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Geologic Map Prioritization: Development of a Quadrangle Ranking System

Short term: Need for a 
long-range plan for GeMS 
compilation and 
conversions

Long term: For new 
mapping, will need new 
priority areas

This report was completed 
as a Statemap deliverable

What brought about this exercise?

Presenter Notes
Presentation Notes
New 24K mapping areas are the Richmond MSA and the I-81 Corridor
-I-81: 10 mile buffer around the interstate, Valley and Ridge/Blue Ridge focused 
-Richmond MSA: have priority quads within the MSA based on stakeholder feedback – this can be seen by what quads have been mapped or are in progress. More focused on quads closer to Richmond so far; Fall Zone/Piedmont/Coastal Plain focus (less so on Coastal Plain)
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Met with our SMAC and presented potential criteria to be 
considered and received feedback.

Staff collectively:
Discussed feedback from SMAC
Developed and categorized criteria
Selected relevant criteria datasets
Performed geospatial analysis
Developed weighted scoring system

Developing the system

Presenter Notes
Presentation Notes
-We have had the same priority areas since 2004
-SMAC had some great suggestions at our June 2021 meeting
-Four of us then met on a regular basis to get to work on a system to present at the next meeting in December
-The following maps and system are what we developed from June to November 2021
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Natural Resources

Geologic Hazards

Social, Environmental, 
and Economic Factors

Mineral Resources
Water Resources

Coastal Inundation
Earthquakes
Landslides
Karst

Social Vulnerability Index
Development Vulnerability
Population Growth
Economic Opportunity Zones

Prioritization Criteria

Presenter Notes
Presentation Notes
Came up with a list of data sets we thought were important and put them into categories
This step was more difficult and took longer than I anticipated to set- took several months meeting and investigating data sets to come up with a final list 
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Natural Resources: Mineral Resources
Potential areas for critical minerals: aluminum, arsenic, 
barite, cobalt, gallium, germanium, graphite, hafnium, 
manganese, niobium, REEs, tantalum, tin, titanium, 
tungsten, uranium, zirconium 

Mineral resource polygons developed in 2021 by DGMR Economic Geology section

Presenter Notes
Presentation Notes
The U.S. government has identified 35 critical minerals and elements necessary to provide for national security, economic growth, and a transition to clean energy (U.S. Federal Register, 2018).

GMRP has produced maps that show the areas in Virginia with potential for 17 of these minerals and elements: aluminum, arsenic, barite, cobalt, gallium, germanium, graphite, hafnium,
manganese, niobium, REEs, tantalum, tin, titanium, tungsten, uranium, zirconium (GMRP, 2021).

For the purposes of prioritization, we consider quadrangles containing an area with potential for one or more of the critical minerals or elements to be high priority. Digital geologic maps in high priority areas will support studies to evaluate these mineral resources.
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Natural Resources: Water Resources

Virginia Department of Environmental Quality, 2021, Draft Virginia Water Resources Plan

Presenter Notes
Presentation Notes
The Virginia Department of Environmental Quality develops a statewide water resources plan every five years. The most recent was drafted in 2020 and is in final review (Virginia Department
of Environmental Quality, 2021).

This plan considers both surface water and ground water resources. We reviewed the plan and spoke with the authors to identify a measure that would be
most appropriate for map prioritization. 

The selected measure is the projected water demand change from 2020 to 2040 (Figure 2). For the purposes of prioritization, we consider quadrangles containing an area with 25% or greater growth in water resources demand to be of high priority.

Digital geologic maps in high priority areas will support efforts to identify new ground water resources and identify existing surface and ground water resources vulnerable to contamination.
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Geologic Hazards: Coastal Inundation

Intermediate and extreme 
scenarios for Sewells Point, 
Virginia from Sweet and others, 
2017; USACE, 2021

Presenter Notes
Presentation Notes
Communities in low-lying coastal areas face enormous challenges related to sea level rise caused by the Earth’s warming climate.

Digital geologic maps in these areas can be used to identify sites better suited for the relocation of critical infrastructure and to locate building materials necessary for reconstruction and for projects such as levees to protect critical areas.

We consider quadrangles containing areas that will be inundated based on extreme estimates of sea level rise to be high priority.
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Geologic Hazards: Earthquakes

Active seismic zones identified based on the density of historic earthquakes (Kelly and others, 2017)

Eastern 
Tennessee

Giles 
County

Central 
Virginia

Presenter Notes
Presentation Notes
Virginia contains three active seismic zones identified based on the density of historic earthquakes.

All three of these zones have the potential to produce damaging earthquakes based on historic events.

Digital geologic maps in these areas can be used to identify faults within epicentral regions and the areas where ground shaking may be intensified due to geologic conditions.

We consider quadrangles partly or completely within a seismic zone to be of high priority.
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Geologic Hazards: Landslides

Area of 7.5-minute quadrangle (km2) with 22° slope or greater based on 5-meter DEM

Presenter Notes
Presentation Notes
Mass movements of bedrock and/or overlying regolith poses a serious hazard in Virginia. Debris slides and flows are of greatest concern, and data in North Carolina suggests that these movements are most likely to initiate on slopes greater than 22 degrees (Anne Witt, personal communication).

Digital geologic maps help identify areas of unstable colluvium in steep upslope areas, and deposits of debris in downslope areas that provide evidence of past debris-flow activity.

We consider quadrangles containing more than 5 square kilometers of slopes greater than 22 degrees to be of high priority.

Used 5-meter DEM to make polygons of areas where the slope shade was 22 degrees or greater then did an area calculation.
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Geologic Hazards: Karst

Areas underlain by carbonate bedrock or unconsolidated deposits containing carbonate shell or sediment 
(Weary and Doctor, 2014)

Presenter Notes
Presentation Notes
The karst geology in areas underlain by carbonate bedrock in Virginia can pose a hazard in two ways.
First, cover collapse sinkholes damage property and pose a safety hazard.
Second, high recharge rates and minimal filtration of surface runoff in some areas make wells and springs vulnerable to contamination.

Geologic maps identify areas underlain by carbonate bedrock, and identify surface expressions of the karst geology, including sinkholes and springs.

We consider quadrangles containing areas underlain by carbonate bedrock or unconsolidated carbonate material (Weary and Doctor, 2014) to be high priority.
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Social, Environmental and Economic Factors: Social Vulnerability Index

Social vulnerability in Virginia using the Social Vulnerability Index (CDC, 2018)

Presenter Notes
Presentation Notes
The U.S. Centers for Disease Control and Prevention (CDC) has developed a social vulnerability index based on a variety of demographic factors (CDC, 2018) to identify areas where additional
support is necessary when responding to health crises and disasters.

Research suggests that the impact of geologic hazards to socially vulnerable areas is greater, and that recovery is more difficult (Juntunen, 2005).

Digital geologic maps in these areas will support the mitigation of hazards and recovery efforts following disasters.

We consider quadrangles containing moderately to highly vulnerable areas to be high priority.

The four summary theme ranking variables, detailed in the Data Dictionary below, are:
Socioeconomic – RPL_THEME1
Household Composition & Disability – RPL_THEME2
Minority Status & Language – RPL_THEME3
Housing Type & Transportation – RPL_THEME4
Overall tract rankings:  We summed the sums for each theme, ordered the tracts, and then calculated overall percentile rankings. Please note; taking the sum of the sums for each theme is the same as summing individual variable rankings. The overall tract summary ranking variable is RPL_THEMES.
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Social, Environmental and Economic Factors: Development Vulnerability

Model of vulnerability to development (VDCR, 2015)

Presenter Notes
Presentation Notes
The Virginia Department of Conservation and Recreation (VDCR) created a Development Vulnerability Model (VDCR, 2015) to identify areas where natural vegetation and habitat are most likely to experience future change due to human development.

Digital geologic maps in these areas will help natural resources managers locate areas where geologic conditions support a rare or endangered plant and animal communities.

We consider quadrangles containing areas identified the index as moderately to highly vulnerable (Classes III, IV, and V) to be high priority.
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Social, Environmental and Economic Factors: Population Growth

Projected population growth through 2045 (Weldon Cooper Center, 2019, 2020)

Presenter Notes
Presentation Notes
Digital geologic maps provide information to support the construction of new buildings and infrastructure in areas that are experiencing population growth.

The Weldon Cooper Center makes population projections for Virginia (Weldon Cooper Center, 2020).

We consider quadrangles containing jurisdictions that are projected to grow in population by more than 10% through 2045 to be high priority.



Geologic Map Prioritization: Development of a Quadrangle Ranking System

Social, Environmental and Economic Factors: Economic Opportunity Zones

Economic Opportunity Zones in Virginia (HUD, 2020)

Presenter Notes
Presentation Notes
The U.S. Department of Housing and Urban Development (HUD) identifies some areas in Virginia as Economic Opportunity Zones.

These include communities impacted by past land use that has resulted in environmental degradation, and communities that have other barriers to future growth.

Economic and tax incentives encourage development in these communities. Digital geologic maps can support this development.

We consider quadrangles containing areas identified as Economic Opportunity Zones to be high priority.
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Mineral Resources

Natural Resources: 0 to 1 score

Water Resources

Potential for critical minerals - 0.5
No potential for critical minerals - 0

25% of greater expected water demand increase - 0.5
Less than 25% projected water demand increase - 0
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Geologic Hazards: 0 to 1 score

Coastal Inundation

Earthquakes

Landslides

In seismic zone - 0.25
Not in seismic zone - 0

5 km2 or more with 22° slope or greater - 0.25
Less that 5 km2 area with 22° slope or greater - 0

Karst
Presence of carbonate map unit(s) - 0.25
No carbonate map units - 0

Inundation in extreme scenario -
0.25
No inundation in extreme 
scenario- 0
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Economic Opportunity Zones
Presence of an Economic Opportunity Zone – 0.25

No Economic Opportunity Zone – 0

Social, Environmental and Economic Factors: 0 to 1 score
Social Vulnerability Index

SVI > 0.5 – 0.25
SVI ≤ 0.5 - 0

Population Growth
Predicted population growth ≥ 10% - 0.25

Predicted population growth < 10% - 0

Development Vulnerability
Class III, IV, V – 0.25

All other categories - 0
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Results

Used to select 7.5-minute GeMS conversions projects completed in 2022 and to be completed in 2024! 
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Results

Presenter Notes
Presentation Notes
Seems like our focus has been spot on. But there are also areas we could focus on outside of the current new mapping priority areas.

Further east of the Richmond MSA towards the coast

North of the Richmond MSA in and around Fredericksburg and northeast of Charlottesville

Lynchburg area and to the south

NoVA
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New data sets:
2020 Census data –Population growth prediction update
2020 Social Vulnerability Index
2021 new statewide geologic map for Virginia
2022 Development Vulnerability Model

Is there any potential for updated data sets to change our scores?

Future Plans: Updates



Geologic Map Prioritization: Development of a Quadrangle Ranking System

Potential redundancy
Variation in density of data used
3-point system simplicity
Presence/absence and cutoff validity
Other relevant measures overlooked or better datasets
Additional or changing stakeholder/customer needs

Future Plans: System Evaluation
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Questions?
Lauren Williams, Matt Heller, Marcie Occhi and Patrick Finnerty
Geology and Mineral Resources Program, Virginia Department of Energy
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