
U.S. Department of the Interior
U.S. Geological Survey

Mapping Sinkholes and Areas of Surface Mapping Sinkholes and Areas of Surface 
WaterWater--Groundwater Interaction in Relation Groundwater Interaction in Relation 
to Geologic Structureto Geologic Structure
Daniel H. Doctor
Eastern Earth Surface Processes Team, Reston, VA

Acknowledgments:

Katarina Doctor (George Mason University)
David Nelms, George Harlow, Kurt McCoy, Mark Kozar (USGS-WRD)
David Weary and Randall Orndorff (USGS-GD)



Sinkholes in the Northern Great Valley Karst





METHODS for MAPPING SINKHOLES


 
Topographic Maps


 
Identify closed, hatchured contours as large depressions



 
Low resolution, >3m


 

Aerial photo imagery (VGIN, Google Earth)


 
Quick reconnaissance



 
Historical information



 
Fast digital data acquisition


 

Digital Elevation Model (DEM)


 
30m/10m National Elevation Dataset



 
LiDAR (Light Detection and Ranging)


 
High-resolution (<1m), multipurpose surface elevation data


 

Kung-Fu style


 
Walk the Earth, like Caine





LiDAR IMAGE - John Young, Leetown Science Center





BERRYVILLE, VA – Perry Quarry, 1990



BERRYVILLE, VA – Perry Quarry, 2007



BERRYVILLE, VA – Perry Quarry, 2007



BERRYVILLE, VA - Sinkholes















Rapid surface drainage

Slow groundwater flow to perennial spring

DRY CONDITIONSDRY CONDITIONS

Local Local piezometricpiezometric level of level of 
semisemi--confined confined aquifer

Slow percolation



WET CONDITIONSWET CONDITIONS

Rising deep groundwater flowRising deep groundwater flow

Local Local piezometricpiezometric level of level of 
semisemi--confined confined aquiferFLOODED SINKHOLEFLOODED SINKHOLE
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Blandy Farm AMT Cross section

30 m



Blandy Farm AMT Cross section

500 m



What factors influence sinkhole formation?


 

Bedrock geologic structure


 
Fractures  bedding of strata, folds, faults


 
Lineaments (deep fractures)


 

Water level fluctuation


 

Anthropogenic influences 


 
altered drainage


 
groundwater pumping





Frederick, MD - 1988



Frederick, MD - 2007



Photos: Dan Doctor
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SINKHOLE SUSCEPTIBILITY MAP:SINKHOLE SUSCEPTIBILITY MAP:
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THANK YOU!



Initial flow Initial flow 
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Base Level

Valley springs above base levelValley springs above base level HeadHead



Fay Spring, Winchester Fay Spring, Winchester –– Continuous MonitoringContinuous Monitoring

1 week

FL
O

W
FL

O
W

TE
M

P
TE

M
P

C
O

N
D

C
O

N
D



DYE TRACE TO FAY SPRING



Fay Spring, Winchester Fay Spring, Winchester –– Dye TracingDye Tracing
Fay Spring Dye Breakthrough
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Fay Spring Discharge and Conductivity
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