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SUMMARY
One hundred and thirty-five (135) audio-magnetotelluric (AMT) soundings were carried out between July 16th and July 22th, 2002, at the McArthur River mine, Saskatchewan, Canada. 

The AMT soundings were acquired at a 300m spacing along 11 lines oriented such that lines were orientated to traverse the geological strike of the region. 

AMT data were acquired in the frequency range 1-20,000 Hz, using three 5-channel Metronix 24-bit ADU-06 acquisition systems. One system was a fixed reference station in a culturally quiet location, while the other systems were used within the prospect area. Each AMT measurement consisted of a perpendicular pair of 50m dipoles, two orthogonal magnetic field sensors, and one vertical magnetic field sensor. Robust data processing (Larsen code) resulted in good AMT data quality at most of survey sites.

The AMT data were edited and rotated to a regional coordinate system determined through swift decomposition. The results are shown as a series of phase maps, the impedance phase at single frequency contoured as a function of grid position.

INTRODUCTION AND SURVEY DESCRIPTION

This report describes the acquisition and processing procedures carried out during an audio-frequency magnetotelluric (AMT) survey conducted on the McArthur River property of Cameco Corporation. The survey consisted of 135 AMT soundings acquired at 300m spacing along 11 profiles.
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Figure 1: Location of the survey area.  

Survey Organization

The AMT crew arrived at the McArthur River mine in the afternoon of July 14th. Orientation – safety meetings and equipment verification tests were carried out on the 15th, data acquisition commenced on July 16th and was completed on the 22th. A total of 135 AMT soundings were acquired, at locations shown in Figure 2. 

Two AMT crews, each consisting of an operator plus two full-time assistants acquired a total of 8-13 GPS-synchronized AMT soundings per day. 

Mine accommodations served as the logistical base for the crews and data processing. A temporary field office was set up there for processing, instrument maintenance and battery charging. Contact with field crews was maintained through two-way radios. 
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Figure 2: AMT station locations, red circles mark the location of soundings recorded in March, 2001. Black circles mark the location of AMT locations sounded in July, 2002.
Weather 

The period of the survey was characterized by good weather conditions. Light rain occurred on a number of days throughout the survey. 

Lost time accidents 

No accidents occurred during the field survey.
Survey Design

Data were collected at a nominal 300m-station spacing along 11 SE-NW orientated profiles (plate 1 and Appendix 1:). 

Coordinate System

All maps are plotted using a metric UTM grid (Zone 13) coordinate system, as follows: 


Spheroid:
Hayford International 1924


Central Meridian: 
-105°


Datum:
North America 1927 Northwest Territories and Saskatchewan. 

The geographic coordinates listed in Appendix 1: are referred to the NAD 1927.

Data acquisition

The survey was carried out using three 24-bit ADU-06 systems manufactured by Metronix GmbH of Braunschweig, Germany. Magnetic sensors were the Geosystem AMT induction coils produced by Geosystem Canada Inc.. Appendix 3: contains a detailed description of the personnel and equipment used for the survey, along with a description of the data formats.

Layout followed the normal AMT axis convention, that is, a right-handed system with z positive downwards. Dipole lengths of 50 meters and a fixed acquisition azimuth of magnetic north was used at all sites throughout the survey. Access to the grid was by 2WD and 4WD vehicle as far as possible and by foot in more remote regions. Due to the low system weight an operator, with 2 helpers, was able to pack all of the necessary gear without difficulty.

Parallel sensor test

Prior to starting the survey, all coils and electrodes were checked on July 15th in a series of parallel sensor tests at an accessible, quiet and flat site. 

All electric wires were checked for correct length (25m) and obvious external damage to the protective insulation. Coil cables were similarly tested for correct pin-to-pin continuity and the absence of cross-channel interference (partial grounding between pins). 

The magnetic sensors were buried to depths of about 20 cm, and each was located parallel to and about 2m from its neighbor. The electric channels Ex and Ey on each ADU-06 were connected to the same single pair of electrodes, laid out at right angles to the coils. 

Given identical sensor and acquisition systems, one would expect to see very similar outputs both in time and frequency domain: resulting coherencies should be greater than 0.9 between pairs of like sensors over the range 2 – 10,000 Hz, and amplitude and phase transfer functions close to the theoretical values of 1.0 and 0.0° respectively. In this way both the magnetic coils and the individual ADU channel boards could be verified. 

Suspect sensors and components were re-tested and ultimately excluded from the production pool if still noisy or otherwise defective.

Site preparation and lay-out

The AMT crews selected the sites using a hand-held GPS pre-programmed with the proposed sounding locations. Arriving at a new site, the first course of action was to select the site center so as to minimize topographic relief between electrodes, avoid possible interferences sources, extend the dipoles (4x25m wires), and install the electrodes to allow sufficient time for stabilization. 

Trenches 10-15 cm deep were dug to bury the horizontal coils, as well as a hole for the vertical coil, to minimize wind vibration and to provide thermal stability. Where rock outcropped at or close to surface, the vertical coil was buried as far as possible and protected from wind noise by mound of earth/stones in turn covered by a rigid plastic bin weighed down by stones. 

The operators measured SP (Self Potential) and contact resistance across the dipoles and recorded them in the field books, together with the magnetic sensor serial numbers and the dipole lengths. In case of high contact resistance, salt water was used to lower the contact resistance. 

The magnetic sensors were buried at a distance of 10-25 m from the acquisition unit; the dipole length was 50m; x and y directions were usually north and east (magnetic) respectively; the GPS antenna could be placed up to 10m from the ADU-06 unit to improve satellite coverage. A computer was connected to set up the acquisition run and to download data (Figure 3). 
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Figure 3: 5-channel AMT layout diagram.

Prior to the main recording, test time series were recorded. The visual inspection of these allowed the operator to check the status of the instruments and the data quality. The correct orientation of the sensors was specifically checked, by verifying relationships between the recorded time-series curves. 

Once the operator was satisfied that the equipment was operating correctly, a predefined recording schedule was initiated and the crew moved onto the next site.

Recording parameters

All soundings were recorded during the daytime using the following schedule (Table 1):

Table 1: Recording schedule
Band
Sampling frequency (Hz)
Duration, seconds
Data quantity, MB

HF
40960
7
5

Free
2048
420
17

In order to achieve synchronization with the remote site, this schedule was repeated every 20 minutes.

Remote reference site

A fixed remote reference site was maintained Northwest of the survey grid at UTM 492552, 6402150  zone 13, NAD 1927.

Quality control

Quality control procedures were taken at each stage of data acquisition. The AMT crews assessed the status of the equipment on a daily basis, as described above. Field records were kept, to track possible equipment problems, with the following information:

· AMT site description, project identification, operator names; 

· date and weather condition; 

· coordinates; 

· telluric lines lengths and azimuths; 

· contact resistance; 

· magnetic sensor and ADU-06 serial numbers.

Further quality control measures were completed in the field office. Time series data from the overnight recordings were brought together on the processing computer and inter-channel correlation was checked. Any discrepancies noted were relayed to the operators, so that suspect equipment could be set aside until further testing was undertaken.

DATA PROCESSING AND EDITING

Processing overview

Data were processed at field office within 48 hours of recording, using robust, remote reference techniques. The basic steps required to transform field time-series to usable data are as follows:

1. Automatic selection of coherent data segments (low noise) by comparison of the electric and magnetic fields;

2. Robust processing of the 150 most coherent data segments in each sample band;

3. Merging of individual bands to form a complete sounding curve;

4. Checking of calculated curves for geophysical plausibility.

Data were archived on CD ROM on a daily basis after the time series was transferred from the field computers to the processing computer. Time series were viewed with the Metronix visualization program QuickLook. Automatic coherency selection and robust processing were carried out using routines developed by Jim Larsen (Larsen and others, 1996). Data analysis, interpretation, and presentation were completed with Geosystem’s interpretation software, WinGLink.

Robust processing

Robust processing techniques were employed to improve data quality and reduce the effects of noise bias. The method of Larsen and others (1996) was used to estimate smooth magnetotelluric transfer functions (i.e. impedances) relating the electric and magnetic field data.

Data segments were automatically selected on the basis of electric and magnetic field coherency, and used as input to the robust processing algorithm. The magnetic and electric fields are used in an iterative re-weighted method to determine the impedance tensor. During the iterations, the electric fields are corrected in both the frequency and time domains, utilizing a smooth MT transfer function to estimate the electric field data from the magnetic fields. The total time required to robust process a single sounding was approximately 20 minutes.

The program outputs data at 5 equi-spaced frequencies per decade (e.g. 12, 19, 30, 49, and 78 Hz). All of the soundings were processed using the robust algorithm.

Signal and noise
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MT signal was good (unsettled to active) for much of the survey, and some days of excellent signal are evident (Figure 4). Given the good signal, data quality on this survey is generally excellent and only influenced by high contact resistance and cultural noise sources. 

Figure 4: The magnetic activity for the survey period.

Man made noise produced by mining activities was observed to some degree at all of the survey’s AMT soundings. Power-line noise, 60 Hz and associated harmonics, was moderate and had apparently little effect on all but the soundings very close to infrastructure and transmission lines. A noise source of 850 Hz and associated harmonics was particularly damaging to the high frequency data where natural signal levels are low. Figure 5 shows a plot of a telluric and magnetic amplitude spectrum showing the observed high frequency noise. The source of this high frequency noise is unknown, although appeared to be time varying and observed over the entire survey area.
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Figure 5. Amplitude spectrum for an Ex and Hy measurement (unfiltered). High frequency, 850 Hz and associated harmonics, is clearly visible in the spectrum.

A digital filter was applied to all the recorded time-series to remove 850 Hz and associated harmonics. Prior to application of this filter almost no useable data was recovered above 850 Hz.  

Data

AMT Soundings

The processed AMT data, in the form of impedances, are contained in EDI format in the attached CD. Derived AMT parameters include the following interpretation parameters, and can be viewed or manipulated in the WinGlink data base on the same CD:

· apparent resistivities, (xy and (yx;

· phases, (xy and (yx;

· impedance rotation and strike; tipper strike;

· impedance skew and ellipticity;

· tipper magnitude;

· impedance polarization ellipses, induction arrow, and tipper strike;

Rotation is normally to 45°. A smooth curve, computed from the D+ function (Beamish and Travassos, 1992), is fitted to each component. Data which are geophysically-plausible should lie close to this curve.

Figure 6 shows plots of a good (254-12N) and average (240-11N) sounding curve (rotated to approximate geoelectic strike, 45 degrees). The majority of sounding curves have limited high frequency data, this is in part due to low natural signal but additionally complicated by the observed high frequency noise. While the high frequency data has been corrupted to varying degrees by man-made noise, digital filtering recovered enough data to adequately characterize the high frequency apparent resistivity and phase.

[image: image6.wmf]
Figure 6.  Plot of sounding 254-12N and 240-11N.
Mapped field parameters

In that phase can be approximated by

(=45°-((/(t,

where ((/(t is the gradient of the apparent resistivity curve, it follows that 

1. on a homogenous earth, phase should be close to 45°;

2. where resistivity increases with depth, phase should be less than 45°;

3. where resistivity decreases with depth, phase should be greater than 45°.

Although this is greatly complicated by multi-dimensional effects, phase maps are still a useful qualitative guide to the resistivity structure, particularly as they are not subject to static shift effects. 

Phase maps at frequencies of 100 and 800 Hz for both the TE and TM mode are presented in appendix 5. The data has been rotated to a fixed angle of 45 degrees, the approximate electric strike. When the data is rotated to stike direction the TM mode electric field is orientated perpendicular to strike while the TE mode is parallel to strike. The TE mode will therefore be sensitive to strike bound conductors (P2 zone). Figure 7 show a plot of TE mode apparent resistivity at 100 Hz. This plot summarizes the structure seen in the raw AMT data, a conductive zone generally strike southwest – northeast that is possibly offset to the northwest in the vicinity of the McArthur River mine.
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Figure 7.  Plot of TE mode apparent resistivity at 100 Hz.
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Appendix 1: Station locations
Note: Geographic coordinates are in degree, minutes and seconds. Coordinates in EDI files use the WGS84 system. Report, maps and WinGLink database coordinates are on UTM grid (zone 13). 

Spheroid: International Hayford 1924 

Datum: North America 1927 (Northwest Territories and Saskatchewan) 

Central Meridian: -105° E of Greenwich

Latitude origin: 0° N

Coordinates at origin: 500000 m E, 0 m N. 

Elevation listed are mean at sea level from single site GPS. 

Site
Easting (m)
Northing (m)
Latitude (DMS)
Longitude (DMS)
Elev (m)

22401S    
493660
6398021
-105:07:02.88 
57:43:34.25
529

22402N    
493441
6398211
-105:07:16.14 
57:43:40.39
583

22404S    
493877
6397834
-105:06:49.99 
57:43:28.22
552

22405N    
493218
6398416
-105:07:29.76 
57:43:47.00
554

22407S    
494101
6397636
-105:06:35.71 
57:43:21.83
566

22408N    
492994
6398607
-105:07:42.90 
57:43:53.16
557

22410N    
494313
6398728
-105:07:51.74 
57:43:57.07
514

22410S    
492778
6397437
-105:06:22.45 
57:43:15.41
548

22413S    
494528
6397249
-105:06:09.02 
57:43:09.34
575

22416S    
492555
6397035
-105:05:55.41 
57:43:02.43
587

22419S    
494745
6396851
-105:05:41.67 
57:42:56.49
510

22422S    
494053
6396654
-105:05:27.52 
57:42:50.13
498

23401S    
493826
6398758
-105:06:23.24 
57:43:58.12
564

23402N    
494278
6398950
-105:06:36.50 
57:44:04.32
516

23404S    
493616
6398560
-105:06:10.11 
57:43:51.73
585

23405N    
494498
6399154
-105:06:50.00 
57:44:10.90
524

23407S    
493386
6398364
-105:05:56.55 
57:43:45.40
590

23408N    
493161
6399357
-105:07:03.57 
57:44:17.45
518

23410S    
494946
6398167
-105:05:43.72 
57:43:39.04
552

23411N    
492944
6399544
-105:07:16.65 
57:44:23.49
523

23413S    
493003
6397977
-105:05:30.71 
57:43:32.91
531

23414N    
492784
6399744
-105:07:30.15 
57:44:29.94
516

23416S    
493216
6397776
-105:05:17.58 
57:43:26.42
515

24001S    
493452
6399226
-105:05:59.53 
57:44:13.27
550

24002N    
493671
6399413
-105:06:13.27 
57:44:19.31
537

24004S    
493893
6399023
-105:05:45.91 
57:44:06.72
501

24005N    
494118
6399606
-105:06:25.99 
57:44:25.54
537

24007S    
494345
6398830
-105:05:32.59 
57:44:00.49
512

24008N    
494579
6399811
-105:06:39.91 
57:44:32.16
537

24010S    
495288
6398632
-105:05:19.22 
57:43:54.10
512

24011N    
495597
6400002
-105:06:53.54 
57:44:38.32
537

24013S    
495558
6398441
-105:05:05.48 
57:43:47.93
506

24014N    
495718
6400188
-105:07:06.68 
57:44:44.32
550

24017S    
496811
6398138
-105:04:44.78 
57:43:38.14
548

24020S    
497266
6397868
-105:04:26.09 
57:43:29.42
548

24801N    
496402
6399920
-105:05:34.62 
57:44:35.73
521

24801S    
496173
6399788
-105:05:29.16 
57:44:31.47
530

24804S    
495972
6399582
-105:05:16.09 
57:44:24.82
519

24805N    
497088
6400174
-105:05:54.05 
57:44:43.93
508

24807S    
495535
6399378
-105:05:02.89 
57:44:18.23
517

24808N    
497310
6400374
-105:06:09.37 
57:44:50.39
522

24809S    
495351
6399211
-105:04:51.45 
57:44:12.84
509

24811N    
497582
6400659
-105:06:16.83 
57:44:59.60
524

24814N    
495094
6400844
-105:06:31.55 
57:45:05.57
512

24814S    
494877
6398859
-105:04:28.51 
57:44:01.47
517

24817S    
498998
6398709
-105:04:18.83 
57:43:56.62
498

24820S    
499230
6398518
-105:04:06.19 
57:43:50.45
514

25400N    
499448
6400329
-105:05:09.01 
57:44:48.98
527

25403N    
499670
6400529
-105:05:22.63 
57:44:55.43
556

25403S    
495748
6400131
-105:04:55.63 
57:44:42.58
518

25406N    
497044
6400722
-105:05:35.59 
57:45:01.67
572

25407S    
496963
6399914
-105:04:40.50 
57:44:35.58
523

25409N    
496746
6400920
-105:05:49.46 
57:45:08.06
579

25410S    
496481
6399687
-105:04:24.52 
57:44:28.25
513

25411S    
496266
6399606
-105:04:19.80 
57:44:25.63
490

25412N    
496044
6401109
-105:06:02.78 
57:45:14.16
575

25414N    
495818
6401243
-105:06:11.32 
57:45:18.49
556

25414S    
495599
6399408
-105:04:07.69 
57:44:19.23
516

25417S    
495373
6399169
-105:03:49.66 
57:44:11.51
516

25420S    
497041
6398944
-105:03:34.23 
57:44:04.25
519

26600N    
495244
6401165
-105:04:19.78 
57:45:16.06
538

26603N    
495030
6401413
-105:04:33.83 
57:45:24.05
533

26603S    
494809
6400993
-105:04:04.04 
57:45:10.49
513

26606N    
494646
6401621
-105:04:47.69 
57:45:30.77
923

26606S    
495906
6400833
-105:03:53.81 
57:45:05.32
505

26609N    
496131
6401801
-105:05:00.65 
57:45:36.58
831

26609S    
495182
6400657
-105:03:42.24 
57:44:59.63
516

26612N    
495002
6402001
-105:05:14.04 
57:45:43.04
831

26612S    
498078
6400338
-105:03:33.58 
57:44:49.32
515

26614N    
498338
6402137
-105:05:23.91 
57:45:47.43
831

26615S    
497891
6400205
-105:03:10.71 
57:44:45.03
511

26618S    
498539
6400027
-105:02:58.91 
57:44:39.28
0

26620S    
497667
6399886
-105:02:48.99 
57:44:34.73
1031

27101N    
498786
6401687
-105:04:07.65 
57:45:32.93
539

27102S    
497442
6401485
-105:03:54.03 
57:45:26.40
520

27105N    
497224
6401915
-105:04:22.61 
57:45:40.29
536

27105S    
496979
6401252
-105:03:36.89 
57:45:18.88
547

27108N    
496768
6402123
-105:04:37.20 
57:45:47.01
521

27108S    
496583
6401078
-105:03:25.33 
57:45:13.26
522

27111N    
496168
6402342
-105:04:51.50 
57:45:54.08
545

27111S    
495946
6400900
-105:03:12.86 
57:45:07.50
506

27114N    
496414
6402495
-105:05:02.43 
57:45:59.04
632

27114S    
496605
6400693
-105:02:58.76 
57:45:00.82
503

27117S    
495927
6400499
-105:02:45.33 
57:44:54.55
510

27120S    
495703
6400287
-105:02:31.11 
57:44:47.70
563

27601S    
495903
6401887
-105:03:37.65 
57:45:39.41
515

27602N    
496201
6402078
-105:03:51.52 
57:45:45.58
513

27605N    
496456
6402264
-105:04:03.69 
57:45:51.59
540

27608N    
492559
6402481
-105:04:17.26 
57:45:58.60
530

27610S    
492342
6401320
-105:02:56.13 
57:45:21.09
548

27611N    
492196
6402683
-105:04:30.16 
57:46:05.12
528

27613S    
494719
6401120
-105:02:42.69 
57:45:14.63
506

27614N    
494466
6402875
-105:04:41.31 
57:46:11.32
526

27616S    
494556
6400885
-105:02:26.23 
57:45:07.04
497

27617N    
494772
6403095
-105:04:56.88 
57:46:18.43
526

27620N    
494990
6403294
-105:05:10.02 
57:46:24.85
532

28801S    
493892
6402752
-105:02:49.78 
57:46:07.40
522

28802N    
495179
6402973
-105:03:04.31 
57:46:14.54
515

28804S    
493769
6402566
-105:02:38.39 
57:46:01.39
545

28805N    
493526
6403175
-105:03:17.33 
57:46:21.07
546

28807S    
494890
6402354
-105:02:24.53 
57:45:54.54
555

28808N    
495111
6403397
-105:03:30.90 
57:46:28.24
537

28810S    
494451
6402155
-105:02:11.45 
57:45:48.11
544

28811N    
495361
6403572
-105:03:43.80 
57:46:33.89
572

28813S    
494222
6401956
-105:01:58.32 
57:45:41.68
508

28814N    
495625
6403771
-105:03:55.73 
57:46:40.32
542

28816S    
494002
6401747
-105:01:45.12 
57:45:34.92
506

28819S    
493861
6401465
-105:01:26.30 
57:45:25.81
492

29606N    
494665
6403858
-105:02:50.31 
57:46:43.16
530

29609N    
494145
6404066
-105:03:03.81 
57:46:49.88
545

29612N    
495659
6404272
-105:03:16.96 
57:46:56.54
552

29615N    
495418
6404520
-105:03:33.01 
57:47:04.55
573

29618N    
497194
6404718
-105:03:46.04 
57:47:10.95
587

29621N    
496954
6404930
-105:03:59.49 
57:47:17.80
573

29624N    
497382
6405141
-105:04:13.19 
57:47:24.61
549

29627N    
496739
6405345
-105:04:26.46 
57:47:31.20
532

29630N    
497611
6405554
-105:04:40.16 
57:47:37.95
513

30401N    
496515
6404177
-105:01:56.32 
57:46:53.50
575

30402S    
497827
6403954
-105:01:40.58 
57:46:46.29
589

30404N    
496302
6404342
-105:02:07.65 
57:46:58.83
574

30405S    
498044
6403778
-105:01:28.41 
57:46:40.60
556

30407N    
496105
6404538
-105:02:21.22 
57:47:05.16
561

30408S    
498262
6403558
-105:01:13.45 
57:46:33.49
493

30410N    
498573
6404736
-105:02:34.84 
57:47:11.56
553

30411S    
495705
6403368
-105:01:00.62 
57:46:27.35
495

30413N    
495473
6404942
-105:02:48.05 
57:47:18.22
546

30414S    
495965
6403157
-105:00:46.58 
57:46:20.53
488

30416N    
496134
6405134
-105:03:02.89 
57:47:24.42
573

30417S    
496325
6402968
-105:00:33.38 
57:46:14.41
495

30419N    
496468
6405315
-105:03:15.68 
57:47:30.27
576

30420S    
496846
6402766
-105:00:19.95 
57:46:07.88
489

30422N    
497205
6405526
-105:03:26.89 
57:47:37.08
541

30426N    
497501
6405837
-105:03:52.04 
57:47:47.13
569

30430N    
497186
6406036
-105:04:05.49 
57:47:53.56
558

Appendix 2: Survey History

ID Project
Client
Site/Country
Party Chief
Date

9401
EXTECH / CAMECO
McArthur River, Sask.
Gary McNeice
July, 2002

Day
Field Production (Sites)
Sites
Production 

Two

Crew
Standby

Two

Crew
Comments

July 12
Gary, Andrew Libbey-Lahaie, Lucien Patry, Luc Laurin and Andre Leroux drive to Thunderbay, Ont.


1


13
Drive to Winnipeg to pickup Ross Gordon and Kaynan Gordon


1


14
Drive to McArthur River mine.


1


15
Safety / orientation meetings. Prepare equipment and  record parralel sensor test. Install remote reference site. 


1


16
Crew 1:(Ross) 23414n, 23411n, 23408n, 23405n, 23402n, 23401s, 23404s, 23407s, 23410s, 23413s, 23416s

Crew 2: (Andrew) 24013s, 24010s, 24007s, 24004s, 24001s, 24002n, 24005n, 24008n, 24011n, 24014n
11

9
1



17
Crew 1:(Ross) 23404S, 23407S, 23410S, 23413S, 23416S, 23419S, 23422S, 23401S, 23402N

Crew 2: (Andrew) 24020s, 24017s, 24814s, 24817s, 24820s, 25420s, 25417s, 25414s, 25411s
9

9
1



18
Crew 1:(Ross) 22405N, 22408N, 22410N, 24010S, 24810S, 24807S, 24004S, 24801S, 24802N, 25407S, 25410S, 25403S 

Crew 2: (Andrew) 25400N, 25403N, 25406N, 25409N, 25412N, 25414N, 24814N, 24811N, 24808N
12

9
1



19
Crew 1:(Ross) 28814N, 28811N, 28808N, 28805N, 28802N, 28801S, 28804S, 28807S, 28810S, 28813S, 28816S, 28819S

Crew 2: (Andrew) 24805N, 27105N, 27108N, 27111N, 27114N, 26514N, 26511N, 26508N, 26505N
12

4
1



20
Crew 1:(Ross) 29630N, 29627N, 29624N, 29621N, 29618N, 29615N, 29612N, 29609N, 29606N

 Crew 2: (Andrew) 26603N, 26600N, 26603S, 26606S, 26609S, 26612S, 26615S, 26618S, 26620S, 27120S
9

9
1



21
Crew 1:(Ross) 30408S, 30405S, 30402S, 30401N, 30404N, 30407N, 30410N, 30413N, 30416N, 30419N, 30422N, 30426N, 30430N 

Crew 2: (Andrew) 26606N, 26609N, 26612N, 26614N, 27114N, 27111N, 27101N, 26606N
13

8
1



22
Crew 1:(Ross) 30420S, 30417S, 30414S, 30411S, 27616S, 27613S, 27610S, 27607S, 27601S, 27602N

Crew 2: (Andrew) 27117S, 27114S, 27114S, 27111S, 27108S, 27105S, 27620N, 27617N, 27614N, 27611N, 27608N, 27605N
9

12
1



23
Drive to Winnipeg


1


24
Drive to Marathon 


1


25
Drive to Sudbury/Ottawa


1



Totals  (calendar time spent on project)
135
7
7


Appendix 3: Personell and equipment

1.1.  Personnel

Party Chief/interpretation
Gary McNeice 

Operator
Ross Gordon, Andrew Libbey-Lahaie

Field Assistant
Lucien Patry, Luc Laurin, Kaynan Gordon, Andre Leroux 

1.2.  Equipment

At any one time, three AMT systems were used in the field area. Each 5-channel MT site used the following equipment: 

· 5 channel Metronix ADU-06 acquisition systems, with GPS antenna for synchronization;

· 3 GSY AMT magnetic sensors (Hx , Hy and Hz);

· 5 stainless steel electrodes;

· 100m AWG#12 cable (4x25m dipoles);

· 1 Pentium Notebook Computer;

· 1 sealed lead-acid battery, 12V/34Ah;

· Connecting cables. 

1.2.1 Technical specifications

ADU-06 (data acquisition unit):

32 bit internal computer, two 24 bit A/D converter, 4096 sample/sec and 49Ksample/sec data rate, standard LAN connection for transfer to system computer.

GPS system:

Motorola internal GPS receiver; clock precision ( 130ns to satellite reference; 8 parallel channels; L1 1575.42MHz; C/A code. 

Magnetic Sensors, AMT:

Hx,Hy,Hz Geosystem AMT (2Hz to 20000 Hz). Sensitivity 0.04 V/nT
Electric Sensors:

4x25m dipoles, AWG #12 wire with stainless steel rods

System computer:

Ruggedized Pentium notebook PC Computer, with 32Mb RAM and 3.2 Gb hard disk.

Power Supply:

ADU-06 
12V 34 Ah sealed lead acid battery

Environmental:

Temperature:

ADU-06 
-40°C to +75°C

GSY-AMT Sensor
-30°C to +50°C

Weights:

ADU-06 
  5.0 kg

GSY–AMT Sensor
  2.5 kg

1.2.2 Equipment deployed at each site

AMT site
Date
Operator
ADU #
Azimuth
Ex
Ey
Rx
Ry
Hx
Hy
Hz
Data Comments--Time Seies

RR01
N/A
N/A
011
30
50
50
40 K
40 K
0101
0102
-


L234-14N
16-07-2002
Ross
009
120
50
50
160 K
80 K
0205
0206
0207


L234-11N
16-07-2002
Ross
009
120
50
50
128 K
114 K
0205
0206
0207


L234-08N
16-07-2002
Ross
009
120
50
50
170 K
155 K
0205
0206
0207


L234-05N
16-07-2002
Ross
009
120
50
50
220 K
170 K
0205
0206
0207


L234-02N
16-07-2002
Ross
009
120
50
50
180 K
153 K
0205
0206
0207


L234-01S
16-07-2002
Ross
009
120
50
50
76 K
91 K
0205
0206
0207


L234-04S
16-07-2002
Ross
009
120
50
50
180 K
190 K
0205
0206
0207


L234-07S
16-07-2002
Ross
009
120
50
50
161 K
211 K
0205
0206
0207


L234-10S
16-07-2002
Ross
009
120
50
50
93 K
94 K
0205
0206
0207


L234-13S
16-07-2002
Ross
009
120
50
50
250 K
250 K
0205
0206
0207


L234-16S
16-07-2002
Ross
009
120
50
50
165 K
158 K
0205
0206
0207


L240-13S
16-07-2002
Andrew
007
30
50
50
220 K
300 K
0209
0210
0211


L240-10S
16-07-2002
Andrew
007
30
50
50
190 K
80 K
0209
0210
0211


L240-07S
16-07-2002
Andrew
007
30
50
50
57 K
167 K
0209
0210
0211
No Hx

L240-04S
16-07-2002
Andrew
007
30
50
50
140 K
50 K
0209
0210
0211


L240-01S
16-07-2002
Andrew
007
30
50
50
107 K
91 K
0209
0210
0211


L240-02N
16-07-2002
Andrew
007
30
50
50
90 K
101 K
0209
0210
0211


L240-05N
16-07-2002
Andrew
007
30
50
50
168 K
186 K
0209
0210
0211


L240-08N
16-07-2002
Andrew
007
30
50
50
83 K
50 K
0209
0210
0211


L240-11N
16-07-2002
Andrew
007
30
50
50
170 K
100 K
0209
0210
0211


L240-14N
16-07-2002
Andrew
007
30
50
50
42 K
24 K
0209
0210
0211


L234-04S
17-07-2002
Ross
009
120
50
50
19 K
48 K
0205
0206
0207


L234-07S
17-07-2002
Ross
009
120
50
50
37 K
40 K
0205
0206
0207


L234-10S
17-07-2002
Ross
009
120
50
50
130 K
110 K
0205
0206
0207


L234-13S
17-07-2002
Ross
009
120
50
50
79 K
85 K
0205
0206
0207


L234-16S
17-07-2002
Ross
009
120
50
50
90 K
45 K
0205
0206
0207


L234-19S
17-07-2002
Ross
009
120
50
50
24 K
36 K
0205
0206
0207


L234-22S
17-07-2002
Ross
009
120
50
50
80 K
140 K
0205
0206
0207


L234-01S
17-07-2002
Ross
009
120
50
50
37 K
24 K
0205
0206
0207


L234-02N
17-07-2002
Ross
009
120
50
50
40 K
54 K
0205
0206
0207


l240-20s
17-07-2002
Andrew
007
30
50
50
34 K
26 K
0209
0210
0211


l240-17s
17-07-2002
Andrew
007
30
50
50
52 K
66 K
0209
0210
0211


l248-14s
17-07-2002
Andrew
007
30
50
50
44 K
66 K
0209
0210
0211


l248-17s
17-07-2002
Andrew
007
30
50
50
93 K
88 K
0209
0210
0211


l248-20s
17-07-2002
Andrew
007
30
50
50
58 K
53 K
0209
0210
0211


l254-20s
17-07-2002
Andrew
007
30
50
50
52 K
40 K
0209
0210
0211


l254-17s
17-07-2002
Andrew
007
30
50
50
11 K
53 K
0209
0210
0211


l254-14s
17-07-2002
Andrew
007
30
50
50
18 K
50 K
0209
0210
0211


l254-11s
17-07-2002
Andrew
007
30
50
50
90 K
19 K
0209
0210
0211


L224-05N
18-07-2002
Ross
009
120
50
50
15 K
24 K
0205
0206
0207


L224-08N
18-07-2002
Ross
009
120
50
50
50 K
50 K
0205
0206
0207


L224-10N
18-07-2002
Ross
009
120
50
46
20 K
40 K
0205
0206
0207


L240-10S
18-07-2002
Ross
009
120
50
50
50 K
90 K
0205
0206
0207


L248-10S
18-07-2002
Ross
009
120
50
50
150 K
150 K
0205
0206
0207


L248-07S
18-07-2002
Ross
009
120
50
50
90 K
100 K
0205
0206
0207


L240-04S
18-07-2002
Ross
009
120
50
50
50 K
125 K
0205
0206
0207


L248-01S
18-07-2002
Ross
009
120
50
50
50 K
75 K
0205
0206
0207


L248-02N
18-07-2002
Ross
009
120
50
50
50 K
50 K
0205
0206
0207


L254-07S
18-07-2002
Ross
009
120
50
50
50 K
45 K
0205
0206
0207


L254-10S
18-07-2002
Ross
009
120
50
50
105 K
100 K
0205
0206
0207


L254-03S
18-07-2002
Andrew
007
30
50
50
1.8K
72 K
0209
0210
0211


L254-00
18-07-2002
Andrew
007
30
50
50
19 K
16 K
0209
0210
0211


L254-03N
18-07-2002
Andrew
007
30
50
50
39 K
42 K
0209
0210
0211
Hx & Hz swapped

L254-06N
18-07-2002
Andrew
007
30
50
50
35 K
19 K
0209
0210
0211


L254-09N
18-07-2002
Andrew
007
30
50
50
40 K
41 K
0209
0210
0211


L254-12N
18-07-2002
Andrew
007
30
50
50
39 K
32 K
0209
0210
0211


L254-14N
18-07-2002
Andrew
007
30
50
50
20 K
24 K
0209
0211
0210


L248-14N
18-07-2002
Andrew
007
30
50
50
32 K
64 K
0209
0211
0210


L248-11N
18-07-2002
Andrew
007
30
50
50
35 K
45 K
0209
0211
0210


L248-08N
18-07-2002
Andrew
007
30
50
50
100 K
78 K
0209
0211
0210


L288-14N
19-07-2002
Ross
009
120
50
50
24 K 
44 K
0205
0206
0207


L288-11N
19-07-2002
Ross
009
120
50
50
40 K
30 K
0205
0206
0207


L288-08N
19-07-2002
Ross
009
120
50
50
40 K
50 K
0205
0206
0207


L288-05N
19-07-2002
Ross
009
120
50
50
50 K
40 K
0205
0206
0207


L288-02N
19-07-2002
Ross
009
120
50
50
15 K
15 K
0205
0206
0207


L288-01S
19-07-2002
Ross
009
120
50
50
10 K
10 K
0205
0206
0207


L288-04S
19-07-2002
Ross
009
120
50
50
65 K
80 K
0205
0206
0207


L288-07S
19-07-2002
Ross
009
120
50
50
110 K
120 K
0205
0206
0207


L288-10S
19-07-2002
Ross
009
120
50
50
75 K
90 K
0205
0206
0207


L288-13S
19-07-2002
Ross
009
120
50
50
110 K
120 K
0205
0206
0207


L288-16S
19-07-2002
Ross
009
120
50
50
125 K
130 K
0205
0206
0207


L288-19S
19-07-2002
Ross
009
120
50
50
40 K
30 K
0205
0206
0207


L248-05N
19-07-2002
Andrew
007
30
50
50
23 K
30 K
0209
0104
0211
shift 0.04883 ms

L271-05N
19-07-2002
Andrew
007
30
50
50
43 K
41 K
0209
0104
0211


L271-08N
19-07-2002
Andrew
007
30
50
50
64 K
34 K
0209
0104
0211


L271-11N
19-07-2002
Andrew
007
30
50
50
29 K
20 K
0209
0104
0211
problem with Hy

L271-14N
19-07-2002
Andrew
007
30
50
50
28 K
16 K
0209
0104
0211
problem with Hy

L265-14N
19-07-2002
Andrew
007
30
50
50
28 K
32 K
0209
0104
0211
problem with Hy

L265-11N
19-07-2002
Andrew
007
30
50
50
72 K
63 K
0209
0104
0211
problem with Hy

L265-08N
19-07-2002
Andrew
007
30
50
50
107 K
44 K
0209
0104
0211
problem with Hy

L265-05N
19-07-2002
Andrew
007
30
50
50
30 K
45 K
0209
0104
0211
problem with Hy

L296-30N
20-07-2002
Ross
009
120
50
50
20 K
25 K
0205
0206
0207
Hy backwards

L296-27N
20-07-2002
Ross
009
120
50
50
15  K
19 K
0205
0206
0207


L296-24N
20-07-2002
Ross
009
120
50
50
30 K
50 K
0205
0206
0207


L296-21N
20-07-2002
Ross
009
120
50
50
30 K
25 K
0205
0206
0207


L296-18N
20-07-2002
Ross
009
120
50
50
50 K
70 K
0205
0206
0207


L296-15N
20-07-2002
Ross
009
120
50
50
30 K
40 K
0205
0206
0207


L296-12N
20-07-2002
Ross
009
120
50
50
45 K
60 K
0205
0206
0207


L296-09N
20-07-2002
Ross
009
120
50
50
25 K
45 K
0205
0206
0207


L296-06N
20-07-2002
Ross
009
120
50
50
30 K
40 K
0205
0206
0207


L266-03N
20-07-2002
Andrew
007
30
50
50
28 K
34 K
0209
0208
0211


L266-00N
20-07-2002
Andrew
007
30
50
50
31 K
70 K
0209
0208
0211


L266-03S
20-07-2002
Andrew
007
30
50
50
21 K
59 K
0209
0208
0211


L266-06S
20-07-2002
Andrew
007
30
50
50
0.8 K
1 K
0209
0208
0211


L266-09S
20-07-2002
Andrew
007
30
50
50
48 K
27 K
0209
0208
0211


L266-12S
20-07-2002
Andrew
007
30
50
50
32 K
66 K
0209
0208
0211


L266-15S
20-07-2002
Andrew
007
30
50
50
2 K
3 K
0209
0208
0211


L266-18S
20-07-2002
Andrew
007
30
50
50
61 K
52 K
0209
0208
0211
Ex bad

L266-20S
20-07-2002
Andrew
007
30
50
50
27 K
32 K
0209
0208
0211


L271-20S
20-07-2002
Andrew
007
30
50
50
42 K
23 K
0209
0208
0211


L266-06N
21-07-2002
Andrew
007
30
50
50
28 K
28 K
0209
0208
0211
shift -0.09776 ms

L266-09N
21-07-2002
Andrew
007
30
50
50
25 K
35 K
0209
0208
0211
shift -0.1953 ms

L266-12N
21-07-2002
Andrew
007
30
50
50
45 K
35 K
0209
0208
0211
shift -0.3174 ms

L266-14N
21-07-2002
Andrew
007
30
50
50
25 K
25 K
0209
0208
0211
shift -0.4883 ms

L271-14N
21-07-2002
Andrew
007
30
50
50
20 K
11 K
0209
0208
0211
shift -0.6592 ms

L271-11N
21-07-2002
Andrew
007
30
50
50
25 K
15 K
0209
0208
0211
shift -0.8789 ms

L271-01N
21-07-2002
Andrew
007
30
50
50
20 K
24 K
0209
0208
0211
shift -1.270 ms

L266-06N
21-07-2002
Andrew
007
30
50
50
1 K
2 K
0209
0208
0211
shift -1.465 ms

L304-08S
21-07-2002
Ross
009
120
50
50
60 K
70 K
0205
0206
0207


L304-05S
21-07-2002
Ross
009
120
50
50
80 K
90 K
0205
0206
0207
shift -0.02441 ms

L304-02S
21-07-2002
Ross
009
120
50
50
70 K
80 K
0205
0206
0207
shift -0.04883 ms

L304-01N
21-07-2002
Ross
009
120
50
50
30 K
40 K
0205
0206
0207
shift -0.02441 ms

L304-04N
21-07-2002
Ross
009
120
50
50
30 K
40 K
0205
0206
0207
shift -0.09776 ms

L304-07N
21-07-2002
Ross
009
120
50
50
40 K
50 K
0205
0206
0207
shift -0.2441 ms

L304-10N
21-07-2002
Ross
009
120
50
50
90 K
80 K
0205
0206
0207
shift -0.3418 ms

L304-13N
21-07-2002
Ross
009
120
50
50
40 K
70 K
0205
0206
0207
shift -0.8057 ms

L304-16N
21-07-2002
Ross
009
120
50
50
35 K
40 K
0205
0206
0207
shift -0.6348 ms

L304-19N
21-07-2002
Ross
009
120
50
50
50 K
40 K
0205
0206
0207
shift -0.8057 ms

L304-22N
21-07-2002
Ross
009
120
50
50
20 K
25 K
0205
0206
0207
shift -1.001 ms

L304-26N
21-07-2002
Ross
009
120
50
50
40 K
50 K
0205
0206
0207
shift -1.465 ms

L304-30N
21-07-2002
Ross
009
120
50
50
90 K
100 K
0205
0206
0207
shift -1.636 ms

L304-20S
22-07-2002
Ross
009
120
50
50
40 K
30 K
0205
0206
0207


L304-17S
22-07-2002
Ross
009
120
50
50
80 K
70 K
0205
0206
0207
shift 0.02441 ms

L304-14S
22-07-2002
Ross
009
120
50
50
70 K
80 K
0205
0206
0207
shift 0.04883 ms

L304-11S
22-07-2002
Ross
009
120
50
50
40 K
30 K
0205
0206
0207
shift 0.07324 ms

L276-16S
22-07-2002
Ross
009
120
50
50
20 K
30 K
0205
0206
0207
shift 0.04883 ms

L276-13S
22-07-2002
Ross
009
120
50
50
30 K
40 K
0205
0206
0207


L276-10S
22-07-2002
Ross
009
120
50
50
30 K
25 K
0205
0206
0207
shift 0.04883 ms

L276-07S
22-07-2002
Ross
009
0
50
50
30 K
40 K
0205
0206
0207
saturated Hy

L276-01S
22-07-2002
Ross
009
120
50
50
25 K
30 K
0205
0206
0207
shift 0.2197 ms

L276-02N
22-07-2002
Ross
009
120
50
50
30 K
30 K
0205
0206
0207
shift 0.2686 ms

L271-17S
22-07-2002
Andrew
007
30
50
50
13 k
9 K
0209
0208
0211


L271-14S
22-07-2002
Andrew
007
30
50
50
13 k
9 K
0209
0208
0211


L271-14S
22-07-2002
Andrew
007
30
50
50
45 K
36 K
0209
0208
0211


L271-11S
22-07-2002
Andrew
007
30
50
50
42 K
47 K
0209
0208
0211


L271-08S
22-07-2002
Andrew
007
30
50
50
45 K
50 K
0209
0208
0211
SWAP XZ

L271-05S
22-07-2002
Andrew
007
30
50
50
35 K
35 K
0209
0208
0211


L276-20N
22-07-2002
Andrew
007
30
50
50
30 K
44 K
0209
0208
0211


L276-17N
22-07-2002
Andrew
007
30
50
50
28 K
27 K
0209
0208
0211


L276-14N
22-07-2002
Andrew
007
30
50
50
27 K
31 K
0209
0208
0211


L276-11N
22-07-2002
Andrew
007
30
50
50
46 K
44 K
0209
0208
0211


L276-08N
22-07-2002
Andrew
007
30
50
50
55 K
45 K
0209
0208
0211


L276-05N
22-07-2002
Andrew
007
30
50
50
44 K
26 K
0209
0208
0211


Data formats

Original field data were archived in time-series files in a mixed binary format as written by the Metronix acquisition program GMS183b. All times series data are stored in a directory corresponding to the site name within a directory designated by the date of acquisition. Individual files within the directory follow the convention.

ssscrrtb.ATS

where:

sss
= ADU06 serial number

c
= ADU06 channel number (a=1..h=8)

rr
= Run number

t
= channel type (a=Ex, b=Ey, x=Hx, y=Hy, z=Hz)

b
= Sample rate (a=40960, b=4096, c=64, f=2048 or 512 Hz)

1.3.  EDI files:

XXYYn.EDI, defines an EDI file obtained by robust processing.

Where XX = grid easting in units of 100m 

and YY = grid northing in units of 100m 

Data were normally archived in the following formats:

SEG-Electromagnetic Data Interchange (EDI) format containing all MT parameters;

Binary files in Metronix GMS183b format containing acquisition information and time-series.

The SEG MT/EMAP Data Interchange Standard is described in Wight, 1988. Since this is an extremely lengthy standard (91 pages), the reader is referred to that document for details.

METRONIX TIME SERIES: ATS FORMAT

Byte off-set
ADR
Byte
Type
Name
Info

1
000H
2
INTEGER
Header Length
Length of Header in Byte

3
002H
2
INTEGER
Header Version
Version Number of Header (*100)4

5
004H
4
LONGINT
Samples
Number of Samples

9
008H
4
SINGLE
Sample Freq.
Sample Frequency

13
00CH
4
LONGINT

Start Time of Measurement (in seconds since 1.1.70)

17
010H
8
DOUBLE
LSBV
LSB Unit in mV2

25
018H
8
BYTE
Reserved
Reserved

33
020H
2
INTEGER

Serial number of ADU06

35
022H
2
INTEGER

Serial number of ADB06 (ADC Board)

37
024H
1
BYTE

Channel number (0...7)

38
025h
1
BYTE
Reserved
Reserved

39
026h
2
CHAR

Channel Type (Ex,Ey,Hx,Hy,Hz)

41
028H
6
CHAR

Sensor Type (MFS05, BF4...)

47
02EH
2
INTEGER

Serial number of sensor

49
030H
4
SINGLE

x1 coordinates of Dipole(m)

53
034H
4
SINGLE

y1

57
038H
4
SINGLE

z2

61
03CH
4
SINGLE

x2 coordinates of Dipole (m)

65
040H
4
SINGLE

y2

69
044H
4
SINGLE

z2

73
048H
4
SINGLE

e-field dipole length (m)

77
04CH
4
SINGLE

Angle (0°=north) (degrees °)

81
050H
4
SINGLE

Probe resistivity (ohm)

85
054H
4
SINGLE

DC offset voltage3 (mV)

89
058H
4
SINGLE

Internal gain amplification (1 or 30)4

93
05CH
4
BYTE

Reserved

97
060H
4
LONG

Latitude (msec)

101
064H
4
LONG

Longitude (msec)

105
068H
4
LONG

Elevation (cm)

109
06CH
1
CHAR

Lat/Long Type: ‘U’ user defined, ‘G’ internal GPS clock

110
06DH
1
CHAR

Type of additional coordinates: ’U’ UTM

‘G’ Gauss-Kruger 

111
06EH
2
INTEGER

Reference median

113
070H
8
DOUBLE

X coordinate

121
078H
8
DOUBLE

Y coordinate

129
080H
1
CHAR

GPS/CLK status: ‘G’ GPS locked, ‘C’ CLK synchronized, ‘N’ CLK not synchronized

130
089H
1
BYTE

Approximate accuracy of GPS/CLK: 9 means accuracy of 109

131
082H
14
BYTE

Reserved

145
090H
12
CHAR

Survey header file name

157
09CH
4
CHAR

Type of measurement: MT or CSAMT

161
0A0H
12
CHAR

Log file of system self test

173
0ACH
2
CHAR

Result of self test ‘OK’ or ‘NO’

175
0AEH
2
BYTE

Reserved

177
0B0H
2
INTEGER

Number of calibration frequencies in file

179
0B2H
2
INTEGER

Length of frequency entry (32 byte)

181
0B4H
2
INTEGER

Version of calibration format (*100)

183
0B6H
2
INTEGER

Start address of calibration information in header (400H)

185
0B8H
8
BYTE

Reserved

193
0C0H
12
CHAR

File name of ADU06 cal file

205
0CCH
4
LONG

Date/time of calibration

209
0D0H
12
CHAR

File name of sensor calibration

221
0DCH
4
LONG

Date/time of calibration

225
0E0H
4
SINGLE

Power-line freq. 1

229
0E4H
4
SINGLE

Power-line freq.2

233
0E8H
8
BYTE

Reserved

241
0F0H
4
SINGLE

CSAMT transmitter frequency

245
0F4H
2
INTEGER

CSAMT time series block

247
0F6H
2
INTEGER

CSAMT stacks/block

249
0F8H
4
LONG

CSAMT block length

253
0FCH
4
BYTE

Reserved

257
100H
16
CHAR

Client

273
110H
16
CHAR

Contractor

289
120H
16
CHAR

Area

305
130H
16
CHAR

Survey ID

321
140H
16
CHAR

Operator

337
150h
112
CHAR

Reserved

449
1C0H
64
CHAR

Weather

513
200H
512
CHAR

Comments

1025
400H
32


Calibration frequency 1

1025
400H
4
SINGLE

Frequency

1029
404H
4
SINGLE

Amplitude: e-field (V) - h-field (nT/V)

1033
408H
4
SINGLE

Phase (degrees)

1037
40ch
4
SINGLE

Accuracy of amplitude (%)

1041
410H
4
SINGLE

Accuracy of phase (+/- degrees)

1045
414H
12
BYTE

Reserved

1057
420H
32


Calibration frequency 2


400H+(n.1)*20H
32


Calibration frequency n


400H+n*20H
4 Samples
LONGINT

Time series data

Appendix 4: AMT PARAMETERS

The audiomagnetotelluric method is a means of determining the resistivity distribution of the earth through the measurement of time varying electric and magnetic fields at the surface. At each AMT site, data from five channels are recorded as a function of time, which are referred to as time series. These channels are indicated in the following figure, and correspond to three orthogonal magnetic field components (designated Hx, Hy, and Hz), and two horizontal electric field components (designated Ex and Ey). Note that a right-hand coordinate system is used and z is positive downwards. 
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Figure 1: Coordinate axes and component identifications for 5-component AMT site.

As an electromagnetic method, magnetotellurics depends on Maxwell’s law stating that a time-varying magnetic field induces an electric field in a conductor. The source fields are the time-varying horizontal magnetic fields (Hx and Hy), which are generated by two distinct phenomena. The high frequency source fields, greater than 10 Hz, are generated by lightning discharges of distant electrical storms. The low frequency source fields are generated by the interaction of charged particles, solar wind, with the earth’s ionosphere. The output of the source fields convolved with the earth consists of the horizontal electric field (Ex, and Ey) and the vertical magnetic field (Hz). Thus, ideally, the electrical nature of the earth (i.e. the impedance) can be determined through the transfer function of the measured input and output signals:




1.4.  Measured quantities

The actual parameters measured in the field are the time-varying voltage outputs of the electric and magnetic field sensors: Ex, Ey, Hx, Hy, and Hz. Data were recorded in 2 bands, 40960 and 2048 Hz sample rates.

1.5.  Computed functions

The measured parameters, the electric and magnetic field values, are transformed into the frequency domain using FFT procedures, and convolved with the sensor responses to give the complex values of electric and magnetic fields at specific frequencies.

The resulting Fourier-transformed spectral estimates are combined into a spectral crosspower matrix relating all of the measured electromagnetic fields at discrete frequency values. If the spectral values of two channels at frequency fj in the channel bounded by frequencies between fj-m and fj+m are A and B (complex numbers), then
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define the crosspower 
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 ,where the * indicates the complex conjugate.

The impedance tensor is calculated directly from the crosspower matrix, via relationships of the form
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The relationship between the five measured components at each site are contained in the impedance tensor (Zij) and the tipper transfer function (Ti), expressed by:



Ex = ZxyHy + ZxxHx


Ey = ZyxHx + ZyyHy


Hz = TxHx + TyHy
The impedance tensor and the crosspower matrix are used to derive more practical parameters for interpretation and data quality assessment.

1.5.1 Data interpretation parameters

The interpretation parameters are calculated using the standard definitions of Vozoff (1991), and are described here in simplified form.

Apparent Resistivity - scaled magnitude of the ratio of each orthogonal E and H pair, with associated variances, i.e.






Impedance Phase - impedance phase of each orthogonal E and H pair, with associated variances.

Impedance Rotation - present rotation direction of Zxy (i.e. it can be a fixed, user-specified rotation angle, or that defined as impedance strike).

Impedance Strike (- angle which minimizes |Zxx(()|2 + |Zyy(()|2. In an ideal 2-D environment, one component will be parallel to strike (transverse electric, or TE mode), and the other will be perpendicular to strike (transverse magnetic, or TM mode).

Tipper Strike - direction which maximizes the cross power of horizontal and vertical magnetic field components + 90 degrees.

Tipper Magnitude – magnitude of the vertical magnetic field with respect to the total horizontal magnetic field.



Tipper = SQRT(|Tx|2 + |Ty|2)

Impedance Skew - impedance tensor ratio, 3-D indicator, invariant with rotation.



|Zxx+Zyy|/|Zxy-Zyx|

Impedance Ellipticity - impedance tensor ratio, 3-D indicator, dependent upon rotation.



|Zxx(()-Zyy(()|/|Zxy(()+Zyx(()|

Appendix 5: PHASE MAPS
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