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AFMAG AFMAG –– Where is the EM Where is the EM 
Transmitter?Transmitter?

D i f i th th i t ti l diff f 200 000 t•During fair weather, there is a potential difference of 200,000 to 
500,000 Volts existing between the Earth's surface and the 
ionosphere.
•Almost 1 ampere of current flows into the stratosphere during the•Almost 1 ampere of current flows into the stratosphere during the 
active phase of a typical thunderstorm. 
•Therefore, to maintain the fair weather global electric current 
flowing to the surface one to two thousand thunderstorms must beflowing to the surface, one to two thousand thunderstorms must be 
active at any given time.



Pattern of Lightning Activity
O OOver One Year in the Americas



Pattern of Lightning ActivityPattern of Lightning Activity



The Earths Natural Electric Field is The Earths Natural Electric Field is 
th AFMAG T ittth AFMAG T itt

• Passive EM technique – does not a have man-
the AFMAG Transmitterthe AFMAG Transmitter

made transmitter.
• Frequency range - “audio range” Geotech’s 

ZTEM AFMAG can operate from 22 to 2800 Hz 
(depending on the signal strength). 

• The source is the natural field of Earth caused 
by lightning strikes at a distance.
Th E th d th I h b th d ti• The Earth and the Ionosphere, both conductive, 
acts as a wave guide to “transmit” these 
energies a great distanceenergies a great distance.



The Earths Natural Electric Field is The Earths Natural Electric Field is 
th AFMAG T ittth AFMAG T ittthe AFMAG Transmitterthe AFMAG Transmitter

40km.

4km.



Anomaly from a Current Anomaly from a Current 
Ch lli F tCh lli F tChannelling FeatureChannelling Feature



Airborne MT ModelsAirborne MT Models
Initial Model InInitial Model In--phase and Quad Responsephase and Quad ResponseInitial Model InInitial Model In phase and Quad Responsephase and Quad Response

(Tx) Inphase, Quad at 10 and 100Hz. Crossovers in In-phase and Quadrature.



ZTEM Test SurveyZTEM Test SurveyZTEM Test Survey ZTEM Test Survey 
ResultsResultsResultsResults

April 2007April 2007pp



ZTEM SurveyZTEM Surveyyy

Z – Coil in Flight

Z – Coil at Takeoff

X – Y Coils at Base Station
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Simplified Geology in ZTEM Survey AreaSimplified Geology in ZTEM Survey Area
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Safford ZTEM Phase Rotated Safford ZTEM Phase Rotated 
109H NE Ti D t109H NE Ti D t109Hz NE Tipper Data109Hz NE Tipper Data



ZTEM Comparison of Line DirectionZTEM Comparison of Line Direction

Image of Gridded CrossImage of Gridded Cross--line, Flipped, Dip line, Flipped, Dip 
Angles, 109 Hz, NW Lines, Angles, 109 Hz, NW Lines, Image of Gridded InImage of Gridded In--line, Dip Angles, 109 Hz line, Dip Angles, 109 Hz 

NE Lines NOT Phase RotatedNE Lines NOT Phase RotatedNOT Phase RotatedNOT Phase Rotated NE Lines, NOT Phase RotatedNE Lines, NOT Phase Rotated



ZTEM Comparison of FrequencyZTEM Comparison of Frequency

32 Hz 48 Hz 73 Hz

109 Hz 164 Hz 246 Hz

Images of Gridded InImages of Gridded In--line Dip Angles, NE Lines, Phase Rotatedline Dip Angles, NE Lines, Phase Rotated



109 Hz Image, NE Direction 109 Hz Image, NE Direction -- X ComponentX Component



109 Hz Image, NE Direction 109 Hz Image, NE Direction -- X Component X Component 
KarousKarous--Hjelt filter and 3D volume of equivalent currentsHjelt filter and 3D volume of equivalent currents



109 Hz Image, NE Direction 109 Hz Image, NE Direction -- Y ComponentY Component



109 Hz Image, NE Direction 109 Hz Image, NE Direction -- Y Component Y Component 
KarousKarous--Hjelt filter and 3D volume of equivalent currentsHjelt filter and 3D volume of equivalent currents



109 Hz Image, NE Direction 109 Hz Image, NE Direction –– X & Y ComponentX & Y Component
KarousKarous--Hjelt filter and 3D volume of equivalent currentsHjelt filter and 3D volume of equivalent currents



109 Hz Image, NE Direction 109 Hz Image, NE Direction –– X & Y ComponentX & Y Component
3D Volume3D Volume



Topography and Topography and –– X & Y ComponentX & Y Component KarousKarous--Hjelt Hjelt 
filter and 3D volume of equivalent currentsfilter and 3D volume of equivalent currents



ZTEM Current Shells and GeologyZTEM Current Shells and Geology
Contact with 
Lone Star Stock

gygy

Dacite Porphyry

Lone Star

Vent Complex

H l 149 147 GC3Lone Star
Stock: 
nonconduit 
except where 
d it dik t it

Hole 149, 147, GC3
High sulfide area
Near contacts of vent 
and Lone Star stock 

dacite dikes cut it with andesite



ZTEM Current Shells and GeologyZTEM Current Shells and Geology
Fault 6

Possible down dip extension of 6

gygy

Fault 23

Vulture

Possible fault previously 
unrecognized parallel to 
Vulture and Butte faultsVulture and Butte faults



ZTEM Current Shells and GeologyZTEM Current Shells and Geology

Faults 1, 2, 8, 

gygy

Lone Star
Lone Wolf



ZTEM Current Shells and GeologyZTEM Current Shells and Geologygygy
Mapped fault 
appears to dip north

CC06-001 hole
th h

Faults 4, 12, 13, 14, 15, 16

goes through 
middle and 
has <0.03 Cu, 
<1.5% total sulfide



3D Map

ZTEM Current ShellsZTEM Current ShellsZTEM Current ShellsZTEM Current Shells



3D Map ZTEM Current ShellsZTEM Current Shells
Pl M j St t l P ttPl M j St t l P ttPlus Major Structural PatternPlus Major Structural Pattern

Faults



3D Map

ZTEM Current Shells and Drill HolesZTEM Current Shells and Drill HolesZTEM Current Shells and Drill HolesZTEM Current Shells and Drill Holes



3D Map

ZTEM Current Shells and GeologyZTEM Current Shells and GeologyZTEM Current Shells and GeologyZTEM Current Shells and Geology



3D Map

ZTEM Current Shells and FaultsZTEM Current Shells and FaultsZTEM Current Shells and FaultsZTEM Current Shells and Faults



Conclusions and RecommendationsConclusions and Recommendations
• The ZTEM system has unambiguously detected a 

robust anomaly coincident with part of the blind 
Lone Star deposit.  The primary cause of the p p y
anomalies is structure.

• No other airborne system can detect targets of this 
typetype.

• The Lone Star anomaly is the largest detected in the 
survey.  By inference big deposits should produce 
big anomaliesbig anomalies.

• Optimal presentation of the data is dependant upon 
the interpretation purpose.  Geological input is 
criticalcritical.

• The Karous-Hjelt filter is proving a useful 
interpretation aid.  However, the algorithm is simple 

h ld b d t t i t t thso care should be used not to over interpret the 
results.


