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Purpose of Calibration Site

Airborne TEM :

sused extensively for locating conductors in mineral

ecan it be used for more quantitative interpretation
wider range of applications?

' "HSREYSE) P+

exploration

and thus in a

Quantitatively consistent with:

1) Ground TEM ?

2) Geological information ?

?




Calibration Study _

To compare data and structural results from

, "#S%E&'() ;
1) 2007 - Airborne surveys : MEGATEM, GEOTEM,
VTEM
2) 2008 - ground TEM surveys . extensive

PROTEM (Geonics), small GDP-32 (Zonge)

3) 2008 - ground FEM systems . VLF-R (2
frequencies), MaxMin (2 separations, 5 frequencies)

4) 2008 - drill logs,
over the calibration site.

Data thanks to Uranium One USA



* North of the Grand Canyon
(Arizona Strip)

/012 (34567 )

« 2005-2008:
active exploration for breccia
pipe uranium deposits

[ 89:;<=>?@AB
CD

Host environment:
a thick sequence of
sedimentary rocks

EF G

[from Google Earth] HIJK=LM




Moenkopi Formation

(sandstone, siltstone)

Kaibab Limestone

Toroweap Formation Toroweap,

(limestone)

=== === Coconino Sandstone Coconino,

Hermit Shale Hermit,

Suitable calibration
site:

Supai Group _

(saitatonel o Sedimentary layers
with contrasting EM
properties

Redwall Limestone

Temple Butte Limestone ISRz BIDRS a0 10102




Survey Location
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Ground TEM: Model

45 4S Ground Model 4South
Model 4South from multi-station 1D inversion

from multi-station inversion using 11 wide-offset stations
(2900N-3900N).

3,45 4S

6 7889 S => @A
B CD! 11EF

G 2900N-3900NH

Model 4South fits Hx, Hz

across entire survey indicating
limited lateral variation.

IJE K , 45 4South LM xN

OP zNO ?(PpRITIVWWKX Y

Inloop and Short Offset Data
Provide less depth resolution
Z[ KIPB C

\!89] Al N ‘ab

Modeling and inversion were performed
using EMIGMA V8.6 (PetrosEikon, 2009)

c4d;<@A lef : EMIGMA V8.6
7




Ground TEM: Model to Data

PROTEM Decay on 650E (Hz)

g 3.00 ?

g L

FR: Measured — 3200N g 89

2 100 Model 4South — 3200N 4L89

% : Measured — 4100N g 89

= 09 ] Model 4South — 4100N 4189
| Ll
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Comparison of Model with Geology

Model 4South 45 4S

from multi-station
inversion

- Moenkopi

E Kaibab/Toroweap
- Coconino/Hermit

Supai Group

7 drill holes over 50m x 50m
7Eh 502 x 502

e Drill results just south of ground survey confirm M odel 4South

* Moenkopi resistivity (123 W¥n) of Model 4South close to resistivity determined from VLF-R
and MaxMin data (thickness uncertain)

:

4S  Moenkopi 123 Wn 11" VLF- R# MaxMin $ A




Log (Response (nTesla/sec))

Ground TEM: Depth Resolution

Protem Decay at 3200N on 650E (Hz)

2 km south of Loop Center
sensitive to Supai Group

Z[ jk 2.lm!'7
JnopCq rs

Measured (¢
Model 4South 45 4S
No Supai Group t Supai

Z[ jk'7
nopub
345vLM89

Center of Loop

Limited sensitivity to Supai Group
All 3 models fit equally well

s

-1.00 -0.50 0.00
Log (Time (mSec))

Log (Response (nTesla/sec))

Resistive Supai Group

Protem Decay at 5200N on 650E (Hz)

-0.50 0.00
Log (Time (mSec))




MEGATEM: Fit to Ground Model
MEGATEM

MEGATEM Decay - Channels 1-16
MEGATEM )* , 1+ 16,-./

B Measured g
B Model 4South (4 kHz) 4S (4kHz)
B Model 4South (15 kHz) 4S (15kHz)

I
I
I
I
I
I
I
I
I
I
I
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d

End of pulse:
: 3.688 ms

L
-
3
]
0
=
Q
Q.
7]
L
3
=2}
Q
-

Location( ): 4360N
Stacked data (3 stations) 3E 7wx89

4.50
Time (mSec)

« Data rewindowed to have 20 off-time channels to increase shallow resolution

*  Waveform files were used to study pulse width, dipole moment, window positions, Tx-Rx
separation and system bandwidth. Accurate modeling requires precise knowledge of settings.

* Model 4South fits the MEGATEM data just south of the wash if an upper bandwidth frequency of 4
kHz is used.

. 201"#$%
&'()*+, - /012 34886 3 77 38895<R6> ?7@@ Al BCMER

G DHIIK Z@IL ?7 B
MNO+P QAL  4kHzR 4S ST MEGATEMUV . 1
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MEGATEM: Depth Resolution
MEGATEM

MEGATEM Decay - Channels 1-16
MEGATEM )* , 1+ 16,-./

B Measured g
B Model 4South
B No Supai Y NO

1
1
1
1
1
1
1
1
1
1
1
1
End of pulse

: 3.688 ms

Location(Z’ ): 4360N
Stacked data (3 stations) 3E 7wx89

4.50
Time (mSec)

Removing the fourth layer (Supai Group) has a small but definite effect
on the response at mid to late times.

Note: This 4 ' layer has a significant effect on the ground respon se at
wide offsets. MEGATEM offset is 128m only.

z{|} Gmgp H]jp> o~ €W ) T ,%5..tb0 Y
"%86ol} 13,89...1 S«? 233 0D (EEFAEEAIT0 Y'&
O MEGATEM, EeZsCEs/ o  128MY 12



GEOTEM: Fit of Ground Model
GEOTEM

GEOTEM Decay, Channels 1-16
GEOTEM )* , 1+ 16,-./

B Measured 0
B Model 4South .
B NoSupa 1234

End of pulse

<
-
o,
L
)
E
Q
o
V]
i}
=
o
o
-

A 11 mc
AL L TS

Location( ): 4330N
Stacked data (3 stations) 3E 7wx89

5.00
Time (mSec)

Model 4South fits the GEOTEM reasonably well just south of
the wash, provided an upper bandwidth frequency of 6 kHz is
used. Again the Supai Group is required to fit late time.

NO 4SPQ GEOTEM RSTUV/W 6XYIZ] \

|»  "aT#bcde fg hi \ 13




VIEM

Potential advantages of VTEM
system for resolving shallow

- MEGATEM VTEM structure:
Time Channels 20 28 « Clean decays
Dz 128 m om » More time channels (28)
* Closer to ground
Dx 46 m 0m 56 7489 , VTEM:$<=>?@
Alt. of bird 70 m 35 m L
IGHI J& Fipm '

VTEM Decay
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VTEM: Initial Waveform
VTEM:

VTEM Decay

B Measured O
B Model 4South
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Location ( ): 4350N
_3.00F Stacked data (10 stations) ) 10E 789wx"
kl%> 2~3m

-0.50 0.00
Log (Time (mSec))

e |nitial waveform for simulation: ¥ sine wave turn-on and turn-
off

* Frequency = 1/(4*turnoff); turn-off time from waveform file
* Model 4South does not fit the data
« Too large at mid to late times, too small at early times

« WXL S&' Y YaZ[&\] "#
R =1/" 4% "$% "H_$% a&'()
4S bSST TUVc de UV fg 3hee UV [

j

15



VTEM: Waveform File

VTEM

TUrn c)n Ramp up

1.00 2.00

First Polarity no#5
Second Polarity pgo#5

Turn off

Tlme Derlvatlve of Current

""""" a '|'5€3Z'<"8 """"""""""""""""""" - - I

3.0_0 4,00 5.00 6.00 7.00
Time (msec)

The system uses a bi-polar waveform, stacking
measurements from both polarities.

S Hloge ?ZBM ™SID Y
Bandwidth of early time spike not consistent with the
bandwidth of the mid on-time ringing and early off-
time response.Y~ j!¢£ oj j~=a  ¥llddY
~8  17IeE b.@® Y 16




VTEM: Integrated Waveform

_T_um-__o_n _______________ AR A N S

L|m|ted effect on

Crltlcal eﬁe Gt
response -

] 0 '%
"""""" I550/6&'%)

/< i i i >

10.00 1.00 2.00 3.00 4,




VTEM: Integrated Waveform
VTEM

Integrated Waveform

Initial Waveform: Quarter sine turn-on and turn-off

KLMN :%%0OPMQR# S

Modified waveform : turn-on : f(t) = A (1-e")
turn-off : 77% of ¥4 a quarter sine
TOMN :Q :ft)=A(l-e™),S :77% $ ¥%OP MN




VTEM: New Waveform

Will Model 4South fit the VTEM data with the modifi ed waveform?
TUMNV 4S WXYZ VTEM [

B Measured g

B Model 4South (new) -cee

 With new waveform representation, Model 4South still a
poor fit, especially at early times

e k Im nRNO 4Sop grstPQ Ruv

wxe fghi »




VIEM

Early-time misfit:

!II
* Time channel positions ?
e  #$% ?

B Measured g

@ Model 4South (new) 45

Time channels shifted 30 ns
earlier: 15% misfit across
Channels 2-28

#$8&() 30%+
#$ 2-28 -I" 15./

20




« How are the data reduced by dipole
moment?

 Where in the cycle is the current
determined for normalization?

« How are the differences in the two
polarities accounted for?

e 01 23 456 78 9
< =>7 @ 1A 9
BC= 5"D EF1? 9

VTEM may provide better shallow
discrimination than fixed-wing
airborne systems. However, we
cannot use it quantitatively without
more knowledge of system
parameters.

VTEMyr z {|}}~
€. ftl, I \"
R” %0S< (Eoe

€ \ ot




Conclusions

Accurate modeling of the airborne response depends on precise knowledge
of system parameters. These include pulse width, exact window locations,
waveform details, and impulse response of the receiver coils.

*MEGATEM and GEOTEM calibrate with the ground data provided upper
bandwidths of 4 kHz and 6 kHz are used.

*VTEM may calibrate with other data but more information on system
settings is required, such as how the data are reduced by dipole moment
and possible errors in the positions of the time channels.

*This information would assist us in accurately modeling the VTEM
response.

*'&891+ -c4 ® °i[—28! ST Yym 28 .10
fa 7?-3BfpZ 20e89HYs  PUdA 11O TYY

Y.@AXag 4 kHzd 6 kKHzICE Y MEGATEMd GEOTEM89¢, 3,
89*+AA ,

VTEM¢ *AA89 *+ 2HAMA —/E'IC»EE rd==xY i E
PP{! PN OO! € f I ,ZZQWD Y

uf EEOWx[ ] VTEM89! +c4 Y
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For a complete report email: laura@petroseikon.com
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23



