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Lightning, A Shockingly Un’conventional
Technology.for Exploration
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Natural Source EIectro-Magr;?sf(NSEl\/l)

A NEW GEOPHYSICAL DATA TYPE
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Time-Line of New Geophysical Data Types

1920s
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Each data type triggered a step change
In new revenues and cost avoidance © -
for upstream oil and gas companies:y
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e Location
 Time and Duration

e Rise Time

Lightning Strike
Measurements:

\

* Peak Current

* Polarity

Current (kA

» Peak-to-Zero

* Density
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Peak 10 Zero
15

Peak Current (negative for most strikes)
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Resistivity & Permittivity Volusnes«
Easily Integrated with 3-D Seismic é Well Data

—

SWAAPG 7

1

Copyright © 2015 Dynamic Meas rement e

14-Apr 2015 All Rights Reserved.



Zee Lightning . ..

ExistindgTechnoIogy
&
nghtnpg Technology -
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My « Attribute Maps
y » Resistivity Volumes

- Y ~— Resistivity X-Sections & Slices
AG_l Resistivity Sections ; . Evergreen Data
https://www.agiusa.com/index.shtm N 4 | . ‘. - | 2 17 Year Database U S & Cana da

SRR oo ver p— ‘ 4 Year Database Worldwide

- ‘ * Integrates with G&G Data

e Patented, & Patent Pending
e 2 month project turnaround
e 1% cost of 3-D Seismic

20 40 60 80 100
Distance [kml

CSEM Survey from: EMGS

http://www.emgs.com/content/870/Structural-imaging ' ' * * .

*
14-Apr 2015 Copyright © 2015 Dynamic Measurement LLC. SW AAPG 8
All Rights Reserved.



THE METEOROLOGY /
BEHIND LIGHTNING
DATABASES .,
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Earth: A Self-Repairing Capaéitor

See Lightning ...
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— - SUN

Lightning Strikes
' normalize the capacitor

Lightning
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\ j
350 Million Annual Lightning; Strikes -
A Rich Database to Mine

See Lightning ...

L

» Thermosphere

Mesosphere

Lightning strikes can travel 250 km
(155 miles) from cloud-to-cloud, so why
do they strike the ground where they do?

Altitude (km)

Stratosphere
/ Blue Jetr

Troposphere

" electromagnetic currents.

- *
Ar Copyright © 2015 Dynamic Measmement LGt
14-Apr-2015 All Rights Reserved. LTS



See Lightning ...

Lightning Maps and Natural Reéources
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1997 to 2007 Cloud-to-Ground Flash Density

Lightning strike density
regionally controlled by
meteorology, and locally
controlled by terralevis
(shallow earth) currents.

Avg Flash Density
filsq km/year
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Why Is lightning recorded?
Early Storm Warning - Safety -
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Insurance:
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\
330 Sensors Record U.S. Lightning Strike Locations SR

Horizontal Resolution: 650-980° (200}300 meter)
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Thunderstorm

4
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Remote Sensor
Communication Link

Lightning Detection
v Remote Sen??{;j.;:\ 2
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Lightning Bypasses Tall Objects
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Lightning Strikes Are Not Rand;om'!

Influenced by Lateral Changes in RockProperties:
e Faults |
Fracture Swarms
Anisotropy

* Pore Fluids and Salinity

 Porosity changes Upward lightning to left
 Permeability changes shows electrostatic charge

e Mineralization ouilds up in the ground,
. as well as in the atmosphere.
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EXAMPLES OF USING LIGH¥N/ING
DATABASES TO MAP GEOLOGY
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Lightning Data Correlates To Geology i
Salt Domes |
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Lightning Data Correlates To Geology: g
Fluvial Depositional Patterns’
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Lightning Data Correlates Td‘;GeoIogy:
Texas Gulf Coast Regional Correlation

Structure & Field Outlines Liglgtning Strike Density
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Lightning Data Correlates To“;GeoIogy:
Fault Patterns and Hydrocarbon Accumulations

Zee Lightning . ..

Lightning Strike Density

Structure & Field Outlines
& .5'-' Vs ‘?ll i
- _A;.,\i::\\ ‘;::-s—{

A Avomaly > Partiat Pd -
> . ¢ Strike/Lightning Contours
Q Anomaly = Prod..:

Prod.->-No Anomaly.*
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Lightning Lineations
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5 Anomdly = No Prod. : -
_. Subsurface Faults
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Lightning Lineations

Subsurface Faults
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Observations )

* Lightning strikes non-rand,o%.

parallel to lightning features
o Strike direction that closely
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Texas Gulf Coast Conclusions;

 Local geology influences where Iightn’ing strikes occur.
+ NSEM has potential to ldeate hydrocarbons.

» NSEM has potential todelineate subsurface fault patterns.
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Regional Structure Map & FieId;‘Locations
Colorado County, TX |
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Frio, Wilcox and Vicksburg’P.roductiori /|
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Lightning Data Correlates To Geology:
Effective Reconnaissance Mapping
/
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Field Locations Rise Time Attribute Map
3-D Survey Outline/Fault Traces - “,4 P N\ A GeoMap Field Locations

False Positive Anomalies

Fields Not Correlating to Rise Time Anomalies Y Fields Correlating to Rise Time Anomalies

=== Alignment Aids

-== Alignment Aids
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Obse rvati Ons / e w» thinlt DML & solutions
* Rise-Time lightning attribute’shows non-random patterns.

« E/W trending yello ’angeifaults generally separate the
northern low Rise- Tlm" from the southern high Rise-Times.

e 26 of 28 fields (9‘30 p)Correlate to Rise- Time anomalies.

 Although 4 strong RiSE=lime anomalies do not correlate to
production, 28 of 32487%%)'of:them do correlate to fields.
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Colorado Co., Texas Conclusi(%ns

» NSEM identified 32 leads in‘study area.
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Lighfning Data
Correbate/s To Geology:
| “_ineral Exploration
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Simplified Porphyry Copper Deposit Model
Typical Mineral Zones of a Porph}fy Deposit

Zee Lightning . ..
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no vertical exageeration i i
ore body

(after Emond, Zhdanov & Petersen, 1970)

Conductivity anomaly surrounds
more resistive ore body in center.
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Porphyry Copper Deposit Signé.,ture

Multiple igneous intrusions present

OQUIRRH I".J'I']UHTAIH“

(Mostly Pennsyhanian and Permian
quartzites and carbonatas)

Contact metamorphism /alteration halos.

* Inner high resistivity, zgne —-partially or
completely enclosed by o0 conductive zone.

Cross-section

Map View

Propylitic

Low pyrite Phylli ..
outer zone 7 ey Lower Resistivity Halo
o f Potassic

High pyrite / ,'

AJ--*

Pyrite halo ar@und

) o2
copper orebody. A b\"ljj;" t* Hes =
1_ Y @ rm,,‘ 1 1.

|
intermediate |
zone

Low total sulgide Higher Resistivity

e

3 KILOMETERS
innermost one

IMILES

Geochemlcal zoning around the Bingham Canyon deposit, Utah
(modified from Cunningham and others, 2004, their Fig. 1). USGS
Report 2010-5070-B, David John, Editor.

Typical porphyry cop

deposit showing alteration —

zoning. (after Lowell & Deep chlorite-quartz-
| Guilbert, 1970 magnetite-K-feldspar
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Pina Co., AZ
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Positive Peak Currént

Resolution Copper MmeI>
Hydrothermal Alteration & Dike Interpretation
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Negative Peak Curr%nt |

Resolution Copper Mine
Hydrothermal Alteration & Dike Swarmel}xterpretation
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3-D Resistivity Volumé

Resistivity Profile Shows Porphyry Copper38|gnature
Inner High Resistivity & Outer ConductlQ/e Zone

Resolution Copper Mine Pinal County, AZ /
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Pina Co., Arizona Conclusio?’

* Annular lightning attribute clusters suggest lateral resistivity

Ve 'negative peak current believed to be
guided by igneous dikes/sills emplaced during igneous intrusion.

e Resistivity profile showiSisame electromagnetic signature used by
mining Iindustry to'mMapiPerpRyry copper deposits.

i
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Facts

. NSEM has shown i
hydrocarbon accumulati
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NSEM Overview

. think DML & solutions

« NSEM can be calibrated to, &//ntegrated with, potentlal field,

/.,

-~

 NSEM can fill in bet e of "é;(ten’beyond 3-D surveys & can
supplement 2-D seismic e{ ta.

. NSEM cost 1/100% th€ cost of 3-D seismic & can be acquired,
processed and |nt preteédimthin 6-8 weeks.

seismic & subsurface data..

,wm ule ‘NJIJJ—” de & can be utilized for
, New venture & exploration.

* Lightning data s
reconnaissance map g0
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What we have covered:

NSEM - A new geOphysiC" ata type

e .»r# R~

The meteorology behind Ijghtning databases

Examples of using ligt ata to Interpret geologic features
|

&
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GULF COAST ASSOCIATION OF
GEOLOGICAL SOCIETIES

See updates at:

A AAPG Denver
ear Kathleen,

Congratulations! You have been selected to receive the First Place Grover G CAG S H O UStO n
E. Murray Best Published Paper Award for your paper, “Aquifers, Faults,

Subsidence, and Lightning Databases” published in the 2014 GCAGS S EG N EW Orl eanS
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Mary Broussard
2013-2014 GCAGS President
Email: Mary_Broussard@fmi.com
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