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Purpose of Calibration Site

RUEX B H H

Airborne TEM :
AL 2 % AR EE B

‘used extensively for locating conductors in mineral exploration

JTRATH FRESES, FRK BHERE

can it be used for more quantitative interpretation and thus in a
wider range of applications?

-RA W CAE B, MNMTERE) 28NS E ARG ?

Quantitatively consistent with:
EEmair, T8RS S

1) Ground TEM ? Hh [ #2A% da i 504
2) Geological information ? )5 %k

FFF?




Calibration Study
Be e i 7

To compare data and structural results from

N T e EE IR E TR, EATRE TRAEX A

1) 2007 - Airborne surveys i #hill: MEGATEM, GEOTEM,
VTEM

2) 2008 - ground TEM surveys Hhfili#2s B fZ 0 extensive
PROTEM (Geonics), small GDP-32 (Zonge)

3) 2008 - ground FEM systemsi i %4 % % : VLF-R (2
frequencies), MaxMin (2 separations, 5 frequencies)

4) 2008 - drill logs, &R0 5%
over the calibration site.

Data thanks to Uranium One USA



« North of the Grand Canyon
(Arizona Strip)

RIS B (VA SR 3 77

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

KNEHATHE MRS & R
TAE

Host environment:
a thick sequence of
sedimentary rocks

W %%ﬂﬁ@fi

BWR BT a5




Geoloqy HuJF B4 4

] . HALE, amkeE
Moenkopi Formation

(sandstone, siltstone)

Kaibab Limestone JLEA, AKA

Toroweap Formation Toroweap, AXFA

(limestone)

Coconino Sandstone Coconino, B2

Hermit Shale Hermit, 7 &

Suitable calibration
site: HEKIRKHKX

Supai Group
(sandstone) gh « Sedimentary layers
with contrasting EM
N properties VIR EZ
edwall Limestone > / =

Temple Butte Limestone IR TI=Ye BCIDES {01010

HRG= BN




Survey Location
i BTt 55 B I 2%
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Ground TEM: Model

i T 5 AR FH fg s

BRA 4S
Model 4South

from multi-station inversion

2 0 R B8 — 4 R AR 2

Ground Model 4South

from multi-station 1D inversion
using 11 wide-offset stations
(2900N-3900N).

HiE R A 4S

HZ0 S BE -4 kEA2, £H
B R 5t 2% BB B B 114
(2900N-3900N)

Model 4South fits Hx, Hz

across entire survey indicating
limited lateral variation.

EEANX AN, E4South#)&x53
Bz B, RUBERTILER.

Inloop and Short Offset Data
Provide less depth resolution
BL T R 5 2% BBl N ) B i 4 Bl st

Modeling and inversion were performed
using EMIGMA V8.6 (PetrosEikon, 2009)
RS = 156 48 F i 8K 4+ EMIGMA V8.6



Log (Response (nTesla/sec))

2.00

1.00 F

0.00

Ground TEM: Model to Data

Measured — 3200N S B4

Model 4South — 3200N E#lZiE

Measured — 4100N S| B

Model 4South — 4100N i3y $4E

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

Log (Response (nTesla/sec))

"Hx, x-47 & crossover

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




Comparison of Model with Geolo
RIEAER 5 R 3R A B

B R Tl
Drill Model 4South 7% 4S

from multi-station

Results | multi-Station -y & v — 4 B
40 + 4 m NN 123 Om B Moenkopi

- Kaibab/Toroweap
- Coconino/Hermit
... Supai Group

330 Om

523 +15m[7~
7 drill holes over 50m x50m [ .- .-

74 5L, 50°Kx 50K B [X 45k

Drill results just south of ground survey confirm Model 4South

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

S ST 0 X 3 A R KA TE A4S
714 HiMoenkopi B (123 Om ) #:5E HVLF- REIMaxMinSGE @R HEER (EEARH)




Log (Response (nTesla/sec))

Ground TEM: Depth Resolution
b ] P A% H Ry VR oy R T

Protem Decay at 3200N on 650E (Hz)

2 km south of Loop Center
sensitive to Supai Group

PLT R 5 2% B 02 4 B DARE B =
Xt 7 i 2L B o Rk

Measured el
Model 4South %l 4S5
No Supai Group G Supai

Center of Loop

Limited sensitivity to Supai Group
All 3 models fit equally well
LT 7k i £k B R O O U R
TR AH I A U
SE R A& 2

-0.50 0.00
Log (Time (mSec))

Log (Response (nTesla/sec))

Resistive Supai Group

73, F BH =

Protem Decay at 5200N on 650E (Hz)

-0.50 0.00
Log (Time (mSec))




MEGATEM: Fit to Ground Model
MEGATEM: 5 E

MEGATEM Decay - Channels 1-16
MEGATEM #4228, 1= 168} 6] & K

B Measured =i
B Model 4South (4 kHz) #% 4S (4kHz)
B Model 4South (15 kHz) ##! 4S (15kHz)

Enc'i of pulse:
fikvh 457K #5: 3.688 ms

Location(fiz & ): 4360N &
Stacked data (3 stations) 34N s P EIE, wxmeEsk

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

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.

NBEERE 7 PR B3 e AL & 1518 21204 B B i 18] & 1
B RARE R R, B, HOME, RE¥SSRESEEMRENE. EHERE

W) T RS ERRE.
R E A _EFRE 94 kHzH R, 28 4S & MEGATEM#EE. -
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MEGATEM: Deth Resolutlo
MEGATEM:.

MEGATEM Decay - Channels 1-16
MEGATEM #4228, 12168} 6] & O

B Measured =il
B Model 4South HZ 4S

B No Supai ¥z

En<'j of pulse
kb4 4 : 3.688 ms

_Location(fz&): 4360N
Stacked data (3 stations) 34Nl i P EE
L | ! | ! |
3.50 4.00 4.50 5.00
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 response at
wide offsets. MEGATEM offset is 128m only.

WIBRZBIUE (T ) X e 35 2 e I ) & 05 — € HgE ), {ERZmA K.
B BUEXNHEBEERREE, MR KNS S5FEWESERBER K. s
W EMEGATEM, & 5 2% 5 #2023 18] BE {2 128M.



GEOTEM: Fit of Ground Model
GEOTEM: SR gil&

GEOTEM Decay, Channels 1-16

GEOTEM #3& 3£, 12168 8] & O

B Measured =z
B Model 4South ﬁﬂ 4S

B No Supai ZEHME

End of pulse

n:bn-hlz:lﬁh‘.l: /I -I-I ma
TTAHAINM nio

Log (Response (PT/S))

Location(fiz & ): 4330N
Stacked data (3 stations) 34~ g F 35 #iE

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.

HTH ASH)-4-GEOTEMELHE, - FR 28 6 Tk MO .
NV 2 2 St S R 6 S ,




VTEM

Potential advantages of VTEM
system for resolving shallow
B 1E) 2 1 MEGATEM VTEM structure:
Time Channels 20 28  Clean decays
Az 128 m om » More time channels (28)
* Closer to ground
AX 46 m 0m BRI ESEW, VTEMRZREBEMRHN:
Alt. of bird 7/0m 35m gg%ﬁl‘ﬁjﬁn (28)
B s E B 5 M

VTEM Decay
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-0.50 0.00 i i
Log (Time (mSec)) 14




VTEM: Initial Waveform
VTEM: 1455

VTEM Decay

B Measured E#
B Model 4South | %! 4S

Log (Response (nTesla/sec))

1
s
o
o

Location (fiZ & ): 4350N
_3.00/- Stacked data (10 stations) ) 10Nl S i 3E-F 391
= B EE2~3K

-0.50 0.00
Log (Time (mSec))

Initial waveform for simulation: 4 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

B2 R T . VaIESZ BT 2 M eg
BAZR=1/ (4* W7 B30 B (8] ; W7 e i B i) 1) A B P S48 2
BRE 4S ARG EHE P BINE OHEE R, EHEOHER

N

15



VTEM: Waveform File

VTEM: /)ﬂzﬁ/ﬂtlﬁ

Turn on Ramp up I

First Polarity & X B.4%
Second Polarity 55 — ¥k B4k

3.00 200
Time (msec)

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

ZRAXH T HIREBERKEE, SaMmKiiE.
Bandwidth of early time spike not consistent with the
bandwidth of the mid on-time ringing and early off-
time response. F- {4 I [ 77 58 'ﬁ*%ﬁﬂ?fﬁﬁ&%iﬁlﬁ
47 D L e J92 ) T DA — B



VTEM: Interated Waveform
1./

_____________ Tumon
I lelted effect on Cr|t|ca| eff t I I




VTEM: Integrated Waveform
VTEM: A9 E

Integrated Waveform 243 1
Initial Waveform: Quarter sine turn-on and turn-off
VIR T : ValE5Z P TF J5 Al

Modified waveform : turn-on : f(t) = A (1-e'7)
turn-off : 77% of 4 a quarter sine

BIEETE FFe: (1) = A (1-e7), M1 H: 77% B ValEX kT




VTEM: New Waveform

Will Model 4South fit the VTEM data with the modified waveform?
BREEEERAS REMESVTEMEIE?

VTEM Decay

B Measured szl
B Model 4South (new) ¥

&
)
0
—
L
n
o
[t
=
el
O
)
=
o
a
0
O
24
el
(=]
o
=

Location: 4350N
_3.00l-Stacked data (10 stations) 103Ul S &3 F 3516

-0.50 0.00
Log (Time (mSec))

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

IEIEW IR, HIASHATR AR AT 2 500, e 3
R FLHI0N 17 7 1 .




VTEM

VTEM Decay Early-time misfit:

R[] R 22

« Time channel positions ?
o INIEE EENL?

Log (Response (nTesla/sec))

m Measured 2l

m Model 4South (new) &% 4S5

-0.50 0.00
Log (Time (mSec))

VTEM Decay

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

=
5]
o
0
S
e
o
[t
E
O
7]
=
o
=8
7]
O
i
(=2}
Q
-l

Shifted channels
i 8] & 7 5 72 5 30Z=Z 0
-0.50 0.00 : . E,ﬁﬂﬁj [12-28 i&jﬁl%%‘l 5%,

Log (Time (mSec))

20
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VTEM Decay

15% misfit

-0.50
Log (Time (mSec))

4.00

5.00
time

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?

AT TH BR AR R R R 2
PSR YA — ) FEL IR AE A ST Ak 7
PR AR B 22 5 JER DR ARTAE 2

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

VTEMH] g EU i 8 3 LI 2R
Srfe Bt B o 2 BeAg L . 5
e, EE F AT 7 A DI B RNTE R
2 3




Conclusions
28

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.

R HE K ERREELHEBR T REASHHATIH 1 #. XESHE/mKT
R, BUIKEOAE, BIBHT, FHaelok Bl iRk erm b

8 A _EFR A4 kHzF16 kHz )3 %% . MEGATEMAIGEOTEM 1R 7] 5 Hh i

VTEMA 5 A BT A, ERFERGARBENHFHAER, WERERREWD
{7 35 R B, BRI e EH DL R B 18] B 1 R e AL iR 2 .

X {5 R B T VTEMEBUE H HE RS B4R

22
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acknowledge Petra Web, Ron Haycock, and Roger Holland for their
assistance with this work.

For a complete report email: laura@petroseikon.com

JB 32 [E Uranium One~ w3 it 24, I /if Petra Web, Ron
Haycock, and Roger Hollandlr Blix I T A .

17 2R HUEE SERE P 2 VB B TS E . laura@petroseikon.com
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