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Barite Hill / Nevada Goldfields - Gold Mine 1991-1995 active
1999 —bankrupt/abandoned site / 2009 - EPA Natl. Priority List

1994 — USGS Picture 2012 — Google Earth 2016 — Google Earth
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Gold & Silver and base metals infused into sub-marine

volcanic deposits as part of Island Arc system — Proterozoic

Clark et al. Economic Geology (1999) 94 (8): 1329-1346.



3 Stacked EM Studies mmm Waterways
LA e e USGS

L 25 ' atia /: Pe, Study Area
\' | | B ] Conductivity
| R\ L. Surveys

Willowstick
Flow Path

Willowstick
Flow Models

| 3. —— Dynamic

s Measurement
| . Pl | Lightning
s w1 g B T Energy Outline

A T S r

100 200 300 400 METERS 4

0



USGS Stream Resistivity Line A -A’
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Quick Lightning Analysis Primer

Remote non-1nvasive analysis — no boots on the ground and no
permits required.

Ground based sensors capture low and very low frequency radio
waves and measure peak current.

18 years of strike data available for the continental US and Canada.

Data 1s cleaned and processed through patented algorithms.



Topographic Map
and
Analysis Area

Small dots indicate
lightning strike locations
(atotal of 1017 strikes — and
912 after data cleaning)

N Study Area
Diameter: 1.59 m1/2.56km
Total Area: 1.99 sq mi1/5.15 sq km
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Lightning Attribute

“Apparent Resistivity”

Electrical resistivity and depth computed from a
stmple model using the Peak Current and Peak to Zero time.
Color Bar Scale in ohm-meters, a relative scale.



Sub-Regional
Apparent Resistivity Map

. Red Areas = Low Apparent
Resistivity / High Conductivity
Ore Bodies, Buried Waste Rock

and/or Contaminated Regolith

Groundwater (dissolved ions and

metals)

Blue Areas = High Apparent
Resistivity / Very Low Conductivity

) . Bedrock




Apparent Resistivity Cross Section A-A’
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Apparent Resistivity Map
Electrical resistivity and depth computed from a simple
model using Peak Current and Peak to Zero time.



Apparent Resistivity Cross Section B-B’
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Lower blue line 1s low conductivity
from (1530 Hz) and indicative of

bedrock at depth.
Apparent Resistivity Map

Electrical resistivity and depth computed from a simple
model using Peak Current and Peak to Zero time.
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NE SW
s
O
5
2 1 AR

Apparent Resistivity Map
Electrical resistivity and depth computed from a simple
model using Peak Current and Peak to Zero time.



Willowstick Flow Path Technology

1. Images Groundwater Paths
2. Improves Models



Willowstick survey
configurations imaged

preferred electric current flow
through area from 3 surveyed
orids. Area 1 1s 1n yellow.

| Legend Oy

| 725 Capped Waste Rock Area A i b L
Pit Lake o
== Stream
'Y Seep
Measurement Point

+
@ Electrode

w Circuit Wire

Legend

) o A
Survey Area 1 [ Well BHs6
3 Survey Area 2 (28 ft bgs)
3 Survey Area 3

O3 Pit Lake RiLEaks
% L

| CJ cCapped Waste Rock Area

|-

".’T;;m}' s'.‘"—{“‘“::_:/l“l TR

L /‘?’ " a8

S Well BHE3
. (83 ft bgs)

{

!

: \ i 5:%__..
-ty X RO
2k
'H-"*L* S L '* y

|0 200 400 A |
-:—Fee #

BRIV,

Area 1 - Contrast image of
measured vs. theoretical
magnetic field as



Groundwatelow Path
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Conventional Groundwater  Willowstick Enhanced
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Willowstick Flow Path Enhanced Model




ZBarite Hill / Nevada Goldfields Mine
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= B A hnarent Resistivity Attribute
Map and Faults
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Lightning Attribute

((En er@/ b4

The area of a triangle with base “Total Wavelet Time” and height
“Peak Current” measurements.
Color Bar Scale: ([pc * (rt + pz)/2] milliampere-seconds).



Energy Attribute Map:
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.
Energy Attribute with pattern of interest bordered in white




Conventional Groundwater Model
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Willowstick Data Enhanced Groundwater Model




Energy Attribute data / Willowstick Enhanced Groundwater
Model with Seeps / Faults - USGS blue/pink/gold
Faults and Shear Zone- Willowstick
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Energy Pattern - highlighted white outline - shows potentially
larger and more direct contribution of contaminated ground
water to Hawe Creek than earlier susected or an undiscovered

“ Gold Mine

Image L'S! Gealogical Survey



What are you looking for?

Ore bodies and contaminated ground
water both have low conductivity.
Red = Low Apparent Resistivity

Conversely, fresh water has high
uy ey Conductivity.
Blue = High Apparent Resistivity
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| \ E‘ Sub-regional Apparent Resistivity on a
7 _ large scale — square miles
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APPLICATIONS of LIGHTNING ANALYSIS

Environmental - Contamination Plumes in Groundwater
- Possible Groundwater Flow Paths

Fresh Water Aquifer / Groundwater Mapping

Mineral Exploration — Copper



Thanks for thinking with us! [

Kathleen Haggar
Kathy(@dynamicmeasurement.com
Roice Nelson
Roice (@dynamicmeasurement.com
Louie Berent
Ljberent(@dynamicmeasurement.com

Lightning analysis presentations and papers at:
www. dynamicmeasurement.com/TAMU
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