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Lightning, and why It Is tracked, stacked & mapped!

Natural Sourced Electf|\§m~- SEM) —anew
geophysical data type.
Examples of using NSEM eologic features.

NSEM overview.
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See Lightning ...
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Earth: A Self-Repairing Capacf?itor

See Lightning ...

v« . think DML & solutions
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Lightning Strikes ;
normalize the capacitor
-
Lightning
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Each Strike Represents a Unique Capacitor

Zee Lightning . ..

.. think DMI: & solutions

+15 km

+10 km

+ 5 km

Sea Level

-5 km

— Lower Capacitor Plate

o
/

-10 km

-15 km
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Geologically Controlled Telluric Currents
Primary Lightning Influence

See Lightning ...

» Thermosphere

Mesosphere

Lightning can travel 155 miles (250 km) from cloud-
to-cloud, so why does lightning strike where it does?

Stratosphere

Altitude (km)

Troposphere
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Zee Lightning . ..

Lightning and Salt Domes
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POSSIble mcreased strength &
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Thunderstorms ﬂ 2 + + 5 Kkm
number of lightning strikes ‘

Sea Level

Interbedded
Sands and
Shales

Electrotelluric Currents
possibly guided by fluids

moving up fault planes — = ——
Electrotelluric Currents

possibly guided by Salt Domes
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350 Million Annual CG Lightn\i;ng Strikes
Uneven Distribution

Zee Lightning . ..

1 billion annual strikes Low Resolution Full Climatology Annual Flash Rate

Global distribution of lightning April 1995-February 2003 from the combined
observations of the NASA OTD (4/95-3/00) and LIS (1/98-2/03) instruments

* * »
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Why is lightning recorded? |
Early Storm Warning - Safety -

i

See Lightning ...

Insurance - Meteorology

25-September-2015
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25 Million Annual U.S. Lightning Strikes
17 Year Database, Rich Database/to Mine

See Lightning ...

v« . think DML & solutions

1997 to 2007 Cloud-to-Ground Flash Density

Gulf Coast Database:
200-350 strikes/square mile.

Strike density regionally
controlled by meteorology,

NS locally controlled by terralevis
T el 8 e, (shallow earth) currents.

8 fo10
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How is Lightning Data Collected? =“
150 Sensors Record U.S. Lightning St}:ike Locations "'

v« . think DML & solutions

Thundersto-'r-r?l ; i H Orizontal
\ S e Resolution
650°- 980°
(200-300 meters)
Remote Sensor
‘Communication Link
Lightning Detection
< Remote Sen?c:g;;_\ =
> *
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Oil Storage Facility (Tank Farm), Ship Channel, Houston Strike Density Attribute Map

*
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See Lightning ...

Approximately 60% of Tank Farm
Experienced Low Strike Density

b

s
- e

Oil Storage Facility (Tank Farm), Ship Channel, Houston Strike Density Attribute Map
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Lightning bypasses tall objects and. ..

wu. think DML & solutions
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...Infrastructure expected to attrac} lightning.

v think DM & solutions
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NATURAL SOURCE
ELECTROMAGNETICS (NSEM) -
ANEW GEOPHYSICALDATATYPE

o\ G
L oadh .
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Time-Line of New Geophysical Data Types

1920s

l Zee Lightning . ..
v« . think DML & solutions

i 1960s/70s

........

1833

Each data type triggered a step change
In new revenues and cost avoidance ©

for upstream oil and gas companies.y

-
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Zee Lightning . ..

Proven & Patented Techndlogy

US008344721B2
& MESOSPHERE T
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D. James Siebert, Katy, TX (US). Wulf 58) Field of Classification Search ..|................ 324/72, i A [f'
F. Massell, Conroe, TX (UUS); Samuel D, *“4 11.1; 702/4 -I-.'..'l::: | l,f

MOHOROVICIC DISCONTINUITY
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Zee Lightning . ..

Lightning Strike
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Measurements
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* Peak Current

Current (kA

* Polarity

Peak Current (negative for most strikes)

» Peak-to-Zero

* Density
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Millions of Lightning Strikes
Millions of Measurements

Zee Lightning . ..

.. think DMI: & solutions

+15 km

+10 km

.+ 5 km

Peak Current o< Cloud Height

Sea Level

-5 km
Lower Plate

-10 km

Lower Capacitor Plate L 15 km

* * >
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Lightning Physics Analogous to
Relaxation Oscillator Physics

v« . think DML & solutions

Enables generation of 3-D
apparent resistivity and
permittivity volumes.

* * >
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Resistivity & Permittivity Volu%es :
Easily Integrated with 3-D Seismic &Well Data

InJ'. ne

Crosslines
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Zee Lightning . ..

Resistivity & Permittivity Volumes Easily
Integrated with Near-Surface Geophysical Data

v« . think DML & solutions

Induced Polarization

Resistivity L- 3

10 30 40 ; 30

Yukon Geol. Survey, Report MR-11, Case Studies, M. Best, 1. Fage and R.

41
Daigle; http://www.geology.gov.yk.ca/pdf/MR-11_web(1).pdf

2D Resistivity Imaging Profile, Willow Creek Fault, Mustafa Saribudak, The Leading Edge, 2006

Resistivity
} 400

60 80 100
Distance [km]

EMGS http://www.emgs.com/content/1234/MT
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Lightning Strikes Are Not Randpm!

Influenced by Lateral Changes I R/ock Properties:

Faults

Fracture Swarms

\

P —

> 2 .

SEUIAY Upward lightning shows electrostatic
Pore Fluids R charge builds up in the ground, as well
Porosity as In the atmosphere.

Permeabilit

Mineralizatio
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Examples of Using NSEM to
Interpret Geologic Features /

. think DML & solutions

Iberia Parish, Louisianay”
Milam Co., Texas . .
Brazos River Alluvitifi~
Houston, Texas
Texas Gulf Coast - _

Colorado Co., Te» '“)ro_,r)gp_, .
Hockley Salt Dome ( oum , Texas
Pinal Co., A lzon? — [1ES
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NSEM Correlates To Ged“logy:
Iberia Parish, LA Salt Domes
ozl
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l Zee Lightning . ..
v« . think DML & solutions
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NSEM Correlates To Geo T
Milam Co., TX. Fluvial Depositional Patterns

WPR=T =T e VE L - S
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Zee Lightning . ..

NSEM Correlates To Geélogy:
AL

Y% Absolute Pk-Current

J

Bliazos ' ] 3 ] X el
River d %‘, -
Alluvium }} K L

Aquifer ///,,’{// '_
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Major Houston Highways
Faults — Ewing (1990)

D Salt Domes — Ewing (1990)
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NSEM Correlates To Geo\pgy:

Houston, TX Resistivity Cross—S}ection

Houston Area Surface Resistivity
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Zee Lightning . ..

. think DML & solutions
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NSEM Correlates To Ge

logy
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Observations

 Lightning strikes are non-random.

* Lightning strikes generallyﬁérelate to field locations.
»  Faults do not appear. to gut-across lightning lineaments,

e NSEM has

»  NSEM has jal(to delineate subsurface fault patterns.

* * -
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NSEM Correlates To Geol'pgy:
Colorado County, TX

Zee Lightning . ..

v« . think DML & solutions

e

nmaemu 27
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VF‘ri’_o, Vicksburg & Wilcox _Prodﬁction (]
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Effective Reconnaissance Mapping
Prospect Scale Field Correlations

OBML DM

v« . think DML & solutions

Rise Time Attribute Map

Field Locations
GeoMap Field Locations

3-D Survey Outline/Fault Traces - "4

87% of lightning
attribute anomalies
(Rise Time) correlate
to Frio, Vicksburg or
Wilcox production.

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

=== Alignment Aids

-== Alignment Aids

25-September-2015 Copyright © 2015 Dynamic Measurement LLC. All Rights Reserved.



Observations

. think DML & solution

* Rise-Time lightning attrlbute/shjows non-random patterns

. 26 of 28 fields (93%) correfate to Rise-Time anomalies.
Conclusions

» NSEM Identified 32 leads In study area.

» Reconnaissance mappingaveuld have justified seismic data
follow-up resulting InARENgENEeration of 28 prospects.

* NSEM reconnaissance*mapping would have resulted in an
87% success rate. {1
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See Lightning ...

2 X Fault “A” T2 RRRa . B Sl s T RE RS
Hockley = : : "~ Y K&\ " Geosphere, 2008 & M. Saribudak, Leading Edge, 2006
Salt | e T SRt X A (VP ISR e . YASEE B PN
. Dome A =N | : L 20 : ~ et Y
. ; |
!

§ Approximately 300 active
| and potentially active
faul

* -
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NSEM Correlates To Geology:
Active Faults, Harris Co., TX

TR, M e T e Fr™ P =T TS _

Ao, N P aNRIREEE  Hockley Radial
Ll ook ST Fault “A”

OBML DM

v« . think DML & solutions

Resistivity profile
“Line 2” displayed
In next slide.

| %1V VAR =EHE LA\
> . | Map modified after R. Engelkemeir & S. Khan,
" Geosphere, 2008 & M. Saribudak, Leading Edge, 2006

* * »
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Line 2 Ties Fault “A” to SuBsurface

% Conventional 2-D Resistivity Imaging Profile x,

Acquired by Environmental
Geophysics Associates.

ITteration=4 RMS =691% %rnmlized L2 =096
After M. Saribudak, Leading Edge, “~<Feb 2011

NW

NSEM 3-D Apparent Resistivity Profile * )

hserve
Fault Scarp USGS Survey

(Fault “A”) Marker F1254
@ Hockley Fault SE

300 360 480 540 Ohm-m
200

118
- 70
41

24

No Data/”Mute” Zone

= Data Onset

700 eed

2,500 el Line 2

3

Zee Lightning . ..

Increasing
Resistivity
L}

25-September-2015

Copyright © 2015 Dynamic Measurement LLC. All Rights Reserved.



NSEM 3-D Resistivity Profile |

.

Zee Lightning . ..

NSEM Reveals Additional Faulting

3-D Data Provides Interpretive Checks & Balances

Acquired by Environmental

e

3-D resistivity volume facilitates
validation of fault interpretation.

. / \ - \
7,500 feet . / \
2500 muabar: Llne 2 II (/'\ \ “ ““ '

T=q Geophysics Associates. Fault Scarp (Fault “A”) USGS Survey

o Marker F1254

o @ Hockley Fault SE

> 300 360 480 540 Ohm-m

=

>

-

2L

(7p]

[4b)

o 1018

D‘ 1358 reration=4 RMS = 691%™ Ngrmalized 12 = 0.96 AL = )
eratnon = S = 0. 70 m (i} = V. — 2oy X | 3 | 4= ! '

M After M. Saribudak, Leading Edge, -~« Feb 2011 1” rofile (east-bound) A = AL

* /zAre they geologically reasonable, internally consistent, valid?

Increasing
Resistivity
L}
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Llnes 1 & 3 Tie Fault “A” to Subsurface

Iy g

‘“" - f ~ &5 NSEM demonstrates
consistency identifying

3) / L
m L\, interpreted buried fwh =

=i

v« . think DML & solutions
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NSEM demonstrates internal
consistency mapping nine
faults on multiple profiles.

'\ || Interpretedburied falm [ d

N
1

‘\\ ' nterpretedburied ﬁllts
AN W A 4
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. Zee Lightning . ..
v« . think DML & solutions

P e 4 Dotted lines highlight as
V< “o S many as 3 resistivity offsets.

| / 3-D NSEM enables
- structural and fault plane

mapping.

' Interpreted buried fallts

b
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Ground Penetrating Radar
Shallow Micro-Faulting Adjacent to Fault “A”

Hockley Fault (Fit. “A”)
. 2

Zee Lightning . ..

think DMI: & solutions

GPR acquired by/Environmental Geophysics Associates

— - —_—

LR R e — —— = - —
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L eee———— _ _—
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— - e — e = - —
L N — —— — e e, e e,
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6.00 = o< —e - o = — ,’f . -
- — y = e v~
5 R e

e

Modified

é?ter M. S

*F | *
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GPR & NSEM |
Similar Micro/Macro Structural Styles

GPR acquwed by Environmental Geophysms Assomates GPR

— B e
SE— —— -
After M. Saribudak, Leading Edge, Feb 201

NSEM

I ! LI g
€ ' ; ;-‘x-

0 \ 3 - - 2 E
\J .
b o — - .. o : O - . L
$ . I o \
; \ L \
31" ‘ \
2 : i 4 “ J ----== Unconfor mty?
; S | = f | ® @ Resistivity offsets
| Linel [ T :"'m :,' % ““ \\ Interpreted buried fauh
8 L L & . 0 = &

=i

.. think DMI: & solutions

Horsts, grabens & half-
graben structures identified.
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Hockley Radial Fault “B”"

OBML DM

v« . think DML & solutions

A 1% mile distance along the

Fault “B” trace 1s sampled with
resistivity profiles.

Resistivity Lines 1-4 are
displayed on next slide.

\’ 15,000 feet Map modified after R. Engelkemeir & S. Khan,
' 2.0‘02meters Geosphere, 2008 & M. Saribudak, Leading Edge, 2006

* * "
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Hockley Radial Fault “B” Lines 1-4

Surface Fault Cut

=i

Surface Ifault Cut .. think DMI: & solutions

Lines ¥2 mile apart.
Note similar character.

- {—-5,400"

Pk S

/ —4""'

\'rr\_d’\

5 L|ne3 00 o
-

oo [ T

5-.T s bk
e
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Similar Character Spanning 1.5 Miles ODMT

Surface Fault Cut Surface |"=au|t Cut

v« . think DML & solutions

Lines ¥2 mile apart.
Note similar character.

4
7500 fael
2500 matars
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Numerous Features Correlate Line to Line

Surface Fault Cut Surface |"=au|t Cut

OBML DM

v« . think DML & solutions

Lines ¥2 mile apart.
Note similar character.
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Hockley Radial Fault “B”"

. Zee Lightning . ..
v« . think DML & solutions

Do these four apparent
resistivity lines show any
evidence for the subsurface
presence of Fault “B”?

\’ 15,000 feet Map modified after R. Engelkemeir & S. Khan,
L BRI C o) Geosphere, 2008 & M. Saribudak, Leading Edge, 2006
ey

*
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NSEM Ties Surface Fault “B” to {;Subsurface

Surface Fault Cut

Lines 1 & 2 show consistent subsurface fault criteria.

- ' * * *
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NSEM Ties Surtace Fault “B” tok‘;Subsurface

l Zee Lightning . ..
v« . think DML & solutions

Surface Fault Cut Surface Fault Cut

Lines 3 & 4 show similar consistent subsurface fault criteria.
*_‘
* *
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See Lightning ...

\
NSEM Shows Additional Faulting
Lines 1 & 2

v« . think DML & solutions

Surface Fault Cut Surface Fault Cut

Six geologically reasonable faults consistently interpreted on both lines.

o -
"’
bord .

- . ' * * *
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NSEM Shows Additional Faultlng
Lines 3 & 4 -'

l Zee Lightning . ..
v« . think DML & solutions

Surface Fault Cut Surface Fault Cut

The same fault patterns on lines 1 & 2
can be interpreted on lines 3 & 4 above

* - -
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NSEM Shows Consistent Interpretation

Surface Fault Cut

Surface I:=ault Cut

7.500 fast

.. think DMI: & solutions

w | 2A00 matars

7,500 fael . \ 7500 fael
2800 matars ] 2600 mabars

25-September-2015
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Apparent resistivity profile
“Line 3” displayed next.
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Zee Lightning . ..

.. think DMI: & solutions

Approximate Fault Location  Acquired by
Environmental

AR S . UL s S |\|SE M resistivity profile duplicates
i ‘- gl 2-D resistivity fault signature &
ties Faults “A” and “C”.

Iteration=5 RMS=283% Normalized L2=087

2-D Resistivity Profile

Resistivity imaging data taken across the Katy-Hockley fa:t. It. Note the south-dipping sand layers and thickening

clay layers in the downthrown side. After M. Saribudak, Fast : Times, Vol 17, No. 1, March 2012

s .
@ — -5,600" . L 3 e
= W . ' ) , w/ Hockley Salt Dome
E = | e . 1
Py
s - -
5 &
Z -
04
a
™ . —
=R - |
I(.IDJ . - . - {
< 7 Line 3 >, 500 meters
2 . ( " ‘ s - *
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Observations \ ton
« 3-D NSEM resistivity data was able to tie surface faults and
extend fault interpretations to deeper than 5,400°.

* 3-D NSEM fault critéﬁ” as credible and at least as good as

conventional 2-D resistivit 'maging.

- In some cases NSEMeotidudentify two to three resistivity
layers offset across thefaults

* * -

25-September-2015 Copyright © 2015 Dynamic Measurement LLC. All Rights Reserved.




Hockley Fault Conclusions

« 3-D NSEM resistivity can be mIérpreted
similar to 3-D selsmlc data tofldentlfy potential subsurface

* * *
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See Lightning .

OBMT

. think DML & solutions

NSEM Correlates

To Rock/Properties:
Mineral Exploration

\'-_-—_'—-__‘T‘?__ - —

&T 1S R13F

b a
1HRP
L ORS00, WiM9eRaAe WA

2 7 i«: m@?@ﬂ?@,w — e g [ ngh/tnlngAttrlbute Ma oojdentlle&H rotherma
fesolution Copper, Active'Copper Mine ™ /. | Alteratioh kssouated orpnyny Loppefﬁ%ﬁ%@?f

” 7y | I 1992 (
e/ », /)’ ”( (&) T \t | 1992 | | Imagery Date: 2/24/2013 33°18'03.72"N 111°03'11.26" W elev 3972 ft  eye'alt 11959 ft O

* *
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Zee Lightning . ..

.. think DMI: & solutions

High-Grade
Mineralization Low-Grade
Stratovoleano N Mijneralization e Erosion strips away overburden subjecting low-grade
b & NN ~ mineralized areas to weathering.

Sandstone * Rainwater leaches Cu and redeposits it below at the water

:I:im.t,qénn; EEE- ;f'- SEENERERERENERNN  {able, creating concentrations of high-grade Cu deposits.

Deep High-Grad NN N
: s il A T
Mineralization PN ol
(Granite *
- “Porphvry
Schist OrpinyTy \
+ Magma
i B T

Zone Above Water Table Leached of Copper

/-*mr Table \\

Sandstone

High-Crade

* Magma chamber feeds upward intrusion oRMoItEN
rock into shallow sedimentary rocks.

[ Limestone |

 Magma & associated hot mineral-rich flu ~ 5, =
contact with host rocks & generate chenji ! Granite
changes creating low-grade copper mineralization. {RorphyryS

Schist Original Low-Grade

Mineralization B
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Simplified Porphyry Copper Deppsit Model
Typical Mineral Zones of a Porphyry Deposit

Zee Lightning . ..

v« . think DML & solutions

£ Conductivity anomaly surrounds
more resistive ore body in center.

Distance along survey line (m)
200 .800 1400 2000| 2600 3200 .3800 4400 ‘50|00‘

Pre Porphyry
Rocks

[n}
8~
(=]
a
a
5]
=z

14
34
4
6
64
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8
9 4

no vertical exaggeration

o
ik

(after Emond, Zhdanov & Petersen, 1970)

- . * x> *
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Porphyry Copper Deposit Signature
Multiple igneous intrusions present
« Contact metamorphlsm/alteratlo halos.

Map View

Low pyrite

outer zome : Lower Resistivity Halo
High pyrite / .'
intermediate |

wone

™ Outer limit _E

Pyntehaloaround \ Aurhe
copper orebogy i '

Higher Resistivity

l
Low total sulfide |

A 3 KILOMETERS
innermost one

IMILES ‘ 7
Geochemlcal zoning around the Bingham Canyon deposit,

Utah (modified from Cunningham & 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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Topography and Lightning:Density
Pinal Co., AZ
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See Lightning ...
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v« . think DML & solutions
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Positive Peak Current

Resolution Copper I\/Iine},f
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Negative Peak Current
Resolution Copper Mine, -

7.

Shows pyrite halo
. partially enclosing

A copper orebody.
§ ago| S 4

& | Presence of dikes
Indicative of Cu.

.: i - . ..‘
__—. rrent Neg. a — 2 Eye Altitude 39, ible Dikes  Eye Alfﬁ
L » 39,261 * - ‘
SWAAPG 65
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3-D Resistivity Profile Through Mine
Reveals Porphyry Copper Signature

N8 | bod
_‘ ™ ‘; nNer copper ore_ oay
; Resistivity - and Out?l‘ pyrlte
v conductive zone.
b ox o
ol E 3 //7'.’.  —
::k T E ?"-’-{'_’ — —
. 3 R Porphyry  Outer Conductive  South .l
* e Pyrite Zone |
. ’ . -
; = 1
Low ;
Resistivity | qalee J*
n K - e = v - - =
. WESTY" —a .- * "
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\
Copper Deposit Analog
Romero Resistivity Trend, Dominican Republic

Traditional resistivity
— profiling shows same Cu
Lower Resistivity &

. S signature as NSEM.

Note same inner high
resistivity core
surrounded by lower

= resistivity halo.
High RxesisﬁVi_ty o

After Geotech 2014 ZTEM Survey for Goldquest (www.goldquest.com) , Seismic Resistivity

Signature of Romero Au/Cu Resistivity Trend, Dominican Republic,

http://www.marketwire.com/library/MwGo/2014/4/14/11G014504/Images/GQC-2014-
ZTEMSurvey-ResistivitySignature(April1520-1141602677010.j

* * >
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Observations

* Annular lightning attribute clusters suggest lateral resistivity

* E 3 *>
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Mineral Exploration Conclusions

 NSEM data has the potential-to explore for any mineral

commonly found by conv
prospecting methods.

*
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NSEM OVERVIEW

NSEM can map: regional & |nd|V|dua1/fauIts
the presence of minerals & hydroca/ bon traps; rock properties; & has
demonstrated remarkable pote“fal (0 |dent|fy hydrocarbon accumulations.

end existing data.

geophysical techniques & can bea |red processed & interpreted Wlthm 6-8
WEES

*

* *
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GULF COAST ASSOCIATION OF
GEOLOGICAL SOCIETIES

WWW.gcags.org

See updates at:
Dear Kathieen, GCAGS Houston

Congratulations! You have been selected to receive the First Place Grover
E. Murray Best Published Paper Award for your paper, “Aquifers, Faults, S EG N eW OrleanS
Subsidence, and Lightning Databases” published in the 2014 GCAGS

Transactions. WTG S M i d I an d

Mary Broussard
2013-2014 GCAGS President
Email: Mary_Broussard@fmi.com

* * >
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Thanks to Les Denham for his resistivit%d permittivity algorithms that
helped produce the 3-D apparent reg 'st|V|ty volumes from which these
reS|st|V|ty profiles were ext%ted ‘
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Lightning, A Shockingly Unconventlonal
Way to Conduct Explore tion

i oice Nelson, Jr.
2155 West 700 South #31

Houston, TX 77269 Cedar City, UT 84720
Cell: 713.542.2207

Office: 281 370-5296
A4
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foICe@dynamicmeasurement.com

o o

Louis J. Berent
P.O. Box 690388

ljberent@dynamicmeasurerient:com
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NSEM Correlates To Gedlogy:
Fault Patterns and Hydrocarbon Accumulations

Lighfning Strike Dens

Structure & Field Outlines
— : y % ot - - o ; s-.’nv'.-" ~* -
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o~ g _; NS :‘ G .S
/ k‘«'-"“ "-l
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~i--“Anomaly = Partial Prod.
S A I -<

% Strike/Lightning Contours
Q Anomaly = Prod..:

Prod.->-No Anomaly.
: ightning Lineations
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: ubsurface Faults
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Lightning Lineations
Subsurface Faults ——
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Sequence Stratigraphy?

Acquired by :
Environmental Fault Scarp

Geophysjgs Associates. @

USGS Survey

(Fault “A”) Marker F1254
Hockley Fault SE

180 540 Ohm-m

N 7[

E RSN L

» Hockley Salt Dome

2-D Resistivity Profile

Tteration = RMS = 691 Normalized L2 = 096
After M. Sarlbudak Leading Edge,~« Feb 2011

Alternate stratigraphic interpretation. x

[Apgrox. 5,400’

{

s NSEM 3-D Resistivity Profile

: I [ - I I
) ... I
- Erosional/depositional features? ’l
= ]
] .
= y ¢ € ’ L —
e - - .
s|ump Unconformlt‘
7500 feed T *® Resmtmtyoffsets
"J--=.r 0 -.E:--:r: I_i ne 2 Downlap \\\ Interpreted buried faults
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s NSEM 3-D Resistivity Profile

M

Sequence Stratigraphy? \

Acquired by
Environmental Fault Scarp USGS Survey

. . (Fault “A”) Marker F1254
GeophysWssouates. @ Hockley Fault SE

180 300 360 480 540 Ohmem

2-D Resistivity Profile

Iteration=4 RMS = 6.91°/d~\Nommlized L2 =096
After M. Saribudak, Leading Edge,~« Feb 2011

Strike line parallel to channel.

T HET IR
-| Erosional/depositional features?
Slum.;)‘\"
7500 feed . Truncation'
Z.500 b Llne 2 Downlap

*) Unconformit‘.

¢ ® Resistivity offsets

1\
i

Interpreted buried faults

Zee Lightning . ..
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ApH
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Fluvial Analogues @

Possible analogues

- provided by nearby
Brazos River and other
meandering fluvial
systems.

Line 2 possibly parallel

7 y :‘, v

o 1 1¢" s 2 ? / T - . 1 ; _ 3 “ 3

' aZos Ri1ve Vo NERIR > ‘ ﬁ .6 - e I h I
e vk Y B , LEARER AR ey to paleo-channel,
e y > | iy » i) 3 i ’ 4 )

encountering 3.6 miles
- of coalescing point bars
within meander belt.

* *
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Mapping Rock Properties with Lightning

Resolution Copper Mine Pinal County, AZ /
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Fault Plane/Heave Constral
Katy-Hockley Fault: 54 ° @ 5%400’
(*assuming 8000’/sec Velogfty) T

o

J—

TWT (s below 0 faeh

: S \
g~ Average near-surface 3038 0=.729
A : veIociFy 8,000’/sec ge'n . _ B o s a0
g_:IZIBSO sec. 2-way time anel o
E_' 8’
=7 N
_ - Depth=8,000"/sec. x 1.350 sec./2 ) "
S~ Depth to top of NSEM data = 5,400’
g—j Q JTF:EI'I;DF?F?#H :
"= s
2~ e
£ 3 ’ * ’
o @ 4000’/sec @ 6000’/sec 7 500 faat
TanO = 3,938/2,700 = 1.46 TanO = 3,938/4,050 = .972 3500 meters
Arctangent (.972) = 56 © Arctangent (.972) = 44 0
- o
yA Fault angle a =34° Fault angle a =46

Note: again, likely too low

Note: probably too low an angle for such a
an angle at this depth. -

shallow depth even though fault is listric. Need
independent depth profile for these faults.

™ - * :
2015 Denver AAPG 81
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Michigan Technology University
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Depth and Amblﬁue Calibration
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Curvature of deeper conductive
layer .

wu. think DML & solutions
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MTU Test Site Wells Overlaid on Resistivity Section O0DMT
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