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Outline

NSEM - A new geophysical data type

The meteorology behind lightning databases

Examples of using lightning data to interpret geologic features



Natural Source Electro-Magnetics (NSEM)  

A NEW GEOPHYSICAL DATA TYPE
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Time-Line of New Geophysical Data Types
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Each data type triggered a step change 

in new revenues and cost avoidance

for upstream oil and gas companies. 
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Proven & Patented Technology
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Lightning Strike
Measurements
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ÅLocation

ÅTime and Duration

ÅRise Time

ÅPeak Current

ÅPolarity

ÅPeak-to-Zero

ÅDensity



Resistivity & Permittivity Volumes
Easily Integrated with 3-D Seismic & Well Data
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Existing Technology
& 

Lightning Technology

AGI Resistivity Sections
https://www.agiusa.com/index.shtml

Å Attribute Maps
Å Resistivity Volumes
Å Resistivity X-Sections & Slices
Å Evergreen Data
Å 17 Year Database US & Canada
Å 4 Year Database Worldwide
Å Integrates with G&G Data
Å Patented, & Patent Pending
Å 2 month project turnaround
Å 1% cost of 3-D Seismic

CSEM Survey from: EMGS
http://www.emgs.com/content/870/Structural-imaging

Resistivity Volume, 

Central Texas



THE METEOROLOGY 
BEHIND LIGHTNING 
DATABASES 
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Earth: A Self-Repairing Capacitor
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Lightning Strikes 

normalize the capacitor



350 Million Annual Lightning Strikes -
A Rich Database to Mine
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Lightning strikes can travel 250 km
(155 miles) from cloud-to-cloud, so why
do they strike the ground where they do?

Lightning strike locations 
primarily controlled by ŜŀǊǘƘΩǎ 
electromagnetic currents.



Lightning Maps and Natural Resources
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Lightning strike density 

regionally controlled by

meteorology, and locally

controlled by terralevis

(shallow earth) currents. 



Why is lightning recorded?
Early Storm Warning - Safety - Insurance - Meteorology
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Dead Cattle along a fence



330 Sensors Record U.S. Lightning Strike Locations 
Horizontal Resolution: 650-980ô (200-300 meter)
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Lightning Bypasses Tall Objects
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Lightning Strikes Are Not Random!
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Influenced by Lateral Changes in Rock Properties:

Å Faults

Å Fracture Swarms

Å Anisotropy

Å Pore Fluids and Salinity

Å Porosity changes

Å Permeability changes

Å Mineralization

Upward lightning to left

shows electrostatic charge 

builds up in the ground,

as well as in the atmosphere.



EXAMPLES OF USING LIGHTNING 
DATABASES TO MAP GEOLOGY
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Lightning Data Correlates To Geology:
Salt Domes
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Lightning Data Correlates To Geology:
Fluvial Depositional Patterns

Lightning Attribute

Rate of Rise-Time

Milam Co., TX



14-Apr -2015
Copyright © 2015 Dynamic Measurement LLC. 

All Rights Reserved.
SW AAPG   20

Lightning Attribute: Rate of Rise-Time

Lightning Data Correlates To Geology:
Texas Gulf Coast Regional Correlation

Lightning Strike DensityStructure & Field Outlines

Vicksburg

Frio

Wilcox Non-Random

Strike Distribution
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Lightning Data Correlates To Geology:
Fault Patterns and Hydrocarbon Accumulations

Lightning StrikeDensity

Prod. ĄNo Anomaly

Anomaly ĄPartial Prod.

Anomaly ĄProd.

Subsurface Faults
Lightning Lineations

Subsurface Faults
Lightning Lineations

Strike/Lightning Contours

Anomaly ĄNo Prod.

Structure & Field Outlines



Observations

Å Lightning strikes non-random.

Å Lightning strikes generally correlate to field locations. 

Å Faults do not appear to cut across lightning lineaments,

generally striking parallel/sub-parallel to lightning features.

Å Two faults show abrupt change in strike direction that closely

match lightning contour patterns.
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Texas Gulf Coast Conclusions

ÅLocalgeologyinfluenceswherelightningstrikesoccur.

ÅNSEMhaspotentialto locatehydrocarbons.

ÅNSEMhaspotentialto delineatesubsurfacefault patterns.
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Frio, Wilcox and Vicksburg Production

Regional Structure Map & Field Locations
Colorado County, TX 

14-Apr -2015



Copyright © 2015 Dynamic Measurement LLC. 

All Rights Reserved.
SW AAPG   25

Lightning Data Correlates To Geology: 
Effective Reconnaissance Mapping
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Observations

ÅRise-Time lightning attribute shows non-random patterns.

ÅE/W trending yellow and orange faults generally separate the 

northern low Rise-Times from the southern high Rise-Times.

Å26 of 28 fields (93%) correlate to Rise-Time anomalies.

ÅAlthough 4 strong Rise-Time anomalies do not correlate to 

production, 28 of 32 (87%) of them do correlate to fields.
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