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The surface of the Earth in the U.S. is struck by lightning approximately 25 x 106 times each year. A typical
thunderstorm in South Texas could deliver 5-10,000 cloud-to-ground lightning strikes. Each time lightning strikes
in the U.S. the time, location, type of strike & the electrical properties & attributes associated with each strike is
recorded & entered into a massive database. Until recently, the primary purpose of this private database was to
provide insurance companies with lightning reports to verify their customer’s lightning damage claims. That
changed several years ago when a meteorologist, geophysicist & a frightened duck hunter who was almost struck
by lightning, walked into a bar to discuss whether lightning ever struck twice in the same place.

Thus, a new geophysical data type was born, Natural Source Electromagnetics (NSEM). Lightning can & does
strike repeatedly in the same place more than once & the location of these cloud-to-ground bolts of lightning are not
necessarily attracted to infrastructure, trees or topography. This poster will discuss how 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.

NSEM has been employed by the petroleum & mining industry for use as a geophysical exploration tool. To date,
applications to conventional petroleum exploration have been limited to identifying & mapping subsurface faults &
stratigraphic traps, while one validated case study revealed how NSEM would have delivered an 87% drilling
success rate had it been utilized as a reconnaissance tool to generate leads.

A validated case study demonstrates NSEM’s ability to duplicate the patented resistivity signature used by the
mining industry to locate porphyry copper deposits. NSEM attribute maps delineated hydrothermal alteration zones
& in doing so, distinguished between the electrical rock properties of copper & its pyrite halo.

NSEM’s resolution & ability to produce apparent resistivity maps & apparent resistivity time/depth slices, provides
the unconventional exploration community with an independent dataset that can be easily tied to seismic/subsurface
data. NSEM can thus help map sweet spots across unconventional fairways. An exploration model developed by the
BEG will be used to demonstrate NSEM's potential contribution to mapping sweet spots in the Maverick Basin.
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ALightning, what is it and why it is tracked, stacked &
mapped!

ANatural Source Electromagnetics (NSEM) a new
geophysical data type.

AExample of using NSEM to map active faults.

AConclusions.

LIGHTNING: anatmosphericidischarge of electricity,
lonizing the:air to:create: highly,conductive plasmanechannels.
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NATURE OF LIGHTNING

/ Step Leaders \
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FAILED LIGHTNING STRIKES & STREAMERS

Two streamers launched from tree, but only one
connects with step leader to produce a strike.

e

Rising Streamers

Note streamer launchedrom telephonepole also does not connect

Step Leaders: intensely charged channels of Streamers: rising stream of positive charge attracted to with a step leader to produce a strikelllustrates competing factors
downward zig-zagging/branching electrons seeking downward seeking electron step leaders when step leaders are influencing strike location, one of which is geology
positive ions to discharge builtup. static energy. Wi thi-B030®0 ’

WHY IS LIGHTNING TRACKED & MAPPED?
Note unevertloud-ground distribution, but not random.

World Lightning .Map = S 19952002
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COLLECTION of LIGHTNING DATA
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The atmosphere serves asdielectric between the clouds & earth, each
anal ogous to a capacitorodés conduct|i Vv

25 MILLION ANNUAL U.S . LIGHTNING STRIKES

1997 to 2007 Cloud-to-Ground Flash Density

Avg Flash Density ORI 18 year database
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Strike density regionally controlled by meteorology, locally influenced by geologicaly

sourced perturbations of the Earthos

EARTH: A SELF -REPAIRING CAPACITOR

The atmaosphere is a good insulator,
Cntid S dnEei )

preventing +/-ions created in clouds

from routinely discharging onto earth.

Lightning Strikes

When a cloud charge buildup exteeds the insulating capability
of air, electrical energy of the lower atmosphere discharges as htnin
| i ghtni ng, essentially normali zing tthe @arthos capacitor.
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YNAMIC An Unconventional Tool for Unconventional Exploration
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AThe power of lightning has been harnessddr mapping structure, stratigraphy & rock properties. A A
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TITLE: An Unconventiona] Explorstion Tool for Unconventionel Explorution AApplications include reconnaissance & detailed fault mapping, delineating hydrocarbon accumulations & mapping porphyry clamessits.
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PRIMARY LIGHTNING INFLUENCE -
GEOLOGICALLY CONTROLLED TELLURIC CURRENTS

* Thermosphere &
__ Lightning can travel 155
. mi. from cloud-to-cloud,
Mesosphers | B . o why does lightning
Srite oy strike where it does?

Stratosphere

Troposphere

Strike locations primarily
controll ed Db i
electromagnetic currents.

EACH STRIKE REPRESENTS A UNIQUE CAPACITOR
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lightning strikes respectively), represents thetop of the Earth capacitor. The
base capacitor depth utilized to derive apparent resistivity volumes is derived
from ANnPeak Current. o
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Porphyry Copper Signature: Pyrite Halo & Intrusions

YNAMIC
EASUREMENT
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Porphyry Copper Electromaqnetlc Sighature

Exploration Signature Replicated With Two Additional Lightning Attributes
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Formation of Porphyry Copper Deposits
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A NSEM can map subsurface elecirical roclproperties, structure &
stratigraphy, also applicableto unconventional resource exploration. Y,
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