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POSTER OUTLINE  
 

ÅLightning, what is it and why it is tracked, stacked & 

mapped! 
 

ÅNatural Source Electromagnetics (NSEM) ï  a new 

geophysical data type. 
 

ÅExample of using NSEM to map active faults. 
 

ÅConclusions. 

WHY IS LIGHTNING TRACKED & MAPPED?  

ÅStorm tracking 

ÅSafety warnings 

ÅInsurance 
 

ÅForest fire 
forecasting 

ÅHurricane tracking  

ÅResearch & 
nowénatural 
resource 
exploration! 1 billion annual strikes 

350 million annual C-G  

World Lightning Map 1995-2002 

Note uneven cloud-ground distribution, but not random. 

Note streamer launched from telephone pole also does not connect 

with a step leader to produce a strike. Illustrates competing factors 

influencing strike location, one of which is geology.  

FAILED LIGHTNING  STRIKES & STREAMERS  

Rising Streamers 

Two streamers launched from tree, but only one 

connects with step leader to produce a strike. 

ÅTypical Texas 

lightning strike 

recorded by 16 -24 

sensors. 
 

ÅSensors within 600 

mi. of strikes 

contribute to 

triangulation.  
 

ÅEmpirical results show 
location error from 

reasonably dense 

database 35-тлΩΦ 

COLLECTION  of  LIGHTNING DATA  
National Lightning Detection Network  

115 sensor 

locations in U.S. 

PRIMARY LIGHTNING INFLUENCE - 
GEOLOGICALLY CONTROLLED TELLURIC  CURRENTS  

Lightning can travel 155 

mi. from cloud-to-cloud, 

so why does lightning 

strike where it does? 

Strike locations primarily 

controlled by earthôs 

electromagnetic currents. 

EARTH: A SELF -REPAIRING CAPACITOR  

Lightning Strikes 

When a cloud charge build-up exceeds the insulating capability 

of air, electrical energy of the lower atmosphere discharges as 

lightning, essentially normalizing the earthôs capacitor. 

The atmosphere is a good insulator, 

preventing +/- ions created in clouds 

from routinely discharging onto earth.  

The atmosphere serves as a dielectric between the clouds & earth, each 

analogous to a capacitorôs conductive plate. 

Step Leaders: intensely charged channels of 

downward zig-zagging/branching electrons seeking 

positive ions to discharge built-up. static energy. 

Step Leaders 

ñStep Leadersò  

Step Leaders 

Streamer 

Streamers: rising stream of positive charge  attracted to 

downward seeking electron step leaders when step leaders are 

within 30ô - 300ô. 

ñStreamersò 

NATURE OF LIGHTNING  

LIGHTNING:  an atmospheric discharge of electricity, 
ionizing the air to create highly conductive plasma channels. 

1. Hot moist air rises: freezes to form ice crystals. 
 

2. Turbulent winds: ice, hail, water droplet collisions 

produce static charges. 

3. Clouds become polarized: + ions carried to top 

    clouds, - ions gravitate to base. 

Cloud-to-Ground 

Cloud-to-Cloud 

Intra -Cloud 

4. Static charge buildup: when charge 

strength exceeds insulating property 

of atmosphere, sudden high-voltage 

static discharge occurs. 
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EACH STRIKE REPRESENTS A UNIQUE CAPACITOR  

Lower Capacitor Plate 

Upper Capacitor Plate + + + + + + + 

Base of capacitor is a 

function of cloud height. 

ñPeak Currentò, one of the 

lightning attributes 

collected worldwide, is the 

maximum current 

associated with any given 

lightning strike.  
 

Lightning is believed to be 

influenced by geology to a 

depth proportional to 

cloud height, as derived 

from the ñPeak Currentò 

lightning attribute.  
 The top or base of the cloud (the  originating point for positive or negative 

lightning strikes respectively), represents the  top of the  Earth capacitor. The 

base capacitor depth utilized to derive apparent resistivity volumes is derived 

from ñPeak Current.ò 

TELLURIC CURRENTS: LIGHTNING & GEOLOGY  
Earth Currents Modified by Geology Prone to Lightning 

+ 
+ 

+ 
+ 

+ 

ÅThe power of lightning has been harnessed  for mapping structure, stratigraphy & rock properties. 
ÅNatural-{ƻǳǊŎŜŘ 9ƭŜŎǘǊƻƳŀƎƴŜǘƛŎǎ όb{9aύ Ƙŀǎ ōŜŜƴ ǇǊƻǾŜƴ ŜŦŦŜŎǘƛǾŜ ŦƻǊ ǇŜǘǊƻƭŜǳƳ ϧ ƳƛƴŜǊŀƭ ǊŜǎƻǳǊŎŜ ŜȄǇƭƻǊŀǘƛƻƴΦ LǘΩǎ ǉǳƛŎƪΣ ƛƴŜȄpensive & versatile. 
ÅApplications include reconnaissance & detailed fault mapping, delineating hydrocarbon accumulations & mapping porphyry copper deposits.  

25 MILLION ANNUAL U.S . LIGHTNING STRIKES  

Lightning Strike Density Map 

Strike density regionally controlled by meteorology, locally influenced by geologically-

sourced perturbations of the Earthôs telluric currents (ñTerralevisò currents). 

Gulf Coast Database: 

200-350 strikes/sq. mi. 

18 year database 

available to mine. 
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3-D Apparent Resistivity Profile Through Resolution 

Copper Mine Reveals Porphyry Copper Signature 

NSEM Correlates To 

Rock Properties: 

Mineral Exploration 

1. Igneous intrusion  of shallow sedimentary rocks. 
 

2. Magma and associated hot mineral-rich fluids come in contact 

with host rocks and generate chemical/mineral changes creating 

low-grade copper mineralization. 

3. Erosion strips away  overburden subjecting low-grade mineralized 

areas to weathering.  
 

4. Rainwater leaches Copper and redeposits it below at the water table, 

creating concentrations of high-grade Cu deposits.  

Formation of  Porphyry Copper Deposits 

Porphyry Copper Exploration Signature 

    Application to Mineral Exploration  
 

ÅNSEM has the potential to explore for any mineral commonly found by 

conventional electrical geophysical prospecting techniques. 
 

ÅNSEM can map subsurface electrical rock properties, structure & 

stratigraphy, also applicable to unconventional resource exploration. 

Resistivity Profile Signature, Dominican Republic Analog 
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U.S. & Canadian Patents 

Porphyry Copper Electromagnetic Signature 

Resolution Copper Mine 

Pinal Co., AZ 

Note positive and negative lightning peak current contour-like anomalies partially enclosing copper orebody at Resolution 

Copper Mine. Patterns consistent with hydrothermal alteration zones associated with pyrite halos. Linear features correspond to 

igneous intrusions, typically associated with porphyry copper deposits. 

 Negative Peak Current Map                    Resolution Copper , AZ  Positive Peak Current Map             Resolution Copper, AZ 

                                Exploration Signature Replicated With Two Additional Lightning Attributes  

Hydrothermal 

Alteration Zone/Pyrite 

Halo 

33°17'53.73" N 111°03'17.57" W 33°17'53.73" N 111°03'17.57" W 

Rise Rate 

Altitude 10.1 mile 

Rise Rate 

Altitude 10.1 mile 

1 mile 1 mile 

Hydrothermal Halo  

Dike Swarms 

Rise Time Rate Map                                                               Resolution Copper, AZ  

ÅLocation 
 
ÅTime & Duration 

 
ÅRise Time 

 
ÅPeak Current 
 
ÅPolarity 

 
ÅPeak-to-Zero 

 
ÅDensity 

LIGHTNING MEASUREMENTS  ATTRIBUTE MAPS  

Lightning attribute maps are generated & interpreted similar to seismic 

attributes. These attribute maps have been used to identify regional & 

sub-regional fault patterns, hydrocarbon accumulations, salt domes, 

near-surface point bar deposits & porphyry copper deposits. The basis 

for these correlations is that lightning strike locations, the type of 

lightning strikes & the electrical attributes associated with each strike 

can be influenced by lateral inhomogeneity caused by faults, fractures, 

mineralization, pore fluids & salinity variations .  

Porphyry Copper Signature: Pyrite Halo & Intrusions 
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