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Career as geophysicist spent looking 
underneath the surface of the ground
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1991 O&G Journal Cover1984 World Oil Cover

2003 The Leading Edge

2008 CSEG Recorder

1983 NTEG Translated to Chinese



DML Started with 2 Questions:
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1. Can lightning 

hit twice at the 

same place?

2. Does this 

mean there is oil 

on my property?

Strikes from 1 storm (colors Peak Current ) 27 Sep 2011, Hockley Dome, Harris County, TX
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The Answer to Both Questions is Yes!
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The answer to the first 

question is ñyes,ò lightning 

strikes cluster and the clusters 

are consistent over time.

The answer the second 

question is ñthere is oil here,ò 

as shown by the tanks now at 

the location of the lightning 

strikes raising the questions.



Presentation Outline

1. Lightning Occurs Everywhere

2. Lightning Database Analytics

3. Lightning Analysis & Attributes

4. Rock Property & Attribute Maps & Volumes

5. Arizona, Louisiana, Michigan, & Texas Examples
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Milam County Texas apparent-resistivity Volume
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1. Lightning Occurs Everywhere
5+ years of data in GLD-360 database
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The U.S. has the most complete database
18+ Years of Data in the NLDN Data Base
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Originally Collected for Insurance, Meteorology, and Safety Reasons
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Sensors Measure 
Direction to Strike & 
Lightning Attributes

Strike Triangulated & 
Measurements Reconciled

Vaisala: Martin Murphy 

2016 Webinar used with permission
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Vaisalaôs  NLDN Lightning Detection Network

From 2016 Vaisala 

Webinar: Martin Murphy,

used with permission

In Texas 12-24 sensors record 

each lightning strike

Location Accuracy: 

150-600 feet

Lineament Accuracy: 

10-100 feet

02 March 2017 

Geophysicists have used passive 

gravity, magnetic, and seismic 

measurements to understand the 

subsurface of the earth for 

decades. Using existing lightning 

strike databases expands this work. 



2. Lightning Database Analytics

Å Typical projects have millions of lightning strikes.

Å To date all projects have tied subsurface control.

Å Attributes are measured or calculated for lightning strike locations, then 
contoured or gridded.

Å Lightning strike density and attribute values cluster, and these clusters 
are somewhat consistent over time, allowing the data to be stacked.

Å Lineaments, like fault scarps, have been mapped with 30 foot horizontal 
location accuracy.
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Lightning Measurements
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Å Other attributes calculated from these measurements.

Å The time of the lightning strike is correlated with solar and lunar tides.

Å Measurements separated by time.



3. Lightning Analysis & Attributes

1. Analysis area selected.
2. Patented and Patent-Pending Processes produce maps and 

volumes of derived rock properties and lightning attributes.
3. Existing geology and geophysics integrated with new data.
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Lightning Attribute: Rate of Rise-Time ïMilam County, Texas



Dynamic Measurement LLC Patent 1
Method for locating sub-surface natural resources

02 March 2017 Copyright © 2017

Dynamic Measurement LLC.

Southern Utah Rock Club      13

Natural Resources defined as:

ÅDiamonds;

ÅOther Gemstones;

ÅGold;

ÅSilver;

ÅCopper;

ÅOther Minerals;

ÅGeothermal Deposits;

ÅOil;

ÅGas;

ÅWater; &

ÅOther sub-surface natural 

resources sharing inherent 

similarities.



Dynamic Measurement LLC Patent 2
Method for determining geological surface and subsurface resistivity
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4. Rock Property & Attribute Maps & Volumes
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Key Assumptions: 
1. Lightning occurs when there is sufficient charge to bridge the capacitor.
2. Lightning is affected by geology to a depth proportional to cloud height,  

as derived from Peak Current



Relaxation Oscillator Physics and Lightning       
(a giant neon tube)
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ÅThe atmospheric capacitor is 
like a relaxation oscillator

ÅJust an additional resistance 
(R2) limiting the current

ÅR2 is the resistance 
between the lightning 
strike point and the 
bottom plate of the 
capacitor



Lightning and the Induced Polarization Effect
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ÅLightning does not have a 

square waveform

ÅBut it does have a very steep 

onset

ÅVariations in the onset as 

measured (rise-time) show 

the IP Effect

ÅBy treating this steep onset 

as charging a capacitor (C2) 

through a resistor (R3), an 

apparent capacitance can be 

calculated.

ÅFrom the apparent 

capacitance a value for 

apparent permittivity can be 

calculated



Copyright © 2017

Dynamic Measurement LLC.

Southern Utah Rock Club      18

5. Study Area around Corpus Christi, Texas

Stratton Field Levey et.al (1994), 

Hardage, 1996 



Stratton Apparent-Resistivity Sections
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Working on calibrating depth and calculated vs. measured resistivity



Study Area - Geology and Structure
Corpus Christi from Ewing (1986)
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From Levey, et al,1994

Bebout and others,1982  
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2016 Lightning-Derived Resistivity Cross-Sections
Match Geology on 1986 Ewing Interpretation Overlay
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D-Dô Close-Up on Graben on A-Aô without overlay

Red and Green Faults were major faults on Ewingôs maps. Note high apparent-resistivity events 

(bright) appear to have plumes above these faults.
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Note: interpretation by Tom Ewing in 1986. The resistivity section calculated from lightning in 2016.   

Co-located sections show breaks where faults were interpreted. There are resistivity plumes tied to faults.

D-Dô  Close-Up on west Graben
Interpretation 1986 by Tom Ewing, Apparent Resistivity 2016 from Lightning Databases
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Note offsets in adjacent 

ñPackagesò of Higher Values 

of Apparent Resistivity

E                                        Eô

E-Eô on the Northwest End of Ewingôs C-Cô   



Lightning Attributes  - Peak Current ï3 of 20+
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(kiloamperes)
02 March 2017 



Lightning Attributes  - Spike - 2 of 20+ Attributes
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5. One Last Texas Example
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2-D Resistivity Survey ties Lightning-Derived Resistivity Cross-Section



5. Louisiana Example
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Density Map             &      Rate-of-Rise-Time Map



5. Michigan Example 
High Resistivity to SW on B-2 Horizontal-Slice 
with Oil & Gas Wells in Analysis Area posted (note lineaments)
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5. Arizona Examples: Resolution Copper
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NLDN Peak Current          &            Rise-Rate



Three Example SPOTSM

Apparent-Resistivity Cylinders
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12.57 square miles $9,600
0.03 square miles

$3,000

3.14 sq. mi.

$5,850



Integrating Resistivity in Three-Dimensions

02 March 2017 Copyright © 2017

Dynamic Measurement LLC.

Southern Utah Rock Club      32

80 square miles                                                   $67,630



Comparing NLDN and GLD-360 data
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NLDN Density 1998-2015   &   GLD-360 Density 2012-2015



California ïApparent Resistivity Map
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