 
effectiveness of large-scale groundwater flow models to assist in pump and treat decontamination 
processes.  

3. The ability of groundwater to recharge aquifers and how knowledge of geologic material variability helps to 
coordinate efforts to increase recharge/decrease runoff.  

4. Foundation conditions that support a city’s skyline and infrastructure.  
5. The extent and favorable/unfavorable construction conditions that assist in construction designs, bidding 

accuracy, and avoiding natural hazards, and this leads to cost-effective plans with future lower liabilities for 
economic development, environmental protection, and remediation.  

6. The nature and distribution of geologic deposits that directly impacts the susceptibility of a city to urban 
hazards and geologic processes such as building settlement, piping, flooding, and earthquake shaking.  

7. Brownfield reclamation and redevelopment. 
8. Costs of excavation and fill, required for infrastructure, depend on the nature and thickness of surficial 

deposits and rock at construction sites.    
9. Development of underground space to quarry rock, tunnels for transportation or drainage control, or create 

warehouse space. 
10. Where the highest quality, closest, and least expensive sand, gravel, and rock can be obtained for building 

and infrastructure upgrades. These resources are becoming depleted in areas closest to cities.  
11. Coastal issues of shoreline erosion, protection, and redevelopment strategies, sedimentation, beach 

replenishment. 
12. Suitability of land for preservation, restoration, or creation of open spaces, wetlands, and surface water 

bodies.  
13. Cost and long-term performance of waste disposal sites. 
14. Ability of groundwater to recharge aquifers that is a function of the variability of geologic materials and land 

use. Knowing where these materials occur would allow land-use planning to better coordinate efforts to 
increase recharge/decrease runoff. 

Numerous land-use and development decisions are made on a daily basis within our urban environments, and each 
decision is associated with a potential liability, whether it be a failed foundation, unexplained cracks in concrete, 
contaminated soils and neighborhoods, unanticipated piping, or the mere encountering of unexpected subsurface 
conditions. All of these situations can result in increased costs to the developer, a municipality or other government 
entity, a landowner, and ultimately the tax paying public. Through 3D geological investigations that reveal a detailed 
knowledge of the subsurface, liabilities are greatly reduced just through anticipatory knowledge and situational 
planning that accounts for the unexpected and pursues planning and development endeavors that can take 
advantage of favorable conditions and avoids or is able to mitigate regions with unfavorable conditions.

mailto:rberg@illinois.edu
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Plenary: NATIONAL 3D GEOLOGY - BUILDING A USGS NATIONAL 
CRUSTAL MODEL: THEORETICAL FOUNDATION, INPUTS, AND 
CALIBRATION 
Oliver Boyd, USGS, 1711 Illinois St., Golden CO 80401, olboyd@usgs.gov, and Anjana Shah, USGS, 
P.O. Box 25046, Denver CO 80225 
 

Seismic hazard assessments depend on an accurate prediction of ground motion, which in turn depends on 
a base knowledge of three-dimensional variations in density, seismic velocity, and attenuation. We are building a 
National Crustal Model (NCM) starting with construction of a 5 layered 3-D geologic model, using a physical 
theoretical foundation to couple geology and geophysical parameters, and measured data for calibration. The model 
is intended to be internally consistent and seamless on a national scale, but effort will be made to maximize 
consistency with state-level models by incorporating their data, methods, and underlying geologic model. An initial 
version of the NCM for the western U.S. defined on a 1-km grid is expected to be available in mid-2018 and for the 
remainder of the conterminous U.S. in 2019. While the current focus of this effort is on improving estimates of site 
response in seismic hazard analysis, this model can benefit many fields of research, and as a more diverse group of 
scientists work towards the common goal of a National Crustal Model, we will all benefit far beyond the sum of our 
parts.  

With the current version of the NCM for the western U.S., the 3-D geologic model is very basic. The model is 
defined through integration of results from a range of previous studies including maps of surficial porosity, surface 
and subsurface lithology, and the depths to bedrock, crystalline basement or seismic equivalent, lower crust, and 
Moho. The depths to bedrock (see Figure 1 for the western U.S.) and basement are estimated using well, seismic, 
and gravity data; in many cases these data are compiled by combining previous studies (e.g. Pelletier et al., 2016; 
Mooney and Kaban, 2010; and Marshak et al. 2017). While there are several possible definitions of depth to bedrock, 
we have defined it as depth to the base of the Miocene in order to provide consistency throughout the model. Depth 
to basement also has multiple definitions. Some studies, typically in the western U.S., define basement to be the 
base of the Cenozoic sedimentary package, while others, in the central U.S., define basement to be the top of 
Precambrian. This variability in the definition of basement is further complicated by our present method of creating a 
basement geology map where: 1) nearest neighbor interpolation is used after stripping surficial geology maps of 
unconsolidated sediment and sedimentary rocks and extrusive volcanics younger than Cretaceous; and 2) the fact 
that surficial geology and age maps have unit boundaries that do not always coincide. We expect these issues to be 
resolved in future versions of the NCM as more groups work toward the similar goal of producing a 3-D geologic map 
of the United States. 

Physical theory can link the geologic model and geophysical parameters needed for seismic studies. The 
primary geophysical parameters that we are interested in estimating are shear and bulk modulus and density. More 
specifically, we couple Biot-Gassmann theory for the porous composite with mineral physics calculations for the solid 
mineral matrix (Lee, 2010). Biot-Gassmann theory defines how the shear and bulk modulus of a material increase 
with decreasing porosity and increasing effective pressure. Based on porosity-pressure curves for various rocks and 
sediments, we make the assumption that porosity decreases exponentially with increasing effective pressure. The 
shear and bulk modulus and density of the solid mineral matrix is derived from the 3-D geology and mineral physics 
constants and calculations (see supplementary material in Boyd et al., 2004). We calibrate the model using several 
thousand local geophysical measurements. The measurements include invasive and non-invasive estimates of 
shear- (S-) and compressional-wave (P-wave) velocity and density profiles. The calibration is primarily achieved by 
adjusting, in dependence on lithology, the pressure dependence of the Biot coefficients and two parameters 
controlling how porosity changes with depth.  

Once calibration is completed, we plan to assess parameters currently used to predict earthquake ground 
motions including the time-averaged shear-wave velocity in the upper 30 meters (VS30) and the depths to 1.0 and 2.5 
km/s shear-wave speeds (Z1.0 and Z2.5), the latter two of which have a very rough correlation to the depths to bedrock 
and basement. We will compare VS30, Z1.0, and Z2.5 derived from the NCM to these same parameters derived from 

existing models, for example, 3-D velocity models for southern California available from the Southern California 
Earthquake Center. Further validation will involve 3-D earthquake simulations. 

Uncertainties in the parameters derived from the model are critical for earthquake hazard and risk 
assessment. This analysis, as well as a proper validation, has yet to be completed, but we can reasonably expect 
that uncertainties in geophysical parameters will increase with depth and be dependent on the quantity and quality of 
input data sets. For example, in urban areas such as Los Angeles and San Francisco where regional models have 
been developed, substantial work has been done to collect higher resolution data, and these areas will have less 
geologic and geophysical uncertainty when underlying datasets and methods are incorporated into the NCM. 

 
An interactive web-enabled interface to the model will provide parameters needed for ground motion 

prediction equations in the western U.S., including, for example, VS30, Z1.0, and Z2.5. In addition, spatially variable 
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frequency-dependent site amplification can be estimated from the NCM, and interpolated 3D models can be extracted 
for use with 3D numerical earthquake simulations. We also envision the NCM to be useful for earthquake source 
studies including better estimation of earthquake hypocentral location, moment, and stress drop.  
 

 
Figure 1. Depth to bedrock in the western U.S. compiled from the global study of Pelletier et al. (2016), many local 
studies, and new gravity-based research performed in the course of this work. 
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Plenary: NATIONAL COOPERATIVE GEOLOGIC MAPPING PROGRAM 
DECADAL PLAN 
John Brock, U.S. Geological Survey, 12101 Sunrise Valley Drive, MS 926A, Reston, VA 20192; 
jbrock@usgs.gov  

The National Geologic Mapping Act (NGMA) of 1992 mandated the National Cooperative Geologic Mapping 
Program (NCGMP), consisting of interdisciplinary studies, geologic mapping and training by federal (FEDMAP), state 
(STATEMAP), and university (EDMAP) partners, made consistent and available as the National Geologic Map 
Database (NGMDB). All four components of NCGMP share the common responsibility identified in the NGMA to 
expedite the production of a geologic database for the Nation, so that appropriate geologic maps can be developed 
containing information applicable to land-use management, assessment, and utilization and/or conservation of natural 
resources, groundwater management, and environmental protection. In close partnership with the Association of 
American State Geologists, NCGMP continues to lead the Nation toward a safer, healthier and more sustainable 
future through geologic mapping. 

The new NCGMP Decadal Strategic Plan (NDSP) outlines a renewal of the program as the Nation’s 
authoritative source for foundational geologic knowledge, and is centered on a vision to create an integrated, three-
dimensional (3D), digital geologic map of the United States to address the changing needs of the Nation. In carrying 
out our mission, the NCGMP will work towards achieving preeminence in field mapping and utilization of state of the 
art remote sensing and geophysical technologies, thereby attaining the infrastructure needed for efficient and 
effective construction of a 3D National Geologic Framework Model (NGFM). NCGMP will lead efforts toward the 
completion of a seamless 3D nationwide geologic map by 2030, based on renewed fieldwork, compilation, and 
enhanced 3D geologic map standards, and enabled by the NGFM.  

Reference: Berry, K., J. Brock, J. Faulds, K. House, M. Marketti, D. McPhee, K. Schmidt, J. Schmitt, D. 
Soller, D. Spears, R. Thompson, H. Thorleifson and G. Walsh, 2017, 2018 – 2027 Decadal Strategic Plan for the 
National Cooperative Geologic Mapping Program: Renewing the National Cooperative Geologic Mapping Program as 
the Nation’s Authoritative Source for Modern Foundational Geologic Knowledge, United States Geological Survey, 14 
p. 
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Plenary: NATIONAL 3D GEOLOGY - CANADA-3D: COMPILATIONS OF 
THE GEOLOGY OF CANADA FOR THE SURFACE AND SUBSURFACE 
Boyan Brodaric, Marc St-Onge, Dave Snyder, Hazen Russell, Geological Survey of Canada 

 
Canada has a long history of national geological compilations. Current versions include two-dimensional (2D) surface 
bedrock and surficial geological maps that were compiled over 20 years ago.  Advancements in information 
technology and geological modelling enable the adoption of new approaches, and the development of new products, 
for a next generation view of the geology of Canada. To achieve this, the Canada-3D project comprises a national 

collaboration between federal, provincial, and territorial geological surveys operating under the auspices of the 
National Geological Surveys Committee. Expected results are new compilations for Canada, including new 2D 
surficial and bedrock geology maps, as well as an inaugural three-dimensional (3D) geological model. Also being 
developed are new 3D modeling methods, standards, and a public web portal for using and downloading the 
compilations. Project principles include a commitment to open and free products as well as standards, and the 
variable resolution and the timely ongoing integration of sources to ensure the products are authoritative and reflect 
the best knowledge available.    
During the past two years a pilot project has generated results that include advancements toward new geology maps 
for the Canadian North, inaugural national 3D surfaces for depth-to-bedrock, the Phanerozoic/Precambrian boundary, 
the MOHO boundary, as well as advances in 3D visualization. These early results also highlight ongoing issues in (1) 
technology, related to the handling and viewing of massive data volumes, (2) data sources, related to gaps in 
geographical coverage of existing geological maps, models, and related data, and (3) limits to 3D modeling methods 
related to the incorporation of unconventional data, regional interpolation, and related uncertainties. Reported will be 
a summary of the results as well as lessons learned. Expected beneficiaries of Canada-3D are all users of 
geoscience information and knowledge, including industry, other federal and provincial government departments, 
educational institutions and non-governmental organizations. 

 
 
 
 
. 
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Poster: STRABOSPOT: A NEW GEOLOGIC DATA COLLECTION 
SYSTEM 
Bunse, Emily
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 The StraboSpot system has been developed for the collection, storage, and sharing of geologic data. The 
system consists of a mobile application, available for free download in Google Play and the iOS App Store, and an 
online graph database which work seamlessly together to facilitate an all-in-one, open-source data solution for 
geoscientists. While originally designed to accommodate Structural Geology and Tectonics data, StraboSpot is 
working to expand its vocabulary and workflows to better include petrological, microstructural, and sedimentological 
data in the system. 
 Data collection, done though use of the mobile app, is based off the concept of a “Spot” which works 
similarly to mapping by station where the user inputs a set of observations that are defined by a spatial extent. Spots 
are stored in a dataset and many datasets can be stored in a project on a user’s account (Figure 1). Unlike other 
digital data systems based on storage in a relational database, StraboSpot’s graph database allows for rich and 
complex data entry and easily incorporates images of all types (photos, sketches, etc.) which can even be used as 
basemaps. There are two ways of organizing Spots: spatially, through nesting (Spots covering a smaller area are 
“nested” inside Spots spanning a larger area) and conceptually through the assignment of Tags (quick, “sticky-note”-
like categorization of data- one example is “geologic unit”). Due to this flexibility, a Spot can be a point, line, or 
polygon having either real world or pixel (image basemap) coordinates and a StraboSpot dataset can hold any 
combination of these types of data. 
 

 
Figure 1: Organization of data in StraboSpot (Rufledt, Walker, et al., 2017). 

 Once data is uploaded from the mobile app to the database for storage, the user can export data in the 
following formats: .kmz, .shp, .xls, stereonet, and .pdf field notebook view. There are also connections becoming 
available in Spring 2018 for interacting with the StraboSpot database within ArcGIS and QGIS. These connections 
(an ArcGIS Add-In and QGIS Plug-In) will download existing StraboSpot projects for use in a GIS and upload any 
edits made to a StraboSpot-native dataset during a GIS session or any GIS-native dataset which the user would like 
access to in the StraboSpot database. If the user opts to make a project public, the data can become searchable 
through the online search interface. 
 Students at the 2016 and 2017 University of Kansas Field Camps have successfully used StraboSpot in 
mapping projects during two of the six weeks of the course. The system has also been used in various undergraduate 
and graduate research projects for geologic mapping and sample collection. Geologists at the Kansas Geological 
Survey have also experimented with using StraboSpot to collect data.   
References 
Rufledt, Carson, Walker, J. Douglas, et al. 2017. StraboSpot Help Guide. 
https://strabospot.org/files/Strabo_Help_Guide.pdf 
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Poster: FIELD TRIP BASED ON EXTENSIVE MAPPING EFFORTS IN 
WILL AND COOK COUNTY, ILLINOIS 
Caron, O., Curry, B., and Thomason, J., Illinois State Geological Survey, 615 E. Peabody Dr., 
Champaign, IL, 61820   bcurry@illinois.edu 

 
Field trips are a time-honored venue for geologists to showcase paradigms of geologic mapping, especially to 
elucidate models of deposition and landsystem analysis. We are planning to lead a post-meeting field trip on 
November 8-9 originating from Indianapolis in conjunction with the Annual meeting of the Geological Society of 
America. The stops highlight recent efforts in Will County, Illinois, mapping Quaternary deposits in three-dimensions 
for the Great Lakes Geologic Mapping program, as well as work done as part of the STATEMAP program.  
 
One stop, highlighted below, is at a creek highbank that shows a nearly full glaciogenic sedimentary sucession from 
distal – proximal outwash, proglacial lacustrine, and subglacial diamicton deposits that locally form the Tinley 
Moraine. Additional stops will reveal subjacent stratigraphic units of the Lemont Formation. A featured stop will be at 
Eagle Lake (an informal name), a breached linear basin that appears to have formed by collapse of a tunnel channel. 
We have obtained numerous Cone Penetrometer Test profiles that help to flesh out the geometry of the sedimentary 
facies across the basin.  We will also visit two ice-walled lake plains that have yielded fossil plant fossils to help 
constrain the minimum age of the Valparaiso Morainic System. The ages just precede well-founded dates associated 
with breaching of the Marseilles Morainic System 18,900 cal yr BP by the Kankakee Torrent. 
 
The attached figure is from what is currently Stop 1 at Plum Creek near Sauk City, Illinois. The entire succession is 
classified with the Wadsworth Formation.  

  

mailto:bcurry@illinois.edu
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Talk: GEOLOGIC MAPPING IN THE OZARK PLATEAUS OF 
ARKANSAS 
Chandler, A.K. and Hutto, R.S., Arkansas Geological Survey, 3815 W Roosevelt Road, Little Rock, AR 
72204; angela.chandler@arkansas.gov 
             The Arkansas Geological Survey (AGS), through cooperative mapping programs with the U.S. Geological 
Survey, has concentrated its detailed geologic mapping in the Interior Highlands for the last 27 years.   In 2000, the 
AGS began mapping in the Ozark Plateaus Province for STATEMAP. Since that time, forty-three 1:24,000-scale 
quadrangles have been completed.  The main reason the Ozark Plateaus was chosen was to provide more detailed 
geologic maps in areas that were previously mapped on a 15-minute base.  There are a total of nine 15-minute 
geologic maps within our area of study.  So far, four of these have been mapped at a 1:24,000-scale and currently, 
work is being done on a fifth. 
               Several stratigraphic problems are being addressed through the mapping program.  The majority of 
mappable units are Mississippian and Pennsylvanian in age and the Pennsylvanian Morrowan section includes most 
of the problematic units.  The currently mapped geology of Morrowan units consists of the Hale Formation and the 
Bloyd Formation.  In the type area of these formations, located in northwest Arkansas, the Bloyd Formation contains 
two limestone marker beds, the Brentwood and the Kessler.  East of the type area, there are various lithologic 
changes in the Brentwood to Kessler section including development of a massive sandstone unit informally called the 
“middle Bloyd sandstone”.  Lithologic changes, even farther eastward, also lead to equivalent units of the Prairie 
Grove Member of the Hale Formation and the lower Bloyd being mapped together as the Witts Springs Formation. 

The most challenging stratigraphic issues lie in defining the lower and upper lithostratigraphic boundaries 
that correspond to the Morrowan Series:  the Mississippian-Pennsylvanian boundary and the Morrowan-Atokan 
Series boundary.  The name Imo Formation was proposed by Mackenzie Gordon in 1964 for a sequence of mostly 
shale with interbedded sandstone above the Mississippian Pitkin Limestone and below the Witts Springs Formation, 
thus spanning the Mississippian-Pennsylvanian boundary.  The unit contains unequivocal Mississippian-aged fossils, 
but was abandoned due to concurrent mapping by E. E. Glick who included the unit in the Pennsylvanian Cane Hill 
Member, promoting it to formation rank.  However, the name Imo Formation has been and still is unofficially applied 
to this interval by the geologic community.  Recent mapping by the AGS has retained the name, but restricted it to 
include only those rocks considered to be Mississippian-aged.   
 Recognizing the Morrowan-Atokan Series boundary and the contact between the Morrowan Bloyd 
Formation and the Atokan Atoka Formation has been particularly difficult. The lower part of the Atoka Formation 
consists of two members:  the Trace Creek Shale and the Greenland Sandstone.  Initially, the top of the Trace Creek 
Shale was thought to be the base of the Atoka Formation and most geologic mapping was conducted using this 
contact.  However, it was demonstrated in 1978 that conodont faunas above the base of the Trace Creek correlate 
with Atokan Series faunas in Oklahoma.   Since there is a good erosional break between the Kessler Limestone and 
the Trace Creek Shale, this contact was subsequently used as the Bloyd-Atoka Formation and Series boundaries.  
The Kessler Limestone is a useful marker bed; however, it does not extend eastward and cannot be used to 
differentiate between the two formations outside of northwest Arkansas.  Current mapping is differentiating the 
Kessler Limestone from the Trace Creek Shale and noting changes in lithology eastward.  The AGS also recently 
submitted Pennsylvanian-aged shale samples for palynological analysis to assist in locating the Series boundary.  
The samples were stratigraphically at least 300 hundred feet above the top of the Kessler Limestone and 180 feet 
above the top of the Trace Creek Shale.  Spore data showed that the age of these samples are unequivocally 
Morrowan.  The age of the samples indicates that the Morrowan-Atokan Series boundary may be higher than 
previously thought. 

mailto:angela.chandler@arkansas.gov


20 

 

Great Lakes Coalition talk: A WELL-ORGANIZED RADIOCARBON AGE 
DATABASE AND ITS UTILITIES  
Brandon Curry, Principal Research Scientist, Illinois Geological Survey 

 
Curry et al. (2018) present a database of 785 reliable, finite radiocarbon ages > 10,000 C-14 yr BP of samples from 
locations primarily in Illinois. The list includes 507 ages determined by benzene scintillation methods, and 278 by 
accelerator mass spectrometry. In this paper, the data are used to revisit the evidence for the age of key diachronic 
units. A probability density function of all calibrated ages shows distinct periods of time when little organic matter was 
preserved in Illinois. These plots present interesting paradigms and questions regarding paleoclimate and 
environments of deposition. Below is an example of using a subset of these data for research extending beyond the 
glaciated Midwest.  
 
Lake Chicago. The geochronology of samples taken from high-level lacustrine deposits associated with Lake 
Chicago, the proglacial precursor of Lake Michigan, shows a pronounced near-absence of ages from about 15.0 to 
14.2 cal ka, between high stands related to the Glenwood and Calumet phases. I presume that the lack of ages is 
due to a paucity of sediment to bury and preserve organic matter; indeed this is the case when examining the 
sediment accumulation rates for Riggle Pond, Indiana (Bruegger, 2016). What caused this low stand, and how 
significant is it? Regional correlations with Gulf of Mexico stable isotope records show strong evidence for enhanced 
meltwater discharge coming from Lake Chicago at 16.5, 16.0, 15.1, 14.1 and 13.4 cal ka, especially the 15.1 cal ka 
event, which is also observed in the dates associated with other sediment systems between the Chicago Outlet and 
Gulf of Mexico.  I hypothesize that it relates to the catastrophic discharge of meltwater that caused major modification 
of the Grand River valley (Kehew, 1993). 
 
The content of this paper is currently under review. My coauthors are Alison Bruegger and Jessica Conroy. 
 

 
Figure 1. Probability density functions of calibrated radiocarbon age curves. The thin lines are individual ages; the 
thick lines are cumulative pdfs associated with the Calumet and Glenwood Phases, and minimum ages associated 
with the Tinley and Deerfield Moraines. Dashed lines indicate legacy data with σ1 > 270 yrs (Table 1). The thick, solid 
black line is the pdf of lake age data with σ1 < 270 yrs; the thick dashed line is the pdf of the entire dataset, including 
data with σ1 > 270 yrs.   
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Figure 2. The top panel shows the pdfs of ages for the Glenwood and Calumet phases (Figure 1), and relative 
position of the Lake Michigan lobe in Illinois (Curry et al., 2018). The middle panel shows δ

18
OGOM values derived 

from paired δ
18

O and Mg/Ca-derived SST values on white and pink chronoforms of Globigerinoides ruber, core 
MD02-2550, Orca Basin, Gulf of Mexico (Williams et al., 2012). We smoothed the curves using 5-point averaging. 
The bottom panel shows relative percent of reworked calcareous nannofossils (cocoliths; Marchitto and Wei, 1995; 
red line), and standardized values of (illite plus chlorite)/smectite (Sionneau et al., 2010; blue line).  
 
Bruegger, A., 2016, Refining the span and rates of deposition of the Glenwood Phase of Lake Chicago [Master’s 
thesis]: Urbana-Champaign, Illinois, University of Illinois at Urbana-Champaign, 61 p. 
 
Curry, B.B., Lowell, T.V., Wang, H., and Anderson, A.C., 2018, Revised time-distance diagram for the Lake Michigan 
Lobe, Michigan Subepisode, Wisconsin Episode, Illinois, USA, in Kehew, A.E., and Curry, B.B., eds., Quaternary 
Glaciation of the Great Lakes Region: Process, Landforms, Sediments, and Chronology: Geological Society of 
America Special Paper 530, p. 69–101, doi:10.1130/2018.2530(04). 
 
Kehew, A.E., 1993. Glacial-lake outburst erosion of the Grand Valley, Michigan, and impacts on glacial lakes in the 
Lake Michigan basin. Quaternary Research 39: 36 ‒ 44. 
 
Williams, C., Flower, B.P. and Hastings, D.W., 2012. Seasonal Laurentide ice sheet melting during the “Mystery 
Interval” (17.5–14.5 ka). Geology 40: 955 ‒ 958. 
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Talk: NEW INSIGHTS INTO LATE-PLEISTOCENE GLACIATION AND 
RANGE-FRONT FAULT VERTICAL SEPARATION RATES USING 
GEOLOGIC MAPPING AND TERRESTRIAL COSMOGENIC NUCLIDE 
EXPOSURE AGES IN THE EAST HUMBOLDT RANGE, NEVADA   
Seth Dee, Nevada Bureau of Mines and Geology, 1664 N. Virginia St. University of Nevada Reno / 
MS178, Reno, Nevada 89557-0178, sdee@unr.edu; Benjamin J.C. Laabs, Department of Geosciences, 
North Dakota State University, 1321 Albrecht Dr., Fargo, ND 58105, benjamin.laabs@ndsu.edu  

The East Humboldt Range in northeastern Nevada, combined with the contiguous Ruby Mountains to the 
south, form a north-northeast trending, 80 km long mountain range with peaks taller than 11,000 feet in elevation. 
The bedrock in the range is largely part of the Ruby Mountains–East Humboldt Range (RMEH) metamorphic core 
complex, an intensely metamorphosed section of highly attenuated Neoarchean through Mississippian, east tilted, 
strata.  Rocks in the upper part of the metamorphic core complex are pervasively overprinted by a WNW-directed 
mylonitic shear fabric, which records middle to late Cenozoic extensional exhumation from mid-crustal depths.  The 
west side of the RMEH is bound by the active, W-dipping Ruby Mountains frontal fault zone, which is expressed as 
scarps in Quaternary sediments for a length of nearly 80 km. The southern portion of the active fault trace along the 
East Humboldt Range front takes a west step-over which results in a broad, hanging wall uplift underlain by middle-
Miocene to Pliocene strata comprised of NE-dipping to flat-lying tuffaceous sandstone, shale, and conglomerate of 
the Humboldt Formation and younger units.  Variously aged Quaternary fan deposits beveled onto the uplifted Mio-
Pliocene sediments record increased uplift of Quaternary surfaces as a function of relative age.   Many of the 
catchments in the RMEH were glaciated during the last two Pleistocene glaciations, known throughout the Great 
Basin as the Lamoille (penultimate) and Angel Lake (last) Glaciations after type localities from within the range. 

Recent 1:24,000 scale geologic mapping (Dee et al., 2015 and Dee et al., 2016) and 
10

Be cosmogenic 
nuclide exposure in the East Humboldt Range have provided the opportunity to document the timing and extent of 
late-Pleistocene glaciation in the range and re-evaluate the late Quaternary vertical separation rate of the range 
bounding frontal-fault system.  Two distinctly aged glacial outwash surfaces, Qgo1 (younger) and Qgo2 (older), were 
mapped at the mouths of several glaciated catchments in the East Humboldt Range.  These outwash surfaces are 
faulted by the range front fault system with scarps up to 7 m high in Qgo1 and 30 m high in Qgo2.  Boulders of 
paragneiss, monzogranite and leucogranite with long axes ranging from 0.5 m to 6 m are exposed on the glacial 
outwash surfaces and provide a suitable sampling target for 

10
Be exposure dating.  Three outwash surfaces were 

targeted for dating, the Qgo1 and Qgo2 surfaces at Greys Creek, and a Qgo2 surface at Boulder Creek.  Seven 
boulders were sampled from each surface to ensure an adequately large data set, and analyses are in progress with 
some preliminary results currently available.  Cosmogenic exposure ages from the Qgo1 surface at Greys Creek 
range from ~14.7-75.1 ka, with three exposure ages representing deposition at ca. 22-25 ka during the Last Glacial 
Maximum. These ages indicate the outwash surface was aggrading prior to the ~20 ka abandonment of terminal 
Angel Lake equivalent moraines documented in the Ruby Mountains (Laabs et al., 2013).  Ages from the Qgo2 
surface at Greys Creek range from ~102-181.1 ka; the mean of the three oldest exposure ages from the surface is 
170.6 ka.  At Boulder Creek the Qgo2 ages range from ~24.3-139.2 ka; the mean of the three oldest exposure ages 
from the surface is 137.5 ka.  The two preferred peaks suggest that the penultimate, Lamoille age, glaciation in the 
RMEH occurred within Marine Isotope Stage (MIS) 6 time (~190–130 ka).   

Topographic profiles of fault scarps from each of the dated outwash surfaces were measured from newly 
acquired lidar data.  The mean vertical separation of the outwash surfaces was calculated from the profile data using 
the Matlab script Scarp_offset_v4g.m recently developed by the USGS Earthquake Hazards Program (DuRoss, in 
prep). Three profiles were measured from each of the three surfaces generating the following mean vertical 
displacements: Qgo1 at Greys Creek = 5.2 m, Qgo2 at Greys Creek = 17.3 m, and Qgo2 at Boulder Creek = 23.1 m.  
Preliminary vertical separation rates were calculated using the preferred peak ages of the surfaces: Qgo1 at Greys 
Creek = 0.22 mm/yr, Qgo2 at Greys Creek = 0.10 mm/yr, and Qgo2 at Boulder Creek = 0.17 mm/yr.  The rate from 
Qgo2 at Boulder Creek is our preferred late Quaternary vertical separation rate due to the simple geometry of the 
scarp at this location and the interpretation that the younger exposure ages from Boulder Creek better approximate 
the abandonment of the glacial outwash surfaces following Lamoille-age deglaciation. 
Clark, P.U., Dyke, A.S., Shakun, J.D., Carlson, A.E., Clark, J., Wohlfarth, B., Mitrovica, J.X., Hostetler, S.W., 

McCabe, A.M., 2009.The last Glacial maximum. Science 325, 710–714. 
Dee, S.M., Dering, G.M., Henry, C.D., 2015, Preliminary geologic map of the Heelfly Creek quadrangle and adjacent 

parts of the Tent Mountain, Soldier Peak, and Secret Valley quadrangles, Elko County, Nevada: Nevada 
Bureau of Mines and Geology Open-File Report 15-4, scale 1:24,000, 5 p. 

Dee, S., and Ressel, M.W., 2016, Preliminary geologic map of the Herder Creek quadrangle, Elko County, Nevada: 
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1
Geological Survey of Canada, Natural Resources Canada, 601 Booth Street, Ottawa, eric.dekemp@canada.ca 

2
PhD. Student, MERC, Laurentian University, Sudbury, Canada 

 
One of the most significant tectonostratigraphic features of the geology of Canada is the boundary separating ‘cover’ 
rocks of the Phanerozoic Eon and older ‘basement’ rocks; dominantly metamorphic and crystalline rocks of the 
Precambrian shield. In the context of the Canada-3D initiative to develop a 3D geological model of Canada from the 
surface to the Moho, we have begun to integrate data constraints for modelling this boundary, including geological 
map, drillhole and seismic data.  The 3D surface development is being undertaken through the application of data 
(geostatistical, implicit modelling (GOCAD/SKUA and SURFE) and knowledge (SPARSE) driven methods (Hillier et 
al., 2014; de Kemp et al., 2016). More accurate 3D delineation of this key boundary will help support applications 
such as the separation of bulk rock properties into cover and basement classes which could in turn be used for 
geophysical and mineral potential modeling (e.g., Jessell et al., 2014). Coupled with heat flow and fracture density 
estimates; it could also contribute to future development of national-scale 3D favourability maps for geothermal 
energy and CO2 sequestration potential. The project combines a large amount of data from various sources collected 
over the last 175 years since the initiation of geological mapping by the Geological Survey of Canada in 1842 by Sir 
William Logan. 
 
The Precambrian-Phanerozoic boundary is dominantly an angular unconformity between the crystalline bedrock of 
the Canadian Shield and Phanerozoic sedimentary cover sequences, spanning a hiatus of several hundreds of 
millions to more than two billion years. In rare cases such as the Rapitan Group in the MacKenzie Mountains, it is a 
more conformable stratigraphic contact between Neoproterozoic and Cambrian formations. There are also many 
parts of Canada’s subsurface which have no geologic record of the boundary where the crust is mainly composed of 
either younger Paleozoic and Mesozoic mobile belts (Central Newfoundland and British Columbia), or exposed 
basement of the Precambrian Shield. The geological data that constrain the Precambrian-Phanerozoic interval are 
spatially heterogeneous, and vary in quality from excellent observations from petroleum wells in the Western Canada 
and Williston Basins, to less reliable well logs in Southern Ontario, to interpretive map traces in the overburden 
covered Hudson Bay low lands. Seismic reflection and refraction data from Lithoprobe and industry surveys will 
support deeper interpretations of the boundary, and be integrated with constraints obtained by geological mapping in 
the more complex regions of the Canadian Cordillera and Appalachian orogens. Canada-3D is modelling other 
tectonostratigraphic features (crustal scale fault networks and major lithostratigraphic horizons) within the bedrock 
layer, above and below the Precambrian-Phanerozoic boundary, but by focusing early on this significant boundary we 
gain insight to the data distribution, the required methodology and processing gaps that exist tackling this problem at 
a national scale. As the project proceeds there will be a need for development of 3D tools to support uncertainty 
estimation, sparse data interpolation and extension, and interpretation workflows designed to cope with the many 
challenges presented by limited sampling of complex geologic terrains.   
 
de Kemp, Eric A., et al. 2016. Assessing the workflow for regional-scale 3D geologic modeling: An example from the 
Sullivan time horizon, Purcell Anticlinorium East Kootenay region, southeastern British Columbia: Interpretation, 4.3: 
SM33-SM50. 
Hillier, M. J., E. M. Schetselaar, E. A. de Kemp, and G. Perron. 2014. Three-dimensional modelling of geological 
surfaces using generalized interpolation with radial basis functions: Mathematical Geosciences 46, 8, 931-953. 
Jessell, M. L. Aillères, E. de Kemp, M. Lindsay, F. Wellmann, M. Hillier, L. Gautier, Th. Carmichael, and R. Martin. 
2014. Next Generation Three-Dimensional Geologic Modeling and Inversion: Society of Economic Geologists, 
Special Publication 18, pp. 261–272. 
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GEOLOGICAL SURVEY 
Delattre, Marc P., California Geological Survey, 801 K Street, MS 12-32, Sacramento, CA 95814  
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 California encompasses some of the most complex and dynamic geology in the country, where geologic 
maps are a necessary reference for any assessment of geologic hazards, geotechnical concerns, or natural resource 
issues.   The California Geological Survey (CGS) Geologic Mapping Program conducts new detailed geologic 
mapping and digitally compiles geologic maps by others in a GIS database to create regionally consistent geologic 
maps and provide the data for public use in a variety of digital formats and printed publications.  Internally, geologic 
maps provide a foundation upon which CGS builds a variety of derivative maps to identify potential geologic hazards 
such as landsliding, liquefaction, hazardous minerals, alluvial fan flooding, and post-wildfire debris flows. Because 
geologic map unit boundaries may become boundaries of regulatory hazard zones, new mapping demands 
consistent standards using the best available base maps and imagery, and attention to surficial deposits as well as 
bedrock geology.  

 
A comprehensive overview of California’s geology was first compiled between 1958 and 1969 by the 

Division of Mines and Geology (now CGS) and published in 1:250,000-scale sheets as the Geologic Atlas of 
California.  In 1981, CGS began to replace the Atlas sheets with the Regional Geologic Map series of new 1:250,000 
compilations based on more recent mapping, showing additional detail and using geologic formations rather than the 
simplified time-based unit of the Atlas series.  With the advent of Geographic Information Systems (GIS) in the 1990s 
and demand for more detailed geologic maps, CGS shifted from the hand-drafted 1:250,000 format to GIS digital 
mapping methods with 1:100,000 as the new standard scale for regional geologic map compilations.  While digital 
30’x60’ quadrangle geologic maps are formatted for display at 1:100,000, finer details and attributes from the larger 
scale source maps are captured and retained in the GIS database.  To provide timely access to new mapping and 
allow for public comment, preliminary versions of both new 1:24,000 geologic maps and 1:100,000 compilations are 
posted to the CGS Preliminary Geologic Maps web page 
(http://www.conservation.ca.gov/cgs/rghm/rgm/Pages/preliminary_geologic_maps.aspx).  When all aspects of the 
geologic mapping for a 30’x60’ quadrangle are completed, including the addition of offshore geology provided by the 
USGS for quadrangles along the coast, the finished map is published for release in freely available digital formats 
and/or as a printed map layout and accompanying pamphlet for purchase.  To date, CGS has released 18 digital 
1:100,000 compilation maps and is actively working on 7 more. Over the long term, CGS aims to perform new 
detailed geologic mapping for most urbanizing areas of the state and, in coordinate with the USGS, to digitally 
compile the best available mapping for all 115 30’x60’ quadrangles covering the state.          

 
Geologic mapping at CGS is partly supported by federal grants through the STATEMAP component of the 

National Cooperative Geologic Mapping Program.  STATEMAP geologic mapping projects are selected each year 
based on societal needs, with input from an independent geologic mapping advisory committee.  Projects typically 
include new detailed geologic mapping of several 7.5’ quadrangles and digital compilation of all or part of a 30’x60’ 
quadrangle.   Since 1995, this valued program has assisted CGS to produce new 1:24,000 digital geologic maps for 
94 quadrangles in California.     

 
Beyond internal mapping efforts, CGS also continues to assist other geologists in getting their work out to 

the public by providing GIS and cartographic support, as well as a publication venue.  Recently published examples 
are Map Sheet 61, Geologic Map of Part of Eastern Placer County, Northern Sierra Nevada by David Harwood and 
others, and Map Sheet 62, Geology of Ring Mountain and Tiburon Peninsula, Marin County by David Bero.  New 

maps are announced on the CGS website as they are released. 
 

mailto:marc.delattre@conservation.ca.gov
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Clark A. Niewendorp, Oregon Department of Geology and Mineral Industries, 800 NE Oregon Street, 
Suite 965 Portland, Oregon 97232. 
 

Airborne-lidar-based 3-foot digital elevation models (DEMs) and derivatives (slopeshade, hillshade, 
contours) are a fundamental base data set used for geologic mapping by the Oregon Department of Geology and 
Mineral Industries (DOGAMI). Techniques classically applied to interpret 10-meter DEMs and small-scale topographic 
maps are adapted to take advantage of lidar’s high resolution. Bare earth DEMs produced using lidar point cloud data 
allows recognition of fine patterns and textures related to underlying geologic units and associated soils. Geologic 
maps are significantly improved by the ability to examine subtle variations in the geomorphology.  

 
The following examples of lidar-based techniques and development of geologic models, when combined 

with verification through field work, provide solutions to problems that increase efficiency and optimize the workflow of 
geologic map production. We include here examples from recent geologic mapping projects conducted in the Middle 
Columbia Basin, Bear Creek Valley, and Harney Basin areas of Oregon.  
 

Problem: Distinguishing features of low relief. Solution: Using a bare earth DEM raster, recognition of low-

relief features of all sizes is enhanced when a range of elevation, either established by knowledge of the site or by 
trial, is displayed using thousands of sequential colors. An elevation range was determined for the summit of Upper 
Table Rocks, in the Bear Creek Valley by querying the bare earth lidar DEM. Applying a rainbow color ramp to the 
DEM in the 80-foot range revealed and emphasized seemingly minor features. The capping lava for this horseshoe-
shaped mesa is formed by the andesite of Table Rocks, a remnant of an intracanyon lava flow that followed the 
ancestral course of the Rogue River from east to west about 7 Ma (Wiley et al. 2011). Application of the described 
lidar techniques, combined with field data, reveal that the flow was deformed by northeast-southwest shortening and 
folding. Folding produced a broad syncline that later developed a southeasterly plunge. The horseshoe shape of the 
summit seems a likely response to internal drainage toward and along the southeast plunging fold axis. This 
technique can be applied to much smaller elevation intervals and is particularly useful along wide river valleys. 

 
Problem: Mapping alluvial terraces/stream features along short stream reaches. Solution: Terraces 

developed along stream channels can be depicted relative to stream level by preparing a DEM that compensates for 
stream gradient. A plane defined by three widely separated points on the channel is used to approximate the base 
level for the section of stream. The plane is converted to a DEM and subtracted from a bare earth lidar DEM resulting 
in a DEM in which Z values denote height above stream level. Again, a color ramp is applied to the DEM over the 
relevant range of heights between the base level and the highest terrace. This technique is useful for mapping stream 
terraces, levies, islands, channels, bank-full stream level, and similar stream features along short stream reaches. 
More elaborate techniques can be used on longer stream reaches to compensate for the concave-up nature of 
stream base-level profiles. 

 
Problem: Mapping subtle geologic features such as fans. Solution: The geomorphological expression of 

some geologic features can be distinguished using a bare earth lidar DEM shaded by slope (Burns et al. 2009). A 
much-improved interpretation is obtained from the addition of three-foot contours derived from the same bare earth 
lidar DEM. In the Bear Creek Valley, lidar-derived topographic maps with 1- to 3-foot intervals reveal subtle nested 
alluvial fan features as contour lines concentric about gully mouths. 

 
Problem: Measuring strike and dip on stratigraphic horizons. Solution: In sedimentary and volcanic terrain, 

such as that exposed in the Middle Columbia Basin, geologic structure is revealed by outcrops or horizons lying at 
one stratigraphic level. DOGAMI has developed a routine and model in Esri ArcGIS™ Model Builder to calculate 3-
point solutions on these horizons for lidar-derived bedding. The modeling process incorporates the use of 1) a 3-foot 
lidar-derived DEM; 2) the registration of three or more non-collinear points picked along the trace of a geological 
plane or contact; 3) updating these points with their lidar-derived elevation values; and 4) creation of a triangular 
irregular network (TIN) facet of the points. The aspect of the TIN facet is equivalent to the dip direction and the slope 
corresponds to the dip (0° to 90°). To improve the clarity of lidar visualization, lidar-derived bedding point data are 
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compiled using both a hillshade and slopeshade image, each at 50 percent transparency, draped over a Sky-View 
Factor (SVF) image. Sky-View Factor images are enhanced 3-foot lidar DEMs, processed using the Sky-View Factor 
computation tool. Sky-View visualizes hillshade models using diffuse illumination, overcoming the common problem 
of direct illumination, which can obscure linear objects that lie parallel to the direction of the light source and 
saturation of shadow areas. This brings improvements in detection of linear structures because the method exposes 
edges and holes (Zakšek et al. 2011). DOGAMI’s visualization routine, combining a lidar-derived hillshade, 
slopeshade, and SVF imagery helps illuminate shadows and amplifies the edges/ridges related to bedding features. 
 

The factors influencing the certainty of lidar-derived bedding are the subjectivity of the digitizer and the 
clarity of the feature presumed to be indicative of bedding. Accuracy of the lidar-derived structural data is evaluated 
over small areas through a contextual knowledge of the geology and comparing remotely generated data to adjacent 
field-collected data. Lidar-based three-point solutions help the user to quickly expand structural data in a map area by 
hundreds of measurements, thus allowing for the identification of subtle structures that may otherwise go 
unrecognized. 
 

Problem: Projection of planar horizons (bedding, faults) across terrain. Solution: A more extensive DEM in 

the plane of the lidar-derived bedding TIN facet can be subtracted from surface elevation (lidar DEM) to make a DEM 
with elevation zero where the stratigraphic horizon lies at the surface. A spreadsheet is updated with dip direction, 
dip, easting, northing, and elevation where the attitude was taken and the size of the area over which a horizon is to 
be projected. The spreadsheet calculates coordinates and elevations for four points lying on the horizon at the 
corners of the area. A GIS model reads the data from the spreadsheet and within the model: 1) a trend tool converts 
the points to a raster DEM representation of the plane they define, 2) that raster is subtracted from the bare earth 
lidar, and 3) the resulting DEM has a value of zero in the plane of the stratigraphic horizon and is displayed with a 
color ramp with a white stripe at the zero value. This technique can also be used to project fault planes across terrain 
or stream base level across a drainage. The distribution of higher and lower stratigraphic horizons can be shown by 
highlighting areas similarly higher or lower on the same DEM. Poor fit of contacts or faults projected between field 
traverses suggest the nature and amount of intervening geologic structure. 

 
Problem: Lidar is not yet available in the area of mapping interest. Solution: In sparsely vegetated areas 

where lidar is not yet available, such as the expansive Harney Basin of southeastern Oregon, DOGAMI has 
developed a Structure-from-Motion Multi-View Stereo Photogrammetry (SfM or SfM-MVS) technique which produces 
high-resolution point cloud datasets from multiple overlapping photographs and a network of ground control points 
(Webb et al., 2017). In recent years, SfM has emerged as a viable remote sensing methodology for collecting lower-
cost, high-resolution, three-dimensional geospatial data. Prior to SfM photogrammetry and in the absence of available 
lidar, the best option available for constructing digital terrain models has usually been 1/3 arc-second (~10m) 
resolution National Elevation Data, which presents a significant gap in resolution. SfM derived digital surface models 
fill the need for accurate high-resolution data sets, replacing the currently available low resolution digital elevation 
models in areas lacking airborne lidar surveys. Staff have developed a successful SfM workflow that utilizes National 
Agricultural Imagery Program aerial photos to produce sub-meter resolution digital surface models for areas of 
interest in sparsely vegetated parts of eastern Oregon. SfM-derived contour maps with 1- to 3-meter intervals reveal 
multiple landslides where the subtle hummocky deposits are accentuated by changes in contour line spacing.  
 
Burns, W.J., Madin, I.P. 2009. Protocol for Inventory Mapping of Landslide Deposits from Light Detection and 
Ranging (Lidar) Imagery: Oregon Department of Geology and Mineral Industries SP-42, 30p. 
 
Webb, B.M., McClaughry, J.D., Hairston-Porter, R., and Madin, I.P. 2017.  Structure-From-Motion photogrammetry 
techniques and digital surface model creation for geoscience applications: Geological Society of America Abstracts 
with Programs v. 49, no. 6. 
 
Wiley, T.J., McClaughry, J.D., and D'Allura, J.A. 2011. Geologic database and generalized geologic map of Bear 
Creek Valley, Jackson County, Oregon: Oregon Department of Geology and Mineral Industries Open-File Report O-
11-11, 75 p., 1 pl., 1:63,360. 
 
Zakšek, K., Oštir, K., Kokalj, Ž. 2011. Sky-View Factor as a Relief Visualization Technique: Remote Sensing 3, 398-
415 p. 
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Lansing, MI 48909, Kehew, Alan E., Department of Geological and Environmental Sciences, Western 
Michigan University, Kalamazoo, MI 49008, Huot, Sebastien, Illinois State Geological Survey, Prairie 
Research Institute, University of Illinois at Urbana-Champaign, Champaign, IL 61820, Yellich, John A., 
Michigan Geological Survey, Western Michigan University, Kalamazoo, MI 49008, eschj@michigan.gov 

 
The Iron Mountain 7.5 minute quadrangle lies within complex glacial deposits of the Green Bay Lobe of the 

Laurentide Ice Sheet. In 2017 the Michigan Geological Survey mapped the quad as part of a USGS STATEMAP 
project. Surficial mapping was greatly aided by the availability of LiDAR elevation data. This mapping has provided 
new, detailed information on the surficial landforms and deposits as well as relationships between the glacial deposits 
and the underlying bedrock. The complexity of the glacial deposits is in part due to high relief on the bedrock surface 
and complexity of underlying bedrock formations and structure. A new OSL age date was obtained for an outwash 
deposit. Three ice-margins were mapped across the quad. A deep bedrock trough mapped as part of an earlier 
environmental investigation was further defined as well as the bedrock topography and drift thickness mapped across 
the quad. In addition, the mapping identified ice-walled lake plains, eskers, drumlins and terraces that were not 
previously mapped. A new OSL age date was obtained for an outwash deposit. The sediments include diamicton (till), 
sand and gravel, boulders and interbedded silt and clay. The glacial deposits are late Wisconsinan (about 14,500 cal 
yr BP to 12,500 cal yr BP) in age.  
  Over much of its path the Green Bay Lobe flow was southwesterly as evidenced by the prominent 
southwesterly oriented drumlins in the Menominee drumlin field in Menominee and eastern Dickinson County to the 
east. Starting around 13 miles to the east of the map, the Green Bay Lobe ice made a 90-degree change in direction 
to the WNW as it encountered the high WNW-trending resistant bedrock ridges of the Menominee Iron Range. Within 
the Iron Mountain Quad, this west-northwesterly ice flow direction is reflected in the numerous drumlins on the 
uplands and streamlined bedrock hills. Rock drumlins occur within the quad and others are exposed in the bottom of 
some sand and gravel pits.  

The elevation across the map ranges from 919 feet above mean sea level (AMSL) along the Menominee 
River to 1572 feet AMSL at the top of Millie Hill. Three distinct bedrock-controlled uplands occur north of the 
Menominee River:  Pine Mountain, Millie Hill and Trader Hill. These uplands are mostly cored by diamicton and 
strewn with boulders. These boulders extend to depth into the subsurface based on the local water wells logs and the 
three borings drilled for this project. The diamicton is mostly reddish brown to brown. Although the larger foundation 
for these uplands is bedrock controlled, drift up to 140 feet thick occurs in places. The broadly N-S trending Green 
Bay Lobe ice margins are well defined further south in Wisconsin, where they are easily visible on topographic maps. 
As the ice margins extend north into Michigan they become less well defined, more discontinuous and harder to 
correlate. Three ice margins are interpreted within the map. From west to east they are the Winegar-Sagola-Early 
Athelstane Moraine (about 14,500 cal yr BP), the Middle Athelstane ice margin and the Marenisco-Late Athelstane 
ice margin (about 13,000 cal yr BP).  

Under the City of Kingsford lies an extensive pitted outwash plain with elevations ranging from 1140 to 1120 
feet AMSL formed west and south of the Middle Athelstane ice margin. An OSL age 12,600 ± 1,000 cal yr BP was 
obtained from a sample taken from the edge of this outwash plain. This outwash plain overlies a lacustrine sequence 
of mostly silts, clays, sands and some gravels that is as much as 300 feet thick. This lacustrine sequence overlies a 
deep bedrock trough under the City of Kingsford. A later, short term fluvial event likely occurred over this outwash 
surface, as evidenced by the sharp, steep, wave cut or fluvially cut scarp at 1140 feet AMSL along the northern side 
of this surface. A surficial gravel and cobble lag was noted in places on this surface.  

As the Green Bay Lobe ice retreated to the east, there must have been successive lowering of the outwash 
outlets to the south and southeast because of the step-like lowering of the outwash terraces to east along the 
Menominee River. Meltwater was first diverted south to an outwash channel along the ice front through a narrow gap 
in the bedrock, to an outwash channel south into Wisconsin at an elevation of 1100 feet AMSL. A lower terrace 
occurs at 1075 feet AMSL. Later, further eastward ice retreat produced another series of outwash terraces 
descending in a step like fashion (1045, 1035, 1020, 997, and 960 feet AMSL) farther to the southeast. The lowest of 
these terraces is 180 feet lower than the large outwash plain to the west. Thin loess deposits have been identified to 
the north, west and southwest of the map but none were encountered in the field. Two eskers were mapped in the 
southwest part of the map based on LiDAR elevation data. Several ice-walled lake plains were mapped in the 
uplands just east of the Marenisco-Late Athelstane ice margin, on the east sides of Millie Hill and Trader Hill. 

A passive seismic instrument using the Horizontal-Vertical Spectral Ratio (HVSR) method was used to 
gather additional bedrock control for data on bedrock topography and drift thickness. This technique uses the 
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horizontal-to-vertical spectral ratio method to record ambient seismic noise with 3-component geophones. HVSR 
calibration readings were gathered at 15 wells and borings of known bedrock depth. These data were used to 
develop a local HVSR bedrock depth calibration curve. Exploration readings were taken at 44 locations within the 
map. Very good bedrock depth estimates were made in the outwash areas of the map. In the upland morainal area, 
however, the method yielded depth estimates that were much too shallow relative to the local bedrock elevation of 
the area. This disconnect is likely due to buried, over-consolidated dense glacial till which was encountered at depth 
in the three borings drilled for this project. The HVSR bedrock depth estimates at these three borings match well with 
the depths to the top of the dense till. A significant gamma-ray log kick was also seen in the borings at or near the top 
of this dense till.  

Although the glacial deposits in the Iron Mountain Quadrangle average 40 feet thick, numerous bedrock 
outcrops exist. The drift is maximally 363 feet over the deep bedrock trough in Kingsford. In many places, the land 
surface topography is controlled not by the glacial deposits, but by the underlying bedrock and bedrock structure. 
One important exception is a pronounced buried deep bedrock trough that underlies the large pitted outwash plain in 
Kingsford. Another buried bedrock trough underlies the lowland along the Menominee River in the southeastern part 
of the map. A poorly defined bedrock low connects the two troughs north of the Menominee River. There is high relief 
on the bedrock surface ranging from 730 feet to 1530 feet AMSL across the map. Bedrock outcrops and mounds 
appear throughout the area, even where nearby borings show over 100 feet to bedrock.  

The bedrock geology exposed at the surface and underlying the glacial deposits in the Iron Mountain 
Quadrangle is very complex and has had a significant and controlling effect on the overlying glacial deposits. The Iron 
Mountain Map lies over a major Precambrian terrain boundary named the Niagara fault (suture zone), which runs 
WNW-ESE across the southern part of the map. This suture zone is part of the significant continental collision 
boundary of a mountain building event called the Penokean Orogeny about 1.8 billion years ago. North of the fault 
are mostly complexly faulted and folded Precambrian metasedimentary rocks. The Menominee Iron Range is part of 
this metasedimentary package and has resulted in the significant historical iron mining district centered around the 
city of Iron Mountain, specifically along the uplands of Pine Mountain, Millie Hill and Trader Hill; these hills are the 
result of the complex faulting and folding. South of the Niagara fault are mostly younger metavolcanics and granitic 
intrusions. Much later, Cambrian sands were deposited, leading to Cambrian Sandstone units. Today, these 
sandstone outliers appear to be mostly preserved on or near the uplands, and are much more extensive than 
previous geological maps have indicated. Past local quarrying of the sandstone has produced the distinctive building 
stone that is common in Iron Mountain. Numerous bedrock outcrops occur across the map. Most of these are due to 
resistant Precambrian and Cambrian units, especially the Badwater Greenstone and the Hoskins Lake Granite, which 
tend to form bedrock highlands and outcrops belts. The Michigamme Slate subcrop and outcrop tends to result in 
bedrock lows. 

The Menominee River (which forms the border between Michigan and Wisconsin) in places flows over broad 
lowlands, as in the southeastern part of the map. In other places, it has carved through thick outwash sequences or 
more resistant bedrock, forming rapids and waterfalls. At Horserace Rapids, the river is cut through a narrow bedrock 
gorge. Prior to industrial development, there were numerous rapids and several waterfalls along the Menominee 
River. Dams were later placed at some of these waterfalls. Significant sand and gravel mining operations occur within 
the map. Most of the gravel pits are associated with pitted outwash plains and outwash terraces. Significant additional 
sand and gravel deposits may potentially occur within in these deposits and along the newly mapped eskers.  
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Plenary: AQUIFER MAPPING 
Eddie Haj, USGS Iowa City 

The glacial aquifer system, the collection of aquifers within Quaternary sediments in the glaciated 
conterminous United States, is a principal aquifer that supplies groundwater withdrawals accounting for about 25 
percent of the Nation’s drinking water. A hydrogeologic framework is presented that divides the glaciated United 
States into seventeen hydrogeologic terranes using a geologically based approach. Each terrane contains 
Quaternary sediment that is generally derived from a common depositional history and characterized by similar 
texture and thickness. Characteristics of Quaternary sediments and aquifers within them are described using metrics 
computed from a lithologic database of more than 1.5 million well logs. Maps showing groundwater use in the glacial 
aquifer system are also included. The framework presents a nationwide picture of the glacial aquifer system, and 
provides generalizations concerning the nature of aquifers within it, for example, whether the aquifers are shallow or 
deep, and unconfined or confined. In this way insights can be gained from understanding the similarities and 
differences in distinct parts of the aquifer system, and how they relate to water use, quality and aquifer vulnerability. 

Surficial mapping of Quaternary sediments is based on the USGS Quaternary Atlas Series (Fullerton and 
Richmond, 1983-2007) and the surficial materials map of Soller and others (2009). The lithologic database was compiled from 
State well records, with well logs standardized and using a consistent terminology (Bayless and others, 2017). Total 
groundwater usage was compiled by county in the glaciated United States in 2010 (Maupin and others, 2014). 
Characteristics of Quaternary sediment and aquifer materials penetrated by the wells were computed from the 
lithologic logs. System-wide maps of selected metrics were interpolated using a kriging-based approach and the 
median values of each metric within a 1-km geospatial grid cell. Sediment and aquifer-material metrics are presented 
through box plots and bar charts grouped by hydrogeologic terrane. 

 
Reference: YAGER, Richard M., U.S. Geological Survey, 425 Jordan Rd, Troy, NY 12180, SOLLER, 
David, Earth Surface Processes, U.S. Geological Survey, 12201 Sunrise Valley Dr, Reston, VA 20192, 
HAJ Jr., Adel, U.S. Geological Survey, 425 Jordan Rd, Troy, NY 12180; U.S. Geological Survey, Illinois 
Iowa Missouri Water Science Center, 400 S. Clinton Street, Iowa City, IA 52240, KAUFFMAN, Leon J., 
U.S. Geological Survey, 810 Bear Tavern Rd, West Trenton, NJ 08628 and REDDY, James, U.S. 
Geological Survey, 30 Brown Road, Ithaca, NY 14850-1573, ryager@usgs.gov; GSA Annual Meeting in 
Seattle, Washington, USA – 2017; Paper No. 71-10; Presentation Time: 9:00 AM-5:30 PM; MAPS OF 
PROPERTIES OF QUATERNARY SEDIMENTS AND AQUIFERS IN THE GLACIATED 
CONTERMINOUS UNITED STATES; Session No. 71--Booth# 163; T145. Geologic Maps and Their 
Derivatives (Posters); Sunday, 22 October 2017: 9:00 AM-5:30 PM; Halls 4EF (Washington State 
Convention Center); Geological Society of America Abstracts with Programs. Vol. 49, No. 6; doi: 
10.1130/abs/2017AM-303631
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Talk: IMPROVING THE AVAILABILITY AND QUALITY OF SURFICIAL 
GEOLOGIC MAPS IN VIRGINIA 

Heller, Matthew J., Virginia Department of Mines, Minerals, and Energy, 900 Natural Resources Drive, 
Suite 500, Charlottesville, Virginia, 22903, matt.heller@dmme.virginia.gov 

 
A regolith of residuum, alluvium, or colluvium overlies most of the bedrock in Virginia.  The character and thickness of 
regolith can significantly affect the cost of site development and the allowable design of buildings, stormwater and 
wastewater systems, and utilities.  Regolith characteristics are also important to consider when completing 
environmental site assessments and designing corrective action plans to address environmental problems.  Existing 
geologic maps in Virginia generally depict alluvium, and less commonly colluvium, but the level of detail varies from 
map-to-map.  At present, geologic maps that depict the surficial geology in good detail are not available in many 
areas.  Soil maps are available and helpful, but do not substitute for a surficial geologic map. 
 
The Virginia Department of Mines, Minerals, and Energy (DMME) has implemented several strategies to improve the 
availability and the quality of surficial geologic maps in Virginia:  1) we target areas where surficial geologic 
information will be most helpful when identifying and prioritizing geologic mapping projects.  This has led to the 
development of long-term projects in areas that are experiencing growth and are sensitive to environmental impacts 
related to development; 2) we seek opportunities to improve our capabilities in surficial mapping.  DMME has 
provided training in soils, surface processes, and geomorphology to staff through invited speakers, conference and 
workshop participation, and the use of contractors who are willing to share their expertise.  Hiring for new and 
replacement positions has targeted geologists with an expertise or aptitude in both bedrock and surficial mapping; 3) 
we have modified our field methods.  Staff now complete additional traverses in each project area specifically to 
constrain the distribution of surficial deposits, and complete hand auger borings to better characterize these deposits 
when necessary.  We developed a surficial observation form to allow geologists to record surficial observations 
independently from bedrock observations during fieldwork, increasing the frequency and detail of these observations; 
and 4) we separate surficial contacts and polygons as unique feature classes within geologic map geodatabases.  
This allows for the easy display of surficial geologic information independently from bedrock data in ArcGIS or in a 
layered PDF.  
  
In addition to these strategies, the availability of high-resolution elevation control data has prompted a fundamental 
change in our approach to mapping surficial deposits.  An ideal workflow now consists of drawing a preliminary map 
of the surficial geology early in the project.  A geologist places initial contacts in ArcGIS using a combination of hill 
shade and/or slope shade maps derived from Lidar or other elevation control data, topographic maps, and aerial 
photography.  An initial field review occurs after a portion of the map area is drawn.  The geologist makes 
adjustments based on the review, digitizes the remainder of the map area, and corrects the preliminary map in the 
field based on direct observations during mapping.  The geologist designates any surficial deposit not observed 
during mapping as unconfirmed. 
 
DMME plans to continue making improvements to our surficial mapping program in the future.  While our effort so far 
has focused on improving the depiction of alluvial and colluvial deposits, we believe there is great benefit in creating 
separate surficial geologic maps in some areas that include residuum.  We also recognize the benefit of a consistent 
approach to mapping surficial deposits in the Appalachians, and look forward to collaborating with other state and 
federal agencies to adopt a standard nomenclature and uniform field methods.   
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Plenary: SOIL MAPPING IN THE UNITED STATES 
David Hoover, Director, National Soil Survey Center, USDA-NRCS 

 
David is the Director of the National Soil Survey Center of the USDA-NRCS in Lincoln, 
Nebraska.  Before that he was the NRCS National Leader for Soil Business Systems, the State 
Soil Scientist, the State GIS Coordinator and the Snow Survey Program manager in Idaho, 
along with numerous state management positions.  Before that he had a long field career in soil 
mapping in northern and western Nebraska. 

 
David has a degree in Soil and Water Resource Management with an emphasis on Soil Science 
from the University of Minnesota.  He has over 40 years of experience in mapping and 
application of soils data to conservation planning and natural resources management. 

 
Overview 
Geologic mapping and soil mapping have several key functions in common.  Both disciplines 
rely on field observations of natural surfaces.  Both develop models, either in the computer or in 
the head of the field scientist, to augment a relatively small number of drillings and extrapolate 
field points to broader landscape maps.  Both geologic and soil maps are in high demand from 
the public and private sectors by anyone needing consistently mapped natural resource data on 
the earth beneath our feet.  And both disciplines rely on funding and partnerships in order to 
map, maintain, and improve their products. 
 
It’s my objective at this forum to learn from the work by the Geologic Mapping Forum and also to 
share similar experiences, solutions, and challenges from the Soil Survey program. 
 
This talk will focus on several of the key components of the national soil survey program and the 
work we do on a $22 billion dollar investment. 
 
Responsibilities and Authorities 
 
A review of the legislative authorities to map soils in the country in order to: 
• Inventory the soil and vegetation resources (ecology)  
• Make soil maps  
• Analyze soil survey data  
• Interpret soil information  
• Provide a form useful to a wide range of customers 
• Keep soil survey relevant  
 
From Truck to Web 
 
A primer on the process for field mapping, field laboratory analysis, database development, 
correlation of data, standards for soil survey, digitizing, and preparing a geospatial product.  
This section will also touch on the main web-based information and data delivery systems such 
as Web Soil Survey, Soil Data Access Tools, and Lab Characterization Data Access. 
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Validating the Data 
 
This section will cover the methods we use to make sure the data we map is correct and 
uniform across the same geomorphic surfaces and how we use spatial and tabular databases to 
analyze the work we do.  Key discussion points will include: 

 
• Regional oversight in QA/QC 
• Full laboratory characterization data collected at the Kellogg Soil Survey Laboratory 
• Collaborative work with partners with interagency specialists 
• Utilizing data collection systems and database analysis for soils (NASIS), ecological 

sites (EDIT), and laboratory data (LIMS) 
 
Maintenance 
 
This section will look and the on-going maintenance and improvement of the soil survey product 
for the nation.  Key topics will include: 
 
• The Soil Data Join Recorrelation (SDJR) Initiative 
• Update mapping projects and how they are part of MLRA-based projects 
• Initial Mapping and what is left to do on the 450 million acres left in the country 
• MLRA Projects and how we manage over 18,000 identified field projects over the next 

10 years 
• Ecological Site Correlations and how we correlate every soil map unit to a set of 

ecological sites and state and transition models 
 
New Products 
 
This section will cover some of the new technology and field based work we are doing: 
 
• Digital Soil Mapping 
• Disaggregation of Complex soil Map Units 
• Coastal Zone Soil Surveys 
• Urban Soil Surveys 
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Plenary: FIELD AND GIS METHODS - INTEGRATING AND 
INVIGORATING GEOLOGIC MAPPING FROM THE GROUND UP—A 
VIEW FROM THE FIELD STATION 
P. Kyle House, Tracey J. Felger, and Ryan S. Crow, US Geological Survey, Geology, Minerals, Energy 
and Geophysics Team, 2255 N. Gemini Drive, Flagstaff, Arizona 86001, khouse@usgs.gov 
 
Geologic mapping programs in the USA need to be significantly updated to accord with modern technological 
capabilities, prescribed database schema, and with foresight toward integrating new and published mapping into 
geologically meaningful, seamless multi-scaled portrayals. Evolution of mapping programs needs to permeate all 
levels of the process from field work to map and data distribution. GIS implementations that can facilitate this degree 
of change are readily available and need to be thoughtfully implemented and integrated from field data collection up 
to program / enterprise level. A GIS service of state-of-the-art base data is also needed to enhance mapping 
efficiencies and leverage expertise in various disciplines. Change of this magnitude is not possible without significant 
investment in equipment and dedicated personnel. New digital geologic mappers are sorely needed, and a 
concurrent surge in IT / GIS support is essential for success. It will also require a centralized training and R&D 
program in GIS, remote sensing, and digital field-data collection methods specific to geologic mapping. 
 
Introduction 

Mapping and geospatial data have become an integral part of society around the world thanks largely to 
virtual globes and maps, GPS, and GIS. The rapid rise of these technologies has released a flood of new ways to 
create, store, analyze, and distribute map data—mostly on digital devices, not on paper; consequently, geologic 
mapping in the USA is amidst somewhat of an existential crisis (House et al., 2013). The community has 
enthusiastically embraced some aspects of the new technological advancements (such as GPS), but has been slow 
at implementing others, such using enterprise GIS databases for data compilation. The advent of new technologies 
and changing perceptions of the nature and value of geologic maps threatens long-standing tradition and beliefs. This 
is sowing angst among practitioners and administrators. The geologic mapping community needs to resolve this crisis 
with a unified front that builds on our consensus that geologic mapping is a fundamental science activity supporting 
an array of economic, social, and cultural needs, and that it needs to conform its practice to technological advances 
and the expectations and related needs of map users. Promulgation of modern enterprise-style GIS and geospatial 
technology throughout a mapping program can facilitate a full paradigm shift in the practice of geologic mapping and 
a resurgence in the recognition of its value in political, public, and academic spheres. 

The intricate connectivity of the world made possible through new technology provides a broad template for 
thinking bigger about our efforts in mapping that world. Each time we embark on the creation of a geologic map, we 
are creating a single tile in a vast geologic mosaic. It is critical that each mapping effort is not carried out in a vacuum, 
as they are actually part of a much larger whole. Continued production of maps in an insular environment effectively 
detaches them from the mosaic. In contrast, collection of geologic field data and compiling geologic maps in an 
modern GIS database framework can help ensure that important information is not relegated to a drawer in a map 
cabinet; but, rather, that they are integrated directly into a larger database and made easily available to interested 
users. Achieving this goal requires fundamental changes in key aspects of mapping workflows. Suitable technologies 
exist to facilitate this change, but foresight and planning as well as buy-in, training, and workflow-integration are 
needed to adapt these to our community’s needs. As examples we expound on how this could be done for digital field 
data collection and the creation, review, storage, and distribution of digital geologic map data.  
 
An Example: Field data collection for geologic mapping 

Field data collection is literally the most fundamental and personal activity involved in geologic mapping. 
Field notes, photos, and sketches, are core types of evidentiary and interpretive data that record and reflect the 
scientific process ultimately embodied in a geologic map database. Thus, it is extremely important that a modern 
transformation of geologic mapping recognize the most important aspects of field work. For example, distilling field 
data collection entirely to a series of nested, digital ‘pick-lists’ on-the-fly is rarely a satisfying solution, particularly for 
work in complex or inadequately mapped areas. The key for modern geologic field data collection is to strike a 
balance between individual mappers' personal style, the nature of the field area in question, and a requirement that 
basic data are ultimately provided in a format that conforms to agreed-upon data standards.  

Arguably, it is in the field where the combination of traditional practice is easiest to combine with digital 
technology. It is possible and advisable to enter a field area armed with copious supporting data, scientific literature, 
and innovative tools on a single, small digital device (Whitmeyer et al., 2010). Geotagged digital pictures of key 
outcrops and vistas, field notes, and field maps constitute valuable geospatial digital geologic data. Thus, traditional 
data collections methods can be cleverly inserted into a digital data structure. Additionally, numerous and extremely 
useful options for digital collection of field data currently exist. The primary complication is knowing which is best 
suited to a specific need and having time to implement it into an existing workflow. As an example, there are several 
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particularly useful apps for smartphones and tablets that enable integration of structural / orientation measurements 
with corresponding photographs and notes. Recent detailed investigations of the accuracy and reliability of structural 
measurements using certain handheld computing devices have concluded that they can produce highly accurate and 
reliable orientation data (Allmendinger et al., 2017). A slightly earlier study (Novakova and Pavlis, 2017) expressed 
less optimism about certain devices. Overall, the utility of handheld computing devices for recording and storing 
geospatially encoded data and high-resolution photos is nearly impossible to overstate. Obviously, it remains 
important to cross-check digital orientation readings against analog readings from traditional devices and dead-
reckoning from known conditions. Most if not all of the apps allow data export in multiple formats including (*.kml, 
*.csv, *.gpx, and sometimes *.shp) so it is not difficult to incorporate them into a GIS database, but this could be 
greatly streamlined if standard database schema were embraced.  
 
Multi-scaled and collaborative geologic mapping in GIS 

Integrating digital data collected in the field with geologic map creation in GIS (at desktop, possibly partially 
in field) is the second most important step in digital geologic map creation. Modern and widely employed GIS 
technology exists that allows ‘versioned’ geodatabases that accommodate collaborative editing. Since many geologic 
maps involve collaborative work, this approach alone is an obvious step and is a far cry beyond passing ‘personal’ 
digital databases around on portable devices or in the cloud. A collaborative approach enables great efficiencies in 
map development if multiple authors are involved. Its implementation is easiest in situations where consistent IT 
support is available and where firewall restrictions are built in ways that accommodate collaborative scientific work. 

To support mappers’ needs, project-level (or higher) setups of appropriate types of base map materials, 
could be organized and provided through a centralized service that can be reached in GIS editing sessions. High-
resolution elevation data and imagery are essential in this case, and other types of remote-sensing data can be 
extremely useful if tailored to specific geologic settings and project goals.  

Next steps in a digital mapping program from field to data distribution could be to transfer new, topologically 
correct, and stratigraphically consistent geologic mapping to a higher tier for compilation, stratigraphic harmonization, 
and generalization. This would contribute toward attaining geologically and topologically legitimate portrayals at 
smaller (less detailed) scales. This will inevitably be a process requiring much coordination between geologists and 
GIS professionals. It will involve discussions of the implementation of geologic feature attribution schemes that can 
be ‘easily’ scaled up or down to accommodate multi-scaled, seamless portrayals that are geologically consistent and 
legitimate. Ideally, it would be updateable and in sync with active geologic mapping efforts. Digital geologic map data 
must be developed in accordance with some type of data attribute and organization standards. Standard data 
attribution and database structures must be consistent and developed with foresight toward integration with other 
geologic databases in compilation and more efficient development of progressively smaller scale / larger extent 
portrayals of geology.  

Achieving a fully integrated geologic mapping program with the goal of migrating detailed, field-based 
geologic data and maps to scientifically sound seamless portrayals of geology spanning large areas would require 
carefully considered coordination among geologic mappers, IT and GIS specialists, and program administrators. It 
would also reap great benefit from a training and R&D program focused on digital methods in the field, GIS for 
geologic mapping, and analysis of remote-sensing data. This requires a team of GIS and IT professionals IN 
ADDITION TO geologic mappers. Mapping institutions with large portfolios need to focus on integrating GIS and IT 
professionals into what was once solely the realm of cartographic, graphic art, and publication services. 
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Poster: GEOLOGY OF THE DURHAM QUADRANGLE, MADISON AND 
WASHINGTON COUNTIES, ARKANSAS 
Hutto, R.S. and Hatzell, G.H., Arkansas Geological Survey, 3815 West Roosevelt Road, Little Rock, AR 
72204, richard.hutto@arkansas.gov 
 
 This map graphically depicts the bedrock and surficial geology of the Durham 7.5-minute quadrangle.  In this 
area approximately 1300 feet (396 meters) of Mississippian (Osagean) to Pennsylvanian (Atokan) carbonate and 
clastic rocks are exposed.  It lies within the Interior Highlands Region of northwest Arkansas and is situated on the 
Boston Mountains Plateau, the highest of a series of plateaus developed on the southwestern flank of the Ozark 
Dome.  Because this area is close to the designated type sections for many of the mapped units, direct comparisons 
could be made with them.  Previous mapping done for the Geologic Map of Arkansas (circa 1976) delineated five 
lithostratigraphic units on this quadrangle.  Current mapping has described ten.  Additionally, this project has 
improved resolution of structural features, alluvial terraces, and geohazards. 
 
 The Drakes Creek Fault and the Hammond Mountain Fault are the two major structural features designated 
on the map.  New mapping has achieved greater control on the location of the Drakes Creek, its accessory faults, 
and accompanying drag fold.  The Drakes Creek Fault follows one of several northeast-trending lineaments (probable 
basement faults) in northwest Arkansas, and can be traced at the surface for at least 45 miles (72 kilometers).  On 
the Durham quadrangle, it extends for more than 10 miles (16 kilometers), from the southwestern margin to the 
northeast corner.  It is normal and downthrown to the southeast approximately 160 - 400 feet (48 - 122 meters).  
Proximal to the fault trace, longitudinal drag folding has deformed the footwall units leaving them steeply inclined 
toward the fault.  The Hammond Mountain Fault, located near the southwest corner of the map, is normal and 
downthrown approximately 40 feet (12 meters) to the south. 
 
 The White River forms the major drainage basin in northern Arkansas.  A portion of the main branch flows 
from the southeast corner to the northwest corner of this quadrangle.  Three distinct terrace levels were mapped 
including newly discovered strath terraces approximately 80 to 100 feet (24 to 30 meters) above the current channel.  
Further study of these terraces may lead to a greater understanding of landscape evolution within the upland fluvial 
systems of the Ozark Plateaus Region. 
 
 Also, mapping of recent landslides on the Durham quadrangle has provided important data to assess 
potential risks to development in these areas. 
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Talk: MAPPING MINNESOTA’S BEDROCK GEOLOGY 
Mark A. Jirsa, Minnesota Geological Survey, 2609 W. Territorial Rd., St. Paul, MN, (www.mngs.umn.edu) 

Minnesota’s bedrock ranges in age and rock type from 3.5 Ga (Paleoarchean) gneisses exposed in the Minnesota 
River Valley, to 90 Ma (Cretaceous) mudstone and sandstone in the western part of the state. The Minnesota 
Geological Survey’s (MGS) primary role is to convey understanding of the temporal and geographic distribution of 
these and other geologic materials through the media of maps and related products.  The survey has a nearly 150-
year history of fulfilling that role, with more than 700 maps in its publications record (e.g., Fig. 1).  This presentation 
explores the creation and utility of bedrock geologic maps. It includes a brief primer on Minnesota’s bedrock geology, 
and it highlights mapping methods and map relevance using examples from recently published and on-going work.  
Historically, bedrock mapping in Minnesota was conducted largely in pursuit of metallic mineral deposits and the 
geologic settings that host them.  Although mineral deposits remain an important consideration, today’s maps 
address a broader array of potential issues.  Much of the current effort is directed toward describing the 
hydrogeologic attributes of surficial and subsurface sediments and bedrock.  Mapping relies on a variety of data 
sources, most of which are digital.  These include bedrock outcrops; drill hole records, cuttings, and core; 
aeromagnetic and gravity maps and models; down-hole geophysical logs; lidar topographic imagery; minerals 
exploration records; structural data; and previous published and unpublished mapping.  These data sets are 
interpreted in the context of contemporary orogenic, rift, and depositional models, and temporally pinned by high-
resolution geochronologic data.  The majority of bedrock mapping at MGS is funded by the Minnesota Environment 
and Natural Resources Trust Fund on recommendation of the Legislative and Citizens Committee on Minnesota 
Resources, and the USGS National Cooperative Geologic Mapping Program,.  Both funding sources contribute to 
production of stand-alone maps at scales of 1:24,000 to 1:100,000, and map packages known as County Geologic 
Atlases.  The latter involve mapping primarily at 1;24,000 scale, with printable products at scales of 1:100,000 to 
1:200,000.  County atlases include database maps, bedrock and surficial sediment maps, bedrock topographic and 
depth to bedrock maps, geologic cross-sections, models of subsurface materials, and the extensive digital data sets 
used to create them.   

 
Figure 1.  Contrasting versions of the bedrock geologic map of Minnesota portraying 139 years of progress.  Left 
image is 1872 map by N.H. Winchell; at right is MGS State Map Series S-21, published in 2011.
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Poster: A NEW SURFICIAL GEOLOGICAL MAP FOR CALHOUN 
COUNTY, MICHIGAN 
Kehew, Alan E., Department of Geological and Environmental Sciences, Western Michigan University, 
Kalamazoo, MI 49008, alan.kehew@wmich.edu; Esch, John, M., Michigan Department of Environmental 
Quality; Linker, John S.,Kellogsville, Michigan High School;  Kozlowski, Andrew L., New York Geological 
Survey; Karki, Sita, Department of Geological and Environmental Sciences, Western Michigan University, 
Kalamazoo, MI 49008; and Yellich, John A., Michigan Geological Survey 

 
 The Michigan Geological Survey mapped Calhoun County, Michigan for the first time at the 1:24,000 scale 
through a combination of USGS STATEMAP, Great Lakes Geologic Mapping Coalition, and EDMAP projects by four 
different mappers. A composite map at the 1:62,000 scale includes 23 full and partial quads. Some edits and 
generalizations were made to develop consistent units between the completed quadrangle maps. The area contains 
deposits from the Saginaw and Huron-Erie Lobes of the Laurentide Ice Sheet. LiDAR DEMs that were available for 
this project greatly improved the interpretation of glacial landforms. The largest sediment-landform assemblage in the 
county is a drumlin field (the Union Streamlined Plain), which lies between the Kalamazoo and the Sturgis moraines 
of the Saginaw Lobe. The drumlin field overlies the subcrop of the Coldwater Shale, which may have caused higher 
basal pore pressures and enhanced basal deformation to form the drumlins. Other landforms include subtle ice 
marginal positions delineated by ice-contact scarps, tunnel valley termini and outwash fans. The interpretation of this 
landscape is that drumlins were formed during a re-advance to the Sturgis moraine and active ice retreat was 
punctuated by short-lived pauses during which channelized subglacial meltwater flowing in tunnel valleys burst 
through to the ice margin to deposit fans and outwash aprons. 
 
 A stratigraphic framework for the glacial deposits in the drumlin field that makes up most of the county is 
based on seventy-six continuously cored borings using the Rotasonic and Geoprobe methods, thirty of which reached 
bedrock. We made gamma-ray logs for all of the rotasonic borings, and detailed grain-size analysis aided in 
interpretation of the stratigraphy. Five generalized stratigraphic units of highly variable thickness consist of, in 
ascending order: (1) a basal unit of sand and gravel overlying bedrock, (2) a lower, clayey diamicton unit, (3) sorted 
sediment ranging from sand and gravel to silt and clay probably deposited as the ice that deposited unit 2 retreated, 
(4) a sandy diamicton that forms the drumlins, and (5) sand and gravel deposited during retreat in tunnel valleys, fans 
and outwash aprons, and in drumlin swales. Gravels deposited in tunnel valleys and in proximal fans can be 
extremely coarse. Holocene peat and muck cap the sequence in low-lying area. This map should be useful in 
planning for future groundwater withdrawals, aggregate mining, and other purposes. 
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Great Lakes Coalition Talk: GLACIAL GEOLOGY OF LEELANAU 
COUNTY, MICHIGAN 
Kevin Kincare, USGS 
 
Leelanau County is located in the northwest lower peninsula of Michigan. The surficial geology of the county is 
composed entirely of glacial and post-glacial deposits. Bedrock is up to 300 ft below glacial deposits. The dominant 
unit mapped is a drumlinized diamicton correlated to the Two Rivers glacial advance. That glacial advance also built 
the Manistee moraine, which is lobate due to being directed into preexisting valleys. The stratigraphy of the moraine 
coarsens upward with finely laminated lacustrine silt and clay in contact with till at the bottom transitioning upward 
into thinly laminated fine sand, then to plane bedded, ripple drift, and massive medium sand, overlain by medium to 
coarse sand, with sand and gravel at the top of the deposit.  This is interpreted as a glaciodeltaic deposit. South and 
east of the moraine is a broad, kettled-outwash plain that becomes more fine away from the ice margin. This plain 
also contains inset terraces and outliers of older deposits. Glacial and post-glacial lakes reshaped much of the low-
lying areas following glacial retreat which allowed lacustrine and shore processes to become active in the area. Wave 
action and longshore currents extended spits into embayments and initiated the beach-ridge growth process. 
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Great Lakes Coalition Talk: GLACIAL GEOLOGIC MAPPING IN 
CAYUGA COUNTY, NEW YORK: FOOTPRINT TO FRAMEWORK 
KOZLOWSKI, Andrew L.
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, (1)Geologic Survey, New York State Museum, 3140 Cultural Education Center, Albany, NY 

12230, (2)New York State Education Department, New York State Museum/Geological Survey, Office of 
Cultural Education, Albany, NY 12230, (3)U.S. Geological Survey, Denver Federal Center, Denver, CO 
80225, (4)New York State Museum, 260 Madison Avenue, Albany, NY 12230, akozlows@mail.nysed.gov 

Cayuga County on the eastern shores of Cayuga Lake is representative of many communities in the Finger 
Lakes in central New York. Although, rural in nature with agriculture as a dominant land use activity the small 
communities such as Union Springs have not been spared by a legacy of industrial activity in the region. In response 
to groundwater contamination geologic models were developed that largely ignore the glaciated landscape produced 
by the Ontario Lobe of the Laurentide Ice Sheet. 

Our work initially began in the Montezuma Wetland Complex (MWC) located at the north end of Cayuga 
Lake in and amongst the Weedsport Drumlin Field.  Mapping glacial landforms and stratigraphy targeted hyper-
concentrated brine springs and hydrogeology to address ecosystem management with the US Fish & Wildlife 
Agency. Later with expanded LiDAR coverage our Mapping efforts were expanded to the rest of Cayuga County, 
mapping at 1: 24,000 scale. Mapping efforts in the MWC resulted in identification and detailed lithostratigraphic 
framework, new data on formation of drumlins (Gentoso et al., 2012: Hopkins et al. 2015) new chronologies and 
extent of proglacial lake phases (Bird and Kozlowski, 2016). New Mapping in the south-central portion of the county 
utilized high resolution lidar data to discriminate morphologic variations in recessional and readvance moraines and 
correlate chronologies to glacial phases elsewhere in the Great Lakes (Feranec and Kozlowski, 2016; 2018 and  
Kozlowski et al., 2018).   

 The Village of Union Springs and surrounding communities on the east shore of Cayuga Lake receive their 
drinking water supply via pipeline from the City of Auburn located 10 miles to the northeast. Industrial contamination 
by dense solvents in the City of Auburn has adversely impacted many of the private wells of the Union Springs 
Community. Both the Environmental Protection Agency (EPA) and NY Department of Environmental Conservation 
(NYDEC) have been involved with the initial identification of the Superfund site, and characterization of the regional 
extent of pollution. The municipal water supplies from Auburn are derived from Owasco Lake. In the last year algal 
blooms in this Finger Lake have elevated to the point where the water treatment cannot effectively achieve treatment 
objectives with standard chlorination. Attempts to chlorinate elevated concentrations of blue –green algae result in 
daughter products that are known carcinogens.  A city report in September 2017 indicated chlorophyll, considered 
one of the indicators for harmful algal blooms had reached levels off of Peterson Point in Owasco Lake (Fleming 
Township) that were more than 1,800 times the NYDEC's threshold of 25 micrograms per liter. The City of Auburn is 
struggling with this issue and facing the prospect of exceptionally expensive new treatment facility, the cost of which 
will be passed down to towns and communities such as Union Springs. The same problem utilizing surface water as 
drinking water supplies exists within Cayuga Lake.  Thus, the community of Union Springs has been seeking 
alternative options to the expensive treatment of surface water. Groundwater supplies are not susceptible to 
problems of blue-green algae and tend to be much less problematic in regard to treatment as long as they have not 
been degraded by pollution. 

South of the Village of Union Springs the New York Geological Survey has compiled detailed lithologic data 
from outcrops and exploration cores, geophysical data and lidar terrain models to provide the requisite data to 
construct a comprehensive 3D geologic framework (Kozlowski et al., 2016). The detailed mapping reveals the 
discovery of a buried bedrock valley system more than 10 km in length located on the upland between adjacent 
Finger Lake troughs. Gravel and sand deposits contained within the buried valley system may serve as an untapped 
groundwater supply.   

The combined stratigraphic analysis from extensive exposures within Great Gully an east-west oriented 
tributary to Cayuga Lake and continuous sonic and wireline cores demonstrate laterally continuous glacial and non-
glacial sequences more than 77 meters in thickness. These deposits include paleosols, subtill organic rich sands and 
multiple diamictons interpreted as till deposits. In addition, many of the buried till sequences and associated deposits 
are overconsolidated and display various heterogenties, such as jointing and large-scale deformation.  

The recovery of pollen from buried peats, plant macrofossils and logs from in situ stratum provide a 
remarkable context for paleoenvironmental reconstructions. Through the extensive application of radiocarbon and 
optically stimulated luminescence dating a time-stratigraphic model has been developed in conjunction with the 
geologic framework and indicates deposits in the quadrangle span Marine Isotope Stages (MIS) 1-6 and thus 
provides one of the most comprehensive records of Late Pleistocene glacial events in the Finger Lakes Region. The 
completed mapping provides a context to illustrate both the complexity of glacial geology and the need for such detail 
to guide societal decisions when addressing natural resources. 
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Talk: GLACIAL LAKE NANETTE: A MIDDLE WISCONSIN (MIS 4 – 3) 
PROGLACIAL LAKE IN THE CAYUGA BASIN  
Andrew L. Kozlowski, Brian Bird, Shannon Mahan, Robert Feranec, Chelsea Teal, and James Leone. 
The Cayuga Basin has long been recognized as a vessel that held expansive proglacial lakes generated as the 
Ontario Lobe of the Laurentide Ice Sheet advanced southward and dammed northern outlets.  Numerous proglacial 
Lakes at various elevations have been recognized from post Nissouri Phase (MIS 2) deglaciation. The earlier record 
of glacial events in the eastern Finger Lakes has been studied less and thus are not well known.  
Deposits exposed along the valley walls of Great Gully on the eastern flank of the Cayuga Lake, near the Village of 
Union Springs record the presence of glacial and non-glacial phases collectively recognized as the Great Gully 
Group. The Aurora Formation occurs mid-group and contains laterally continuous ripple cross-bedded fine-medium 
grained sands. Abundant organic material preserved in the sands includes macrofossil assemblages that include 
woody taxa, emergent nearshore and upland taxa and submerged taxa consistent with low energy fluvial-lacustrine 
depositional environment.  Collectively the taxa from the sand units suggest temperatures above subarctic conditions. 
Thin diamicton units interpreted as tills also occur in this formation and suggest oscillating glacial conditions 
interrupted by north flowing drainage into the Cayuga Basin. Optically Stimulated Luminescence dates on the sand 
units indicate this lake system was established by ~65,000 Cal yr BP. 
Stratigraphically above is the Bunker Formation that contains indurated compressed peat and interbedded sand units 
and spruce wood fragments. These peat deposits suggest a stabilized lake level by about 50,000 Cal yr BP, taxa and 
pollen suggest cooler environments approaching boreal forest conditions. The peat deposits are truncated and 
overridden by till deposits generated by a younger readvance occurring prior to 30,000 Cal yr BP.        
Continuous wire-line cores substantiate continuity of lacustrine and peat deposits within a previously unknown buried 
valley system extending more than 8 km in length and 1.5 km in width. The buried valley system appears as a 
southeastern extension or embayment to the Cayuga Trough.  The lake system represented temporally and spatially 
by deposits is designated as glacial Lake Nanette. This phase represents a high elevation lake present within the 
Cayuga Basin for most of Marine Isotope Stages (MIS) 3-4. 
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Poster: GEOLOGIC MAPPING IN MIAMI COUNTY, KANSAS. 
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Miami County is located in the Osage Cuestas physiographic region of eastern Kansas.  Gently dipping 
Pennsylvanian cyclothemic limestones and shales underlie the entire county and have been eroded to create a hilly 
to gently rolling landscape with a number of east-facing limestone-capped escarpments. The outcrop belt in eastern 
Kansas represents the most complete and tectonically undisturbed Middle and Upper Pennsylvanian strata in the 
world (Heckel and Watney 2002) and provides the global reference standard for the upper part of the Pennsylvanian 
Sub-system in North America. 

Miami County was the fourth fastest growing county in Kansas between the 2000 and 2010 census years, with a 
population increase of 15.6% during that ten-year period. Projections indicate that Miami County will continue to grow 
by 26.2% over the next 30 years. Much of the recent growth is in the form of semi-rural housing developments that 
require septic systems for the handling of household waste water. The suitability of these systems is highly 
dependent on the local configuration of geologic deposits at or near the surface and can change drastically over short 
distances in a terrain marked by thin alternating beds of limestone and shale, along with upland chert gravel deposits 
that range up to 9 m in thickness and mantle a large part of the upland surface (Aber 1997; Harbaugh et al. 2007). No 
major aquifers underlie Miami County but the area is highly dependent on surface water supplies. Constructed 
reservoirs, particularly Hillsdale Lake, a federal public water supply reservoir operated by the U.S. Army Corps 
Engineers, supply much of municipal water needs in the county. Detailed geologic mapping can be used to guide 
future development, particularly evaluating the suitability for septic tank siting, and the protection of surface-water 
resources. 

The extensive exposures of Pennsylvanian carbonates in Miami County are becoming increasingly important 
sources of limestone aggregate as urban sprawl envelops potential quarry sites, thereby eliminating them from future 
use. Miami County and its extensive limestone aggregate resources will become increasingly important in providing 
for transportation infrastructure needs in the growing Kansas City metropolitan area, which is about 25 miles to the 
north of the county. Geologic mapping can clearly delineate the extent of these important limestone resources.  

The culmination of mapping efforts by the Kansas Geological Survey (KGS) in Miami County resulted in a 
preliminary version of a 1:50,000-scale compilation geologic map. Additional surface and subsurface investigations 
have recently been completed that integrate data from 33 cores (comprising 2,346 linear feet) collected by the KGS 
for the Kansas Department of Transportation, 36 outcrop localities, and 165 geophysical well logs (Oborney 2015; 
Oborney et al. 2017). Datasets from this work include detailed lithofacies descriptions, chemostratigraphic profiles 
(δ

13
C), gamma-ray logs, and conodont biostratigraphy that were integrated to facilitate stratigraphic correlations 

(Figure 1). These data greatly improve our geospatial understanding of both the surface and shallow sub-surface 
geology of Miami County and we are currently working to incorporate this stratigraphic synthesis into the final version 
of the county geologic map. 
Aber, J.S. 1997. Chert gravel and Neogene drainage development in east-central Kansas: Kansas Geological Survey 
Bulletin 240, p. 29–41. 
Harbaugh, J.W., D.F. Merriam and H.H. Howard. 2007. Reconstructing Late Cenozoic stream gradients from high-
level chert gravels in central eastern Kansas: Kansas Geological Survey Bulletin 253, 26 p. 
Heckel, P.H. and W.L. Watney. 2002. Revision of stratigraphic nomenclature and classification of the Pleasanton, 
Kansas City, Lansing, and lower part of the Douglas Groups (lower Upper Pennsylvanian, Missourian) in Kansas: 
Kansas Geological Survey Bulletin 246, 69 p. 
Oborny, S.C. 2015. High-resolution stratigraphy of Miami County, Kansas: integrated lithostratigraphy, 
biostratigraphy, and δ

13
Ccarb chemostratigraphy within the upper Pennsylvanian Missourian stage: MS thesis, 

University of Iowa. 
Oborny, S.C., B.D. Cramer, P.H. Heckel, G.A. Ludvigson, and R.W. Henthorne. 2017. Development of phylloid-algal 
carbonate mounds during regression: Expanding the build-and-fill model: Journal of Sedimentary Research, 87(7), p. 
688–706. 
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Figure 1. Example of stratigraphic correlations across transect A-A’ produced from cores and outcrops in Miami 
County (modified from Oborny et al. 2017). 
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Great Lakes Coalition Talk: QUATERNARY MAPPING ALONG THE 
LATE WISCONSIN MARGIN, CENTRAL INDIANA 
Henry Loope, Jose Luis Antinao, Robin Rupp; Indiana Geological and Water Survey, Indiana University, 
611 N. Walnut Grove Ave., Bloomington, IN 47405; hloope@indiana.edu 
Geologic mapping near the late Wisconsin glacial limit in central Indiana (Figure 1) over the past 5 years has focused 
on improving the chronologic and stratigraphic framework with the aim to build robust 3-D models of the subsurface. 
Focused drilling (wireline and GeoProbe) combined with radiocarbon and luminescence dating has improved the 
litho- and chronostratigraphic framework in central Indiana. In addition, lidar digital elevation models have greatly 
improved our ability to trace ice-margin positions and identify other subtle glacial features. Recent mapping has 
focused on Morgan and Bartholomew Counties, which are both bisected by the late Wisconsin maximum limit south 
of Indianapolis. Two late Wisconsin tills and an Illinoian till are present in both counties, along with associated ice-
marginal sediments (outwash and glaciolacustrine sediments). The chronology of deposition of two late Wisconsin 
tills (24.0 ka and 21.5 ka) and Illinoian glaciolacustrine sediments (127 ka) by radiocarbon and luminescence dating, 
respectively, has allowed us to correlate these units with those to the north in Marion County (Indianapolis), which 
has been previously mapped. Several bedrock paleovalleys (ca. 120 ft in depth) are present in the mapping area, and 
coring indicates the fill of these paleovalleys is composed of Illinoian and Wisconsin till, outwash, and glaciolacustrine 
sediments. Outside of the bedrock paleovalleys where glacial drift is thinner, Wisconsin glacial sediments generally 
dominate, and older sediments are found in isolated patches owing to spatial variability of glacial erosion and 
accommodation space controlled by the bedrock surface. In future coring efforts we will attempt to target deeper 
paleovalleys (>250 ft) to the north of the current map area to identify potential pre-Illinoian glacial sediments. 

 
Figure 1. Lidar hillshade digital elevation model and recent surficial geologic mapping (1:24,000-scale) of south-
central Indiana. Squares indicate deep borings (black), shallow borings (grey), and outcrops (white), which have been 
collected/described during mapping of Bartholomew and Morgan Counties. Dashed red line is late Wisconsin 
maximum limit and dashed orange line is pre-Wisconsin limit. Brown color on geologic mapped areas are tills, orange 
is outwash, yellow is eolian sand, grey is Holocene alluvium, and blue is thin sediment over bedrock.

mailto:hloope@indiana.edu
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Plenary: BASEMENT GEOLOGICAL MAPPING - BASEMENT DOMAIN 
MAP OF THE CONTERMINOUS U.S.A. AND ALASKA 

Lund, K.1, Box, S.E.2, Holm-Denoma, C.S.1, San Juan, C.A.1, Blakely, R.J.3, Saltus, R.W.4, Anderson, E.D.1, and 
DeWitt, E.H.deceased 
1U.S. Geological Survey, MS 973, Denver Federal Center Box 25046, Denver, CO 80225 
2 U.S. Geological Survey, 904 W. Riverside Ave., Spokane, WA 99201 
3 U.S. Geological Survey, 345 Middlefield Rd., Menlo Park, CA 94025 
4 U.S. Geological Survey retired, NOAA, 325 Broadway, E/GC3, Boulder, CO 80305 klund@usgs.gov 
 

The basement-domain map is a compilation of basement domains in the conterminous United States and 
Alaska designed to be used at 1:5,000,000-scale, particularly as a base layer for national-scale mineral resource 
assessments (Lund et al., 2015). Seventy-seven basement domains are represented as eighty-three polygons on the 
map. The domains are developed from a variety of sources and based on interpretations of basement composition, 
origin, and architecture. Analysis of previously published basement, lithotectonic, and terrane maps as well as models 
of planetary development were used to formulate the concept of basement and to develop the methodology of  
defining domains that spanned the ages of Archean to present but formed through different processes. The 
preliminary compilations for the study areas utilized these maps, national-scale gravity and aeromagnetic data, 
published and limited new age and isotopic data, limited new field investigations, and conventional geologic maps. 
Citation of the relevant source data for compilations and the source and types of original interpretation, as derived 
from different types of data, are provided in supporting descriptive text and tables. 

The tectonic settings for crustal types represented in the basement domains are subdivided into constituent 
geologic environments and the types of primary metals endowments and deposits in individual domains are 
documented. The compositions, architecture, and original metals endowments are potentially significant to 
assessments of primary mineral deposits and to the residence and recycling of metals in the United States portion of 
the North American continental crust. The database can be configured to demonstrate the construction of the United 
States through time, to identify specific types of crust, or to identify domains potentially containing metal endowments 
of specific genetic types or endowed with specific metals. The database can also be combined with other data and 
configured to illustrate other purposes chosen by users. 
Figure 1. Basement domain map for conterminous US and Alaska (see Lund et al., 2015) 
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Figure 2. Basement domain map of conterminous U.S. overlain on the North American magnetic map (warm colors, 
magnetic highs; cool colors, magnetic lows) 

 
Figure 3. Basement domain map illustrating time slices when domains were added to continent 

 
Lund, Karen, Box, S.E., Holm-Denoma, C.S., San Juan, C.A., Blakely, R.J., Saltus, R.W., Anderson, E.D., and 
DeWitt, E.H., 2015, Basement domain map of the conterminous United States and Alaska: U.S. Geological Survey 
Data Series 898, 41 p., https://dx.doi.org/10.3133/ds898 . 

https://dx.doi.org/10.3133/ds898
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Poster: GEOLOGIC MAP OF THE MISSOURI NATIONAL 
RECREATIONAL RIVER AND ADJOINING AREA, NEBRASKA, SOUTH 
DAKOTA, AND IOWA:  59-MILE REACH AND KENSLERS BEND 
REACH 
Scott Lundstrom, U.S. Geological Survey, MS 980, Box 25046, Denver, CO 80225 sclundst@usgs.gov 
 
       This geologic map area of 5430 km

2
 spans a reach of the lower Missouri River valley and adjoining uplands for 

about 100 kilometers east of Gavins Point Dam, the easternmost mainstem dam on the Missouri River.  
Understanding the surficial geologic history of the valley is relevant to natural resource management of the Missouri 
National Recreational River and is foundational to improved understanding of hydrology and ecology.  This 
geodatabase is a synthesis of recent FEDMAP, EDMAP, and STATEMAP work of the National Cooperative Geologic 
Mapping Program with previously published maps of the geologic surveys of South Dakota, Nebraska, Iowa, and the 
USGS.  Other data sources utilized for this map include NAIP ortho-imagery (especially for the modern river system), 
a photogrammetrically-produced DEM of the Missouri River Valley, and NRCS Soil Survey data.  Mapping herein is 
based on geomorphic and other surficial characteristics as well as sedimentary and stratigraphic characteristics from 
exposures and borehole data.  Quaternary glacial and nonglacial deposits up to 100 meters thick predominate the 
surface geology. Cretaceous sedimentary bedrock (largely from a former marine interior seaway) forms relatively 
limited exposures along valley margins of the uplands and underlies all Quaternary deposits of the map area.  
Assemblages of Quaternary map units and associated landscapes vary markedly between three sectors in the map 
area:  1) the Missouri River valley proper, 2) late Pleistocene glacial deposits of South Dakota uplands, and 3) 
dissected uplands in northern Nebraska, western Iowa, and southeast South Dakota.  The Missouri River valley is 
predominantly covered by postglacial fluvial deposits overlying glaciofluvial sediments that dominate the lower part of 
the valley fill.  The western 70 percent of the South Dakota uplands in the map area are primarily late Wisconsin 
glacial deposits of the James lobe of the Laurentide Ice sheet.  The remainder of the uplands, including all uplands 
south of the Missouri River Valley, are mantled with a discontinuous to locally thick and continuous late Quaternary 
loess over pre-Wisconsin glacial and nonglacial deposits; these uplands are dissected by a surficial valley network 
pattern with a predominantly northwesterly orientation.   The northeast side of the Missouri River valley is dominated 
by backswamp mud, in contrast to the southwest side, which is dominated by point bar sand and other fluvial facies 
deposited in proximal association with past positions of the laterally migrating Missouri River channel. Postglacial 
aggradation of at least 7 meters has largely buried the earlier valley fill (about 20-25 meters thick) of Pleistocene 
outwash composed of gravelly sand.  The oldest known abandoned river meanders with surficial expression are late 
Holocene.  About 15% of the valley floor was reworked by lateral migration of the Missouri River between ca. 1892 
and 1941 during a period of decreasing channel sinuosity.  After construction of the large Missouri River dams 
(mostly during the 1950s), a decrease in sediment load transformed the river to an incising regime that generally 
does not supply overbank sediment to the valley floor, in contrast to the paleo-environments indicated from the 
geologic record. 
 
Above abstract submitted for poster presentation at Geologic Mapping Forum, Minneapolis, MN, March 27-29, 2018 
   

mailto:sclundst@usgs.gov
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Great Lakes Coalition Talk: QUATERNARY GEOLOGICAL MAPPING 
IN MINNESOTA 
Barbara Lusardi, Minnesota Geological Survey, 2609 West Territorial Road, St Paul MN 55114 
USA; lusar001@umn.edu 

Mapping the Quaternary sediments in Minnesota began in the late 1800’s when men such as Winchell and 
Upham, traipsed across the countryside on horseback and provided us a first glimpse into the complexity of 
Minnesota’s glacial history.  A century later, Hobbs and Goebel compiled the first really detailed map of glacial 
sediments across the state—a map that is still looked to today as the reference for Minnesota’s glacial geology. Now, 
we have technology—digital maps and LiDAR—which may help us locate new landforms and features, but it doesn’t 
necessarily help unravel that complex glacial history.  

The Quaternary geology of Minnesota is dominated by till related to Late Wisconsinan glaciation, recording 
at the surface about 25,000 years or so of erosion and deposition by a myriad of ice lobes that crisscrossed the 
region.  Each ice lobe brought with it sediment from a specific region outside of Minnesota.  Luckily, the provenance 
of these sediments is distinct enough to allow us to trace the direction from which the ice came.  Red, rocky till is 
derived from the northeast and transported by the Superior lobe.  Sandy, carbonate-poor till comes from the north-
northeast, or Rainy provenance, and was transported by multiple ice lobes (Wadena, Rainy, Brainerd).  Loamy, 
shale-rich till is derived from the northwest, or Riding Mountain provenance, and is associated with the Des Moines 
lobe (also the St. Louis and Grantsburg sublobes).  Beyond the limit of Late Wisconsinan glaciation in the 
southeastern and southwestern corners of the state, older tills occur that are dominantly derived from the north-
northwest, or Winnipeg provenance, and thus bear a moderate level of carbonate and a low level of shale. 

While we don’t have any good way to date subsurface glacial sediments, recent evidence from southwestern 
portion of the state suggests that the widespread Elmdale Formation may correlate to tills underneath an ash layer 
dated to be 610 million years old.  The provenance of the tills can still be discerned, however erosion and mixing 
results in units that are difficult to identify. 

Quaternary mapping in Minnesota has come into the limelight as much of the state relies on glacial aquifers 
for its drinking-water supply.  Our main mapping program—the County Geologic Atlas—includes stratigraphic cross 
sections at 1 km intervals to identify glacial sand bodies that may contain accessible water resources.   

In order to make sense of this complex stratigraphy we have been working to reconcile our Quaternary 
lithostratigraphic unit names and to enhance the various databases that contribute to our mapping process. With 
support from the Great Lakes Mapping Coalition, we have published a volume wherein most of the till units are 
named and defined. We have also tested our lithostratigraphic model by constructing several statewide cross 
sections. 

With continued support from the Great Lakes Mapping Coalition, new 1:500,000 geologic mapping is 
providing additional context and supports statewide analyses. This new map will be a seamless digital compilation of 
our 1:100,000 County geologic atlas maps and will include a detailed attribute table that will provide information 
useful to modelers seeking to infer hydraulic conductivity of glacial sediments for groundwater management 
applications. 

Our one-layer 1:500,000 Quaternary 3D model—also known as depth to bedrock, or sediment thickness—is 
updated regularly. Pilot statewide 1:500,000 cross sections are complete, and plans call for a statewide 3D 
Quaternary geology to be built over 5 years on the basis of cross sections at 5-km spacing. 

For the 1:100,000 subsurface mapping of sediments, geologists draw cross sections at a 1-km spacing, 
guided by field work, geophysics, new drilling, water wells, and geostatistics. To better facilitate application of 
adjacent Atlases of differing age and data availability, and therefore stratigraphic resolution, we are developing 
methods for multi-county synthesis of 1-km sections, combined with sub-km geostatistical infill for coarse-grained 
sediments. 
 

https://maps.google.com/?q=2609+West+Territorial+Road,+St+Paul+MN+55114+USA&entry=gmail&source=g
https://maps.google.com/?q=2609+West+Territorial+Road,+St+Paul+MN+55114+USA&entry=gmail&source=g
mailto:lusar001@umn.edu
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Plenary: 3D GEOLOGICAL MAPPING - MAPPING THE GEOLOGY OF 
ALBERTA IN 3D: ENHANCING SCIENCE-BASED DECISION MAKING 
AND COMMUNICATION OF COMPLEX GEOSCIENCE INFORMATION 
TO STAKEHOLDERS  
Kelsey MacCormack, Alberta Geological Survey, Alberta Energy Regulator, 4999 98th 
Avenue, Edmonton AB, T6B 2X3 kelsey.maccormack@aer.ca  

Alberta has immense resource potential from both energy and non-energy related sources, and has 
experienced unprecedented growth in population, industrial activity and land-use challenges over the past few 
decades. This has resulted in significant activity and modification both above and below the ground surface. To esure 
that we are providing the geological information requried to enable development of our resources in a safe and 
sustainable manner, the Alberta Geological Survey (AGS) leveraged the abundance of borehole data and geological 
maps to devleop a multi-resoultuion 3D geological model to facilitate the integration of interdisciplinary data and 
information, enabling efficient, effective, stakeholder communication and risk-based decision-making (Figure 1A and 
B).   

The 3D Geological Framework modelling project was initiated in 2010 and began with the development of 
independent 2.5D grid surfaces for 8 well known geological units, and was resourced with a 0.5 FTE.  In 2012, the 
project was resourced with 1.0 FTE, the number of 2.5D surfaces increased to 23, and began the transition to a full 
3D geological model.  As of 2017, our 3D Geological Framework model of Alberta covers 602,825 km

2
 and includes 

both provincial-scale and local-scale 3D models.  These models have been constructed at a grid cell resolution of 
500m or less, and interpolated using over 620,812 data points (Figure 1B and C).  The provincial-scale model 
currently contains 32 geological units, however some of the local-scale models have been built to characterize the 
form and geomety of as many as 54 geologic units.  The 3D Geological Framework model form the foundation of a 
sophisticated platform, capable of integrating a variety of data types from multiple sources enabling the development 
of multi-scale, interdisciplinary models with built-in feedback mechanisms and workflows, allowing the individual 
components of the model to adapt and evolve over time as our knowledge and understanding of the subsurface 
increases and additional data and information becomes available.   

 
 

 

 
 
 

 
 

 
 
 
 
 
 
 
 

Figure 1. The 3D Geological Framework represents a transformation of the Alberta Geological Survey to transition 
our A) 2D maps into B) a provincial-scale 3D model, which can be dissected to view C) cross-sections at 500m 
intervals across the province, and populate sub-models developed to support a variety of local- to regional-scale 
geological investigations including the D) integration of surface features, E) integration of 3D geobodies (i.e. aquifers 
and gas plays), and F) 3D property models.  

B) C) 
A) 

E) F) D) 
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The AGS is responsible for describing the geology and resources in the province and provides information 

and knowledge to help resolve land use, environmental, public health, and safety issues related to geosciences.  Our 
vision to be the internationally recognized source for credible, innovative and integrated geoscience data, information 

and knowledge for Alberta. The Geological Framework has significantly improved our ability to effectively integrate 
and evaluate any type of geospatial data to provide science-based decisions in support of land-use planning, 
environmental sustainability, economic diversification and public safety (Figure 1D, E and F).  The success of our 3D 
Geological Framework is contingent on properly documented and transparent processes to generate reproducible 
and scientifically credible predictions, as well as ensure that users are properly informed as to the model limitations 
and uncertainties.  

This presentation will focus on how AGS developed a 3D geological modelling program, and how our 3D 
Geological Framework is being used to build trust and confidence with stakeholders, government, and the general 
public by facilitating transparent communication of complex geological and environmental issues using tangible 
graphics and visualizations, which are easy to understand and are based on scientific evidence.  
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Talk: GEOLOGIC MAPPING IN SOUTH CAROLINA: A STATUS 
REPORT 
Robert H. Morrow IV, Piedmont Geologist, South Carolina Department of Natural Resources, Geological 
Survey, 5 Geology Road, Columbia, SC 29212, Morrowr@dnr.sc.gov 
Tanner Arrington, GIS Manager, South Carolina Department of Natural Resources, Rembert C. Dennis 
Building, 1000 Assembly Street, Columbia, SC 29201 
 

Geologic mapping by the South Carolina Geological Survey is underway in the Piedmont, the Atlantic 
Coastal Plain, and offshore.  The Piedmont consists of the Inner Piedmont and the Charlotte and Carolina terranes. 
The Atlantic Coastal Plain is made up of an Upper Coastal Plain, where Cretaceous through Eocene units occur, and 
Middle and Lower Coastal Plains, where Pliocene and Pleistocene units occur.  The offshore mapping addresses 
features on the seafloor within state waters, i.e. out to the 3 nautical mile limit. Each area requires a different mapping 
approach, and each approach has its own set of challenges. 

In the Piedmont, geologic mapping has been reinitiated by the recent economic success of the Haile Gold 
mine, located in the Carolina terrane near Kershaw, South Carolina. Our mapping involves both regional mapping, 
developed from first pass 1:24,000-scale mapping, and new detailed, 1:24,000-scale work. The purpose of our 
regional mapping is to compile information gathered in first-pass mapping efforts by academic and economic 
geologists, including Bob Butler, Don Secor, and Dave Lawrence, and the Amselco Exploration Company. The 
primary objective is  to produce a composite map of the terrane, providing a better understanding of its lithology, 
internal structure, and potentially the occurrence of gold.  Following compilation work, each quadrangle will be field 
checked so that we can evaluate the accuracy of the information and test contemporary tectonic models. STATEMAP 
work at 1:24,000-scale is in progress in the southwestern portion of the terrane where little mapping information is 
available. The ductile-brittle eastern Piedmont fault system and related ductile Modoc zone are located in this area  , 
and mapping addresses questions about earthquake hazards (for example, the 2014 Edgefield EQ, M4.1) and 
economic potential.  

Piedmont mapping is time-intensive. We call this approach “Boots-on-the-Ground,” and it requires a 
geologist focused on one quadrangle per year. In the eastern South Carolina Piedmont, exposure is limited and 
requires the mapping of roadside ditches and creek drainages. When water levels are low in many of the man-made 
lakes, the rock exposure can be extraordinary; in addition to walking shorelines where access is available, the 
Geological Survey uses boats to gain access to more remote lake areas. In the western Piedmont, exposure is even 
more limited, and the terrain is more difficult to traverse. Old logging roads, cut into sides of hills, provide much of the 
information because the streams are filled with alluvium. Most of the amphibolite-facies rocks of the Inner Piedmont 
erode easily, so many of our traverses involve examining every exposure of dirt to find rock chips. Another issue with 
mapping in the Piedmont has been the recognition of Mesozoic to Cenozoic NE-striking faults. Oblique movement on 
these faults juxtaposes different lithologies and structural levels which makes tracing correlative rock units and 
structures difficult. 

In the last few years, we have introduced digital mapping techniques to our Piedmont field methods. This 
addition has significantly decreased time spent in the office processing data and has standardized  the information 
collected at the outcrop by recording the data in a GIS-ready format. We also continue to make updates to our 
Piedmont mapping standards. As the mapping community ages, we recognize the need to provide written mapping 
standards to guide the next generation of geologists who work in the Piedmont. Producing geologic mappers in the 
state is an additional challenge. While major universities in South Carolina recently have invested in collecting new 
geophysical and geochronological data in the Piedmont, the universities are not producing many, if any, new 
mappers.  With the support of STATEMAP, we have initiated an intern program for recent geology graduates to 
introduce them to mapping.  

Geologic mapping in the Coastal Plain is driven by urban sprawl in the vicinity of Myrtle Beach and the 
proposed I-73 corridor. In 2016 the Geological Survey completed mapping the entire coastline in the Lower Coastal 
Plain. Traditionally, Coastal Plain mapping has used lithostratigraphic or biostratigraphic approaches leading to 
inconsistencies between workers in unit correlation. Because the preserved lithologies in the Lower Coastal Plain are 
presently interpreted as a system of genetically related sediments that are separated by unconformities, the 
Geological Survey has adopted an alloformation terminology instead of lithostratigraphic terminology to describe the 
stratigraphy. 

Because of a lack of exposure in the Coastal Plain, the Geological Survey relies on power-auger drilling to 
understand the continuance of units in a mapping area. Unlike Piedmont mapping, Coastal Plain mapping is labor-
intensive, and requires four people: a geologist, a driller, and a two-person drill crew to move equipment. Although 
drilling is labor intensive, it allows multiple quadrangles to be mapped each year.  South Carolina law allows scientific 
(non-well installation) drilling as long as it does not penetrate confining units below the surficial aquifer; these 
confining units are used as known stratigraphic markers. The challenges to completing power-auger drilling are wear 
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and tear on the crew and the equipment, inclement weather, placement of underground utilities, and obtaining 
landowner permission.  

Because the Coastal Plain mapping approach varies significantly from Piedmont mapping, Coastal Plain 
work requires a different set of mapping standards from the Piedmont. The most important criteria for Coastal Plain 
mapping is the density of drill-hole coverage. For a 1:24,000-scale mapping project, we try to space holes at a 
distance of 1.5-2 miles, with a minimum of 35 holes per quadrangle. A higher hole-density is necessary when 
structural complexity is suspected between adjacent holes. In areas not accessible by the drill rig, subsurface 
samples can be collected by vibracore or hand-auger. Logging the sediments collected by those methods is the same 
as for the power-augered holes. The major limitation of these methods is that neither can reach the same depths as a 
power-auger drill. Similar to our Piedmont mapping program, we are trying to integrate digital techniques into our 
Coastal Plain mapping program. Currently, we create bore-hole logs in an Adobe Suite-friendly template. While we 
make our bore-hole logs available upon request, one of our future goals is to integrate the logs into our GIS, so that 
they are more accessible to customers.  

Our offshore mapping program is relatively new. It is part of an ongoing project with the Bureau of Ocean 
and Energy Management (BOEM) to evaluate offshore sand and heavy-mineral resources.  Offshore mapping 
requires a time-, labor-, and instrument-intensive approach that integrates onshore mapping methods with GPR, side-
scan sonar, seismic reflection, vibracore, and grab-sampling to map the offshore stratigraphy. Although some work is 
done by the Geological Survey, most of the data collection is outsourced to coastal universities and BOEM 
contractors. Because offshore mapping requires the geologist to interpret backscatter imagery, our mapping 
standards require a targeted sampling regimen to ground-truth the data. For a single quadrangle, a minimum of 20 
grab-samples are required to evaluate whether the side-scan sonar data give an accurate representation of the 
surficial geology. When available, vibracore sampling is conducted along the geophysical track- lines to test the 
stratigraphy against the seismic interpretations. Because offshore data collection requires a multilateral and 
instrument-intensive approach, it is limited by boat and instrument availability, inclement weather, and most 
importantly funding.  
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Poster: THE SURFICIAL GEOLOGY OF FIVE 7.5-MINUTE 
QUADRANGLES IN THE PERRY COUNTY AREA, OHIO 
Nash, Thomas A., Jr. Ohio Department of Natural Resources, Division of Geological Survey, 2045 Morse 
Rd., C-2, Columbus, Ohio 43229-6693 Thomas.Nash@dnr.state.oh.us 
 

The characterization of unconsolidated surficial materials is useful for a variety of applications including 
natural resource management, ground-water flow modelling, and geohazard risk assessment. This mapping project 
represents the first detailed, three-dimensional mapping of the surficial geology, bedrock topography, and drift 
thickness of the Glenford, Gratiot, Somerset, Fultonham, and Junction City 7.5-minute Quadrangles, here after 
referred to as the Perry County area. This mapping is part of the Ohio Geological Survey’s plan to complete the 
statewide surficial geology map by 2021. The Perry County area is located mostly within the Illinoian glacial margin, 
on the glaciated portion of the Allegheny Plateau Province. Surficial deposits overlie Mississippian, and 
Pennsylvanian-age sandstones and shales. This region features bedrock-controlled topography and has significantly 
more relief than areas to the west that were covered by thicker drift deposited by Wisconsinan ice. The highest point 
in the mapping area is along Flint Ridge, which is renowned for outcrops of the Pennsylvanian-age Vanport flint. Data 
sources for the surficial geology and bedrock topography maps were compiled from water well logs, geotechnical 
boring logs, county soil reports, LiDAR, and field observations. Earlier mapping of the glacial geology in Licking 
County was also used as a source of data in compiling the map. Depth to bedrock was determined using both water 
well logs and passive seismic methods. Bedrock elevation points were contoured by hand and interpolated using the 
topo to raster tool in ESRI ArcGIS. Drift thickness was calculated by subtracting the interpolated bedrock topography 
raster surface from the Digital Elevation Model (DEM). The result was a series of three maps that together present a 
story of ice marginal processes, drainage reversals, and post-glacial erosion.  

 
Surficial deposits in the Perry County area are generally thin and discontinuous, apart from the Jonathon 

Creek buried valley. Some of those surficial deposits were originally mapped as Illinoian end moraines (Forsyth, 
1967). Field investigations during this mapping project revealed that these mapped end moraines have a primary 
lithology of sand and gravel. A likely explanation for these hummocky landforms is the formation of kame terraces 
along the edge of the valley. During Teays stage drainage, Jonathon Creek was a first-order tributary that flowed 
westward into the Groveport River, a tributary to the main Teays master stream. The valley was filled with a complex 
suite of materials including silty clay lacustrine deposits, sand-and-gravel outwash and ice-contact deposits, and 
glacial till that reaches a maximum thickness of about 370 feet. During the process of infilling the buried valley with 
sediment, a large lake occupied the drainage area up to a minimum elevation of 970 feet. Jonathon Creek 
headwaters and glacial meltwater filled the basin until a col was breached northwest of the Village of Fultonham. 
Flood water incised through the Pennsylvanian bedrock to create a sinuous gorge over 200 feet deep. The modern 
Jonathon Creek flows eastward and is a tributary to the Muskingum River. Future studies of the surficial deposits in 
the Jonathon Creek buried valley are necessary to determine the precise age of drainage reversal. Understanding 
this glacial history and chronology is critical to the proper interpretation and mapping of surficial sediments along 
other areas of the Illinoian till plain in Ohio. 

mailto:Thomas.Nash@dnr.state.oh.us
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Great Lakes Coalition Talk: BEDROCK TOPOGRAPHY AND 
SEDIMENT THICKNESS MAPPING IN INDIANA WITH AN EXPANDED 
EFFORT TO SYNTHESIZE MAPPING EFFORTS THROUGHOUT 
GLACIATED NORTH AMERICA 
Shawn Naylor, Indiana Geological and Water Survey, snaylor@indiana.edu 
 
Bedrock elevation and unconsolidated thickness maps were recently completed for the state of Indiana. We analyzed 
more than 120,000 subsurface boring records from water-well records, petroleum-well logs, geotechnical 
investigations, and soil surveys to derive the bedrock elevation surface. Major bedrock valleys were delineated by 
connecting the deepest bedrock points and assigning reach/segment elevations along thalweg polylines using linear 
proportioning. The valley thalweg polyline features were used in conjunction with boring record data points where the 
bedrock contact was intercepted to generate an initial bedrock surface. Subsequently, data points where geologic 
borings did not intercept the bedrock interface were used to establish minimum bedrock elevations where these data 
indicated the preliminary surface was too high. These “minimum elevations points,” bedrock interface data points, and 
polyline thalweg features were used to interpolate the final bedrock surface. Unconsolidated thickness contours were 
then generated by calculating the difference in elevations between the bedrock surface digital elevation model and 
the ground surface derived from a 2013 lidar survey. The materials on top of the bedrock surface in Indiana are 
predominately Quaternary and Recent in age and consist of sediment related to glacial processes and postglacial 
sediment.  
 
The buried bedrock valleys shown by this mapping effort are mostly consistent with those mapped by Gray (1982). 
The Teays Valley is the most prominent subsurface geomorphic feature in northern Indiana, and several researchers 
have investigated the origin and hydrogeology of the valley and overlying fill (see Bleuer, 1991; Melhorn and 
Kempton, 1991). Gray (1991) suggests that the Teays drainage may be an ice-marginal feature as indicated by a 
very narrow valley segment in northeastern Indiana just west of the Indiana-Ohio state border. In contrast, the basin 
morphology of the Metea Valley, entering the Teays from the north, supports Gray’s hypothesis (1991) by providing 
an alternate, wide main valley that is fed by a drainage system within a broader lowland area that is what one would 
expect from a river that existed for several millennia prior to glaciation. 
 
To learn more about the preglacial drainage of the mid-continental U.S. beyond Indiana’s borders, a broader mapping 
effort synthesized available bedrock elevation data where glaciers covered the continent. The continental-scale 
analysis entails mapping the bedrock surface at a 250-m-grid resolution that allows one to trace prominent valleys 
and tributaries across state lines. This map reveals the pre-Pleistocene landscape of North America where glacial 
impacts range from minor alterations in highlands to extensive scouring of glacial troughs along features such as the 
Buffalo Corridor where the James and Des Moines Lobes originated in the North American Interior Plains. Average 
sediment thickness across the study area is 130 ft with thick sequences (>790 ft) occurring in places such as the 
Coteau des Prairies and Lower Peninsula of Michigan.  
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Poster: SHOWCASING GEOLOGIC RESOURCES INVENTORY DIGITAL 
MAP PRODUCTS: GRAND CANYON NATIONAL PARK 
O’Meara, Stephanie A., Witt, Derek R., Chappell, James R. and Karpilo, Ronald D. Jr. 

 
The National Park Service (NPS) Geologic Resources Inventory (GRI) is a cooperative program tasked with 

producing geologic information, including digital geologic-GIS map products, for park units with significant natural 
resources.  The GRI, a partnership between the NPS and Colorado State University (CSU), relies heavily upon the 
U.S. Geological Survey, individual state geological surveys, and other organizations in developing its digital map 
products. 
  

To produce digital geologic-GIS map products for Grand Canyon National Park (GRCA) the GRI converted 
and then compiled 1:24,000 scale digital data from eight 30' by 60' quadrangle map produced by the U.S. Geologic 
Survey (Billingsley, et. al., 2000 to 2012).  The focus of this poster is to present GRI digital geologic-GIS map 
products for Grand Canyon National Park, and to display this data with high-resolution elevation imagery to showcase 
some of the park’s spectacular geology. 
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Abstract: 3D NATION ELEVATION REQUIREMENTS AND BENEFITS 
STUDY: THE GEOLOGIC MAPPING PERSPECTIVE 
Carol Ostergren, US Geological Survey, National Geospatial Program User Engagement, CSUS—Placer 
Hall, 6000 J Street, Sacramento, CA 95819-6129, 916-278-9510, costergren@usgs.gov 

The National Oceanic and Atmospheric Administration (NOAA) Office of Coast Survey and the US 
Geological Survey 3D Elevation Program (3DEP) are working together to focus a new requirements and benefits 
study to better understand elevation requirements across our nation. 

3D Nation serves as a unifying structure for all national elevation efforts, and provides a consistent set of 
standards and objectives for an authoritative foundation to support national needs. The 3D Nation concept provides a 
foundation for mapping our natural resources, geologic hazards, transportation systems, businesses, public and 
private lands, and ecosystems in a changing world by uniting terrestrial and coastal/ocean mapping efforts from the 
highest mountains to the deepest oceans to ensure public access to an accurate, authoritative national elevation 
dataset. 

Critical decisions are made in every state and across our Nation every day that depend on elevation data, 
ranging from immediate safety of life, property, and environment to long term planning for infrastructure projects.   
States’ participation in the 2011 National Enhanced Elevation Assessment (NEEA) was key to informing how the 3D 
Elevation Program (3DEP) could best respond to the rapidly growing need for high-quality elevation data to represent 
the land surface. Further, the NEEA study was helpful for States’ assessment of and strategic planning related to 
elevation data.  

Today we ask the same questions for data that represent our inland rivers, oceans, coasts, and Great 
Lakes.  What are the needs for, and value of, accurate, three-dimensional (3D) topographic and bathymetric mapping 
data to the nation?  How can State mapping agencies better design their programs to meet existing and future needs 
for both datasets?  How do we become a true 3D Nation that is economically competitive and environmentally 
sustainable? 

 
 
 
 
 
 
 
 
 
 

Figure 1. 
Conceptual 
framework for 
the 3D Nation 
study. 
This 
presentation 
will give State 
Geological 
Surveys an 

understanding of the goals of the program, and a last chance for your State Geological Survey to have requirements 
represented in our study. The early April 2018 launch of the study allows for State Geological Surveys to select key 
elevation data users on your staffs to participate and ensure your mission-critical business uses are represented. And 
special thanks go to those State Geologists and their staff members who have stepped up to serve as State 
Champions for this effort..
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Plenary: CONTINENTAL RESOLUTION GEOLOGICAL MAPPING - THE 
UTILITY OF AN INTEGRATED DATABASE FOR GEOLOGIC MAPPING 
Shanan E. Peters, Department of Geoscience, University of Wisconsin–Madison, Madison, WI 53706 
Andrew Zaffos, Arizona Geological Survey, University of Arizona, Tucson, AZ 85721 
An integrated database of all available geological information (chemical, lithological, mineralogical, chronological, 
structural, and biological) about the upper crust is necessary for detailed exploration of our natural resources, 
understanding large-scale earth system processes (e.g., subsurface fluid dynamics, macroevolution), and for modern 
geoscientific data visualization and analysis. Here, we describe the Macrostrat (macrostrat.org) framework for 
organizing disparate types of geological data. Macrostrat divides the world into 4-Dimensional voxels of specified 
duration, shape, and size. Voxels are populated with geologic attributes extracted from published stratigraphic 
columns, which are then augmented with information from geologic maps, scientific publications, and other databases 
of geochemical, geochronological, and fossil information that is geographically and stratigraphically resolved. 
Macrostrat currently contains 1,645 such voxel summaries of the age and lithology of rocks and sediments in the 
upper crust in North and South and Central America, the Caribbean, New Zealand, and the deep sea. Distributed 
among these geographic regions are nearly 38,000 lithologically and chronologically-defined geological units, many 
of which are linked to a bedrock geologic map database with more than 2.3 million globally distributed units and 
various lexicons of unit name synonymies and hierarchies. Sample-derived data, including 1.3 million fossil 
occurrences in the Paleobiology Database and >180,000 geochemical and outcrop-derived measurements are linked 
to Macrostrat units and/or lithologies within those units. Macrostrat leverages the common vocabularies of these 
disparate datasets, such as temporal and stratigraphic nomenclatures, to create new connections that bidirectionally 
enhance the attributes and resolution of each data source. This integration means that Macrostrat users can generate 
new geologic maps and analyses that draw on a uniquely broad array of explicitly linked data. Information gleaned 
from one source can constrain or enhance data from another; for example, fossils collected from outcrops can 
augment geologic map unit descriptions and constrain biostratigraphic correlations, or new geochemical 
measurements can be used to better constrain the ages of units. Maps can easily be redrawn using different 
biostratigraphic, lithostratigraphic, or chronostratigraphic interpretations of units based on the distributions of fossils, 
lithologies, and other properties linked to those spatiotemporal coordinates in Macrostrat. Furthermore, basic and 
long unanswered questions about the quantity and extent of different geologic volumes can be addressed. All of 
these advances are made possible by melding the information captured in chronostratigraphic columns with the 2D 
surface expression of geologic maps into a single framework, and the geologic mapping community will benefit by 
continuing to merge the perspective of these two different worlds into a single, integrated view of the upper crust. 
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Great Lakes Coalition Talk: GLACIAL MAPPING OF WESTERN 
WAUSHARA COUNTY, WISCONSIN 
J Elmo Rawling III, Wisconsin Geological and Natural History Survey, University of Wisconsin-Extension 
3817 Mineral Point Road, Madison, WI 53705, elmo.rawling@wgnhs.uwex.edu 
 
 A long-term goal of the Wisconsin Geological and Natural History Survey (WGNHS) is to map the 
Quaternary geology of the state at a scale of 1:100,000.  This mapping coverage is nearly completed along the late 
Wisconsin (MIS 2) ice margin.  This two-year project will complete surficial mapping of western Waushara County, 
the only remaining area in central Wisconsin unmapped along the MIS 2 ice margin.  The Quaternary geology of the 
eastern half of the county was mapped recently by WGNHS staff and faculty at UW-Oshkosh for a project that 
investigated the Quaternary geology of the Fox River lowland. The completion of mapping in Waushara County will 
facilitate publication of the entire county as a single 1:100,000-scale map. All of the counties surrounding Waushara 
County are mapped at the 1:100,000 scale; as such, the area proposed to be mapped lies in a location that is key to 
linking the geology of central Wisconsin to the Fox River lowland. 
 
Western Waushara County is located in central Wisconsin and straddles the drainage divide between the Wisconsin 
and Fox Rivers. The divide is formed by end moraines of the Green Bay Lobe of the MIS 2 Laurentide Ice Sheet 
during the Hancock, Almond and Elderon phases (Fig 1) (Attig et al., 2011). To the west, the Central Sand Plain 
consists of melt-water stream sediment that prograde into lacustrine nearshore sand and offshore silt of glacial Lake 
Wisconsin (Clayton and Attig, 1989).  These are locally covered with eolian sand including dunes formed 
approximately 12 kya (Rawling et al., 2008).  To the east, the Fox River lowland includes silt and clay of glacial Lake 
Oshkosh, interstratified with glacial and melt-water stream sediments (Hooyer, 2007).  In addition, there are several 
tunnel channels formed by subglacial drainage while active ice was at the margin (Fig 1).  
 

 
Fig 1. Hillshade image (USGS, 2015) centered on Waushara County showing the location of the Arnott, Hancock, 

Almond and Elderon phases of glaciation (Attig et al., 2011; dashed lines), and the location of tunnel channels 
(dashed arrows) in the proposed mapping area. Phases east of the Elderon are not shown.   

mailto:elmo.rawling@wgnhs.uwex.edu


59 

 

The deliverable product for the Great Lakes Geologic Mapping Coalition will consist of a 1:100,000 scale map 
showing the preliminary interpretation of the Quaternary geology for the portions of the Coloma, Hancock, Plainfield, 
Richford, Wautoma, and Wautoma NE topographic quadrangles (scale 1:24,000) within Waushara County (Fig 2).  
This project is a collaboration with students and faculty from UW-Madison, Oshkosh and Milwaukee including 
radiometric dating and geophysical investigations.   

 
Fig 2. Index map of Waushara County, Wisconsin (outlined in solid red) showing the distribution of 1:24,000-scale 

quadrangles and their mapping status.   
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Talk: BEDROCK GEOLOGIC MAPPING IN PENNSYLVANIA – PAST, 
PRESENT, AND FUTURE  
Stuart O. Reese and Gale C. Blackmer, Pennsylvania Geological Survey, 3240 Schoolhouse Road, 
Middletown, PA 17057; streese@pa.gov 

The state of Pennsylvania encompasses a geologic diversity, which is reflected in its physiography and 
geologic systems (Figures 1 and 2). The two largest physiographic areas are the Appalachian Plateaus and Ridge 
and Valley provinces. Both provinces are underlain by sedimentary rocks spanning the entire Paleozoic Era. Geologic 
structures are more subdued in the Appalachian Plateaus province, where much of the shortening caused by the Late 
Paleozoic Alleghanian orogeny occurred by sliding on decollements deep in the subsurface. Pennsylvanian-age 
rocks in these two provinces host the state’s abundant coal deposits, including the isolated Broad Top coalfield 
located in south-central Pennsylvania in the Ridge and Valley province, where outlines of resistant ridges and eroded 
valleys manifest the complex patterns of the geologic structures. The southernmost belt of this province adjoins the 
Proterozoic basement rocks of the Reading Prong in the east and the late Proterozoic rift volcanic rocks of South 
Mountain to the west, which show as upland areas in Figure 1. The wide belt of Ordovician rocks north of these two 
areas is the Great Valley, which is underlain by carbonate rocks and shale, with large Taconic allochthons straddling 
the Susquehanna River. 

The Mesozoic basins in the southeastern corner of the state are part of the Mesozoic rift system that 
developed with the opening of the Atlantic Ocean. They are filled with clastic sedimentary rocks, which were intruded 
by diabase sheets and dikes. Black shales in these basins may host commercially viable natural gas supplies. The 
Piedmont province is composed of deformed and metamorphosed Proterozoic basement rocks, which are overlain by 
early Paleozoic metasedimentary rocks. Metamorphic grade in the cover rocks largely increases southeastward from 
lower greenschist facies adjacent to the Mesozoic basin to granulite facies near the arc of the Delaware state line. 
This area is cut by several major, roughly strike-parallel, terrane-bounding faults and intruded by felsic plutons of 
Silurian age. At its eastern edge, the Piedmont is overlain by Cretaceous and younger sediments of the Coastal Plain 
physiographic province. 

During the first half of the 2010s, PaGS focused its geologic mapping on areas of natural gas extraction, 
primarily from the Marcellus shale, to address relevant stratigraphic and groundwater-related issues, and worked to 
provide basic geologic information for “emerging” gas plays of the Utica shale and the Mesozoic Basins. In 
conjunction with our Geologic Mapping Advisory Committee (GMAC), PaGS has pivoted to a new emphasis of 
establishing blocks of contemporary mapping in areas of the state that lack modern mapping at a 1:24,000 scale, 
while connecting blocks of old and new maps, while identifying “old” areas in need of revision. At the same time, 
PaGS has initiated a new effort to build a unified stratigraphic framework. PaGS is also concentrating on areas that 
will help to address remaining stratigraphic issues.  

Another aspect of geologic mapping brought out by recent discussions with GMAC and internally within 
PaGS is the need for three-dimensional maps of the geology. Most of the pressing geologic issues in Pennsylvania 
require an understanding of the shallow subsurface to at least to 1,000 feet in depth to be fully addressed. The PaGS 
has proposed in its StateMap proposal for FY2018 to use surface geophysics to address 3-D stratigraphic and 
structural issues in the Broad Top coal basin. In addition, PaGS is continuing to include borehole drilling to resolve 
stratigraphic issues in other areas. 

Current formal and cooperative mapping projects include surficial mapping projects in northwestern 
Pennsylvania (to be presented in the Great Lakes Geologic Mapping Consortium portion of this conference), 
completion of 10 quadrangles of bedrock mapping of Devonian rocks in northeastern Pennsylvania, two ongoing 
mapping efforts of quadrangles in north-central Pennsylvania, a regional geologic mapping effort in the Ohiopyle area 
of southwestern Pennsylvania, preliminary work for a regional investigation of the Broad Top coalfield in south-central 
Pennsylvania, and several other minor mapping projects.  

In addition, PaGS is entering an evaluation period to develop a Strategic Plan, which will be a living 
document of the vision, core values, and long-term objectives. Geologic mapping is a prominent component of the 
bureau’s mission to collect, preserve, and disseminate impartial information on the Commonwealth's geology, 
geologic resources, and topography. A consultant specializing in strategic planning has been retained and research 
has begun through appreciative-inquiry questionnaires to staff and stakeholders. The Strategic Plan will play a strong 
role in focusing the geologic mapping work of PaGS. 

mailto:streese@pa.gov
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Figure 1. Generalized geology draped over digital shaded relief map of Pennsylvania. 

 
Figure 2. Digital shaded relief map of Pennsylvania, showing major geologic provinces (color shading). 

Yellow indicates FY2018 STATEMAP project proposals. Green quadrangles indicate current and completed 
STATEMAP projects (bedrock and surficial mapping) back to 2003. Open quadrangle outlines indicate bedrock 
mapping by PaGS outside of STATEMAP. 
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Great Lakes Coalition Talk: DIGITAL BEDROCK TOPOGRAPHIC, 
DRIFT THICKNESS, AND 3-D SURFICIAL GEOLOGIC MAPS OF THE 
GLACIATED COUNTIES OF NORTHWESTERN PENNSYLVANIA 
Stuart Reese and Gary Fleeger, Pennsylvania Geological Survey, 3240 Schoolhouse Road, Middletown, 
PA 17057; streese@pa.gov 

In the glaciated part of northwestern Pennsylvania, drift thickness varies from 0 feet where rocks crop out to 
greater than 800 feet in buried bedrock valleys. Much of the area has no subsurface mapping available, such as drift 
thickness, bedrock topographic, and 3-D geologic maps. Data for maps that have been constructed are largely 
derived from water-well driller’s reports. The Pennsylvania Geological Survey (PaGS) relies on water-well data to 
create surficial geologic maps of the glaciated part of northwestern Pennsylvania (Figure 1). Unfortunately, very few 
of the water wells in the Pennsylvania water-well database have complete digital data or reliable locations. To provide 
useful information, the water wells must first be assigned accurate locations. Once water-well data are compiled, 
interpretations are made, and wells are accurately located, map production can begin. 

Over the years, PaGS has developed a process for constructing subsurface maps for northwestern 
Pennsylvania. The first step is to obtain reasonably accurate coordinates of water wells using the addresses, driller 
location descriptions, and driller-sketch maps. To assist in the process, PaGS uses an internal ArcGIS mapping 
application, which has numerous base-map options, GIS map layers, and measuring tools. The application also links 
to Department of Transportation historic road maps, which can be critical for matching road designations with driller 
sketches and notes. County tax parcel and landowner records also are important sources of information. For most 
well records, missing information is available only from viewing the scanned paper records. Data compilation and well 
locating are accomplished by PaGS interns. It is estimated that it will take at least eight more years to just locate all 
the water wells at current funding and staffing levels. After the wells are located, then driller lithologic-log data are 
entered and interpreted. Then onscreen hand contouring of the bedrock topography is initiated. Most wells completed 
in buried valleys do not reach bedrock. For these wells, the elevation of the bottom of wells is assigned an interpreted 
bedrock elevation so that the bottom is lower than indicated by the bedrock contours. In some limited areas in Erie 
and Warren Counties, published data from seismic profiles have provided information on buried-valley depth. 

The hand-contouring and digital layer generation are done by a staff geologist. Using the data points, the 
bedrock topographic map is compiled; next, a bedrock surface elevation grid is made from the data points and 
contour lines. Many iterations are done to fine tune the results. PaGS generates a drift-thickness contour map by 
subtracting the bedrock surface elevation grid created from the PAMAP lidar surface DEM grid. This map-layer 
process is estimated to take approximately a month per quadrangle (depending on the number of wells in a 
quadrangle). For approximately 75 quadrangles, this would take about seven years.  

To date, water wells have been located for wells in Crawford, western Warren, western Venango, northern 
Beaver, northern Butler, Mercer, and Lawrence Counties. The uncertainty of most of the well locations is a result of 
poor descriptions by drillers. Therefore, locations are assigned independently by two evaluators, and the resulting 
locations compared before they are accepted. This process of location data entry and comparison was automated in 
2014. This process provides some quality assurance for the water-well locations. 

Long-term goals include a complete assessment for more than 52,000 wells of the eight glaciated 
northwestern Pennsylvania counties in the PaGWIS (Pennsylvania GroundWater Information System). This includes 
entering the address information (sufficient for geocoding) where missing, and adding the depth to bedrock and 
lithologic log information. After lithologic logs are entered into PaGWIS, exactly as submitted by the driller, each one 
must be geologically interpreted. This process provides numerous other benefits of the digital well information 
including aquifer characterization and subsurface description. 

PaGS has continued to make progress on entering lithologic logs from the water-well records. An estimated 
132,000 of the approximate 535,000 water-well records (19 percent) in PaGWIS, including an estimated 29,270 of the 
52,000 records (56 percent) for the glaciated portion of northwestern Pennsylvania, have lithologic log information in 
PaGWIS. PaGS will complete the well-location and data-entry tasks for the remaining water-well records prior to 
preparing more 3-D geologic maps. Data collection will be supplemented using a recently acquired geophysical 
instrument to add depth to bedrock data where wells are not drilled deeply enough or there are no known wells. 

In cooperation with PaGS, Allegheny College has been working in Erie, Crawford, and Mercer Counties.  
PaGS has been working in Warren, Venango, Butler, Lawrence, and Beaver Counties. Bedrock topographic and drift 
thickness maps have been prepared for portions of four 7.5-minute quadrangles around Erie Bluffs State Park in Erie 
County, Harmonsburg, Cambridge Springs, Blooming Valley, Millers Station and Townville 7.5-minute quadrangles in 
Crawford County. These maps completed by PaGS early in our GLGMC participation have since been incorporated 
into the Erie and Crawford County maps prepared by Allegheny College.  

PaGS also has prepared maps for New Castle South and Portersville 7.5-minute quadrangles in Lawrence 
and Butler Counties, and Columbus, Lottsville, Spring Creek, Sugar Grove, Russell, and Scandia 7.5-minute 
quadrangles in Warren County. 3-D geologic maps for the Erie Bluffs area in Erie County and Bessemer 7.5-minute 
quadrangle in Lawrence County have been started, but because of the limited amount of lithologic and stratigraphic 
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data in digital format, the maps remain in a preliminary stage. Completion of these maps may well require additional 
data acquired from drilling and geophysics. Currently, for FY 2017, PaGS is preparing bedrock topographic and drift 
thickness maps for the Edinburg and the Pennsylvania portion of the Campbell 7.5-minute quadrangles in Lawrence 
County. For FY2018, PaGS proposes New Castle North 7.5-minute quadrangle as the next project. All maps will be 
released as PaGS Open-File reports and will be available for free from the PaGS website.  
REFERENCES to maps of northwestern Pennsylvania  
Carswell, L. D., and G. D. Bennett. 1963. Geology and hydrology of the Neshannock (15-minute) quadrangle, Mercer 
and Lawrence Counties, Pennsylvania: Pennsylvania Geological Survey, Water Resource Report 15, 90 p. Includes 
drift thickness map. 
Fleeger, G. M., and P. Clark. 2018, in press. Bedrock topographic maps of northwestern Warren County, 
Pennsylvania: Pennsylvania Geological Survey, Open-File Report OFSM 18–x, 19 p. 
Poth, C. W. 1963. Geology and hydrology of the Mercer (15-minute) quadrangle, Mercer, Lawrence, and Butler 
Counties, Pennsylvania: Pennsylvania Geological Survey, Water Resource Report 16, 149 p.  
Richards, D. B., H. J. McCoy, and J. T. Gallaher. 1987. Groundwater resources of Erie County, Pennsylvania: 
Pennsylvania Geological Survey, Water Resource Report 62, 101 p.  
Schiner, G. R., and G. E. Kimmel. 1976. Geology and ground-water resources of northern Mercer County, 
Pennsylvania: Pennsylvania Geological Survey, Water Resource Report 33, 136 p. Includes drift thickness and 
bedrock topographic maps. 
Schiner, G. R., and J. T. Gallaher. 1979. Geology and groundwater resources of western Crawford County, 
Pennsylvania: Pennsylvania Geological Survey, Water Resource Report 46, 103 p. Includes drift thickness map. 

 
Figure 1.  PaGS work plan including work by Allegheny College. Late Wisconsinan border indicated. 

 FY 2018 proposal: Bedrock topography and drift thickness for New Castle North 7.5-minute quadrangle.  

 PaGS Previous mapping of bedrock topography and drift thickness. 

 Allegheny College mapping bedrock topography and drift thickness. 

 Future bedrock topography and drift thickness mapping. 
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Plenary: QUATERNARY GEOLOGICAL MAPPING - REPORT ON A 3-D 
FRAMEWORK OF THE SURFICIAL GEOLOGY FOR CANADA 
Hazen Russell, Geological Survey of Canada, Ottawa 

As part of an initiative of the Canadian National Geological Survey Committee a 3D geological model for 
Canada is being developed by the GSC in collaboration with provincial and territorial partners.   The current model 
consists of three layers, surficial geology, bedrock geology and mantle, with a focus on developing bounding surfaces 
and incorporating key existing regional models. A first iteration bedrock elevation surface has been generated for the 
terrestrial part of Canada and work is ongoing for the large lakes and marine margins of Canada. This surface 
permits the calculation of a surficial sediment thickness for Canada. This national scale surface will be in-filled with 
local, higher resolution, and multilayer models. To facilitate progress on a national model, the Canadian geological 
landscape has been partitioned into distinct geological domains, (e.g. Precambrian Shield, Phanerozoic basins, 
orogenic belts) to permit both prioritization and employment of different approaches to the modelling of surficial 
geological thickness. A workflow is reviewed for 3D mapping with two different approaches to model development 
based on i) stratigraphic complexity, ii) sediment thickness, and iii) availability of subsurface data.  Each of the areas 
is also prioritized so that a forward-looking plan can be developed for the country.  For areas of Phanerozoic basins 
with thick surficial sediment cover and abundant data support, a data driven approach is employed.  For large areas 
of the Canadian Shield and orogenic belts that have limited subsurface data, a knowledge driven approach relying 
primarily on landforms and surficial mapping is employed.  For the Great Lakes and Canadian offshore, different 
approaches for data capture and level of data support available will be reviewed. To support modelling, there is a 
need for a common data framework, including a data model covering the breadth of input data and output models, a 
well-structured science language aligned with national and international standards, development of an appropriate 
metadata structure, and the capture of key stratigraphic and ancillary legacy data. In parallel with this 3D 
development, 2D provincial surficial geological compilations have been integrated into a single entity without 
interprovincial boundary reconciliation and themed to a single national legend to provide an enhanced surficial 
geological mapping coverage of Canada. The existing national compilation, similarly themed, is used for areas 
lacking compilation coverage. For Prince Edward Island existing provincial map coverage has been digitized from a 
previously published GSC map. This initial bedrock elevation surface and nationally themed 2D surficial geology map 
constitute inaugural work to develop the surficial geology layer for the 3D geological model of Canada. 
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Poster: AN ANIMATION OF THE 3D PHANEROZOIC GEOLOGICAL 
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Communication of geoscience knowledge to audiences outside of the core geoscience community is key to support 
groundwater related decision-making.  To broaden the dissemination of information of a 3D geological model for 
southern Ontario an animation (Russell et al. 2017) of core model content was produced. The preliminary 3D model 
of the Paleozoic bedrock geology of southern Ontario has been constructed using Leapfrog implicit modelling 
software, subsurface geological data and expert knowledge (Carter et al., 2017, 2018).  With advances in computer 
hardware and software, and availability of digital well and drillhole databases it is now possible to model and visualize 
subsurface geological relationships in 3D at regional scales. This is a valuable tool for geologists in interpreting and 
understanding the geology and geological history of an area, and for communication of geological concepts to non-
geologists. In the virtual visualization environment, the geology can be examined from a number of perspectives 
interactively. The stratigraphic succession and boundary geometry can be identified by either progressive removal of 
units or cross-section slicing. In the southern Ontario model features that can be viewed and studied include 
depositional and erosional limits, reefs, faults, salt dissolution and collapse structures, regional dips, arches, 
depositional and structural basins, oil and gas traps, and regional aquifers. Viewing of the final model will be possible 
using the LeapFrog viewer which is freely available from the software wendor. 
 
To increase the visibility of this model and to expand the audience beyond the technical geological client group an 
animation of the model has been produced. The animation is approximately three minute and thirty seconds long and 
provides a systematic progression through the model units, provides regional context, an overview to the data 
support, and illustration and explanation of geological features. Selected geological features are presented and 
highlighted through graphic techniques supported by embedded imagery, annotations, animations and maps. It 
previews the shareware viewing software available for viewing of the model and highlights some of the tools available 
for interacting with the model.  
 
Communication of geoscience knowledge to audiences outside of the core geoscience community is key to support 
groundwater related decision-making. The animation has been released on GEOSCAN, the Geological Survey of 
Canada publication portal; however,  this is inadequate unless publicized through other mechanisms. Public 
awareness of GSC publication released via Geoscan is limited. To enhance publication visibility the mp4 file was 
posted on YouTube, LinkedIn, and ResearchGate. In this case, LinkedIn proved to be the most successful in 
reaching an expanded audience. Within one week of posting the animation was viewed by over 800 people, reaching 
over 3 times the number of LinkedIn connections attributed to the author. LinkedIn provided summary information by 
country, title (geologist), and company affiliation. Interest in the model was focused in Ontario; however; significant 
access to the model also occurred in Vancouver and Perth Australia. Based on company affiliation access was 
logged from a suite of recognized hydrogeological consultants working in Canada, 3D modelling companies in New 
Zealand, and provincial agencies, e.g. the Alberta Energy Regulator. Penetration within YouTube and ResearchGate  
was one to two orders of magnitude less than via LinkedIn. Additional social media options such as Mendeley, 
Facebook, and Twitter were not exploited but likely would provide exposure, at least in part, to complementary 
audiences rather than targeting the same audiences.   
 
Most of this abstract was previously published in Russell et al (2018a).  
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Figure 1. Southern Ontario Paleozoic geological model based on 6 principal geological units A) Precambrian, B) 

Cambrian, C) Ordovician, D) Lower Silurian, E) Upper Silurian, F) Devonian.  For each unit thickness and 
number of formations modeled are indicated. Lake names provided in (A) for geographic reference along with 
north arrow. Distance along front of the oblique model view at Lake Eire international border is approximately 
315 km.  
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Since its inception, the U.S. Geological Survey (USGS) has developed geological maps to support an 
understanding of the Earth in order to address issues of national concern and scientific study. Geologic maps are 
foundational to the mission of the USGS Mineral Resource Program (MRP) for understanding how and where mineral 
resources occur, how they are expressed in the environment, and what effects extracting mineral resources may 
have on ecosystems and human health. For the past 20 years, USGS has partnered with state surveys and 
academia to develop and steward a geospatial database of geologic maps for the U.S. The State Geologic Map 
Compilation (SGMC) provides geologic map information in digital format for the conterminous U.S. at a nominal scale 
of 1:500,000; this compilation is available at https://doi.org/10.3133/ds1052. The digital geologic map for the State of 
Alaska, a culmination of nearly 2 decades of work, provides geologic map information at a nominal scale of 
1:500,000; it is available at https://doi.org/10.3133/sim3340. 
 

The SGMC and the geologic map of Alaska provide information, such as lithology and age of geologic units, 
in a manner that facilitates research, geospatial analyses, and the construction of derivative maps.  
Though the SGMC is a substantial accomplishment, its full power has yet to be realized due to a lack of integration 
between States. Differing scales, stratigraphic and structural interpretations, mapping approaches, and nomenclature 
across State boundaries have resulted in a quilt-like agglomeration of 48 geologic maps. These inconsistencies often 
yield spurious results to geologic-based data queries and result in additional, time-consuming research into the basic 
geologic source data. In contrast, an integrative approach was used to construct the geologic map of Alaska; as a 
result, individual geologic units are described and most often correlate between source maps. Ultimately, the USGS 
goal is to construct a consistent, well-attributed portrayal of the sedimentary, igneous, and metamorphic rocks 
depicted at a national scale. 
 

Characterization and prediction of landscape, subsurface, and Earth processes are possible when geologic 
map information is coupled with mineral deposit locations and their characteristics, geophysics, geochemistry, 
geochronology, remote sensing, topography, soil surveys, and other information.  However, to continue to address 
societal needs in a meaningful timeframe, the scale and fidelity of geologic data need to evolve in many areas of the 
U.S. The next generation of a national geologic map would seamlessly integrate geologic information across state 
boundaries and represent geology in the third dimension. Ultimately, discrepancies resulting from differing mapping 
styles, stratigraphic and igneous rock nomenclature, isotopic ages, metamorphic terminology, structural 
interpretations, and mapping at differing scales would be resolved. The application of modern geochronological 
techniques and new chronostratigraphic approaches would enhance age data and help to identify coeval orogenic 
and depositional activities and correlate units. Repositories of LIDAR, hyperspectral, borehole, stratigraphic, 
geochronological, geochemical, and geologic map information would be utilized along with new digital technologies 
and on-line information. Supported by these resources and the collaborative relationships with state surveys and 
academia, the USGS feels that a next generation, integrated geologic map of the U.S. is achievable. 
 
Horton, J.D., San Juan, C.A., and D.B. Stoeser. 2017. The State Geologic Map Compilation (SGMC) geodatabase of 
the conterminous United States (ver. 1.1, August 2017): U.S. Geological Survey Data Series 1052, 46 p., 
https://doi.org/10.3133/ds1052. 
 
Wilson, F.H., Hults, C.P., Mull, C.G, and S.M Karl, comps. 2015. Geologic map of Alaska: U.S. Geological Survey 
Scientific Investigations Map 3340, pamphlet 196 p., 2 sheets, scale 1:1,584,000, http://dx.doi.org/10.3133/sim3340. 
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Talk: THE USGS-NASA PLANETARY GEOLOGIC MAPPING PROGRAM 
J. A. Skinner, Jr., Astrogeology Science Center, U. S. Geological Survey, 2255 N. Gemini Dr., Flagstaff, 
AZ, jskinner@usgs.gov 

 
Abstract: The USGS-NASA Planetary Geologic Mapping Program has been coordinating and producing all 
standardized geologic maps for non-terrestrial solid surface bodies in the Solar System for over 50 years. This 
abstract aims to summarize the NASA-funded, USGS-directed program as well as provide thoughts on future plans. 
This is an effort to engage and collaborate with the terrestrial geologic mapping program, specifically in regard to 
comparing mapping processes, funding mechanisms, and data management strategies. We aim to provide 
transparency to planetary mapping processes and products so that geologic maps, whether published by USGS or 
other venues for terrestrial or non-terrestrial surfaces, can be compiled in a predictable and cross-compatible manner. 
 
Introduction: Terrestrial geologic maps are Federally recognized as framework data products that comprehensively 
and objectively depict three-dimensional views of rock and sediment bodies as well as geomorphologic and tectonic 
features. Planetary geologic mapping is predominantly a remote-based, basic research endeavor that contributes to 
the establishment of geologic frameworks in parallel with other geoscience disciplines using data acquired by orbiting 
and landed spacecraft. Planetary geologic maps, similar to terrestrial maps, integrate various investigative results and 
guide not only future fundamental research but also programmatic decisions such as landing site selection, traverse 
planning, and observations targeting. The USGS and NASA have a >50-year partnership in helping planetary 
scientists create and publish geologic maps. USGS is also tasked with supporting the broader science community by 
providing geologic mapping expertise, procedures, and tools to prepare, access, and use geologic maps, whether 
published by USGS or not. 
 
Status: Since 1962, the USGS has published 242 geologic maps of non-terrestrial planetary bodies in the Solar 
System. These maps cover Mars (n=106), the Moon (75), Venus (34), Ganymede (11), Mercury (9), Io (6), and 
Callisto (1). Map scales range from very local (1:25K) to global (1:25M). A large number were published as part of a 
quadrangle-based mapping campaign, especially for the Moon and Mars, though systematic campaigning has 
generally fallen out of favor as data volumes have increased and data types have diversified. As of this writing, the 
USGS currently lists 45 NASA-funded geologic maps as “In Progress” (including maps for Mercury, Vesta, Triton, 
Europa, and Enceladus), 6 maps as “In Technical Review”, and 1 map as “In Production”. In addition to these 
projects (which focus on creating new maps), the USGS is actively converting all hard-copy, USGS-published 
planetary geologic maps into GIS format for easier distribution and use. To date, we have converted 56 geologic 
maps, resulting in a total of 69 maps that are available in GIS format (29% of total inventory). As of 2012, all USGS- 
published planetary geologic maps are required to be submitted, reviewed, and published as GIS products (in 
addition to large-format hard-copy prints). 
 
Investigations with a resultant USGS-published geologic map are funded through a variety of NASA Research and 
Analysis (R&A) programs within the Science Mission Directorate. Typically, these maps are funded through NASA 
data analysis programs (DAPs), which are designed to competitively select investigations that focus on analyzing 
data received from active or recent exploratory missions. These must be guided by a specific hypothesis-driven 
scientific investigation wherein the geologic map is typically a research by-product. The NASA Solar System Working 
(SSW) program supports the creation of geologic maps that typically result from comparative planetary studies. The 
NASA Planetary Data Archiving, Restoration, and Tools (PDART) program supports geologic map-based 
investigations, particularly in cases where the geologic context has been established through a preceding 
investigation (e.g., where a geologic map bridges unmapped regions). In all cases, proposals must thoroughly 
demonstrate that intended geologic maps are worthwhile community products, especially in instances where areas 
are being remapped with new data at similar and (or) different scales. 
 
Process: For NASA-funded investigations that aim to publish a USGS SIM series geologic map, the USGS actively 
cooperates with and guides geologic mappers from the proposal stage through production. The overarching intent for 
this close relationship is to help ensure that a project is not only properly-scoped but also prepared in a standard 
format, is thoroughly reviewed both scientifically and technically, and that review recommendations are appropriately 
integrated. USGS is annually funded 1.5 FTE (spread across geologists, GIS and data experts, and  web developers) 
to support the entire geologic mapping program and estimates costs based on the number of projects in various 
stages of completion, as well as community support tasks (e.g., map digitization, standards review, tool development, 
process guidelines, etc.). Previous experience demonstrates that each map requires ~2 months of direct, project-
specific “contact time” between map author and USGS over the life of the project, though this varies significantly per 
mapping project based on project scope, body of interest, available data, and author experience. An idealized 
timeline for a USGS geologic map (assuming 3-year funding cycle) is 2 years for map preparation, 6 months 
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for initial review, and 6 months for re-review and acceptance. This timeline is rarely achieved. Once a map is 
accepted by USGS for publication, the author’s role is effectively completed (aside from minimal input regarding 
layout, proof, scales, etc.). USGS tracks timelines per map in order to better predict costs and guide project scope. 
Currently, actual timelines are longer than ideal for almost all mapping projects, perhaps due to modern expectations 
that geologic mappers are expected be geologists and spatial data experts. 
 
To help direct mapping projects, clarify responsibilities, and ultimately shorten mapping and production timelines, the 
USGS has developed the 2018 version of the Planetary Geologic Mapping Protocol (PGMP, previously the Planetary 
Geologic Mapping Handbook). The PGMP delineates roles and expectations of participants in the process, the 
mapping process itself (including criteria for acceptance or rejection for USGS publication), and map package 
components. These include detailed explanations of author submission as well as technical reviewer guidelines. We 
specifically note that the PGMP includes Sunset Dates (which limit the length of USGS support) as well as 
acceptance and rejection criteria. These are not necessarily new requirements, but rather much more explicit 
description of the roles and responsibilities of process participants. Authors are expected to adhere to the most 
current PGMP, which will be updated and posted periodically. 
 
Future Plans: As a key scientific and technical partner for planetary geologic mapping, the USGS, with input from 
various community organizations, continuously researches ways to not only improve processes and products but also 
to ensure that they are modern, reliable, and easily accessible. These efforts aim to maximize the community 
investment made by funding programs. To this end, and in cooperation with long-term strategic planning by the 
Mapping and Planetary Spatial Infrastructure Team (MAPSIT) community-based advisory group, the USGS 
conducted an anonymous, self-selected survey of the planetary science community consisting of 30 questions 
regarding the preparation and use of planetary geologic maps. This survey was released in March 2017 and was 
advertised at the annual Lunar and Planetary Science Conference and through social media. We obtained 265 total 
responses (plus additional comments). We are in the process of compiling the survey results, implications, and action 
items into a white paper for release to the community. Selected responses are listed below. 
 
Respondents identified as “middle” or “early” career professional (56%) working at “university/college” or “federal” 
institutions (75%) who received funding through “NASA programs” (72%). Respondents indicated that their research 
creates some form of geologic maps “often” or “occasionally” (77%) and that their research uses some form of 
geologic map “often” (62%). Respondents identified the following geoscience map publication venues as “very 
important” to their work: “USGS-published maps” (62%) and “peer-reviewed journal maps” (57%). “Control to 
standard coordinate system” (71%), “objectivity of map unit descriptions” (67%), and “consistent use of preparatory 
methods” (47%) were the highest selections when asked what geoscience map elements are “very important” to their 
work. “GIS (vector) format” geologic maps were indicated as a “very important” map format (69%). Respondents 
indicated that “standardized” (USGS-published) maps were “easy” to locate, access, and use (45%) compared to 
“non-standardized” (peer-reviewed journal) maps (8%), and “strongly agreed” (77%) that accessing geoscience maps 
in a single location would be useful. Regarding map scales, respondents indicated that “local” and “local to regional” 
scale maps are “very relevant”. Respondents “strongly agree” (58%) or “somewhat agree” (31%) that targeted 
mapping campaigns would be useful to the community. When asked about relevance of unit, terrain, or feature types, 
respondents indicated that “volcanic”, “impact- related”, and “stratified” units were “very relevant”. 
 
Conclusions: The long-term vision of the planetary geologic mapping community should be guided by the following 
efforts: (1) determine the geologic framework of all Solar System bodies through the systematic development of 
geologic maps at scales appropriate to the geologic setting, available data sets, and perceived future land-use 
assessments, (2) develop cost-effective mapping techniques, conventions, and standards that assist with 
assembling, producing, translating, and disseminating geologic map information to increase their application to the 
scientific community and public, (3) develop public awareness of the role and application of geologic map-information 
to the resolution of national issues relevant to planetary science and eventual off-planet resource assessments, (4) 
use topical science to drive mapping in areas determined or likely to be determined vital to the welfare of endeavors 
related to planetary science and exploration, and (5) cultivate and sustain core competence in geologic mapping. 
Moving forward, planetary geologic mapping efforts need to be far more aware of the applied research applications of 
these maps, creating suites of correlative product through strategic mapping campaigns using standardized (broadly 
recognizable) formats that are simultaneously beneficial at establishing common context for multiple disciplines as 
well as for informing programmatic decisions. To realize this long-term vision, planetary geologic mapping efforts 
should take cues from the USGS National Cooperative Geologic Mapping Program (NCGMP), the National Geologic 
Map Database (ngmdb.usgs.gov), and guidance issued from the Office of Science Technology and Policy, which 
should serve as models for the planning, management, and dissemination of both topical and standardized planetary 
geologic maps. Acknowledgements: The USGS-NASA Planetary Geologic Mapping Program is funded by Inter-

Agency Agreement #NNH17AE04.
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Poster: 1:24,000-SCALE GEOLOGIC MAPPING OF BASIN DEPOSITS 
EXPOSED IN HADRIACUS CAVI, MARS 
J. A. Skinner, Jr., Astrogeology Science Center, USGS, 2255 N. Gemini Dr., Flagstaff, AZ, 
jskinner@usgs.gov 
Abstract: This abstract presents a brief summary of the surface and section characteristics of a type area for 

stratified deposits exposed in Hadriacus Cavi (78.0°E, -27.3°N), Mars based on 1:24,000 scale geologic mapping 
and stratigraphic analyses. Mapping reveals a series of predominantly conformable, massive to stratified, variably- 
toned rock units that exhibit a range of geomorphic textures, suggesting an active and perhaps rapidly-changing 
volcanic and intermittent fluvial history during the earliest periods of Mars’ evolution. This map-based investigation 
was designed to identify and temporally and spatially constrain the basin-filling processes for a principally non-
crater basin within a perceived “typical” sequence of cratered highland materials on Mars. 
Regional Setting: The Martian cratered highlands are generally assumed to be composed of variously intercalated 

units, including impact breccia, flood lavas, pyroclastic units, and eolian, fluvial, and lacustrine sediments. However, 
identifying these units is complicated by the limited vertical exposure of these rocks on the Martian surface and the 
inherent difficulty in observing lithologic characteristics via orbital data. We are completing a 1:24,000-scale geologic 
map of strata exposed along the northeastern margin of an ancient, 2300-km diameter impact basin (Hellas 
Planitia), located in the Martian cratered highlands. Hadriacus Cavi (cavi=depressions) are a 65 km long, 15 km 
wide set of irregularly-shaped, east-west oriented canyons located in this map area. The canyon-exposed strata are 
bound on the south by topographic promontories interpreted as basin-related crustal massifs and on the north by 
Hadriacus Palus, a nearly horizontal fluvial plain. Model absolute ages indicate the surrounding highland plains were 
emplaced ~4.1±0.1 Ga and subsequently resurfaced ~3.4±0.2 Ga, the latter which corresponds to the age of 
Hadriacus Palus (3.4±0.1 Ga). Small area counts within the cavi yield ages of 3.8±0.2 Ga. Our map focuses on a 
>500 meters-thick section of strata exposed in central Hadriacus Cavi that extends southward from the surface of 
Hadriacus Palus. 
Datasets and Methods: Our mapping, descriptions, and analyses were based on a digital terrain model (DTM) 

(clon=78.04°E, 1.5 m/px) and associated orthoimages (0.5 m/px) using a high resolution stereo-pair acquired by the 
High Resolution Imaging Science Experiment (HiRISE) instrument onboard the Mars Reconnaissance Orbiter 
spacecraft. Base data were supplemented by HiRISE gray-scale images (registered to DTM-derived orthoimages) 
and contextual image mosaics to help link local observations to surrounding terrains and assist with unit 
identification and description. Data were displayed and mapping completed in Esri’s ArcGIS software. We identified, 
described, and subdivided local strata based on dominant grayscale tone and texture and lateral continuity as 
observed in the base data. Three unit groups form the volumetric bulk of Hadriacus Cavi and one group constitutes 
the strata of southern Hadriacus Palus. Throughout, light-toned strata form steep (40°) slopes and scarps, implying 
increased erosional resistance compared to intervening dark-toned strata, which form shallower slopes and source 
pervasively- occurring surficial cover. We identify no widespread angular unconformities within or between any of 
the mapped units, though disconformities may exist. Lineaments, interpreted as near-vertical joints and faults with 
minor offset, mapped throughout the map area parallel E-W and NE-SW regional trends. 
Mapping Results: We mapped four groups of stratified units in Hadriacus Cavi. The basal group is topographically 

and stratigraphically the lowest group in the study region, covers 8.1 km2 (6%) of the map area, and crops out 
between - 2492 and -2838 m elevation. It consists of mostly massive, dark-toned material that is subdivided by 
three widespread light-toned, <10-meter thick, scarp-forming layers. The bulk of the basal group is slope-forming, 
heavily obscured by dark- toned colluvium and dunes, and displays few internal textures or features at orthoimage 
resolution. Basal group strata dip 2-4° to the west. The cavi group superposes the basal group, forms the upper 

walls of the canyons in the study area, covers 62 km2 (47%) of the map area, and crops out between -2185 and -
2812 m elevation. This group contains a lowermost unit of non-interlocking, meter-scale angular blocks capped by 
~10-meter tall columnar joints (appearing as hexagonal polygons on horizontal surfaces), a light- toned, mostly 
massive unit containing asymmetrical lenses with flat tops and parabolic bottoms, and an uppermost unit 
characterized by rhythmic sequences of light- and dark-toned strata that forms a reference surface occurring 
throughout the map region. The cavi group forms scarps and slopes, and dips ~4-6° to the northwest. The mons 
group forms and crops out at the margins of irregularly-shaped hills located above the cavi group reference surface, 

covers 14 km2 (10%) of the map area, and crops out between -2117 and -2505 m elevation. This group includes 
mostly massive, light-toned units that often contain meter-scale angular blocks, and forms continuous steep slopes 
with intermittent scarps and infrequent meters-thick, dark-toned strata. Though discrete meter-scale layers are 
locally apparent in this group, they are not as consistently traceable as other unit groups. Mons group strata show 
an average dip of 3° to the northwest, though dip direction of strata vary significantly. The palus group crops out in 
the northern part of the map area along the topographic scarp separating Hadriacus Palus from Hadriacus Cavi, 

covers 14 km2 (11%) of the map area, and crops out between -2640 and -2802 m elevation. It consists of a 
lowermost, light-toned stratified to massive unit, a 

mailto:jskinner@usgs.gov


light-toned unit composed of meter- to decameter-scale angular blocks, and an uppermost light- and dark- toned 
stratified unit. The palus group superposes the cavi group and exhumed palus group strata are locally overlain by 
ejecta from a 2 km-diameter crater located outside of the map area to the east. Palus group strata show an 
average dip of 1-3° to the south, though some layers – particularly lower sections – show slight northward dip. 
 

Figure 1. Excerpt of the 1:24,000-scale geologic map of central Hadriacus Cavi, Mars, showing ~230 meters of 
strata within the canyon system. Purple=basal group. Green=Cavi group. Blue=Mons group. Dunes, non-duneform 
sands, and talus are shown in brown with stipple patterns. Red boxes show locations of compiled vertical sections. 
Mapped lines show locations of near vertical joints, some with meter-scale offset, which forms a broad monocline 
structure. 

Discussion: We interpret the geologic units mapped in central Hadriacus Cavi as a nearly continuous 
record of deposition in Hellas impact-formed annular topographic basins. Though massif-related units do not occur 
in the map region, lateral continuity of mapped units into abutting areas of Hadriacus Cavi demonstrates these units 
superpose bounding promontories. A slight northward dip of the basal, cavi, and mons groups implies south to north 
deposition. E-W trending sets of near vertical fractures and joints transect all of these unit groups, indicating post- 
depositional faulting deformed all accumulated strata into broad, monocline like structures. Faulting may be related 
to reactivation of Hellas-related crustal faults. The palus group is generally distinct in morphology and orientation 
from other mapped groups. This group superposes – and possibly interfingers – all other units in the map region. All 
mapped groups were deposited prior to exhumation and exposure of strata to form the current cavi depressions. 
Acknowledgement: Supported by NASA Planetary Geology & Geophysics Program award #NNH1AU831. 
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Talk: GEOLOGIC MAPPING IN KANSAS: OVERVIEW OF 
PROGRAMMATIC DIRECTIONS AND CURRENT PROJECTS 
Jon J. Smith, Greg A. Ludvigson, Anthony Layzell, and John W. Dunham 
Kansas Geological Survey, 1930 Constant Ave. Lawrence, Kansas, 66047 
jjsmith@ku.edu 
 

The STATEMAP supported geologic mapping program at the Kansas Geological Survey (KGS) has benefited 
greatly from the participation and guidance of a very active and engaged Kansas Geological Mapping Advisory 
Committee (KGMAC). KGMAC consensus has been that quadrangle-scale geologic mapping should ultimately lead 
to the production of county maps. The committee’s criteria for county selection vary, though perennial and emerging 
priority issues have guided much of the mapping over the previous decade. Major recurrent concerns are limitations 
on water resources, particularly in western Kansas; the ever-increasing demand for construction aggregate 
throughout the state; and, in recent years, wide public concern over induced seismicity related to petroleum 
production in south-central Kansas and Oklahoma.  
 

Recent mapping efforts in western and south-central Kansas are in counties where groundwater from the High 
Plains Aquifer (HPA) is crucial for providing potable water supplies as well as sustaining irrigated agriculture and a 
growing livestock industry. Withdrawals exceed recharge in most areas overlying the HPA. The aquifer is under 
increasing developmental stress and groundwater management will depend on accurate characterization of aquifer 
materials and their stratigraphic framework. Geologic mapping, along with associated scientific drilling and analytical 
investigations of the Cenozoic sediments comprising the HPA, aid in the correlation of heterolithic units, and help 
delineate hydrostratigraphic subunits at regional scales (Smith et al., 2017).  

 
In Kansas, there is a great economic need to find aggregate sources as producers are currently importing more 

expensive aggregate from surrounding states. Mapping projects in Miami and Lincoln counties have focused on 
better understanding the delineation of surface and subsurface geologic units to meet the ever-increasing demand for 
construction aggregate. Geologic mapping in Miami County was crucial for identifying exposures of Pennsylvanian 
carbonates and new sources of limestone aggregate as urban sprawl envelops potential quarry sites closer to 
Kansas City. Lincoln County contains one of the few sources of concrete-grade aggregate (calcite-cemented 
sandstone) in central and western Kansas, a scarce construction resource that is in high demand in this area. 
Surficial mapping in this county delineated the extent of aggregate grade sandstones in surface exposures of the 
Cretaceous Dakota Formation. 

 
In south-central Kansas, Quaternary alluvial deposits are the priority geologic mapping units in the counties of 

Harper, Sumner, and Cowley because they supply much of the local groundwater demands. They are also of special 
interest for close examination for possible evidence of seismic paleoliquefaction (e.g. Niemi et al., 2004).  Typical 
settings for such recent seismic liquefaction features as sand blows, fissures, clastic dikes, and areas of localized 
subsidence are on modern floodplains or terraces with elevations a few meters above the floodplain.   

 
South-central Kansas is part of a region of relatively low historical and instrumentally recorded seismicity. 

Nonetheless, the state has experienced an extraordinarily high number of earthquakes since 2013. Between January 
of 2013 and November of 2016, Harper and Sumner counties alone have recorded more than 3,500 injection-induced 
earthquakes, with more than 130 of the events recorded as magnitude 3.0 or greater, including a M4.8 event on 12 
November 2014, the largest instrumentally recorded earthquake in the state (Figure 1; USGS, 2017). The recent 
spate of seismicity in Kansas and other parts central United States has revealed faults that were previously unknown 
(e.g., Choy et al., 2016) and raised concerns about the hazard that these structures may pose. The size or extent of 
these faults, their record of paleoseismicity, and their potential for moderate to large earthquakes has yet to be 
determined. Such information is vital for accurate probabilistic seismic hazard assessments (e.g., USGS–National 
Seismic Hazard Map; Petersen et al., 2014) and of great interest to a variety of stakeholders, including federal and 
state agencies involved in permitting and maintenance of major infrastructure and in regulation of industrial activities 
and facilities. 
  

 

Choy, G. L., Rubinstein, J. L., Yeck, W. L., McNamara, D. E., Mueller, C. S., and Boyd, O. S., 2016, A rare moderate-
sized (Mw 4.9) earthquake in Kansas: Rupture process of the Milan, Kansas, earthquake of 12 November 2014 
and its relationship to fluid injection: Seismological Research Letter, v. 87. 

 
Niemi, T. M., Ferris, A. N., and Abers, G. A., 2004, Investigation of microearthquakes, macroseismic data, and  
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liquefaction associated with the 1867 Wamego earthquake in eastern Kansas: Bulletin of the Seismological 
Society of America, v. 94, no. 6, p. 2,317–2,329. 

 
Petersen, M. D., Moschetti, M. P., Powers, P. M., Mueller, C. S., Haller, K. M., Frankel, A. D., Zeng, Y., Rezaeian, S.,  

Harmsen, S. C., Boyd, O. S., Field, N., Chen, R., Rukstales, K. S., Luco, N., Wheeler, R. L., Williams, R. A., and 
Olsen, A. H., 2014, Documentation for the 2014 update of the United States national seismic hazard maps: U.S. 
Geological Survey Open-File Report 2014–1091, 243 p. 

 
Smith, J. J., Ludvigson, G. A., Layzell, A., Möller, A., Harlow, R. H., Turner, E., Platt, B., and Petronis, M., 2017,  

Discovery of Paleogene Deposits of the Central High Plains Aquifer In the Western Great Plains, U.S.A: Journal 
of Sedimentary Research, v. 87, no. 8, p. 880-896. 

 
United States Geological Survey, 2016, Advanced National Seismic System (ANSS) comprehensive catalog:  

http://earthquake.usgs.gov/earthquakes/search/ (accessed October 2016). 
 

Figure 1. Map of surface (blue) and subsurface (pink) lineaments in south-central Kansas. Surface lineaments are mapped from 
Landsat satellite data, airborne LiDAR digital elevation models, and air photos and are defined by linear streams channels, 
alignment of topography, and textural and tonal boundaries. Subsurface lineaments are derived from analysis of the structure at the 
top of the Arbuckle Group (Lower Ordovician) from stratigraphic well tops. The strong NNE and NW trends of the lineaments are 
consistent with known trends associated with the Nemaha Ridge–Humboldt fault zone and Central Kansas Uplift. Earthquakes 
greater than magnitude 1.5 are shown in white. County outlines are shown in white and yellow. CW—Cowley; HP—Harper; and 
SU—Sumner counties. 
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Plenary: BASEMENT GEOLOGICAL MAPPING - CONSISTENTLY 
MAPPING BEDROCK STRUCTURES THROUGHOUT CANADA IN 3D 
David Snyder, Marc St-Onge, Eric de Kemp, Ernst Schetslaar, Geological Survey of Canada, Natural 
Resources Canada, 601 Booth Street, Ottawa, Ontario, K1A 0E8 Canada  david.snyder@canada.ca 
 
 

In addition to mapping structures within crystalline bedrock from outcrops, a key part of our initiative to 
construct a 3-D digital map for all of Canada are structures located at depths greater than a few kilometres. Such 
structures can often be inferred from surface rocks, but must be confirmed using geophysical methods or rare rock 
samples erupted from great depths. The bedrock working group extrapolates rock unit polygons published in digital 2-
D maps with downward projections based on relevant, diverse structural observations. Resulting 3-D rock unit prisms 
are made entirely consistent with established and rationalized map unit legends for all of Canada (St-Onge et al., 
2015). This will eventually make consistent rock stratigraphic columns available across all of Canada. Structural 
surfaces such as (un)conformities and faults are mapped by mathematically combining primary and secondary 
observations into an ‘ideal’ surface (Hillier et al., 2014). A Phanerozoic-Precambrian surface defines the top of our 
deep bedrock and is constrained by surface contacts and secondary structural observations such as strikes and dips 
of conformable strata. The deep crust-mantle working group of Canada-in-3D is currently building three continental-
scale surfaces and also compiling deep fault surfaces where possible using primarily Lithoprobe and similar deep 
seismic reflection profiles. The Moho surface is defined by Lithoprobe refraction survey results and teleseismic 
receiver functions using data from the Canadian National Seismic Network and POLARIS semi-permanent stations, 
with these sparse Moho depth determinations extrapolated by co-krieging with gravity field measurements. Similarly, 
the base of the lithosphere is defined using sparse xenolith suites erupted in kimberlites with these estimates co-
kreiged with iso-surfaces within a continental S-wave velocity model. Most known major fault surfaces have been 
studied by Lithoprobe and these fault surfaces are built by combining mapped surface fault traces with linked 
prominent seismic reflectors. Mantle structures have been mapped where teleseismic and magnetotelluric 
observations coincident with mantle xenolith suites discovered through diamond exploration (Snyder et al., 2014, 
2015). 

 

 
Figure 1. Examples of structural surface building within the near-surface bedrock and at 50-150 
km depths within the mantle to help build rock stratigraphic columns throughout the lithosphere. 
The transition from geological mapping observations and controls to geophysically based 
constraints leaves a “knowledge discontinuity” at 5-10 km depths because of increased levels of 
uncertainty with depth. 
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Figure 2. Canada-in-3D VTK/Paraview model showing structural surfaces for Phanerozoic-Proterozoic 
boundary (red) and crust-mantle boundary (Moho). Some 3-D models of parts of the Western Canada 
Sedimentary Basin can be seen in southwestern Canada. The grey layer is the digital elevation model 
with approximately 5 m resolution. 

 
 
Hillier, M. J., E. M. Schetselaar, E. A. de Kemp, and G. Perron. 2014. Three-dimensional modelling of geological 
surfaces using generalized interpolation with radial basis functions: Mathematical Geosciences 46, 8, 931-953. 
Snyder, D. B., J. A. Craven , M. Pilkington, & M. J. Hillier. 2015. The 3-dimensional construction of the Rae craton, 
central Canada: Geochemistry, Geophysics, Geosystems, 16, DOI: 10.1002/2015GC005957. 
Snyder, D. B., M. J. Hillier, B. A. Kjarsgaard, E. A. de Kemp, & J. A. Craven. 2014. Lithospheric architecture of the 
Slave craton, northwest Canada, as determined from an interdisciplinary 3-D model: Geochemistry, Geophysics, 
Geosystems, 15, 1895-1910,  DOI: 10.1002/2013GC005168. 
St-Onge, M. R., Harrison, J. C., Paul, D., Tella, S., Brent, T. A., Jauer, C. D., & Maclean, B. C. 2015. Tectonic Map of 
Arctic Canada. Geological Survey of Canada, Canadian Geoscience Map, 187(1).1  
Canada-in-3D website:  https://xp-dev.com/trac/canadain3d 
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Plenary: NATIONAL GEOLOGIC MAP DATABASE 
Dave Soller, U.S. Geological Survey, 12101 Sunrise Valley Drive, MS 926A, Reston, VA 20192; 
drsoller@usgs.gov 

The USGS and the Association of American State Geologists (AASG) are mandated by Congress to provide 
a National Geologic Map Database (NGMDB, http://ngmdb.usgs.gov/) of standardized, spatial geoscience 
information. In this partnership, collaboration occurs with the private sector, universities, and geological survey 
agencies in other countries. From the public website, we serve one of our principal user communities – the 
professional geologists and non-geologists who need to find geologic maps and geoscience reports, and get answers 
to their questions. Throughout the NGMDB project’s 19 years of operation, service to government agencies, the 
private sector, and the general public has been a principal responsibility. 

To support geologic mappers, online resources provided by, or linked from, the NGMDB include: 1) the U.S. 
Geologic Names Lexicon (Geolex), a standard reference for the Nation's stratigraphic nomenclature; 2) the 
Geoscience Map Catalog (containing citations and links to ~98,000 publications, many containing GIS data and map 
images; and 3) technical reports from the nineteen annual Digital Mapping Techniques workshops, and cartographic, 
database design, science terminology, and data-exchange standards (for example, the new standard database 
design “NCGMP09”, and the FGDC geologic map symbol standard and its implementation in ESRI software). 

 
.  
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Plenary: SEDIMENT THICKNESS MAPPING 
David R. Soller, U.S. Geological Survey, 12101 Sunrise Valley Drive, MS 908, Reston, VA 20192; 
drsoller@usgs.gov 
A nationwide map of sediment thickness (i.e., depth to "rock") is an essential component for modeling the three-
dimensional nature of the Earth's crust.  From the numerous inquiries received from private companies over the past 
few years, it's clear that such information has broad value.  The principal challenge to development of a sediment 
thickness map will be to define the sediment-rock interface in all geologic settings.  It's my sense that Frezon, Finn, 
and Lister (1983) faced this challenge when compiling their map of the thickness of sedimentary rocks in the 
conterminous U.S.  In some settings, for example the glaciated areas, the sediment-rock interface is relatively 
obvious and mappable; therefore, sediment thickness and depth to rock maps are readily prepared (e.g., Soller and 
Garrity, 2018).  However, in other parts of the Nation, for example the Atlantic and Gulf Coastal Plains, identifying the 
sediment-rock interface is highly problematic because of the generally increasing consolidation with depth.  Should 
the interface therefore be defined at some horizon within these sediments based on degree of consolidation, or 
arbitrarily defined by a time horizon such as base of Quaternary deposits?  To resolve such issues, discussion among 
regional geologists will be essential, leading to consensus or to a compromise (perhaps with a stated agreement to 
disagree) in order to permit completion of the mapping.  Conceivably, the resulting map may be a composite that 
records, according to differing criteria, the sediment thickness in different geologic settings, with consequent lateral 
breaks in sediment thickness continuity. 
 
Frezon, S.E., Finn, T.M., and Lister, J.H., 1983, Total thickness of sedimentary rocks in the conterminous United 
States: U.S. Geological Survey Open-File Report OF-83-920, scale 1:5,000,000, 
https://ngmdb.usgs.gov/Prodesc/proddesc_14275.htm. 
 
Soller, D.R., and Garrity, C.P., 2018, Quaternary sediment thickness and bedrock topography of the glaciated United 
States east of the Rocky Mountains: U.S. Geological Survey Scientific Investigations Map 3392, 2 sheets, scale 
1:5,000,000. https://doi.org/10.3133/sim3392.
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Poster: NEW BEDROCK GEOLOGIC MAPPING, DODGE COUNTY, WI 
Esther Kingsbury Stewart, Kathy Roushar, and Eric Stewart. Wisconsin Geological and Natural History 
Survey, UW-Extension, Madison, WI, esther.stewart@wgnhs.uwex.edu 
 

We present a preliminary 1:100,000-scale bedrock geologic map of Dodge County, Wisconsin (fig. 1). 
Mapping was funded in part by the USGS National Cooperative Geologic Mapping Program under StateMap awards 
G15AC00161, G16AC00143, and G17AC00138. Dodge County is a rural county located in southeastern Wisconsin 
and dominated by agricultural land use.  Surface topography is low relief, and bedrock is mostly buried beneath 6 to 
18 meters (20 to 60 feet) of glacial deposits that locally exceed 60 meters (200 feet) within bedrock channels in the 
eastern part of the county. Dodge County’s bedrock geology is comprised of a Precambrian bedrock surface 
characterized by regional-scale folding and significant topographic relief overlain by upper Cambrian siliciclastics (Elk 
Mound, Tunnel City, and Trempealeau Groups), Ordovician dolostone and siliciclastics (Prairie du Chien, Ancell, and 
Sinnipee Groups and Maquoketa Formation), and undifferentiated lower Silurian dolostone . The Precambrian rocks 
include folded ca. 1.7 Ga Baraboo-interval metasediments that were intruded by ca. 1.4 Ga granite (Medaris et al., 
2011). Folded Precambrian quartzite outcrops as the Waterloo Syncline in the southwestern part of the County. The 
Paleozoic section thickens from west to east towards the Michigan Basin such that western Dodge County is 
underlain by the Cambrian through Middle Ordovician Elk Mound through Sinnipee Groups while eastern Dodge 
County is underlain by Silurian dolostone of the Niagara Escarpment. Secondary sulfide mineralization, probably 
Mississippi Valley Type, is present in variable, relatively low amounts throughout the Paleozoic section (Brown and 
Maas, 1992, this study).  

 
Mapping is based on integration of geophysical data (gravity and aeromagnetic anomaly data, passive 

seismic readings), subsurface data (drill core, downhole geophysical logs, geologic logs based on cuttings from 
municipal wells, and well construction reports of private water wells), and observations collected at sparse outcrops 
and quarries. We interpolate a bedrock elevation surface from the top of bedrock contact recorded in 3,831 
geolocated wells. We compile the basemap from the bedrock elevation surface overlain by select political boundaries, 
roads, and hydrologic features. We identify map unit contacts in 882 wells and interpolate between wells to generate 
depth-structure maps of the base of Paleozoic map units and the top of the Precambrian surface. We intersect depth-
structure maps with the bedrock elevation surface to generate map unit contacts. We use a modified version of the 
US Geological Survey draft standards for digital publication of geologic maps (NCGMP09, USGS Open-file report 
2010-1335) and intend to migrate that to the USGS Geologic Map Schema (GeMS) when it is released.  

 
Results from the first three years of this four-year effort to map the bedrock geology of Dodge County (1) 

clarify the stratigraphy and structure of the Precambrian units, (2) characterize thickness variations of the Paleozoic 
units and identify stratigraphic horizons that tend to develop bedding plane openings, and (3) identify regional, gentle 
folds within the Paleozoic units. A bedrock core drilled as part of the mapping effort encountered a likely altered 
banded iron-formation that is known to be present elsewhere within the Baraboo interval stratigraphy. We tie this core 
to a characteristic, curvilinear aeromagnetic anomaly and extrapolate to calibrate the regional aeromagnetic data in 
Dodge County and thus map the distribution of Precambrian units. Map patterns of the Precambrian surface 
demonstrate that the Baraboo-interval metasediments were folded into east-northeast-trending, doubly-plunging 
anticlines and synclines with ~30km (18.6 mile) wavelength. Map patterns further demonstrate that the Waterloo 
quartzite, which outcrops in a broad syncline in southwestern Dodge County, is distinct from, and likely 
stratigraphically above, the Baraboo quartzite. The Precambrian surface underwent significant and variable erosion, 
which in Dodge County resulted in slopes on the Precambrian surface on the order of >82 meters over 5 kilometers 
(270 feet over 3 miles) by the time of deposition of Cambrian sediments. The significant topography on the 
Precambrian surface controlled changes in thickness and sedimentary facies within the overlying Paleozoic 
sediments. The variable Precambrian topography was mostly infilled by Cambrian sandstone such that the thickness 
of the Cambrian Elk Mound Group sandstone can vary by >82 meters (270 feet) over several miles while the 
thickness of the overlying Cambrian Tunnel City Group and Trempealeau Group units is relatively consistent. The 
Paleozoic units were then folded into broad, east-west trending, gentle anticlines and synclines with lengths of 13.6 
km (8.5 miles) to 40 km (25 miles), widths of about 8 to 10.5 km (5 to 6.5 miles), and amplitudes of 20 to 100 meters 
(65 to 328 feet). Sulfide mineralization is present throughout the Paleozoic section in Dodge County and is 
preferentially located near fold axes. Fold geometry and preferential sulfide mineralization along fold limbs observed 
in Dodge County is similar to fold geometry and mineralization reported by Heyl et al. (1959) for the Upper Mississippi 
Valley Lead-Zinc District, suggesting similar controls on deformation and mineralization for southwestern and 
southeastern Wisconsin. Bedding plane openings and karst are frequently present within dolomite and cemented 
sandstone units and are probable conduits for groundwater flow. Bedrock coring we conducted encountered multiple 
fractures in dolostone and carbonate cemented sandstone units at predictable stratigraphic horizons.  
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Figure 1. Index map of Dodge County showing where mapping is currently completed (years 1 and 2), in progress 
(year 3), and proposed (year 4).  
 
Brown, B. A. and R.S. Maas. 1992. A reconnaissance survey of wells in eastern Wisconsin for indications of 
Mississippi Valley Type Mineralization: Wisconsin Geological and Natural History Survey Open File Report 92-3, 31p. 
 
Haugerud, R.A., S.M Richard, D.R Soller, and E.E Thomas. 2010. NCGMP09- Draft standard format for digital 
publication of geologic maps, version 1.1: US Geological Survey Open-file report 2010-1335, 
http://pubs.usgs.gov/of/2010/1335/ 
 
Heyl A. Jr., A.R. Agnew, E.J. Lyons, and C.H. Behre Jr. 1959. The geology of the Upper Mississippi Valley Zinc-Lead 
District: US Geological Survey Professional Paper 309, 310p. 
 
Medaris, L.G., Jr., R.H. Dott, Jr., J.P. Craddock, and S. Marshak. 2011. The Baraboo District- A North American 
classic in Miller, J.D., Hudak, G.J., Wittkop, C., and McLaughlin, P.I., eds., Archean to Anthropocene: Field Guides to 
the Geology of the Mid-Continent of North America: Geological Society of America Field Guide 24, p. 63-82. 
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Talk and Poster: THE MASSACHUSETTS SURFICIAL MATERIALS 
GEODATABASE AND QUATERNARY GEOLOGIC MAP: THE 
CULMINATION OF 80 YEARS OF COOPERATIVE EFFORT 
Byron D. Stone, U.S. Geological Survey, 101 Pitkin Street, East Hartford, CT 06108 bdstone@usgs.gov 
Janet R. Stone (Emeritus), U.S. Geological Survey, 101 Pitkin Street, East Hartford, CT 06108 
Mary DiGiacomo-Cohen, U.S. Geological Survey, 101 Pitkin Street, East Hartford, CT 06108 
Ralph S. Lewis (Emeritus), University of Connecticut, 1080 Shennecossett Road, Groton, CT 06340 
Stephen B. Mabee, MA Geological Survey, UMass, 627 North Pleasant Street, Amherst, MA 01003 
 

Cooperation between the U.S. Geological Survey, Massachusetts Geological Survey and the Massachusetts 
Executive Office of Administration and Finance, Bureau of Geographic Information (MassGIS) is nearing completion 
on a surficial materials database and Quaternary geologic map of the Commonwealth. This major project compiled all 
189, 7.5-minute quadrangles based on accurate 1:24,000-scale mapping. While the effort to complete these two 
important products has accelerated over the last 15 years, it really marks the culmination of 80 years of state and 
federal cooperation. In 1938, the U.S. Geological Survey and the Massachusetts Department of Public Works entered 
into a cooperative agreement that began mapping bedrock and surficial geology across the Commonwealth at 
1:24,000 scale. This mapping and subsequent publication of GQ-series maps continued at a high rate until the 
geologic division of the U.S. Geological Survey left Massachusetts in 1978 and published the statewide bedrock map 

in 1983, after which publications of new maps dropped precipitously (Figure 
1). Unfortunately, this drop in map production coincided with the passage of 
the Clean Water Act, RCRA, CERCLA and other legislation targeted toward 
groundwater contamination and remediation, increasing the demand for 
surficial geologic mapping. By the early 1980’s, the surficial geology of the 
entire state had been mapped but only half the quadrangles had been 
published. The rest were in various stages of completion but not available to 
the public.   

 
In 2002, an effort to complete the surficial mapping began. MassGIS 

scanned and georeferenced all of the published paper maps.  The 
Massachusetts Geological Survey then heads-up digitized all the original line 
work and unit polygons (Mabee and Stone, 2004). The U.S. Geological 
Survey assembled the unpublished maps, developed consistent and 
simplified lithic material units, edge-matched all the quadrangles, and 
compiled and published the data in eight regional sections (available online at 
http://pubs.usgs.gov/of/2006/1260). Each section includes descriptive text, 
.pdf format files for printing individual quadrangles, 1:24,000 scale 

topographic raster base maps, individual shapefiles of 1) bedrock outcrops and areas of shallow rock, 2) basal till, 3) 
glacial stratified deposits (coarse- and fine-grained), and 4) post-glacial deposits, and an ArcGIS map document 
(.mxd) with FGDC-compliant metadata for all layers (DiGiacomo-Cohen et al., 2009).  The four shapefiles show how 
superposed geologic features and materials are layered in the subsurface and in the geodatabase, as requested by 
user groups.  Numerous but small modifications were completed based on new Massachusetts statewide LiDAR 
coverage. Currently, the final surficial materials geodatabase for the entire state is in technical editing for publication. 
When complete, the availability of continuous digital data showing the distribution of rock and glacial deposits, in 
stacked layers, will provide stakeholders with the three-dimensional framework needed for improved ground-water 
and surface-water modeling, sand and gravel resource volume assessments, natural resource investigations, hazard 
evaluations, groundwater supply protection, subsurface geotechnical investigations and construction project planning.      

 
The new Quaternary geologic map displays drumlins, moraines, extent of ice-marginal meltwater deposits 

related to numerous local glacial fluvial, lake, and marine basins, major morphosequences, meltwater channels, 
striations, correlated ice-margin retreat positions based on the ice-marginal deposits, the timing of Late-Wisconsinan 
deglaciation constrained by 

10
Be and OSL cosmogenic dates, and cores of varves linked to the varve chronology of 

southern New England (Stone and Stone, 2012; Stone and Stone, 2009). Ongoing collection of HVSR data to 
estimate bedrock depth for development of representative cross sections of the glacial deposits will be included with 
the map. In addition, the on-land glacial geology is extended offshore by reinterpreting more than 11,500 line-km of 
high-resolution seismic reflection profiles (Stone et al., 2015; Lewis and Stone, 2012) collected in previous studies. 
Map units include: glacially modified coastal plain-cored hills, drumlins, moraine deposits, ice-marginal 
lacustrine/marine fans, glacial lake deltas, glacial lake clay, fluvial-estuarine channel-fill deposits, glaciomarine clay, 
and glaciomarine deltas and spits. The offshore geology provides added value to resource managers as the 
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Massachusetts coast is an active area containing pipelines, power cables, dredging operations, wind turbines, and 
sand resources as well as the host to critical shellfish habitats and a vibrant commercial and recreational fishing 
industry.  

 
The availability of a continuous digital surficial materials geodatabase and Quaternary geologic map will 

provide fundamental framework geologic information and a clearer understanding of the deglaciation history that 
shaped our landscape for all stakeholders, and highlights the value of cooperative state/federal partnerships.   
DiGiacomo-Cohen, M.L, J.R. Stone, and B.D. Stone. 2009. New digital surficial geologic map compilation of 
Massachusetts: Geological Society of America Abstracts with Programs, Vol. 41, No. 3, p. 91. 
Lewis, R.S. and B.D. Stone. 2012. Multiple glacial development of upper Georges Bank: Geological Society of 
America Abstracts with Programs, Vol. 44, No. 2, p. 71.  
Mabee, S.B., and B.D. Stone. 2004. Precise conversion of paper geologic maps to value-added digital products: The 
Massachusetts method for surficial geology: Geological Society of America Abstracts with Programs, Vol. 36, No. 2, 
p. 78. 
Stone, B.D., and J.R. Stone. 2009. A deep glacial varve record from the Hadley basin, glacial Lake Hitchcock, 
Sunderland, Massachusetts: Geological Society of America Abstracts with Programs, Vol. 41, No. 3, p.36. 
Stone, J.R., and B.D. Stone. 2012. Varve records from glacial lakes in southern New England: Constraints on the 
timing of Late-Wisconsinan deglaciation: Geological Society of America Abstracts with Programs, Vol. 44, No. 2, p. 
71. 

Stone, J.R., R.S. Lewis, and B.D. Stone. 2015. Integration of onshore-offshore glacial geology in Massachusetts Bay 
using high-resolution seismic reflection profiles: New insights into glacial lakes, synglacial marine incursion, and 
South Channel ice lobe in the Gulf of Maine: Geological Society of America Abstracts with Programs, Vol. 47, 
No. 3, p.44.
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Talk: VISIONS OF NEW, SMALL-SCALE GLACIAL SURFICIAL 
GEOLOGIC MAPS FROM LESSONS LEARNED AT 1:24,000 
Byron D. Stone, U.S. Geological Survey, 101 Pitkin Street, East Hartford, CT 06108 bdstone@usgs.gov 
 

The new USGS-AASG NCGMP proposal to produce complete, scientifically progressing, scalable detailed-
regional-national surficial geologic maps of multiple-glacial deposits in the northern U.S. by 2030 seems daunting, 
technically and also conceptually.  But 20 to 30 years progress in local and state-based maps and stratigraphic 
frameworks since publication of exemplary glacial maps in the USGS Quaternary Map Atlas series (Lineback et al, 
1983, Goebel et al 1983, Hartshorn et al, 1991) has produced wide areas of internally consistent, high quality glacial 
map data, which require revisions of older maps.  There have been four previous periods of national geologic 
mapping and compilation focused on surface mapping and stratigraphic analyses of glacial history: 1) the first 
national geologic map, 1885-1930, 2) the Glacial Map East of the Rocky Mountains (Flint et al, 1959), 1950-1957, 3) 
initial glacial maps of the Quaternary Map Atlas series 1977-1993, augmented by the Thickness and Character of 
Glacial Materials series (Soller et al 1998), 1983-2018, 4) simplified glacial deposits as part of the Surficial Materials 
Map of the U.S. (Soller et al 2009) 2003-2009. Review of scientific literature demonstrates that results of these map 
studies expanded scientific discussions, renewed interest and research in unresolved problems, and helped focus 
state and federal geologic teams toward resolving stratigraphic, geochronologic, and process questions.  

The contrasting character of the glacial record helped determine the emphasis on two different research 
approaches to studies in the Midwestern and Northeastern U.S. regions.  Analyses of multiple glacial events in the 
Midwest were based on regional till-sheet deposits and moraines, supported by lithostratigraphic details, including 
USDA-soils and other lithologic data. This approach established early stratigraphic frameworks, now expanded to ice-
lobe terrains, which further strengthen the framework relationships. Till formations have been grouped by particle-size 
and clast rock-type similarities. Groups, formations, and related moraines can expand or contract depending on the 
purposes of digital maps at 1:24,000 to 1:5,000,000 scale. In this approach, confirmation of previous work and new 
discoveries across large areas would benefit from cornerstone projects in broad geophysical/geochemical surveys 
combined with critical reexamination of surface features utilizing LiDAR data and field studies.   In the Northeast, 
studies of tills and moraines have expanded from the large terminal moraines to smaller, local moraines.  Moraines 
produced by small-to-large-scale, stagnant-ice ablation processes, glaciotectonism, boulder accretion, and inclusion 
of meltwater deposits have been characterized.  In several areas, till and kettles are present beyond the leading edge 
of the terminal moraine, leading to our conceptual distinction between the thin basal till  and the overlying moraine 
deposit.  Till bodies and small moraines are used to define local ice-margin readvance sites, which, correlated within 
the New England varve chronology and its probable climate driver, continue to target sites for additional regional 
correlations. 

A rational, inclusive classification system for stratigraphic units for meltwater deposits, and for their 
relationship to geologic map units has remained a challenge in the regions.  Early detailed and regional maps 
portrayed expansive deltaic, beach, and lake-bottom deposits in large glacial Lakes Chicago, Agassiz, Wisconsin, 
Passaic. The relative ages of lake deposits were correlated within the framework of the terminal and recessional 
moraines.  Smaller glacial lakes were discovered, but their small areas, variable morphologic features, and numerous 
occurrences presented a cartographic challenge in regional- and national-scale maps.  New emphasis on 
morphogenetic map units (1920-1960), and genetic materials units (1983-2009) simplified map units in areas of 
small, complex deposits, but many map examples did not produce a “settled-science” classification of such units, nor 
furthered our understanding of ice-marginal fluvial and lacustrine depositional processes, nor portrayed a deglaciation 
record.  Regional maps that lumped coarse- and fine-grained meltwater deposits into a few lithostratigraphic units 
also did not provide a detailed deglaciation framework based on deposits in different depositional basins.  
Shareholder emphasis on engineering applications for surficial maps in the Northeast permitted detailed mapping of 
meltwater deposits in numerous valleys, initially classified in morphogenetic units.  As more maps recorded detailed 
glacial history in valleys across the region, morphogenetic landforms were combined in single map units showing 
individual ice-marginal deposits (ice-contact outwash plain, esker-fed delta, kame delta, the morphosequences of 
Koteff and Pessl, 1982).  At present, map-stratigraphic units are correlated with related deposits of each large 
outwash plain, or each local glacial lake, or each marine embayment, deposited in different fluvial systems, glacial 
lake stages, or marine depositional basins, in different valleys, at different altitudes, of different ages (Stone et al 
2002, Stone et al 2005). Correlation line symbols for ice-margin positions extend from ice-contact slopes of selected 
deposits to the edges of each basin, across uplands, to lines in adjacent basins.  The Northeastern region is now a 
cornerstone showing detailed ice-sheet retreat chiefly in glacial lake basins, marked by ice-marginal deposits, spaced 
at 0.5 to 5 km intervals northward up all valleys.  Each deltaic morphosequence onlaps older deposits to the south, 
thus stratigraphically tracking recession of the stagnant-ice edge.  Similar deposits and ice-recession history are now 
known in many parts of the Midwest. Additional cornerstone projects to confirm similar glacial stagnant-zone ice 
retreat or other mechanisms, utilizing required LiDAR data and subsurface data, would add scientific mettle to all 
regional maps. 

mailto:bdstone@usgs.gov
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In glacial country, the proposed NCGMP geologic mapping program can be realized with renewed resources 
and a cooperative research spirit.  A vision of new regional and national glacial geology maps includes recognition of 
moraines as stratigraphic units, and local changes to till-moraine-drumlin-shallow bedrock areas where new 
cornerstone projects have expanded the knowledge database into the deep subsurface and into new dynamic models 
of glacial erosion and deposition.  A vision for meltwater sediments requires stratigraphic map units, established in 
cornerstone projects, related to broad lithostratigraphic units, but also to separate large glaciofluvial outwash plains, 
deposits of large glacial lakes, and areas of lumped, small deposits of related origin and age. Map symbols may tie 
the physical map-stratigraphic units to the local setting or geologic process, but most importantly to geologic time 
intervals in the stratigraphic framework. A vision for the emerging 4D stratigraphic framework is flexible, allowing each 
working group to develop map-stratigraphic units at detailed or regional scale, by lumping or splitting, with options to 
emphasize various characteristics in order to develop stackable frameworks that promote our ability to visualize and 
teach our 4D vision to colleagues, students and map-data users. 

 
Lineback, J.A., Bleuer, N.K., Mickelson, D.M., Ferrand, W.R., Goldthwait, R.P., Richmond, G.M., and Fullerton, D.S., 
1983, Quaternary geologic map of the Chicago 4 degrees x 6 degrees quadrangle, United States: U.S. Geological 
Survey, Miscellaneous Investigations Series Map I-1420(NK-16), scale 1:1,000,000. 
Goebel, J.E., Mickelson, D.M., Ferrand, W.R., Clayton, Lee, Knox, J.C., Cahow, Adam, Hobbs, H.C., Walton, M.S., 
Richmond, G.M., and Fullerton, D.S., 1983, Quaternary geologic map of the Minneapolis 4 degrees x 6 degrees 
quadrangle, United States: U.S. Geological Survey, Miscellaneous Investigations Series Map I-1420(NL-15), scale 
1:1,000,000. 
Hartshorn, J.H., Thompson, W.B., Chapman, W.F., Black, R.F., Richmond, G.M., Grant, D.R., and Fullerton, D.S., 
1991, Quaternary geologic map of the Boston 4 degrees x 6 degrees quadrangle, United States and Canada: U.S. 
Geological Survey, Miscellaneous Investigations Series Map I-1420(NK-19), scale 1:1,000,000. 
Flint, R.F. (Committee Chairman), Colton, R.B., Goldthwait, R.P., and Willman, H.B., 1959, Glacial map of the United 
States east of the Rocky Mountains: Geological Society of America, scale 1:1,750,000.  
Soller, D.R. 1998. Map showing the thickness and character of Quaternary sediments in the glaciated United States 
east of the Rocky Mountains; northern Great Lakes states and central Mississippi Valley states, the Great Lakes, and 
southern Ontario (80 degrees 31' to 93 degrees west longitude). U.S. Geological Survey IMAP 1970-B. scale 
1:1,000,000. 
Koteff, C., and Pessl, F., Jr., 1981, Systematic ice retreat in New England: U.S. Geological Survey Professional 
Paper 1179, 20 p.     
Stone, B.D., Stanford, S.D., and Witte, R.W., 2002, Surficial geologic map of northern New Jersey, U.S. Geological 
Survey Miscellaneous Investigations Map I-2540-C, scale 1:100,000; 5 map figures, 11 cross-sections. 3 sheets, size 
58x41; 53x41; 48x40; and a 41-page explanatory pamphlet.   
Stone, J.R., Schafer, J.P., London, E.H., DiGiacomo-Cohen, M.L., Lewis, R.S., and Thompson, W.B., 
2005, Quaternary geologic map of Connecticut and Long Island Sound Basin: U.S. Geological Survey, Scientific 
Investigations Map SIM-2784, scale 1:125,000.  
Fullerton, D.S., Bush, C.A., and Pennell, J.N., 2003, Map of surficial deposits and materials in the eastern and central 
United States (east of 102 degrees west longitude): U.S. Geological Survey, Geologic Investigations Series Map I-
2789, scale 1:2,500,000.     
Soller, D.R., Reheis, M.C., Garrity, C.P., Van Sistine, D.R., 2009, Map database for surficial materials in the 
conterminous United States: U.S. Geological Survey Data Series 425, http://pubs.usgs.gov/ds/425, scale 
1:5,000,000. 
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Poster: THE SURFICIAL GEOLOGIC MAP AND GEODATABASE OF 
BERRIEN COUNTY MI, SUBSURFACE VERIFICATIONS, AND 
INNOVATIVE CUT-AWAY THREE-DIMENSIONAL TIME SLICES  
Byron D. Stone, U.S. Geological Survey, 101 Pitkin Street, East Hartford, CT 06108 bdstone@usgs.gov 
Kevin A. Kincare, U.S. Geological Survey, 412 Red Apple Road, Manistee, MI 49660  
James R. Estabrook, U.S. Geological Survey, 12201 Sunrise Valley Drive, Reston, VA 20192 
 
The surficial geologic map of Berrien County, southwestern Michigan (sheet 1), shows the distribution of glacial and 
postglacial deposits at the land surface and in the adjacent offshore area of Lake Michigan. The geologic map 
differentiates surficial materials of Quaternary age on the basis of their lithologic characteristics, stratigraphic 
relationships, and age. Drill-hole information correlated in cross sections provides details of typical stratigraphic 
sequences that compose one or more penetrated geologic map units. A new bedrock geologic map (on sheet 2) 
includes contours of the altitude of the eroded top of bedrock and shows the distribution of middle Paleozoic shale 
and carbonate units in the subcrop. A sediment thickness map portrays the extent of as much as 150 meters of 
surficial materials that overlie the bedrock surface. 
The major physical features of the county are related principally to deposits of the last Laurentide ice sheet that 
advanced and then retreated back through the region from about 19,000 to 14,000 radiocarbon years before present. 
Glacial and postglacial deposits underlie the entire county; shale bedrock crops out only in the adjacent offshore area 
on the bottom of Lake Michigan. All glacial deposits and glacial meltwater deposits in Berrien County are related to 
the late Wisconsinan glacial advances of the Lake Michigan ice lobe and its three regional recessional moraines, 
which cross the county as three north-northeast-trending belts. 
From east to west (oldest to youngest), the three moraine belts are known as the Kalamazoo, Valparaiso, and Lake 
Border morainic systems. The till-ridge morainic systems (Lake Border and local Valparaiso morainic systems) 
consist of multiple, elongate moraine ridges separated by till plains and lake-bottom plains. Tills in ground and end 
moraines in Berrien County are distinguished as informal units, and are correlated with three proposed regional till 
units in southwestern Michigan, characterized as clayey till, loamy till, or sandy loamy till that are based in part on 
correlation of silty tills and clay mineralogy. The stratified morainic systems (local Valparaiso and Kalamazoo morainic 
systems) are composed of multiple ice-marginal glacial-lake deltas and glaciolacustrine fans that form a contiguous 
array of deposits, welded together at their onlapping contacts, further related by the accordant altitudes of their delta 
topset plains. Their bounding ice-contact slopes repeatedly are aligned parallel to the regional trend of the receding 
ice margin. Ice-marginal (ice-contact) deltas were deposited in glacial lakes that expanded northward as the ice sheet 
retreated. Glaciofluvial topset beds, which overlie deltaic foreset and bottomset facies, fine away from the ice margin. 
Stratified deposits associated with the Valparaiso moraine were deposited in glacial Lakes Madron and Dowagiac. 
Subsequent deposits of glacial Lake Baroda preceded basin-wide deposits associated with various levels of Lake 
Michigan. 
Sheet 2 includes a series of 10 map figures that show cut-away three-dimensional time slices of the stratigraphic 
succession, from basal tills on bedrock, to ice-marginal deltas in the three large proglacial lakes, to stacked till/lake-
bottom deposits related to the Lake Border ice margin readvances, to young deposits of glacial Lake Chicago and 
younger phases of other glacial lakes and the Chippewa lake lowstand. 
The pamphlet contains a discussion of the stratigraphic framework, descriptions of each depositional unit, and 
graphic logs of U.S. Geological Survey stratigraphic drill holes. The pamphlet also relates the geologic history of 
Berrien County, beginning with bedrock Paleozoic marine deposits, continuing through erosional effects of multiple 
glaciations and the detailed steps of late Wisconsinan ice-margin recession as recorded in the moraines, and the rise 
and fall of postglacial lake levels in the Lake Michigan basin. 
Cooperative geologic mapping studies in central Berrien County began in 1997 (Newell and Stone, 1997) as part of 
the new Central Great Lakes Geologic Mapping Coalition (Berg and others, 2001). Field studies expanded between 
1998 and 2001 to include detailed and reconnaissance mapping at 1:24,000 scale throughout the entire county. An 
intermediate, 1:100,000-scale map of the surface geology (Stone, ed., 2001) was followed by additional field studies, 
stratigraphic drill-holes, surface and airborne geophysical surveys. The present map (Stone and others, 2018) 
expresses new map details and subsurface stratigraphic analyses based on the new data, and detailed cross 
sections and cut-away map diagrams that depict onlapping contacts among successive deltaic deposits of glacial 
Lake Dowagiac, and stacked till-sheet and lake-bottom deposits beneath the Lake Border moraine ridges. 
 
Berg R.C., Bleuer, N.K., Jones, Berwyn, Kincare, K.E., Pavey, R.D., and Stone, B.D. 1999. Mapping the surficial 
geology of the central Great Lakes region: a model of State-Federal cooperation: U.S. Geological Survey Open-file 
Report 99-349, 65 p.   
Newell, W.L., and Stone, B.D. 1997. U.S. Geological Survey 1997 surficial geologic mapping school 
(‘SURFSCHOOL’); Field mapping exercises in Berrien County, Michigan [abs.]: Geological Society of America 
Abstracts with Programs, v.29, no. 6, p. A–39. 
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Stone, B.D., ed. 2001. Surficial geologic map of Berrien County, Michigan: U.S. Geological Survey Open-File Report 
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Stone, B.D., Kincare, K.A., O'Leary, D.W., Newell, W.L., Taylor, E.M., Williams, V.S., Lundstrom, S.C., Abraham, 
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Great Lakes Coalition Talk: THE OHIO GEOLOGICAL SURVEY’S 
GREAT LAKES GEOLOGIC MAPPING COALITION PROJECTS IN 2018 
Stucker, J. D., Ohio Department of Natural Resources Division of Geological Survey, 2045 Morse Rd., 
BLDG. C-2, Columbus, Ohio 43229-6693 james.stucker@dnr.state.oh.us 
 

The Ohio Department of Natural Resources, Division of Geological Survey (Ohio Geological Survey) has 
participated in the Great Lakes Geologic Mapping Coalition (GLGMC) since its inception in the late 1990s. Presently, 
the Ohio Geological Survey’s Mapping and Industrial Minerals Group consists of seven geologists who all play a 
critical role in GLGMC mapping projects. Current GLGMC-funded projects were selected to closely align with the 
goals of the United States Geological Survey (USGS) National Cooperative Geologic Mapping Program and other 
Ohio Geological Survey projects with alternative funding. 

 
With GLGMC funding, surficial stack mapping is underway for eight 1:24,000 (7.5-minute) quadrangles in 

the Wellston 1:100,000 (30x60-minute) quadrangle. The study area is located beyond the glacial margin in east-
central Ohio, within the Muskingum-Pittsburgh region of the Allegheny Plateau section of the Appalachian Plateau 
physiographic province (Brockman, 1998). The region is characterized by a moderately high- to high-relief (300–600 
ft), dissected plateau having broad major valleys that contain outwash terraces, and tributaries with lacustrine 
terraces with medium-grained bedrock sequences. The study area consists primarily of Quaternary valley-fill 
deposits, and includes areas of Pre-Illinoian lacustrine deposits; Wisconsinan-age and Illinoian-age outwash; 
Holocene deposits of alluvium and colluvium; and abundant exposed bedrock. Thick outwash and alluvial drift in 
these buried valley aquifers traverse the quadrangles and provide substantial groundwater supplies. The purpose of 
this study is to create surficial stack maps for use by various government planning agencies, the aggregate industry, 
and construction planners and to help locate and protect sources of groundwater in this region.  

 
Another existing GLGMC project is the mapping of karst features in the Peebles 1:24,000 (7.5-minute) 

quadrangle in southwestern Ohio. The Peebles quadrangle contains widespread karst features, including sinkholes, 
springs, and minor caverns. Mapping karst features is critical for many health and safety reasons. Karst regions 
require special attention to prevent ground-water contamination and avoid construction complications in high-risk 
areas. Sinkholes are a direct conduit to the water table and consequently, they allow surficial contaminants to move 
rapidly into the ground-water aquifer system. In addition, karst regions can be prone to extensive flooding. Karst 
features also pose a threat to infrastructure, including roads, railways, pipelines, and foundations. A digital elevation 
model produced from LiDAR (Light Distance and Ranging) data is being used to delineate suspected karst features. 
Potential sinkholes are presently being field checked to differentiate naturally formed sinkholes from other natural or 
anthropogenic depressions. A map atlas and report will be created to show the locations of the karst features. Most 
recently, focus has been placed on mapping karst features in the Hillsboro and Belfast areas in southwestern Ohio 
(Aden, 2015; Aden, 2016). 

 
Ohio Geological Survey geologists also are in the process of compiling a statewide Quaternary sediment 

database with GLGMC support. The Ohio Geological Survey has numerous historic databases, spreadsheets, and 
paper catalogs that contain various Quaternary sedimentological datasets for more than 5,000 known Quaternary 
sedimentological data locations. Sediment data includes criteria such as location, elevation, lithology, texture, pebble 
counts, and carbonate content organized in differing schemas. The Ohio Geological Survey is compiling the existing 
Quaternary sediment data into a single statewide dataset that will be displayed in a GIS to better utilize the spatial 
variability in the data. This project will support future glacial geology mapping and research projects throughout Ohio. 
 
Aden, D.J., 2015, Karst of the Hillsboro, New Market, New Vienna, and Leesburg Quadrangles, Ohio: Columbus, 
Ohio Department of Natural Resources, Division of Geological Survey Open-File Report 2015-1, 4 p., 71 maps. 
 
Aden, D.J., 2016, Karst of the Belfast and Sugar Tree Ridge 7.5-Minute Quadrangles, Ohio: Columbus, Ohio 
Department of Natural Resources, Division of Geological Survey Open-File Report 2016-4, 7 p., 68 maps. 
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Poster: GEOTHERMAL RESEARCH AT UIUC; SUPPORTING FUTURE 
ENERGY NEEDS 
Stumpf, Andy, Illinois State Geological Survey  
 
Applied thermophysical studies at the ISGS with partners from UIUC, and state, national and international 
organizations are developing efficient ground-source heat exchange (GSHE) and low temperature geoexchange 
systems. These renewable green energy sources will offset greenhouse gas emissions and assist UIUC in meeting 
its 2050 Climate Action Plan objectives. The ISGS is leading 3 important projects to learn more about the 
underground thermal profile: 1) How agricultural practices and climate change impact NSF’s Intensively Managed 
Landscapes Critical Zone Observatory 2) Perfecting the technical aspects for optimizing GSHE systems. 3) 
Determine the feasibility of incorporating the Deep Direct-Use geothermal technology at UIUC, other university 
campuses, and military installations for DOE-EERE. Currently, our team is seeking additional opportunities nationally 
and internationally (e.g., US DoD) and are developing an advanced experimental laboratory to model heat transport 
at multiple scales in the heterogeneous subsurface. 
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Plenary: BASIN- AND REGIONAL-SCALE 3D GEOLOGICAL MAPPING 
METHODS 
D.S. Sweetkind, U.S. Geological Survey, MS 980, Box 25046, Denver, CO 80225 dsweetkind@usgs.gov 

In many parts of the United States, the combination of rapid population growth, high water use, and arid 
climate has led to an increased dependence on groundwater resources, resulting in locally severe groundwater 
depletion and declining groundwater levels (Reilly and others, 2008). Management of surface-water and groundwater 
resources on an aquifer-wide scale requires quantitative characterization of the subsurface, including delineation of 
water-bearing units on the basis of lithology and hydraulic properties and the construction of 3D hydrogeologic 
frameworks.   

 
The USGS, through the Water Availability and Use Science Program, is undertaking a national groundwater 

assessment, carried out as a series of regional studies, to improve our understanding of groundwater availability in 
major aquifers across the Nation (Reilly and others, 2008). The occurrence and juxtaposition of permeable aquifer 
units or low-permeability confining units in three dimensions are critical factors that determine the potential location 
and direction of groundwater flow. The development of a digital three-dimensional hydrogeologic framework (3D 
HFM) is a necessary and significant step in improving the conceptualization of groundwater flow at the basin and 
regional scale, and provides the fundamental geologic input for the development of numerical hydrologic models. 
Although not specifically called for in the National assessment, several of the basin- to regional-scale projects have 
developed 3D HFMs (for example, Burns and others, 2010; Heilweil and Brooks, 2010).  

 
The 3D HFM is a representation of the regional hydrogeology in digital form, including the spatial extent, 

elevation, and thickness of aquifers and confining units, the geometry of major structures, and a representation of 
spatially-varying material properties within each unit. The hydrogeologic framework is built by combining and 
extracting information from a variety of data sets, including digital elevation data, geologic maps, cross sections, 
borehole data, structure contour maps, geophysical data, and results from other digital frameworks. The initial step in 
constructing the 3D HFM involves extracting digital information from the various datasets and combining them in a 
centralized geospatial database. Surfaces representing the elevation of the top of each unit are created through 
interpolation of input data points into grids using two-dimensional (2D) horizon gridding software. The final 3D HFM is 
compiled by stacking the individual gridded surfaces in stratigraphic order using three-dimensional (3D) modeling 
software. To support quantitative characterization of the subsurface, regionally consistent 3D datasets are necessary 
in order to: (1) create a data warehouse of stratigraphic elevation, thickness, and unit extent of major stratigraphic 
intervals in the study area; (2) provide regional stratigraphic subsurface control to guide geologic map compilation 
decisions; (3) provide regional 3D geologic datasets for development of stratigraphic facies and structural, and 
tectonic interpretations; and (4) develop 3D datasets suitable for the construction of digital 3D geologic framework 
models. 

 
Surface and subsurface geologic mapping, 3D geologic modeling and GIS techniques allow for continued 

and future modeling of groundwater systems where the aquifer’s geologic framework and rock property data are 
discretized into subsurface grids for predicting aquifer flow pathways and storage capacities. Collectively, updated 
interpretations of subsurface geology, new surface geologic mapping, advances in geophysical methods, an 
improved understanding of hydraulic properties of geologic units, the development of subregional hydrogeologic 
frameworks, and advances in software and computing power provide the foundation for the development of a more 
complex, finer scale, and multi-layer hydrogeologic framework for the aquifer system. Multidisciplinary studies of 
regional groundwater availability across the United States will provide resource managers and policy makers with 
essential information needed for management of a limited resource in areas experiencing chronic water-supply issues 
and concerns. Although not specifically geared to create a regionwide or national 3D geologic framework, USGS 
regional aquifer assessments provide an important stepping-stone towards regional and  national-scale, multi-
purpose 3-D geological framework models that are tied to national-scale 2D geologic mapping, borehole data 
compilation, and compilation of geophysical data such as depth-to-basement maps. 

 
Burns, E.R., Morgan, D.S., Peavler, R.S., and Kahle, S.C., 2011, Three-dimensional model of the geologic framework 
for the Columbia Plateau Regional Aquifer System, Idaho, Oregon, and Washington: U.S. Geological Survey 
Scientific Investigations Report 2010-5246, 44 p.  
 
Heilweil, V.M., and Brooks, L.E., eds., 2011, Conceptual model of the Great Basin carbonate and alluvial aquifer 
system: U.S. Geological Survey Scientific Investigations Report 2010-5193, 191 p. 
 
Reilly, T.E., Dennehy, K.F., Alley, W.M., and Cunningham, W.L., 2008, Ground-Water Availability in the United 
States: U.S. Geological Survey Circular 1323, 70 p.
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Talk: INTERPRETING STRATIGRAPHY AND SEDIMENT TEXTURE 
FROM LITHOLOGICAL DATABASES: EXAMPLES FROM CALIFORNIA 
GROUNDWATER BASINS 
D.S. Sweetkind, U.S. Geological Survey, MS 980, Box 25046, Denver, CO 80225 dsweetkind@usgs.gov 

 
Numerical hydrologic-flow models require a representation of hydraulic conductivity as a three-dimensional 

(3D) array of values throughout the model domain (for example, Faunt, 2009). Quantitative subsurface geologic 
modeling can be used to distribute lithologic properties throughout the model domain as a geologic basis for hydraulic 
property estimates. Although detailed and rigorous geologic observation is not a water well driller’s primary concern, 
driller’s lithologic logs are our most abundant and easily obtainable geologic data with which to estimate the 
distribution of geologic materials in the shallow subsurface. Previous studies have shown that drillers’ lithologic logs 
can provide valid geologic information if the logs are classified and screened on the basis of specificity of location, 
degree of detail of geologic description, well depth, and well spacing  (Faunt et al., 2009; Sweetkind et al., 2010; 
Wentworth et al., 2015). Drillers’ descriptions of grain size, presence or absence of gravel, degree of consolidation, 
rock type, and abrupt color changes can be standardized to a limited number of lithologic classes by interpreting the 
descriptions with reference to surface outcrop observations or high-quality well data that include core or geophysical 
log data. Geologic consistency is obtained when lithologic descriptions are properly classified and interpreted and 
when many boreholes are interpreted together to smooth out local driller-based variability. Comparison of multiple 
driller’s descriptions of cuttings from adjacent water wells has indicated that, although the specific descriptions 
differed considerably, the relative changes in coarseness with depth matched fairly closely (e.g., Wentworth et al., 
2015).  Examples from recent work in California coastal basins show the utility of lithological databases in developing 
stratigraphic models and two-dimensional (2D) and 3D models of sediment grain size.  

 
In the Santa Rosa Plain and Petaluma Valley sedimentary basins of northern California, Pliocene shallow 

marine, estuarine, and continental deposits are exposed on the basin margins, allowing for direct observation, and 
are sufficiently distinct that stratigraphic tops can be confidently picked in driller’s lithologic logs (Sweetkind et al., 
2010). Stratigraphic assignments were made by analyzing well lithologic data based on rock type, bedding and 
sorting characteristics, and stratigraphic succession along numerous serial cross sections. Stratigraphic tops were 
picked interactively by viewing lithologic logs from 10–20 wells in a profile. Contacts were picked in an iterative 
fashion from numerous cross sections of varying orientation in order to eliminate spurious picks and maximize the 
consistency of the stratigraphic interpretation. Subsurface analysis began with wells spudded in outcrops on the basin 
margins or where correlations could be made to higher-quality well data in order to condition the rest of the well data 
set. For both basins, the end result was a series of x,y,z points that were used to construct a 3D stratigraphic model 
based primarily on water well lithologic log data. The subsurface extent and location of stratigraphic boundaries in the 
resultant 3D model faithfully simulate known geologic conditions and reflect the history of uplift and basin 
development, tectonic activity including offset along major basin-bounding faults, and the interaction between 
continental and marine sedimentation.  

 
In Cuyama Valley, Salinas Valley, and Sacramento Valley, California, driller’s lithologic logs were 

regularized to a single textural parameter, sediment grain size, tabulated as percentage of coarse-grained texture. 
Each lithologic log interval was classified using a discrete binary texture classification of either “coarse grained” or 
“fine grained” on the basis of the lithologic description in the log. Coarse-grained deposits were those dominated by 
gravel and sand-size clasts with no clay matrix; all other deposits were considered fine-grained. Similarly regularized 
data were derived from oil and gas well electric log data through analysis of the SP-log curve (Sweetkind et al., 
2013). The binary classification of intervals as either coarse or fine grained minimized any differences between grain 
size as described in drillers’ lithologic logs and the relative size classes derived from SP-log analysis. For each 
hydrostratigraphic unit, the percentage of coarse-grained sediment was calculated as the total thickness of coarse-
grained intervals divided by the total thickness of the unit (Faunt, 2009; Sweetkind et al., 2013). Coarse-grained 
texture was extrapolated away from the well locations for each geologic unit by using 2D kriging, distributing values to 
the nodes of a 2D grid. An advantage of using geostatistics instead of simple spatial interpolation methods, such as 
inverse-distance weighted interpolation, is that the geostatistical model is fitted to the observed spatial correlation 
structure, whereas simple interpolation methods are based on an assumed spatial correlation structure. The textural 
parameter represents a vertically-averaged average value that applies to the entire thickness of the hydrogeologic 
unit, providing a measure of spatial variability of the texture parameter in the x,y dimensions, but not in the vertical 
dimension. The 2-D kriged estimates of percentage of coarse-grained texture showed significant heterogeneity that 
reflects depositional environment, basin aggradation processes, and the geomorphic evolution of each region. 
  
Faunt, C.C., ed., 2009, Groundwater Availability of the Central Valley Aquifer, California: U.S. Geological Survey 
Professional Paper 1766, 225 p. 
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Plenary: SEDIMENTARY BASIN STRATIGRAPHY AND MODELING - 
ALLOGENIC CONTROLS ON LITHOSTRATIGRAPHY, AND 
IMPLICATIONS REGARDING THE GEOLOGIC MAPPING OF BLACK 
SHALE IN SEDIMENTARY BASINS OF THE EASTERN UNITED 
STATES 
Christopher S. Swezey, U.S. Geological Survey, 12101 Sunrise Valley Drive, MS 926A, Reston, VA 
20192; cswezey@usgs.gov 

Studies of sedimentary basin stratigraphy and modeling have shown that the nature of lithologies that 
accumulate in a sedimentary basin is a function of tectonics, sea level, and climate.  Most studies during the 1960s–
1970s emphasized the role of tectonics (e.g., Dickinson, 1974), studies during 1980s–1990s emphasized the role of 
sea level (e.g., Wilgus et al., 1988), and more recent studies have emphasized the role of paleoclimate (e.g., Cecil 
and Edgar, 2003).  The recognition of the role of paleoclimate provides a particularly robust paradigm for 
understanding and predicting the overall lithostratigraphy of a sedimentary basin. The following paragraphs outline a 
framework of paleoclimate and lithostratigraphy for the eastern United States during the Phanerozoic, followed by an 
examination of the temporal and spatial distribution of black (organic-rich) shale within this framework.  An 
understanding of the distribution of black shale is of particular interest for geologic mapping because it can be both a 
petroleum source rock and an aquiclude.  

During most of the Paleozoic, tectonic plate reconstructions situate the eastern United States at 
approximately 20–30º S latitude, which is a region in which carbonates and eolian sediments were and are common.  
Accordingly, the Appalachian, Michigan, and Illinois Basins during this time may be considered as essentially 
carbonate basins, with the presence of non-carbonate strata denoting unusual events.  Within these three basins, 
most of Paleozoic time is represented by carbonate strata (with some evaporites), and there are three major intervals 
of siliciclastic strata that each accumulated during time durations of 10–40 million years (myr).  Each of these 
siliciclastic intervals of 10–40 myr duration is associated with a regional unconformity (Sloss sequence boundary), 
black shale is present near the base of the interval, and sandstone is generally more common near the top.  The 
three intervals of siliciclastic strata that each accumulated during time durations of 10–40 myr are interpreted 
traditionally as being associated with the following tectonic events: (1) the Upper Ordovician to Lower Silurian 
siliciclastic strata are associated with the Taconic orogeny in the Appalachian Basin; (2) the Middle Devonian to 
middle Mississippian siliciclastic strata are associated with the Acadian orogeny in the Appalachian Basin; and (3) the 
Pennsylvanian to Permian siliciclastic strata are associated with the Alleghanian orogeny in the Appalachian Basin 
and with the Ouachita orogeny to the south of the Illinois Basin.  However, these three intervals of siliciclastic strata 
are also coincident with the three major glaciations that occurred during the Paleozoic, suggesting that climate may 
also exert an important control on lithostratigraphy. 

In addition to the three intervals of Paleozoic siliciclastic strata that accumulated during time durations of 10–
40 myr, the following two laterally extensive but relatively thin packages of Paleozoic sandstone are present in the 
Appalachian, Michigan, and Illinois Basins: (1) the Ordovician St. Peter Sandstone and equivalent units, and (2) the 
Devonian Oriskany Sandstone and equivalent units.  These sandstones contain very little mud, they lie immediately 
above a regional unconformity (Sloss sequence boundary), and they are present within predominantly carbonate 
strata.  However, these sandstones accumulated during relatively short time durations of <10 myr, and they are not 
necessarily associated with significant fining-upward or coarsening-upward trends, with black shale, or with orogenic 
events.  Thus, these sandstones may owe their origin primarily to changes in climate and sea level.  A possible 
scenario is that the sandstones are of eolian origin and (or) that they originally were eolian sediments that were 
subsequently redeposited/reworked in a subaqueous environment in association with a regression and subsequent 
transgression. 

Pennsylvanian through Jurassic strata of the eastern United States are predominantly siliciclastic.  During 
the Pennsylvanian and Permian, the land masses came together to form Pangea, and most tectonic plate 
reconstructions place the eastern United States near the paleo-equator and the western United States at 
approximately 20–30º N latitude.  Accordingly, in strata of this time interval, coal is common in the eastern United 
States (paleo-equator) and eolian sandstones are common in the western United States (paleo-20–30º N latitude).  
During the Triassic and Jurassic, the eastern United States moved north of the equator, and rift basins formed as 
Pangea broke apart.  These rift basins filled with alluvial, fluvial, and lacustrine sandstone and shale, coal beds, and 
eolian sandstone (with black shale being associated with some of the lacustrine units and coal beds). 

Cretaceous through Eocene strata are predominantly carbonate in the Gulf of Mexico and Florida (which 
were located at approximately 20–30º N latitude), and increasingly siliciclastic to the north.  During this time, sea level 
was relatively high, Florida was an isolated carbonate platform, and the paleo-Gulf Stream flowed across Georgia 
along a feature named the “Gulf Trough,” which separated the carbonate sediments of Florida from the predominantly 
siliciclastic sediments to the north.  In the western United States, Cretaceous siliciclastic strata are coincident with the 
onset of the Laramide orogeny.  Across much of North America, a middle Cretaceous regional unconformity (Sloss 
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sequence boundary) is associated with the influx of fluvial sands into predominantly marine environments, followed 
by the accumulation of black shale during the subsequent transgression (e.g., Tuscaloosa Formation in the Gulf of 
Mexico). 

After the Eocene, the distribution of carbonate strata became more restricted and siliciclastic sediments 
became more abundant in eastern North America.  These changes occurred with the development of a regional 
unconformity caused by the onset of Antarctic glaciation at the end of the Eocene, and the resulting change of the 
Gulf Stream to its present location and influx of siliciclastic sediments across the “Gulf Trough” to the Florida 
Platform.  Another regional unconformity and an additional influx of siliciclastic sediments in the eastern United States 
occurred during the middle Pliocene, associated with the onset of glaciation in the Arctic. 
            The framework outlined above provides a context for examining the temporal and spatial distribution of black 
(organic-rich) shale in the rock record.  Most black shale in the eastern United States may be grouped according to 
stratigraphic and depositional setting into the following five categories (which may not be mutually exclusive):  
(1) Lacustrine shale in rift basins: Examples include shale in the Precambrian Nonesuch Formation of Michigan and 
shale in the Triassic Cumnock Formation of North Carolina. 
(2) Marine shale that overlies carbonate platform deposits and that is part of an interval of siliciclastic strata that 
accumulated during a time duration of 10–40 myr: Examples include the Ordovician Utica Shale (Appalachian Basin) 
and equivalent strata, and the Devonian Marcellus Shale (Appalachian Basin) and equivalent strata.  These shale 
units have an association with regional unconformities (Sloss sequence boundaries).  Some graphitic schist in 
metasediments of the Virginia Piedmont may fit into this category. 
(3) Deep-water marine shale adjacent to carbonate platform deposits: Examples include the Mississippian Lillydale 
Shale in West Virginia and other shale units basinward of the Mississippian carbonate platform (e.g., Mississippian 
Barnett Shale in Texas). 
(4) Shallow marine and marginal marine shale associated with evaporites: Examples include the Ordovician Foster 
Formation (Michigan Basin), the Ordovician Ancell Group (Illinois Basin), and the Silurian Niagara and Salina Groups 
(Michigan Basin). 
(5) Marine shale associated with coal beds: Examples include Pennsylvanian shale in the Appalachian, Michigan, 
and Illinois Basins.  Triassic shale associated with coal beds in the Mesozoic rift basins of North Carolina may also fit 
into this category. 
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Plenary: MEETING OVERVIEW 
Harvey Thorleifson, Minnesota Geological Survey, 2609 West Territorial Road, St Paul MN 55114 USA; 
thorleif@umn.edu 

In Lexington, Kentucky, on June 11, 2014, members of the Association of American State Geologists 
(AASG) unanimously passed a resolution that endorsed planning by U.S. Geological Survey (USGS), and that cited 
pressing issues related to energy, minerals, water, hazards, climate change, environment, waste, and engineering, as 
well as research priorities, to call for accelerated progress on a national, regularly-updated, well-coordinated, multi-
resolution, seamless, 3D, material-properties-based geological mapping database.  

 
Researchers and land use managers increasingly rely on and therefore need to invest in geologic mapping 

that will return benefits, including lives saved, resources discovered, costs avoided, increased efficiency, and 
improved understanding of earth composition, structure, and history. Provision of standardized and accessible 
geologic mapping is facilitated by the National Geologic Map Database (NGMDB), which is managed by USGS in 
cooperation with AASG, with proven arrangements for administration, data, stratigraphy, and standards. Mapping at 
state and national scales in the US is complete, although in need of updating. At scales needed for planning, 
coverage is only about 50%, and these maps typically are unreconciled relative to each other. Subsurface mapping 
needed for groundwater management and sedimentary basin assessments is even less complete. The superb nature 
of completed mapping, and compelling user needs, thus call for acceleration and enhancement of this activity. 

 
Users now expect maps to be zoomable, and to be queryable over broad areas. In addition, the demands of 

modelling increasingly call for a focus on material properties such as lithology and hydraulic conductivity. The public 
sector role commences with county and quadrangle-scale 2D mapping, the most important scale for land use 
planning. Each state geological survey can determine the most appropriate scale for their focused investigations, and 
also the intermediate scale that will be achievable state-wide. State-wide seamless compilations of quadrangle- or 
county-scale mapping are being built on an incremental basis, in part to make GIS resources manageable. Links to 
source information, at least as scanned versions of both maps and reports, provide documentation for advanced 
users, as well as credit and responsibility for the source map authors. Accompanying 3D geological mapping that 
depicts extent, thickness, properties, heterogeneity, and uncertainty of strata is based on data compilation and 
acquisition, facies modelling, and basin analysis.  Model construction, including use of geostatistics, varies depending 
on resolution, complexity, as well as data format and adequacy. A basement map also is needed, with geometry of 
selected structures, along with discretized physical properties. The urgency of user needs calls for mapping of this 
nature to be completed nationally at appropriate levels of resolution within a decade or two, and updated periodically, 
in some areas every two decades or so, owing to increasing access, new topographic mapping, accumulation of data, 
as well as progress in science and technology. 

 
There thus is an urgent need for geological mapping to be progressively more: focused on user needs while 

accommodating unanticipated applications; conducted as part of a well-planned program based on ongoing 
assessment of required databases; focused on the most detailed mapping where needed; committed to jurisdiction-
wide completion at an appropriate level of resolution; reconciled from onshore to offshore with topographic and 
bathymetric data; coordinated with soil mapping; based on compilation of drillhole and other data, along with strategic 
drilling and newly acquired geochronology, geochemistry, and geophysics; based on sound stratigraphic naming; 
categorized using accepted terminology; committed to regular updating; assembled as state-wide seamless 
compilations; 3D, in which the extent, thickness, and properties of layers, and geometry of selected basement 
structures are distinguished; material properties-based; coordinated with 3D versions of state, continental, and global-
scale maps; accessible through open-source software; and linked to databases as well as searchable publications. 
Surveys need to aggressively transition to this approach, to better fulfil their essential role in society. 

mailto:thorleif@umn.edu


 

 

94 

Plenary: USE OF DRILLHOLE DATABASES IN GEOLOGICAL 
MAPPING 
Harvey Thorleifson, Minnesota Geological Survey, 2609 West Territorial Road, St Paul MN 55114 USA; 
thorleif@umn.edu 

 
A project designed to gain access to all usable data to aid construction of 3D geological models for southern 
Manitoba has included significant effort to appropriately utilize lithological data of variable quality in the Provincial 
water well database known as “GWDrill”. In order to use the data, it was necessary first to assign x, y, and z 
coordinates to each site on the basis of the existing designation, usually a quarter section (one-half mile by one-half 
mile) or river lot location. Secondly, it was necessary to convert the lithological data to a classification and 
terminology that could be queried and mapped. The lithological data were converted by correcting spelling, obtaining 
an inventory of words, deleting unusable words, identifying synonyms and changing them to a single term, and 
parsing and interpreting the remaining information into several lithological, colour, structure, consistency, 
hydrogeological, and stratigraphic variables. The resulting database has exceeded expectations with respect to 
apparent location accuracy and geological coherence. 

 
Reference: Thorleifson, L. H. and Pyne, D. M. 2004. Conversion of lithological data in the Manitoba water well 
database (GWDrill) to a mappable format; in Soller, D.R., editor, 2003, Digital Mapping Techniques '03 -- Workshop 
Proceedings: U.S. Geological Survey Open-file Report 03-471. 
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Talk: MINNESOTA GEOLOGICAL SURVEY GEOLOGICAL MAPPING 
Harvey Thorleifson, Minnesota Geological Survey, 2609 West Territorial Road, St Paul MN 55114 USA; 
thorleif@umn.edu 
 

Minnesota is located between the Dakotas and Wisconsin, north of Iowa, and south of Manitoba and 
Ontario. Two thirds of our five million residents live in the Twin Cities. Agriculture is prevalent in the south and west, 
and the Iron Range in the north supplies iron ore to the US through our Great Lakes ports. Precambrian igneous and 
metamorphic rocks underlie most of the state. Mesozoic sedimentary rocks occur in the southwest, and Paleozoic 
sedimentary strata are present in the southeast. Glacial sediments, of greatly varying thickness averaging 50 meters 
or so, cover most of the state. 

 
We are known for our lakes and rivers, and the majority of our drinking water comes from wells. Recently, 

Minnesotans have become concerned about groundwater contamination, and over-pumping. A 2007 Minneapolis 
Star Tribune editorial, for example, called for steps to restore confidence in our drinking water, including enhanced 
funding to the state geological survey. A 2008 assessment of our environment and natural resources specified, as 
one of many recommendations, that statewide, consistent, multi-layered geological mapping would be required, to 
empower the people of the state to plan and protect their water resources. A 2011 water sustainability framework that 
was commissioned by the Legislature then advocated that one of several measures of our progress in caring for our 
groundwater should be the rate of completion of county geologic atlases; a doubling of the pace of geological 
mapping was recommended. 

 
The Minnesota Geological Survey (MGS) therefore is working with the Minnesota Department of Natural 

Resources (DNR) to fulfill these responsibilities, through completion of statewide 1:100,000 and 1:500,000 surficial 
geology, bedrock geology, subsurface geology, bedrock topography, and sediment thickness – the mapping is 
comprehensive, and  thus applicable to water and other applications. We concurrently are undertaking funded basic 
research that is needed to optimize our mapping, with an emphasis on enhanced hydrogeological characterization of 
sediment and rock strata. 

 
Crucial to our work is support from the Environment and Natural Resources Trust Fund, established by voter 

approval in 1988. In addition, in 2008, the people of Minnesota voted for a tax increase – the Clean Water, Land, and 
Legacy Amendment. The resulting program also supports our work. Our geological mapping thus is being very 
strongly supported by the Minnesota Legislature, with crucial roles also being played by programs such as the USGS 
Great Lakes Geological Mapping Coalition. 

 
The geological mapping is first published as authored and peer-reviewed paper maps. In addition to these 

born-digital publications, all of our publications back to 1872 - 50,000 pages and 700 maps - are now 100% scanned, 
searchable, and downloadable for free. Concurrent with production of these publications, we are assembling our 
geological mapping as a 2-resolution, layered set of databases that includes the offshore, that underlies bathymetric 
and soil mapping, and that is as compatible as possible with neighbors. 

 
Our 2011 1:500,000, layered state bedrock geology map was a major step forward in our Precambrian 

science, supported by a new generation of geophysical surveys, and including a new outcrop map, diabase dykes, 
and new nomenclature for features such as batholiths and structures  We updated our Paleozoic stratigraphic naming 
in 2008, based on recent research, resulting in improved compatibility with neighboring states. With support from the 
Great Lakes Coalition, we have made major strides in reconciling our Quaternary stratigraphic naming. In addition to 
a naming guide, it was necessary to construct several statewide cross-sections to fulfil this objective 

 
Progressively more seamless geological polygons, at 1:100,000 and 1:500,000, are tending to have 

thickness indicated, while properties, heterogeneity, and uncertainty will gradually be more specified. Parsing of 
legends, to facilitate queries, is using broadly accepted, well-defined terminology, and quantitative support, to 
facilitate optimal inference of properties such as hydraulic conductivity 

 
Our geological mapping is based on much field work, and new drilling. In addition, the geological mapping is 

supported by several spatial databases. For example, the Minnesota Legislature funded acquisition of statewide lidar, 
which has very significantly improved our geological mapping. MGS also coordinates with the DNR drill core library 
and mineral exploration document archive, the Bell Museum fossil collection, and the DNR aquifer properties 
database. 

 
MGS geological databases include drillhole data, field observations, karst features, as well as sediment 

texture and lithology. The water well database is a major activity for MGS, with our partner in this role, the Minnesota 
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Department of Health. We now have over 500,000 wells in the database. MGS geological collections include cuttings, 
geochemical samples, hand samples, sediment samples, and thin sections. MGS geophysical databases include 
magnetic, gravity, rock properties, borehole geophysics, and soundings. We have completely reprocessed the state 
magnetic database, and the state gravity database; in both cases, feature resolution was very significantly improved 

 
Borehole geophysical surveys are an ongoing activity for us, statewide – we have made much progress in 

digitizing previously-collected natural gamma logs, while our activity is broadening in multi-parameter, caliper, EM-
flowmeter and borehole video logs. Whereas our work in soundings previously focused on refraction and reflection 
seismic, passive seismic is now a major emphasis for us, and a source of much helpful new data on depth to 
bedrock. Our statewide geochemical databases, constructed with partners, include groundwater, soil, and soil parent 
materials, while geochronological databases are in development. 

 
New 1:500,000 geologic mapping provides context and supports statewide analyses. The new bedrock map 

is layered, as Mesozoic and Paleozoic strata can be removed to reveal a Precambrian map, and we have plans to 
map Precambrian layers that also will be removable. Our 1:500,000 2D map showing uppermost sediments was 
published in 1982, and a new state Quaternary map, which will be layered, is in development, due to much-
appreciated support from the USGS Great Lakes Geologic Mapping Coalition. Our one-layer 1:500,000 Quaternary 
3D model – also known as depth to bedrock, or sediment thickness, is updated regularly. Pilot statewide 1:500,000 
cross-sections are complete, and plans call for a statewide 3D Quaternary geology to be built over 5 years on the 
basis of cross-sections at a 5-km spacing. 

 
Our 1:100,000 surficial and bedrock geologic mapping is conducted on a county basis; an average county is 

50 km by 50 km. A database released in 2017 assembles all 1:100,000 surficial geology maps, with enhanced 
textural categorization of map units – using USDA textural categories – to better support inference of hydraulic 
conductivity for groundwater management applications. For the 1:100,000 subsurface mapping of sediments, 
geologists draw cross-sections at a 1-km spacing, guided by field work, geophysics, new drilling, water wells, and 
geostatistics. To better facilitate application of adjacent Atlases of differing age and data availability, and therefore 
stratigraphic resolution, we are developing methods for multi-county synthesis of 1-km sections, combined with sub-
km geostatistical infill for coarse-grained sediments. 

 
While MGS annual funding averaged $2.3M from 2003 to 2008, the average since then has been $2.9M. 

MGS relies on about $1.2 million in base funding, and about $1.7 million in grants and contracts each year. MGS 
staffing was stable at 28 full-time-equivalents (FTE) from 2003 to 2012; since then, staffing has averaged 36 FTE. We 
currently are 28 geologists, 4 information professionals, 2 administrative staff, and 6 students equivalent to ~3 FTE. 

 
Our mapping is packaged as County Geologic Atlases. A User’s Guide to Geologic Atlases helps non-

geologists, especially decision-makers, understand the information products and their uses. Atlases are available in 
print, or in digital formats, including pdfs and GIS files. A complete atlas consists of a Part A prepared by MGS that 
includes the water well database and 1:100,000 scale geologic maps, and a Part B by DNR that includes maps of 
water levels in aquifers, direction of groundwater flow, water chemistry, and sensitivity to pollution. 

 
By mapping the geology, we define aquifer properties and boundaries, as well as the connection of aquifers 

to the land surface and to surface water resources, thus providing information essential to applications such as 
aquifer management, groundwater modeling, monitoring, permitting, remediation, well construction, and wellhead 
protection. Concurrently, the Atlases clarify mineral resources and engineering conditions. 

 
Atlases in most cases are initiated by a request from a County, and an agreement by that County to provide 

in-kind service.  A typical atlas requires a total MGS expenditure of a half million dollars over about four years. At 
present, 38 counties are complete, 32 are not started, 3 are pending, 3 are revised, 3 revisions are underway, and 14 
new Atlases are in progress. Atlases are being completed at a rate of ~5 per year, so with ~50 completions 
remaining, statewide atlas coverage will be achieved in a decade, depending on the pace of revisions and 
accompanying research – we foresee that we will then focus on Atlas revisions and associated activity. 

 
In summary, strong support from the Minnesota Legislature has allowed the Minnesota Geological Survey to 

grow, and to focus on the actual needs of the people statewide. Concurrently, very helpful roles are being played by 
programs such as the USGS Great Lakes Geologic Mapping Coalition, and the National Cooperative Geologic 
Mapping Program. We welcome discussion and advice. 
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Talk: THE NEW MEXICO GEOLOGIC AND AQUIFER MAPPING 
PROGRAMS: INTEGRATED 4D RESEARCH TO BETTER 
UNDERSTAND THE STATE’S GROUNDWATER AQUIFER 
RESILIENCIES. 
J. Michael Timmons, mike.timmons@nmt.edu 
New Mexico Bureau of Geology and Mineral Resources, New Mexico Tech, 801 Leroy Place, Socorro, 
NM. 87801 

 
The New Mexico Bureau of Geology and Mineral Resources’ Geologic Mapping Program is participating in 

its 25
th

 year of geologic mapping under the STATEMAP component of the National Cooperative Geologic Mapping 
Program. Priorities for the program are set by a diverse group of approximately 45 professionals representing 
hydrologists and geologists from federal, state, local, tribal, and private agencies. Collectively this group steers our 
mapping program to tackle some the state’s most pressing natural resource needs, such as geologic hazards, 
mineral resources, environmental challenges, and most notably, groundwater resources. In fact, from the earliest 
days of New Mexico’s STATEMAP Program, the need for high resolution geologic mapping to better understand the 
state’s groundwater basins has been a central focus. 
 The management and conservation of our water resources remain top priorities for New Mexico. In many 
parts of the state, regional aquifers and surface waters are being depleted, local groundwater levels are declining, 
and agricultural districts are concerned about adequate irrigation water. Nearly all of our residential and commercial 
growth is occurring along major rivers such as the Rio Grande, Rio Pecos, and San Juan and in their watersheds. 
These areas are typically characterized by permeable alluvial aquifers and substantial topographic relief and the 
alternating scarcity and abundance of meteoric water. A thorough understanding of the geologic and hydrologic 
framework of our aquifers should form the basis for sound water policy and regulation. Decision makers at the local, 
state, tribal, and federal levels increasingly need specific scientific information to make informed choices concerning 
land, water, and resource use. 
 The Bureau’s Aquifer Mapping Program synthesizes digital map products from our ongoing geologic 
mapping program with geophysical, hydrologic, chemical, field, and laboratory analyses to characterize the quantity, 
quality, and sustainability of ground water resources (see figure 1 from the Estancia basin). Data gathered improves 
our understanding of the geologic framework of aquifers, their hydrologic characteristics, water levels in the aquifers 
and how they change over time, and the level of natural contaminants that affect the quality of ground water. The 
synergy between geologic mapping and aquifer mapping provides invaluable information on the distribution, 
movement, quality, and quantity of our ground water resources.  
 

  

Figure 1: Geologic 3D model of 

the Estancia basin in central New 

Mexico. This model was derived 

from combined geologic mapping 

and interpolation between multiple 

geologic cross sections. 

Hydrologic features were 

integrated using an existing 

MODFLOW model that was 

updated with modern well records 

and well water levels. The 

combined data yields a 

hydrogeologic model that can be 

used in land use planning and 

regulation. 
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Poster: AN ALTERNATIVE APPROACH TO SUPPLEMENTING 
GEOLOGICAL MAPPING OF THE ALABAMA PIEDMONT: 
CONVERTING EDMAP PRODUCTS TO GEOLOGICAL SURVEY OF 
ALABAMA QUADRANGLE SERIES GEOLOGIC MAPS 
Dane S. VanDervoort

1 
(dvandervoort@gsa.state.al.us), Gregory M. Guthrie

1
, and Mark G. Steltenpohl

2
 

1
Geologic Investigations Program, Geological Survey of Alabama, 420 Hackberry Lane, Tuscaloosa, 

Alabama 35486 
2
Department of Geosciences, Auburn University, 2050 Memorial Coliseum, Auburn, Alabama 36849 

 
The Piedmont geologic province, located in the southernmost Appalachians of eastern Alabama and 

western Georgia (Figure 1A), comprises a terrane of parautochthonous metasedimentary (i.e., western and eastern 
Blue Ridge) and allochthonous bimodal meta-igneous (i.e., western and eastern Piedmont) rocks that were formed 
and emplaced following a complex series of tectonic events related to the Taconic (Ordovician), Acadian-Neoacadian 
(Devonian-Mississippian), and Alleghanian (Carboniferous) orogenies (Hatcher, 2007). Despite its key position, it 
remains one of the more poorly understood parts of the orogen due in part to a lack of detailed geological mapping. 
The Piedmont region in Alabama contains several of the state’s most rapidly growing population centers and hosts an 
abundance of non-fuel resources. Its recent urbanization along the I-20/65/85 corridor, which connects the 
Birmingham and Montgomery, Alabama, and Atlanta, Georgia, metropolitan areas, has increased the need for 
detailed subsurface information in order to support urban planning and land-use development; Source Water 
Protection studies, as required by the Alabama Department of Environmental Management; and characterization of 
varied non-fuel mineral and rock resources. 

 
Since the inception of the U.S. Geological Survey National Cooperative Geologic Mapping Program 

STATEMAP program, budgetary constraints have required the Geological Survey of Alabama (GSA) to focus much of 
its 7.5-minute Quadrangle Series (QS) mapping efforts on rapidly developing areas within the state. As a result, new 
geological maps have not been produced for the Piedmont area since the latter part of the 1980s. At present, the 
GSA has only nine published QS geologic maps for this part of the state and thirty-nine EDMAP products on open-
file, as GSA previously lacked the staff required to field-check the maps and authorize them for formal publication. 
Additionally, the highest level of detail currently available for the remaining 82 quadrangles covering the Piedmont 
region is the reconnaissance-based 1:250,000-scale Geologic Map of Alabama (Osborne et al., 1988).  

 
In order to expand on the availability of mapping for this critical region, the GSA has initiated a program of 

converting the open-file EDMAP products to formalized QS publications. This program consists of a review of 
acceptable EDMAP products to serve as base maps for future QS publications, with the majority of the initial phase of 
mapping having been produced by students under the supervision of faculty at Auburn University (see for example, 
VanDervoort and Steltenpohl, 2016) (Figure 1B). Selected maps will be evaluated and field checked by geologists at 
the GSA, who will then conduct additional field work as necessary to supplement the data and complete the final 
mapping. The data will be compiled in geodatabases using ESRI’s ArcGIS platform, and when finalized, will be 
published on the GSA website as part of its official QS publication series. 

 
The addition of this new geologic information on a GIS platform has the advantage of accomplishing several 

goals that are not possible at this time due to the existing level of information available for this area of Alabama. First, 
detailed 7.5-minute maps can be used by urban planners and land-use developers in high-growth areas throughout 
the region. Second, the mapping and associated GIS databases can be used for new non-fuel resource assessments 
and developments. Third, new detailed mapping can be combined with recent mapping conducted in Georgia (see for 
example, Crawford and Kath, 2015) to resolve state-line geological conflicts that have arisen from attempting to 
correlate units with the 1:500,000-scale reconnaissance-based Geologic Map of Georgia (Lawton et al., 1976). 
Finally, it affords workers at the GSA the opportunity to collaborate with local geologists to resolve key issues and 
work towards formalizing a proper tectono-stratigraphic succession for the major constituent Piedmont terranes. 
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Figure 1A: Map showing the distribution of the Piedmont province in the southernmost Appalachians (modified after 
Fenneman and Johnson, 1946); red box denotes the location of Figure 1B. B: Map showing the extent of mapping in 
the Alabama Piedmont, in relation to major constituent terranes. Yellow boxes show mapping by the GSA, orange 
boxes show EDMAP mapping by Auburn University, and maroon boxes show EDMAP mapping by other universities. 
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Poster: AN OVERVIEW OF GEOLOGIC MAPPING IN MISSOURI 
Vicki Voigt, Trevor Ellis, and Kyle Ganz, Missouri Geological Survey 
 
 The Missouri Geological Survey (MGS) has been conducting and creating geologic maps since its inception 
in 1853, and has been an active participant in the USGS STATEMAP program since 1993. In that time, geologic 
mapping, data collection methods, and mapping technology have evolved to suit the needs of fulfilling the 
STATEMAP grant deliverables while producing attractive, comprehensive, and accurate mapping products. Currently, 
mappers use multiple devices in the field to collect information included a Trimble Juno 5, GPS unit, camera, brunton 
compass, and field notebook, but are actively looking for more advanced software and hardware options to alleviate 
the need for so many devices. MGS works in cooperation with the Missouri Department of Transportation and the 
Missouri University of Science and Technology Geology and Geophysics Program to acquire drill core data and 
geophysical data that provide supporting and otherwise unattainable data to mapping products. Mappers process and 
analyze conodont index fossils to distinguish between the numerous Paleozoic-age sedimentary bedrock units in the 
present mapping area, and have recently begun examining thin sections and conducting whole-rock analysis on 
bedrock unit samples. MGS produces, on average, six 1:24,000-scale 7.5ʹ quadrangle maps each year through the 
STATEMAP program, and has produced 233 STATEMAP maps to date. MGS continually aims to improve 
STATEMAP products through the inclusion of clear and concise data. Improvements were recently made to various 
map components including Correlation of Map Units, Physiographic Regions, and rock analysis results.    
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Talk: AN OVERVIEW OF BEDROCK GEOLOGIC MAPPING IN THE 
EASTERN UNITED STATES FROM THE FEDMAP PERSPECTIVE 
Gregory J. Walsh, USGS P.O. Box 628, Montpelier, VT 05602 (gwalsh@usgs.gov) 

The FEDMAP component of the National Cooperative Geologic Mapping Program (NCGMP) supports 
1:24,000- and 1:100,000-scale bedrock geologic mapping by the USGS in the Appalachian Highlands.  New 
1:24,000-scale bedrock geologic maps are fundamental for regional syntheses at 1:100,000 and smaller scales. 
Modern mapping at these scales is the foundation for all regional syntheses and local derivative studies (AASG, 
2014), and the need for additional mapping at “framework” scales has been recognized for over three decades 
(USGS, 1987; Gundersen et al. 2011). The acquisition of new data from field observations is a requirement for any 
geologic mapping program and the continuation of the practice has clear societal and economic value (Bernknopf et 
al. 1993, Bhagwat and Ipe, 2000; Cobb, 2002; Hornberger et al. 2006; Häggquist and Söderholm, 2015). Many types 
of geological data can only be collected through field measurement and observation. The eastern U.S. FEDMAP 
bedrock mapping projects unanimously agree that the collection of new data from field observations is an essential 
component for the completion of new geologic maps and the improvement of older, more generalized geologic maps.  
Field observations are thus an essential part of the process that delivers geologic maps to meet the primary national 
goal of research and data characterization of the Earth (Bristol et al. 2013), and to achieve USGS strategic science 
goals (Gundersen et al. 2011). 

Eastern FEDMAP research projects target societal goals addressing mineral and energy resources, karst, 
fractured-rock hydrogeology, naturally occurring contaminants, hazards, education, and land use planning.  FEDMAP 
bedrock mapping projects are partnered with ongoing mapping activities in State geological surveys and universities 
funded through though the STATEMAP and EDMAP components of the NCGMP, often in conjunction with other 
funds available to States and universities. Federal partnerships have included the National Park Service, Natural 
Resource Conservation Service, plus the National Cave and Karst Research Institute and The Nature Conservancy.  
Such partnerships have led to publication of many 1:24,000-scale maps and regional maps covering Shenandoah 
National Park (Southworth et al. 2009), Great Smoky Mountains National Park (Southworth et al. 2012), Blue Ridge 
Parkway (Carter et al. 2016), a national map of karst (Weary and Doctor, 2014), and the bedrock geologic map of 
Vermont (Ratcliffe et al. 2011).  In fact, the USGS has a long history of valuable contributions to state map 
compilations via the Geologic Quadrangle (GQ) Series that pre-dates the current NCGMP FEDMAP structure. In all 
cases, these regional syntheses were made possible by 1:24,000-scale mapping (e.g., Cobb, 2002). 

The bedrock geologic map of Vermont (Ratcliffe et al. 2011) is the most recently completed state geologic 
map in the eastern U.S. and serves as an example of modern lithology-based 1:100,000-scale synthesis involving a 
federal-state-university partnership.  The project began upon completion of the geologic map of Massachusetts (Zen 
et al. 1983) at a time when only 2% of Vermont had 1:24,000-scale maps. Funds from combined state and federal 
sources including the USGS and the National Science Foundation, led to publication of the map in 2011 based on 
mapping 50% of Vermont at 1:24,000-scale over 30 years.  In all, 92 different first-authored maps were used in the 
compilation which included the training of 35 graduate students. This extensive effort attests to the level of 
commitment necessary to produce a scientifically comprehensive, peer-reviewed state geologic map. 

Criteria for evaluating future mapping projects are numerous but should answer the following questions: 
Where are the existing gaps? What scale are the previous maps? When was the previous mapping completed? Was 
the map completed prior to the advent of plate tectonic theory?  Do the available data include published or 
unpublished manuscript maps? Was the map published on a topographic base? What is the status of geochronology 
and paleontology in the area? Is modern geophysics available? Are the previous maps digital? Does LiDAR exist for 
1:24,000-scale mapping? Are new technologies employed to improve the application of the science as it evolves?  
What societal and scientific issues will be addressed by new mapping? Who will benefit?  
 

The science of geologic mapping involves the systematic evaluation of where data holes exist, and targeting 
those gaps for more detailed research and data collection.  The trend is towards increasing detail and greater 
coverage at larger scales. The NCGMP states that approximately 21% of the lower 48 is mapped at 1:24,000.  In the 
near future it may be unrealistic to map the entire lower 48 at 1:24,000 (Hornberger et al. 2006), and it probably is not 
necessary.  High-priority mapping should be targeted where data gaps exist in societally relevant areas with complex 
geology, with lower priority assigned in less complex areas.  However, scale alone is not an indicator of the value of a 
previously published map, but some areas mapped at 1:24,000 pre-date plate tectonic theory and thus lack the detail 
that is needed to answer modern scientific and applied questions. Evaluation of previous maps requires qualitative 
assessment of the earlier work because some areas were simply mapped better than others.  Only a mapper with 
regional expertise can accurately evaluate the quality and scientific integrity of the older work, and this is a step that 
is difficult to quantify. Challenges that remain for future mapping include attrition of staff, reduced funding, and limited 
operating expenses. Workforce planning must retain regional expertise (Gundersen et al. 2011). Students and emeriti 
are a boon to the NCGMP and their continued involvement will strengthen the program. With continued progress and 
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Talk: SUPPORTING THE USGS AND DOI MISSIONS THROUGH 
GEOLOGIC MAPPING IN THE WESTERN UNITED STATES 
Colin F. Williams, Geology, Minerals, Energy, and Geophysics Science Center, US Geological Survey 
345 Middlefield Rd., Menlo Park, CA, 94025, colin@usgs.gov 
 

The National Geologic Mapping Act specifies the need for geologic mapping to address mineral and energy 
resources, water resources, environmental protection and waste disposal, coastal and stream erosion, and 
earthquake, volcano and landslide hazards.  The USGS maintains national Programs conducting research in all of 
these fields, providing a framework for National Cooperative Geologic Mapping Program (NCGMP) Federal Mapping 
(FEDMAP) geological and geophysical studies in support of the USGS mission. In the western United States, the 
tectonics and associated hazards of active plate boundaries, as well as challenges in the availability of water 
resources, have been a long-term focus for FEDMAP projects. As a component of Federal, state, local, and academic 
partnerships, FEDMAP geological and geophysical mapping and related research have supported and are continuing 
to support critical seismic hazard characterization and assessment efforts throughout the San Andreas fault system, 
along the Eastern California Shear Zone, within the Basin and Range, and in the Cascadian forearc and backarc of 
the Pacific Northwest. The results of these studies underpin probabilistic seismic hazard assessments that are being 
used to strengthen infrastructure and protect lives across the region.   

Investigations conducted in collaboration with the USGS Water Mission Area and additional state and local 
partners have delineated and are delineating the geologic and stratigraphic controls on groundwater availability in 
basins throughout the West. Notable efforts include research on California coastal basins, the Sacramento-San 
Joaquin Valley, the Columbia River basalt aquifer system, and Mojave Desert basins located on military bases. 
Related studies have addressed contamination issues, and the ongoing collaboration among USGS hydrogeologists, 
geologists, and geophysicists has fostered active research into geological and stratigraphic controls on hydrologic 
and physical properties. In addition, FEDMAP projects are supporting these water resource and seismic hazard 
studies with advances in 3D mapping, both at the basin and crustal scale.  

Another FEDMAP mission identified in the Act is meeting the needs of DOI land management agencies. For 
more than two decades, FEDMAP geologists and geophysicists in the western US have worked with the National 
Park Service (NPS) to provide geologic maps and associated databases for the parks. Although this work is mostly 
complete, collaboration continues in parks where there are evolving needs. FEDMAP studies in support of NPS have 
not been matched with equivalent efforts in support of other Federal agencies and bureaus with land management 
responsibilities, such as the Bureau of Land Management (BLM), the US Forest Service (USFS), and the Department 
of Defense (DOD), although there are some notable exceptions, particularly with DOD. Similarly, FEDMAP projects 
have not supported USGS energy and mineral resource studies to the same degree as natural hazard and water 
resource studies, despite their importance in the western US, in part due to the maintenance of independent 
geological and geophysical mapping capabilities within those Programs.  

With an increasing national emphasis on energy and mineral resources as well as infrastructure, FEDMAP is 
faced with the challenge of broadening the scope of its USGS and DOI mission work in an environment of limited 
budgets and resources.  This requirement also comes with a need to expand the use of 3D mapping and the range of 
scales for 2D maps and associated geodatabases in order to better address local, regional, and national issues. 
Meeting these challenges requires accelerated efforts to streamline the mapping and publication process, most likely 
by developing new products that meet stakeholder needs and maintain a high standard of quality but take 
significantly less time to prepare and publish. Another critical element will be fostering more effective collaboration 
within USGS and between USGS and federal, state, local, and academic partners. Success with this will depend on 
developing and maintaining a shared perspective on roles and responsibilities, especially within the NCGMP 
community.  
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Talk: THE UTAH GEOLOGIC MAPPING PROGRAM, SUCCESSES – 
CHALLENGES 
Grant Willis, Mapping Program Manager, Utah Geological Survey, PO Box 146100, 1594 W. North 
Temple, Salt Lake City, UT 84114-6100, 801-537-3355, grantwillis@utah.gov 
 
Recognizing that geologic mapping was in serious decline, in 1983 the Utah Geological Survey created a new 
geologic mapping program, one of the first state programs in the nation. Its advisory committee, which existed before 
the NCGMP started, quickly recognized a need to complete maps in two series.  Thirty-five years later this dual 
strategy has proven very successful, with many completed 7.5’ quadrangles in urban growth and development areas 
while also completing about 75% of 30’x60’ quadrangles in GIS to meet regional resource, recreation, and 
management needs.  To provide complete statewide coverage in the 30’x60’ series, we have shifted our mappers 
around several times, brought in volunteer (mostly retired) mappers, and adapted older maps. At the same time, we 
are increasing 7.5’ focus on remaining gaps in urban areas. Challenges include a constant need to increase detail 
and accuracy (we now complete most 30’x60’ quadrangles at a scale of 1:62,500), staying up with changing 
technology, matching newer/better mapping against older completed maps, a pending “brain-drain” with upcoming 
retirements, and staying current with new research (are we gaining or falling behind?).  We foresee a gradual shift 
from mapping quadrangles to improving geologic map databases—fixing problems in existing groups of maps that 
form the database rather than remapping them. 
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Poster: GEOLOGIC MAPPING AT THE WYOMING STATE 
GEOLOGICAL SURVEY 
Seth J. Wittke, Wyoming State Geological Survey, PO Box 1347, Laramie, WY, 82072, 
seth.wittke@wyo.gov  

 
Established in 1933, the Wyoming State Geological Survey (WSGS) is tasked with promoting the beneficial and 
environmentally sound use of Wyoming’s vast geologic, mineral, and energy resources while helping protect the 
public from geologic hazards. In order to meet this mission, the WSGS actively engages in geologic mapping and has 
done so since its inception.  
 
Prior to 1985, the year CoGeoMap began, geologic mapping done by the WSGS was primarily tied to specific 
projects, with maps included within each project. During that time, the majority of “stand-alone” geologic maps were 
being completed by universities or the U.S. Geological Survey (USGS). In 1985, the 1:500,000-scale Geologic Map of 
Wyoming was completed by J.D. Love and Ann Coe Christianson. After 1985, the WSGS began producing geologic 
maps through CoGeoMap focused in the southern Bighorn Mountains and areas near Laramie,.  
 
In 1994 the USGS created the StateMap component of the National Cooperative Geologic Mapping Program 
(NCGMP). To date, the WSGS has produced 28 geologic maps at 1:24,000 scale and 75 geologic maps at 1:100,000 
scale, with funding from the StateMap program.  
 
Early projects funded by the StateMap program focused on generating geologic maps in population centers 
throughout the state to assist and ensure responsible mineral and water resource exploration and development, 
protect water resources, and for land use planning. The focus of later mapping projects shifted to providing geologic 
data in areas of the state experiencing rapid resource extraction, primarily coalbed natural gas exploration, to 
contribute to the understanding of local geology. 
 
Efforts supporting energy resource development have continued with recent StateMap projects and have expanded 
to include rare earth elements, coal, uranium, and oil and gas development and recovery. Recent mapping projects 
have also included surficial geology maps, focusing on geologic hazards, including landslides and Quaternary faults. 
These maps have been strategically selected to investigate areas that had minimal existing data. Future mapping will 
also look more in depth at the geologic influences of groundwater characteristics, occurrences, and transport. 
The WSGS also utilizes portions the NCGMP standards for geologic maps. Starting in StateMap FY2013, the 
NCGMP09 standards were adopted, with some modification, to meet the specific needs and methods of WSGS 
mapping. As NCGMP09 standards adjust, the WSGS will continue to incorporate additional portions of the mapping 
standard. 
 
Unlike many other state surveys that are focused on creating statewide coverages at specific scales, the WSGS uses 
funding from StateMap to collect data and create geologic maps related to specific projects. For example, recent 
surficial mapping projects focused on creating new data related to under-studied Quaternary-aged fault systems while 
bedrock projects focused on structure and outcrop characteristics. The data collected during the course of a mapping 
campaign can then be further studied to supplement and enhance understanding of reservoir systems, uranium roll-
front deposits, coal availability, and other energy resource applications. This method allows the WSGS to create 
valuable geologic maps and acquire data to meet our mission and further geologic investigations within Wyoming. 
 
Five mapping priorities shape the WSGS StateMap program’s long range plan. These priorities were developed 
through a joint effort of the WSGS and the Wyoming State Mapping Advisory Committee in 2012 to best support the 
creation, collection, and distribution of geologic information in Wyoming while continuing to uphold the mission of the 
WSGS. The priorities, in order of importance, are as follows: 
1. Mineral and Energy Resources: Create new multi-scale geologic and resource-based maps to evaluate 
current and potential leasable, locatable, and saleable minerals in addition to energy development; encouraging 
responsible use and conservation of the state’s energy and mineral resources. 
2. Hydrogeology: Create new multi-scale geologic and hydrogeologic maps to assess, map, and investigate 
aquifer systems, recharge boundaries, flood zones, and erosion potential. 
3. Geologic Hazards: Create new multi-scale geologic hazard maps to assist city, county, and state officials in 
siting, land using planning, mitigation practices, and response preparation.  
4. New Mapping: Create new large-scale bedrock and surficial geologic maps to further scientific 
investigations, answer geologic questions, and expand the public’s understanding of Wyoming geology. 
5. Geology of Wyoming: Compile digital bedrock and surficial geologic maps at 1:100,000 scale for the state in 
order to revise the 1:500,000 scale geologic map of Wyoming and surficial geologic map of Wyoming. 
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The WSGS long-range plan recognizes the need to support multiple resource and mineral investigations. Natural 
resources are a major component of Wyoming’s economy and advancing the knowledge of these resources while 
mitigating environmental concerns is highly encouraged. As economic resource development expands within the 
state so does the population. Increased population combined with Wyoming’s high desert (arid) climate continues to 
put more demand on the regional water supply. Potential side effects of energy development and overutilization of 
local water supplies are often influenced by the geologic setting in which they occur. The WSGS recognizes the need 
to provide pertinent information about the relationships between regional geology to hydrologic systems is 
increasingly important in the state.  
 
With population growth and additional infrastructure comes increased exposure to geologic hazards. Wyoming’s 
remote landscape coupled with a high risk of geologic hazards, including seismic, subsidence, landslides, and 
expansive soils, requires improved recognition and understanding of the current geologic hazards in the state. The 
WSGS also acknowledges the need to be flexible within our mapping program. The ability to address unforeseen 
geologic questions and carry scientific principles and knowledge forward is also an important part of our mission. It is 
also important to be able to revisit or update existing maps when new approaches, data, or techniques become 
available, to ensure the most current geologic information is accessible to the public.
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Great Lakes Coalition Talk: NEW SURFICIAL GEOLOGICAL 
INTERPRETATIONS FOR THE EASTERN PORTION OF CASS 
COUNTY, MICHIGAN 
Yellich, J. A. john.a.yellich@wmich.edu Kehew, Alan E., Esch, J. M, and Karki, Sita, Michigan Geological 
Survey @ Department of Geological and Environmental Sciences, Western Michigan University, 
Kalamazoo, MI 49008 

 
Michigan Geological Survey (MGS) submitted multiple map products as fulfillment of GLGMC and STATEMAP 
funded projects in 2017.  These products have been recognized by Michigan stakeholders as data and information 
not seen before for this area, which will support modification of geologic interpretations currently recognized and 
significant changes in the data for MIWATT tool.  These GLGMC surficial geologic maps are the south halves of the 
Decatur and Marcellus Quadrangles, Vandalia and Jones submitted in February and the Mottville quadrangle located 
in Cass and some of St. Joseph Counties, Michigan.  These submittals represent the equivalent of four (4) 
quadrangles in 2017 and present the complex interlobate deposits of the Lake Michigan and Saginaw Lobes of the 
Laurentide Ice Sheet in this portion of Cass County Michigan.  
 
On the north, major glacial geological features mapped in the quads include the outer Kalamazoo Moraine complex, 
the western end of the Sturgis Moraine of the Saginaw Lobe, large outwash fans, tunnel valleys, numerous ice-walled 
lake plains and eskers. The bedrock topography (Passive Seismic interpretations) and drift thickness were also 
mapped throughout the area to incorporate estimated thickness of the stratigraphic units having limited bedrock well 
control.  A prominent bedrock valley was mapped in the entire area which is significant because even in a prolific drift 
aquifer system with significant high capacity irrigation, in most places only the upper half or less of the glacial 
deposits have been characterized or are being used for aquifers.  The large fans, ice-walled lake plains, eskers and 
bedrock valleys were not previously mapped.  Major changes occur from the north area though Vandalia and Jones 
where prominent WNW-ESE trending tunnel valleys transition to the south in Mottville, where major glacial geological 
features mapped in the quad are the prominent landforms of three large valleys trending approximately north-south 
also interpreted as tunnel valleys formed when the area was covered by the Saginaw Lobe.  Current interpretations 
suggest depositional sequences from both the Michigan Lobe from the northwest and the Saginaw lobe from the NNE 
in the north are in close proximity to each other based on OSL dating and landforms and we do not fully understand 
the N-S features in the Mottville area to the south.    
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