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AThe power of lightning has been harnessddr mapping structure, stratigraphy & rock properties.
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Lightning occurs everywhere & its energy is now being used by the petroleum & mining industries to find natural NATURE OF I—IGHTNING FA”—ED LIGHTNING STRIKES & STREAMERS PRIMARY LIGHTNING INFLUENCE =
resources. This naturalsourced electromagnetic energy, comprised of billions of worldwide cloud to earth . _ : G EO LOG I CALLY CO NTRO LLED TELLU R I C CU R R ENTS

electrical discharges, produces millions of usable attribute data that can be tracked, stacked & mapped for|use as a q
v Thermosphere

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

geophysical exploration tool.

:\" “Lightning can travel 155
~mi. from cloud-to-cloud,

Natural Sourced Electromagnetics (NSEM) is a patented emerging technology that offers the petroleum & mineral g / }'_'
Mesosphere | B = 0 why does lightning

Step Leaders \ 4, VS

exploration industries a green & relatively quick, scalable & inexpensive mapping tool. Although lightning is
guided by meteorological conditions, the precise location of strikes & their individual attributes appear to be
Influenced by lateral inhomogeneity caused by faults, fractures, mineralizatioff|ypdses salinity variations.
Empirical results suggest faults may facilitate the upward flow of positive & negative currents that can in tufn
influence lightning, in much the same way that faults are believed to facilitate-seiepage of hydrocarbons to
the surface.
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Examination of worldwide lightning data shows lightning strikes are not uniformly distributed. An analysis of 16 AR, Lybeh e ARARER I
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lightning attribute maps show interesting & at times remarkable correlations to surface & subsurface geology. f{_
3-D apparent resistivity volumes can be generated from lightning data & displayed in the same fasiilon as 3
seismic data, with all wells, curves & synthetic seismograms posted & correlated in the usual manner. Linegs, traces,
arbitrary lines & apparent resistivity slices can then be extracted, calibrated, interpreted & integrated with gvailable

seismic & subsurface data to expand interpreted areas beyond the bounds of existing conventional data.
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Strike locations primarily
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electromagnetic currents.

The case studies presented will reveal how lineations, lightonogced data clusters & offsets appear to correlate
to geologic features, electrical rock properties & hydrocarbon accumulations. One such example will demopstrate
how several weldocumented active surface faults in the vicinity of two salt domes could be identified in the

Note streamer launchedrom telephonepole also does not connect
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CONTROL LIGHTNING?
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Oil Storage Facility (Tank Farm), Ship Channel, Houston Strike Density Attribute Map
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LIGHTNING BYPASSES TALL OBJECTS AND

INFRASTRUCTURE EXPECTED TO ATTRACT LIGHTNING
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NATURAL SOURCE ELECTROMAGNETICS
(NSEM) - ANEW GEOPHYSICAL DATATYPE 3-D DATA VOLUMES DERIVED FROM LIGHTNING
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existing dislocations to
move & new ones to be
generated in response to
shear forces acting on
mi neral graijns. o

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, neasurface
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Radi al Faul t ﬁé(‘)
Hockley Salt Dome

1 Active Faults 2
Houston/Harris County Area

Surface Fault Cut

Subsurfacefault interpretation of Fault n A on
NSEM apparent resistivity (lower image) IS
validated by tie to surface fault trace on 2-D
resistivity imaging (white arrow, upper image).
Resistivity profile provided by Mustafa
Saribudak of EGA.

n A O Identifled In

Hockley Fault
subsurface on two arbitrary NSEM
apparent resistivity profiles. Both fault
Interpretations validated via tie to
surfacefault trace.

Rad|

Hockley Salt Dome

All four NSEM profiles reveal presence of
active Fault i B wvalidated at surface.

a |l Faul t N BC

Radi al Faul t
Hockley Salt Dome

Willow Creek Fault
Northwest Houston
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Surface Fault Cut | 2

2. | 000 metars - " 4
Another active fault in NW Houston (FM
249  south of Tomball) was clearly

This NSEM profile showsboth

Panels 12: The same nine coloitcoded faultscan be identified on all three lines NSEM demonstrates
Internal Iinterpretive & structural consistency & an ability to map faults at the prospectlevel. Ofthe
twenty faults displayed onthese threeprofiles, nineteen are defined bywo resistivity layer offsets &
one fault is definedby three (see white arrow line 3). @ NSEM enables structural & fault plane
mapping for comprehensive interpretive quality control, similar to seismic interpretation.

Panel 3:showsconsistent fault criteria on all four profiles. As many asseven faults could be
consistently identified on four resistivity profiles spanning 1.5 miles

Panels 45: NSEM apparent resistivity profiles identify two additional active faults that are confirmed
bynearsur f ace geophysics. The NSEM resistivity
Fault nNnAoO shown I n panels 1 & 2 and confilr ms
along with the first three, show how NSEM could be used to map subsurface structure.

Faultsn A& n C.0

identified with NSEM resistivity.

Observations

A3-D NSEM resistivity data was able
to tie surface faults and extend fault
l nterpretations t

A3-D NSEM fault criteria was credible

Hockley Fault Conclusions

A 3-D NSEM resistivity can beinterpreted similar to
3-D seismic data to build structural frameworks.

|A It can be integratedwith & calibrated to other near
surface & potential field geophysical data to expana
the depth & aerial extent of investigated areas.

A NSEM is scalablei providing reconnaissance data

and at least as good as conventional
2-D resistivity imaging.
An most cases NSEM fault criteria

was based on the offset dct least two
resistivity layers.

IN support of exploration or it can focus on specific
faults & electrical rock properties in support of
development drilling projects.



