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Figure 1: Ontario Location Map 
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1.0 INTRODUCTION 

White Metal Resources staked the 11-17 property to follow-up on a dipolar feature on the 

Queitco Super grid Magnetics (data set 1037). This can be a signature for copper, nickel and 

PGEs.   

Starting on November 17, 2018 a grid was cut which was followed by ground geophysics 

including magnetics and VLF starting on November 29, 2018 and continuing until December 

11, 2018 covering a large area of the property.  The results confirmed that in this area there is 

an area of very high magnetics immediately next to a very low magnetic area.  The VLF 

resulted in a number of generally west-east trending cross overs.  

Medium to coarse grain pyroxenite with, pyrrhotite,  pyrite and chalcopyrite was located in both 

outcrop and boulders on the property.  

2.0 PROPERTY DESCRIPTION 

The Property is located approximately 74.3 kilometres west of Thunder Bay on highway 11-17. 

The turn off for the 3.0 kilometre logging road which goes to the bottom of the claim block is 

located about 8.3 kilometre north of Shabaqua Corners on highway 17. The logging road is 

located west of the highway and continues generally north through the center of the property.  

The property is composed of 9 cells (single cell) making up 191 hectares.  The yearly work 

required costs to keep the claims in good standing amounts to $3,600.  (See Table 1 for claim 

details and figure 2 for claim map). 
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Table 1: Property Claims 

Claim No. Type Issue_date Anniversary Holder 

508413 Single Cell Mining 

Claim 

20180410 20200410 (100) WHITE METAL RESOURCES CORP.

508414 Single Cell Mining 

Claim 

20180410 20200410 (100) WHITE METAL RESOURCES CORP.

508415 Single Cell Mining 

Claim 

20180410 20200410 (100) WHITE METAL RESOURCES CORP.

508416 Single Cell Mining 

Claim 

20180410 20200410 (100) WHITE METAL RESOURCES CORP.

508417 Single Cell Mining 

Claim 

20180410 20200410 (100) WHITE METAL RESOURCES CORP.

508418 Single Cell Mining 

Claim 

20180410 20200410 (100) WHITE METAL RESOURCES CORP.

508419 Single Cell Mining 

Claim 

20180410 20200410 (100) WHITE METAL RESOURCES CORP.

508420 Single Cell Mining 

Claim 

20180410 20200410 (100) WHITE METAL RESOURCES CORP.

508421 Single Cell Mining 

Claim 

20180410 20200410 (100) WHITE METAL RESOURCES CORP.
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Figure 2: Claim Map 
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3.0 LOCATION, ACCESS AND TOPOGRAPHY 

Figure 3: General Location 

White Metal’s 11-17 property is situated within the Thunder Bay Mining District in northern 

Ontario, Canada.  The claims are located about 75 kilometres west of Thunder bay on 

TransCanada Highway 11-17, then a north Highway 17 for 8.3 kilometres and turning west on a 

logging Road for about another 3.0 kilometers. The property is located north of Blackwell  

Township and within NTS block 052A/12. The central point of the property is approximately 

284,940E and 5,397,996N, (UTM Zone 16, NAD 83).  

The property is mainly covered in trees (mostly spruce, with some poplar and alders) with 

minimal swamps. There are no lakes located on the property and minimal streams. A north-

south  logging road dissects the property.  The topography is generally rolling hills. See Figure 

4.



6 

Figure 4: Property Physiography 

4.0 PREVIOUS EXPLORATION 

No Previous assessment work filed on this location. 

5.0 REGIONAL GEOLOGY 

The 11-17 property is part of the Quetico Belt which extends approximately 970 km across Ontario 

and parts of Minnesota. The dominant rocks within the belt are schists and gneisses produced by 

intense metamorphism of greywackes and minor amounts of other sedimentary rocks aged from 

2,690 to 2,680 million years. The metamorphism is relatively low-grade on the margins and high-

grade in the center. The low-grade components of the greywackes were derived primarily from 

volcanic rocks; the high-grade rocks are coarser-grained and contain minerals that reflect higher 

temperatures. The granitic intrusions within the high-grade metasediments were produced by 

subduction of the ocean crust and partial melting of metasedimentary rocks. Immediately south of 

Voyageurs National Park and extending to the Vermilion fault is a broad transition zone that contains 

migmatite 

The Quetico gneiss belt represents an accretionary wedge that formed in a trench during the 

collision of several island arcs (greenstone belts). Boundaries between the gneiss belt and the 

Figure 5 

https://en.wikipedia.org/wiki/Schist
https://en.wikipedia.org/wiki/Island_arc
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flanking greenstone belts to the north and south are major fault zones, the Vermilion and Rainy Lake 

– Seine River fault zones. (LaBerge, Gene L.,1994).

Figure 5: Terrance Subdivision of Superior Province in Ontario 
. 

11-17
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Figure 6:  Regional Geology 

6.0 PROPERTY GEOLOGY 

Limited outcrops were located but all were identified as medium to coarse grain pyroxenite with 

pyrrhotite, pyrite and chalcopyrite. 

7.0 GROUND MAGNETIC AND VLF SURVEY 

The grid for the surveys  were cut on a total of 18 north-south trending 1-kilometre lines and one 

east west base line. The line spacing is 100m.  The project started on November 17 and was 

completed on December 11, 2018 by 4-man crew with Cliff Hickman in charge of the ground 

magnetics and Bob Heilman in charge of the VLF. 

Figure 6 
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Cliff Hickman began the ground Magnetic survey on November 29 taking readings every 12.5 

metres. On the same date  Bob Heilman began the VLF survey taking readings every 25.0 

metres. See Map 1 for results. 

Below is a description of the equipment used for all the surveys along with specifications. See 

appendix for detail description of equipment used. 

A Gem Systems GSM-19 over Hauser magnetometer serial no. 7052358 was one of the 

instruments used for the ground surveys. These units have an accuracy of  +/- 1/100th of a 

gamma. In this phase of work 2.4 km was surveyed taking 194 readings at 12.5 metre intervals. 

A GSM-19 base station was used to monitor and correct for the diurnal variation during the 

survey. This instrument reads to 1/10th of a gamma resolution. The base station cycled at 15-

second intervals. All survey Results have been gridded using MapInfo by Paul Nielsen and 

presented in plan form by Cathy Salo at 1:5,000 scale in Nad 83, UTM Zone 16 (Map 1). See 

appendix C for raw data. 

 The Crone Radem VLF-EM which was manufactured by Crone Geophysics Ltd. of 

Mississauga, Ontario was used for the VLF-EM survey. Cutler Maine, transmitting at 24.0 kHz 

and at an approximate azimuth of 246” from the survey area, was used as the transmitting 

station. The Crone Radem VLF-EM receiver measures both the total field strength and the dip 

angle. The VLF-EM uses a frequency range li-cm about 15 lo 3X kllz. whereas most EM 

instruments use frequencies ranging from a few hundred to a few thousand Hz. Because of its I-

relatively high frequency. the VLF-EM can detect zones of relatively lower conductivity. This 

results in it being a useful tool for geologic mapping in areas of overburden but it also often 

results in detection of weak anomalies that are difficult to explain. However, the VLF-EM can 

also detect sulfide bodies that have too low a conductivity for other EM methods to pick up. A 

total of 5.5 kilometres were completed on the grid.  Lines were orientated north South with 

readings being taken every 25 metres and 12.5m.  All survey Results have been gridded using 

MapInfo by Cathy Salo and presented in plan form at 1:5,000 scale in Nad 83, UTM Zone 16 

(Map 1). See appendix B for raw data. 

8.0 RECOMMENDATIONS AND CONCLUSIONS 

Ground magnetic survey confirms the Quectico supergrid survey (Data set 1037) a dipolar 

feature.  The results of ground VLF survey shows an east-west VLF trend occurring at the 

boundary between the high and low magnetics. Another east-west trend occurs on the northern 

extents of the survey on the boundary between the magnetic low and moderate magnetics.  Other 

minor east-west trends were also observed. (See Map 1). 

It is recommended that additional prospecting be carried out with assaying of grab samples as 

well as soil sampling to cover the 2 main VLF trends. 
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Appendix A – List of Personnel 

Employee/Contractor Activities 

Hickman Prospecting Services (Cliff 

Hickman) 

Cut Grid and trails 

 ground magnetics 

Paul Nielsen 

 (Paul Nielsen P.Geo Consulting) 

Setup grid in MapInfo 

Geophysics data compiled in MapInfo 

Bob Heilman 
Cut Grid and trails 

VLF ground geophysics 

Cathy Salo (Salo Geoscience) GIS Compilation & Report 

Alex Mainakouskang
Cut grid  

Ghislain Gervais 
Cut grid 

salo
Rectangle
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Appendix B 

Raw VLF Data 

salo
Rectangle



Appendix B
2018 VLF Data

Line Station Easting North Results
10000 10500 285695.96 5398328.85 38
10000 10475 285696.06 5398302.62 30
10000 10450 285696.17 5398276.40 38
10000 10425 285696.28 5398250.18 44
10000 10400 285696.38 5398223.96 40
10000 10375 285696.49 5398197.73 40
10000 10350 285696.59 5398171.52 30
10000 10325 285696.70 5398145.29 25
10000 10300 285696.81 5398119.08 30
10000 10275 285696.91 5398092.85 25
10000 10250 285697.01 5398066.63 22
10000 10225 285697.12 5398040.41 24
10000 10200 285697.23 5398014.19 24
10000 10175 285697.33 5397987.97 20
10000 10150 285697.43 5397961.75 20
10000 10125 285697.54 5397935.53 16
10000 10100 285697.65 5397909.30 16
10000 10075 285697.75 5397883.09 16
10000 10050 285697.85 5397856.86 10
10000 10025 285697.96 5397830.65 0
10000 10000 285698.07 5397804.42 -10
10000 9975 285698.17 5397778.20 -8
10000 9950 285698.27 5397751.98 -12
10000 9925 285698.38 5397725.76 -18
10000 9900 285698.49 5397699.53 -18
10000 9875 285698.60 5397673.32 22
10000 9850 285698.69 5397647.10 28
10000 9825 285698.80 5397620.88 18
10000 9800 285698.91 5397594.66 8
10000 9775 285699.02 5397568.43 0
10000 9750 285699.12 5397542.22 -4
10000 9725 285699.22 5397515.99 -8
10000 9700 285699.33 5397489.77 -6
10000 9675 285699.44 5397463.55 -4
10000 9650 285699.54 5397437.33 -6
10000 9625 285699.64 5397411.10 -6
10000 9600 285699.75 5397384.89 -8
10000 9575 285699.86 5397358.66 -6
10000 9550 285699.96 5397332.45 -10
10000 9525 285700.06 5397306.22 -8
10000 9500 285700.17 5397280.00 0
9900 10500 285595.68 5398327.28 45
9900 10475 285595.78 5398301.06 40
9900 10450 285595.89 5398274.84 40
9900 10425 285595.99 5398248.62 50

Nad 83, Z16

Page 1 of 9



Appendix B
2018 VLF Data

Line Station Easting North Results
Nad 83, Z16

9900 10400 285596.10 5398222.40 32
9900 10375 285596.20 5398196.17 32
9900 10350 285596.31 5398169.96 30
9900 10325 285596.41 5398143.73 28
9900 10300 285596.52 5398117.51 25
9900 10275 285596.62 5398091.29 30
9900 10250 285596.73 5398065.07 20
9900 10225 285596.83 5398038.86 25
9900 10200 285596.94 5398012.63 18
9900 10175 285597.04 5397986.41 18
9900 10150 285597.15 5397960.19 16
9900 10125 285597.25 5397933.97 20
9900 10100 285597.36 5397907.74 20
9900 10075 285597.47 5397881.53 -12
9900 10050 285597.57 5397855.30 16
9900 10025 285597.68 5397829.08 22
9900 10000 285597.78 5397802.86 20
9900 9975 285597.89 5397776.64 14
9900 9950 285597.99 5397750.42 10
9900 9925 285598.10 5397724.20 8
9900 9900 285598.20 5397697.97 8
9900 9875 285598.31 5397671.76 2
9900 9850 285598.41 5397645.54 2
9900 9825 285598.52 5397619.31 0
9900 9800 285598.62 5397593.10 0
9900 9775 285598.73 5397566.87 0
9900 9750 285598.83 5397540.65 0
9900 9725 285598.94 5397514.43 0
9900 9700 285599.04 5397488.21 -6
9900 9675 285599.15 5397461.99 -8
9900 9650 285599.26 5397435.77 -10
9900 9625 285599.36 5397409.54 -10
9900 9600 285599.46 5397383.33 -12
9900 9575 285599.57 5397357.10 -14
9900 9550 285599.68 5397330.88 -16
9900 9525 285599.78 5397304.66 -14
9900 9500 285599.88 5397278.44 -8
9800 10500 285495.39 5398325.72 44
9800 10475 285495.49 5398299.50 42
9800 10450 285495.60 5398273.28 36
9800 10425 285495.71 5398247.05 36
9800 10400 285495.81 5398220.84 28
9800 10375 285495.92 5398194.61 28
9800 10350 285496.02 5398168.40 28
9800 10325 285496.13 5398142.17 30

Page 2 of 9



Appendix B
2018 VLF Data

Line Station Easting North Results
Nad 83, Z16

9800 10300 285496.23 5398115.95 26
9800 10275 285496.34 5398089.73 22
9800 10250 285496.44 5398063.51 22
9800 10225 285496.55 5398037.29 18
9800 10200 285496.66 5398011.07 18
9800 10175 285496.76 5397984.85 12
9800 10150 285496.86 5397958.63 14
9800 10125 285496.97 5397932.41 10
9800 10100 285497.08 5397906.18 10
9800 10075 285497.18 5397879.97 8
9800 10050 285497.28 5397853.74 10
9800 10025 285497.39 5397827.52 20
9800 10000 285497.50 5397801.30 14
9800 9975 285497.60 5397775.08 8
9800 9950 285497.70 5397748.85 0
9800 9925 285497.81 5397722.64 0
9800 9900 285497.92 5397696.42 10
9800 9875 285498.02 5397670.20 8
9800 9850 285498.13 5397643.98 8
9800 9825 285498.23 5397617.75 4
9800 9800 285498.34 5397591.54 2
9800 9775 285498.44 5397565.31 0
9800 9750 285498.55 5397539.09 0
9800 9725 285498.65 5397512.87 0
9800 9700 285498.76 5397486.65 -8
9800 9675 285498.87 5397460.42 -8
9800 9650 285498.97 5397434.21 -12
9800 9625 285499.07 5397407.98 -14
9800 9600 285499.18 5397381.77 -16
9800 9575 285499.29 5397355.54 -18
9800 9550 285499.39 5397329.32 -20
9800 9525 285499.49 5397303.11 -24
9800 9500 285499.60 5397276.88 -32
9700 10500 285395.11 5398324.16 30
9700 10475 285395.21 5398297.94 40
9700 10450 285395.31 5398271.72 40
9700 10425 285395.42 5398245.49 40
9700 10400 285395.53 5398219.28 44
9700 10375 285395.64 5398193.05 34
9700 10350 285395.73 5398166.83 40
9700 10325 285395.84 5398140.61 30
9700 10300 285395.95 5398114.39 26
9700 10275 285396.06 5398088.18 34
9700 10250 285396.15 5398061.95 22
9700 10225 285396.26 5398035.73 16

Page 3 of 9



Appendix B
2018 VLF Data

Line Station Easting North Results
Nad 83, Z16

9700 10200 285396.37 5398009.51 10
9700 10175 285396.48 5397983.29 20
9700 10150 285396.58 5397957.06 16
9700 10125 285396.68 5397930.85 12
9700 10100 285396.79 5397904.62 -10
9700 10075 285396.90 5397878.40 -16
9700 10050 285397.00 5397852.18 -10
9700 10025 285397.10 5397825.96 -24
9700 10000 285397.21 5397799.74 28
9700 9975 285397.32 5397773.52 24
9700 9950 285397.42 5397747.29 16
9700 9925 285397.52 5397721.08 16
9700 9900 285397.63 5397694.86 10
9700 9875 285397.74 5397668.63 10
9700 9850 285397.85 5397642.42 0
9700 9825 285397.94 5397616.19 0
9700 9800 285398.05 5397589.98 0
9700 9775 285398.16 5397563.75 0
9700 9750 285398.27 5397537.53 0
9700 9725 285398.37 5397511.31 -2
9700 9700 285398.47 5397485.09 -2
9700 9675 285398.58 5397458.86 0
9700 9650 285398.69 5397432.65 -4
9700 9625 285398.79 5397406.42 -8
9700 9600 285398.89 5397380.20 -16
9700 9575 285399.00 5397353.98 -20
9700 9550 285399.11 5397327.76 -8
9700 9525 285399.21 5397301.55 0
9700 9500 285399.31 5397275.32 10
9600 10500 285294.82 5398322.60 24
9600 10475 285294.93 5398296.38 24
9600 10450 285295.04 5398270.16 35
9600 10425 285295.14 5398243.93 44
9600 10400 285295.24 5398217.72 50
9600 10375 285295.35 5398191.49 38
9600 10350 285295.46 5398165.27 30
9600 10325 285295.56 5398139.05 26
9600 10300 285295.66 5398112.83 24
9600 10275 285295.77 5398086.61 20
9600 10250 285295.88 5398060.39 20
9600 10225 285295.98 5398034.17 20
9600 10200 285296.08 5398007.95 12
9600 10175 285296.19 5397981.73 10
9600 10150 285296.30 5397955.50 0
9600 10125 285296.40 5397929.29 10

Page 4 of 9



Appendix B
2018 VLF Data

Line Station Easting North Results
Nad 83, Z16

9600 10100 285296.50 5397903.06 12
9600 10075 285296.61 5397876.84 10
9600 10050 285296.72 5397850.62 14
9600 10025 285296.82 5397824.40 12
9600 10000 285296.92 5397798.17 16
9600 9975 285297.03 5397771.96 10
9600 9950 285297.14 5397745.73 12
9600 9925 285297.25 5397719.52 10
9600 9900 285297.34 5397693.30 8
9600 9875 285297.45 5397667.07 8
9600 9850 285297.56 5397640.86 8
9600 9825 285297.67 5397614.63 6
9600 9800 285297.77 5397588.41 6
9600 9775 285297.87 5397562.19 6
9600 9750 285297.98 5397535.97 4
9600 9725 285298.09 5397509.75 2
9600 9700 285298.19 5397483.53 0
9600 9675 285298.29 5397457.30 0
9600 9650 285298.40 5397431.09 0
9600 9625 285298.51 5397404.86 0
9600 9600 285298.61 5397378.64 0
9600 9575 285298.71 5397352.43 0
9600 9550 285298.82 5397326.20 -2
9600 9525 285298.93 5397299.98 -4
9600 9500 285299.04 5397273.76 -8
9500 10500 285194.54 5398321.04 -16
9500 10475 285194.64 5398294.81 0
9500 10450 285194.75 5398268.60 20
9500 10425 285194.85 5398242.37 50
9500 10400 285194.96 5398216.16 48
9500 10375 285195.06 5398189.93 40
9500 10350 285195.17 5398163.71 36
9500 10325 285195.27 5398137.50 28
9500 10300 285195.38 5398111.27 25
9500 10275 285195.48 5398085.05 20
9500 10250 285195.59 5398058.83 18
9500 10225 285195.70 5398032.61 20
9500 10200 285195.80 5398006.38 15
9500 10175 285195.90 5397980.17 0
9500 10150 285196.01 5397953.94 -15
9500 10125 285196.12 5397927.73 -16
9500 10100 285196.22 5397901.50 16
9500 10075 285196.33 5397875.28 16
9500 10050 285196.43 5397849.06 20
9500 10025 285196.54 5397822.84 18

Page 5 of 9



Appendix B
2018 VLF Data

Line Station Easting North Results
Nad 83, Z16

9500 10000 285196.64 5397796.61 16
9400 10500 285094.25 5398319.48 -16
9400 10475 285094.36 5398293.25 -12
9400 10450 285094.46 5398267.04 20
9400 10425 285094.57 5398240.81 26
9400 10400 285094.67 5398214.59 32
9400 10375 285094.78 5398188.37 26
9400 10350 285094.88 5398162.15 38
9400 10325 285094.99 5398135.93 36
9400 10300 285095.09 5398109.71 26
9400 10275 285095.20 5398083.49 20
9400 10250 285095.31 5398057.27 16
9400 10225 285095.41 5398031.05 16
9400 10200 285095.51 5398004.82 -10
9400 10175 285095.62 5397978.61 -8
9400 10150 285095.73 5397952.38 -10
9400 10125 285095.83 5397926.16 -6
9400 10100 285095.93 5397899.94 6
9400 10075 285096.04 5397873.72 8
9400 10050 285096.15 5397847.50 14
9400 10025 285096.25 5397821.28 16
9400 10000 285096.36 5397795.05 10
9300 10500 284993.96 5398317.92 -30
9300 10475 284994.07 5398291.69 -36
9300 10450 284994.18 5398265.48 -20
9300 10425 284994.29 5398239.25 -20
9300 10400 284994.38 5398213.03 -10
9300 10375 284994.49 5398186.82 0
9300 10350 284994.60 5398160.59 14
9300 10325 284994.71 5398134.37 20
9300 10300 284994.81 5398108.15 24
9300 10275 284994.91 5398081.93 16
9300 10250 284995.02 5398055.70 0
9300 10225 284995.13 5398029.49 0
9300 10200 284995.23 5398003.26 -16
9300 10175 284995.33 5397977.05 0
9300 10150 284995.44 5397950.82 14
9300 10125 284995.55 5397924.60 14
9300 10100 284995.65 5397898.38 12
9300 10075 284995.75 5397872.16 14
9300 10050 284995.86 5397845.93 14
9300 10025 284995.97 5397819.72 24
9300 10000 284996.07 5397793.50 24
9200 10500 284893.69 5398316.36 -10
9200 10475 284893.79 5398290.13 0
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Appendix B
2018 VLF Data

Line Station Easting North Results
Nad 83, Z16

9200 10450 284893.89 5398263.91 -16
9200 10425 284894.00 5398237.69 -14
9200 10400 284894.11 5398211.47 8
9200 10375 284894.21 5398185.26 10
9200 10350 284894.31 5398159.03 16
9200 10325 284894.42 5398132.81 20
9200 10300 284894.53 5398106.59 14
9200 10275 284894.63 5398080.37 12
9200 10250 284894.73 5398054.14 -16
9200 10225 284894.84 5398027.93 -14
9200 10200 284894.95 5398001.70 -16
9200 10175 284895.05 5397975.48 -12
9200 10150 284895.15 5397949.26 0
9200 10125 284895.26 5397923.04 10
9200 10100 284895.37 5397896.82 10
9200 10075 284895.48 5397870.60 20
9200 10050 284895.57 5397844.37 20
9200 10025 284895.68 5397818.16 20
9200 10000 284895.79 5397791.94 8
9100 10500 284793.40 5398314.80 22
9100 10475 284793.50 5398288.57 16
9100 10450 284793.61 5398262.35 14
9100 10425 284793.71 5398236.14 14
9100 10400 284793.82 5398209.91 10
9100 10375 284793.93 5398183.69 10
9100 10350 284794.03 5398157.47 -10
9100 10325 284794.13 5398131.25 -12
9100 10300 284794.24 5398105.03 -16
9100 10275 284794.35 5398078.81 -12
9100 10250 284794.45 5398052.58 -18
9100 10225 284794.55 5398026.37 -16
9100 10200 284794.66 5398000.14 -20
9100 10175 284794.77 5397973.92 -20
9100 10150 284794.87 5397947.70 -14
9100 10125 284794.98 5397921.48 -16
9100 10100 284795.08 5397895.25 -8
9100 10075 284795.19 5397869.04 0
9100 10050 284795.29 5397842.82 24
9100 10025 284795.40 5397816.60 20
9100 10000 284795.50 5397790.38 16
9000 10500 284693.11 5398313.23 10
9000 10475 284693.22 5398287.01 26
9000 10450 284693.32 5398260.79 22
9000 10425 284693.43 5398234.58 16
9000 10400 284693.53 5398208.35 10
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Appendix B
2018 VLF Data

Line Station Easting North Results
Nad 83, Z16

9000 10375 284693.64 5398182.13 0
9000 10350 284693.74 5398155.91 -10
9000 10325 284693.85 5398129.69 -10
9000 10300 284693.96 5398103.46 -14
9000 10275 284694.06 5398077.25 -14
9000 10250 284694.16 5398051.02 -14
9000 10225 284694.27 5398024.80 -16
9000 10200 284694.38 5397998.58 -8
9000 10175 284694.48 5397972.36 -10
9000 10150 284694.59 5397946.14 -12
9000 10125 284694.69 5397919.92 -14
9000 10100 284694.80 5397893.69 -6
9000 10075 284694.90 5397867.48 -8
9000 10050 284695.01 5397841.26 -6
9000 10025 284695.11 5397815.03 -10
9000 10000 284695.22 5397788.82 10
8900 10500 284592.83 5398311.67 18
8900 10475 284592.94 5398285.46 32
8900 10450 284593.03 5398259.23 22
8900 10425 284593.14 5398233.01 18
8900 10400 284593.25 5398206.79 10
8900 10375 284593.36 5398180.57 10
8900 10350 284593.46 5398154.35 -10
8900 10325 284593.56 5398128.13 -12
8900 10300 284593.67 5398101.90 -16
8900 10275 284593.78 5398075.69 -16
8900 10250 284593.88 5398049.46 -18
8900 10225 284593.98 5398023.24 -16
8900 10200 284594.09 5397997.02 -12
8900 10175 284594.20 5397970.80 -10
8900 10150 284594.30 5397944.57 -10
8900 10125 284594.40 5397918.36 -8
8900 10100 284594.51 5397892.14 -6
8900 10075 284594.62 5397865.92 -8
8900 10050 284594.72 5397839.70 -10
8900 10025 284594.82 5397813.47 -14
8900 10000 284594.93 5397787.26 -10
8800 10500 284492.54 5398310.11 14
8800 10475 284492.65 5398283.90 10
8800 10450 284492.76 5398257.67 10
8800 10425 284492.86 5398231.45 14
8800 10400 284492.96 5398205.23 14
8800 10375 284493.07 5398179.01 20
8800 10350 284493.18 5398152.78 12
8800 10325 284493.28 5398126.57 0
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Appendix B
2018 VLF Data

Line Station Easting North Results
Nad 83, Z16

8800 10300 284493.38 5398100.34 -10
8800 10275 284493.49 5398074.13 -14
8800 10250 284493.60 5398047.90 -14
8800 10225 284493.70 5398021.68 -18
8800 10200 284493.80 5397995.46 -16
8800 10175 284493.91 5397969.24 -18
8800 10150 284494.02 5397943.01 -20
8800 10125 284494.13 5397916.80 -18
8800 10100 284494.22 5397890.58 -24
8800 10075 284494.33 5397864.35 -16
8800 10050 284494.44 5397838.14 -10
8800 10025 284494.55 5397811.91 -12
8800 10000 284494.64 5397785.70 -10
8700 10500 284392.26 5398308.55 -32
8700 10475 284392.36 5398282.33 0
8700 10450 284392.47 5398256.11 8
8700 10425 284392.58 5398229.89 6
8700 10400 284392.68 5398203.67 14
8700 10375 284392.78 5398177.45 16
8700 10350 284392.89 5398151.22 10
8700 10325 284393.00 5398125.01 -12
8700 10300 284393.10 5398098.78 -12
8700 10275 284393.20 5398072.56 -16
8700 10250 284393.31 5398046.34 -18
8700 10225 284393.42 5398020.12 -16
8700 10200 284393.52 5397993.90 -16
8700 10175 284393.63 5397967.68 -20
8700 10150 284393.73 5397941.46 -30
8700 10125 284393.84 5397915.24 -20
8700 10100 284393.94 5397889.02 -20
8700 10075 284394.05 5397862.79 -30
8700 10050 284394.15 5397836.58 -20
8700 10025 284394.26 5397810.35 -12
8700 10000 284394.37 5397784.13 -18
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Appendix C
Magnetic Data

East North Field_nT Corr_nT
285296.81 5397799.83 56170.41 56101.30
285309.34 5397799.88 56150.67 56081.58
285321.88 5397799.93 56150.53 56081.59
285334.42 5397799.98 56050.89 55981.81
285346.95 5397800.03 56070.12 56001.04
285359.49 5397800.08 55913.52 55844.33
285372.03 5397800.13 55804.70 55735.82
285384.56 5397800.18 55927.74 55858.93
285397.10 5397800.23 55936.83 55867.97
285409.63 5397800.28 55954.00 55885.28
285422.17 5397800.34 55999.68 55930.84
285434.71 5397800.39 56025.29 55956.67
285447.24 5397800.44 56044.56 55975.95
285459.78 5397800.49 56120.80 56052.30
285472.32 5397800.54 55855.00 55786.62
285484.85 5397800.59 56124.68 56056.32
285497.39 5397800.64 56161.79 56093.42
285509.92 5397800.69 56176.92 56108.68
285522.46 5397800.74 56209.63 56141.35
285535.00 5397800.79 56251.50 56183.17
285547.53 5397800.84 56166.98 56098.73
285560.07 5397800.89 56160.09 56091.67
285572.61 5397800.94 56178.82 56110.58
285585.14 5397801.00 56270.70 56202.53
285597.68 5397801.05 56138.28 56070.16
285610.21 5397801.10 56119.94 56051.98
285622.75 5397801.15 56267.25 56199.23
285635.29 5397801.20 56142.90 56075.21
285647.82 5397801.25 56082.65 56014.96
285660.36 5397801.30 56046.98 55979.17
285672.90 5397801.35 56068.24 56000.37
285685.43 5397801.40 56089.88 56022.14
285697.97 5397801.45 56177.66 56110.04
285697.92 5397813.99 56208.13 56140.82
285697.87 5397826.53 56137.79 56070.38
285697.82 5397839.06 56097.48 56030.41
285697.77 5397851.60 56163.88 56096.72
285697.72 5397864.13 56228.15 56160.94
285697.66 5397876.67 56221.12 56153.85
285697.61 5397889.21 56169.35 56102.50
285697.56 5397901.74 56079.00 56012.08
285697.51 5397914.28 56029.14 55962.13
285697.46 5397926.82 56029.69 55962.66
285697.41 5397939.35 55997.97 55931.22
285697.36 5397951.89 56002.35 55935.55

Nad 83, Z16
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Appendix C
Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

285697.31 5397964.42 56667.37 56600.65
285697.26 5397976.96 56157.63 56090.85
285697.21 5397989.50 56167.38 56100.54
285697.16 5398002.03 56026.26 55959.55
285697.11 5398014.57 56070.75 56004.13
285697.06 5398027.11 56164.45 56097.94
285697.00 5398039.64 56150.60 56084.34
285696.95 5398052.18 56226.40 56159.88
285696.90 5398064.71 56132.61 56066.21
285696.85 5398077.25 56129.08 56062.88
285696.80 5398089.79 56068.54 56002.30
285696.75 5398102.32 56083.87 56018.00
285696.70 5398114.86 56119.93 56053.89
285696.65 5398127.40 56006.89 55940.95
285696.60 5398139.93 56002.64 55936.79
285696.55 5398152.47 56043.25 55977.18
285696.50 5398165.01 55996.00 55930.11
285696.45 5398177.54 56004.51 55938.81
285696.40 5398190.08 55994.40 55928.56
285696.34 5398202.61 56042.80 55977.00
285696.29 5398215.15 56019.67 55953.74
285696.24 5398227.69 56054.45 55988.82
285696.19 5398240.22 56027.38 55961.74
285696.14 5398252.76 56078.15 56012.68
285696.09 5398265.30 56066.19 56000.47
285696.04 5398277.83 56072.97 56007.30
285695.99 5398290.37 56144.90 56079.56
285695.94 5398302.90 56161.01 56095.88
285595.65 5398302.50 56202.60 56137.82
285595.70 5398289.96 56126.67 56062.80
285595.75 5398277.43 56079.36 56015.36
285595.80 5398264.89 56097.94 56033.89
285595.85 5398252.35 56061.23 55997.33
285595.90 5398239.82 56089.44 56025.04
285595.95 5398227.28 56045.82 55981.88
285596.00 5398214.74 56024.43 55960.12
285596.05 5398202.21 55974.38 55910.36
285596.10 5398189.67 55960.18 55895.84
285596.16 5398177.14 56092.57 56028.29
285596.21 5398164.60 56086.17 56022.16
285596.26 5398152.06 56038.51 55974.17
285596.31 5398139.53 56014.75 55950.31
285596.36 5398126.99 56126.75 56062.07
285596.41 5398114.45 56178.83 56114.36
285596.46 5398101.92 56176.95 56112.34
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Appendix C
Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

285596.51 5398089.38 56198.11 56133.49
285596.56 5398076.85 56147.31 56082.67
285596.61 5398064.31 56239.36 56174.68
285596.66 5398051.77 56208.97 56144.18
285596.71 5398039.24 56157.69 56092.92
285596.76 5398026.70 56112.88 56048.41
285596.82 5398014.16 56177.40 56113.04
285596.87 5398001.63 56167.27 56103.05
285596.92 5397989.09 56205.73 56141.14
285596.97 5397976.55 56184.88 56120.55
285597.02 5397964.02 56145.29 56081.10
285597.07 5397951.48 56063.01 55998.61
285597.12 5397938.95 56138.03 56073.37
285597.17 5397926.41 56105.09 56040.29
285597.22 5397913.87 56194.83 56130.15
285597.27 5397901.34 56109.90 56045.19
285597.32 5397888.80 56021.16 55956.44
285597.37 5397876.26 56064.18 55999.41
285597.42 5397863.73 56064.01 55999.24
285597.48 5397851.19 56069.57 56004.79
285597.53 5397838.66 56167.94 56103.33
285597.58 5397826.12 56103.87 56039.36
285597.63 5397813.58 56147.59 56082.90
285597.68 5397801.05 56121.34 56056.55
285597.73 5397788.51 56057.08 55992.50
285597.78 5397775.97 56181.73 56116.93
285597.83 5397763.44 56130.63 56066.03
285597.88 5397750.90 56147.99 56083.43
285597.93 5397738.36 56375.85 56311.62
285597.98 5397725.83 56177.98 56113.80
285598.03 5397713.29 56531.97 56467.66
285598.08 5397700.76 56304.62 56240.23
285598.14 5397688.22 56295.40 56231.15
285598.19 5397675.68 56261.99 56197.81
285598.24 5397663.15 56219.54 56155.25
285598.29 5397650.61 56176.52 56112.21
285598.34 5397638.07 56198.58 56134.38
285598.39 5397625.54 56194.45 56130.25
285598.44 5397613.00 56192.27 56128.00
285598.49 5397600.47 56205.34 56141.30
285598.54 5397587.93 56174.82 56110.83
285598.59 5397575.39 56171.81 56107.84
285598.64 5397562.86 56168.52 56104.55
285598.69 5397550.32 56182.38 56118.40
285598.74 5397537.78 56222.47 56158.50
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Appendix C
Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

285598.80 5397525.25 56244.53 56180.76
285598.85 5397512.71 56233.60 56169.75
285598.90 5397500.17 56310.40 56246.70
285598.95 5397487.64 56301.44 56237.79
285599.00 5397475.10 56248.46 56184.79
285599.05 5397462.57 56152.29 56088.56
285599.10 5397450.03 56152.31 56088.54
285599.15 5397437.49 56169.35 56105.58
285599.20 5397424.96 56153.33 56089.45
285599.25 5397412.42 55780.18 55716.26
285599.30 5397399.88 56130.64 56066.77
285599.35 5397387.35 55974.49 55910.84
285599.40 5397374.81 56091.24 56027.37
285599.46 5397362.28 55948.11 55884.32
285599.51 5397349.74 55991.22 55927.49
285599.56 5397337.20 55994.91 55931.35
285599.61 5397324.67 55986.78 55923.18
285599.66 5397312.13 56001.59 55938.00
285599.71 5397299.59 56096.48 56033.04
285700.00 5397300.00 56042.93 55978.82
285699.95 5397312.54 56122.67 56058.40
285699.90 5397325.07 56163.18 56098.45
285699.85 5397337.61 56177.77 56113.42
285699.80 5397350.15 56148.86 56084.44
285699.75 5397362.68 56163.36 56099.30
285699.70 5397375.22 56094.38 56029.76
285699.64 5397387.75 56163.12 56098.77
285699.59 5397400.29 56165.47 56101.30
285699.54 5397412.83 56146.60 56082.09
285699.49 5397425.36 56325.49 56260.90
285699.44 5397437.90 56189.49 56125.05
285699.39 5397450.44 56219.84 56155.65
285699.34 5397462.97 55955.05 55890.52
285699.29 5397475.51 56249.12 56184.60
285699.24 5397488.04 56254.50 56190.09
285699.19 5397500.58 56281.21 56216.51
285699.14 5397513.12 56255.96 56191.42
285699.09 5397525.65 56287.80 56223.32
285699.04 5397538.19 56353.09 56288.49
285698.98 5397550.73 56313.54 56248.65
285698.93 5397563.26 56317.00 56252.20
285698.88 5397575.80 56290.56 56226.09
285698.83 5397588.34 56251.98 56187.36
285698.78 5397600.87 56062.20 55997.44
285698.73 5397613.41 56251.24 56186.38
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Appendix C
Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

285698.68 5397625.94 56246.76 56182.30
285698.63 5397638.48 56195.37 56130.47
285698.58 5397651.02 56000.74 55935.86
285698.53 5397663.55 56155.82 56090.57
285698.48 5397676.09 56236.20 56170.77
285698.43 5397688.63 56079.07 56014.16
285698.38 5397701.16 56104.56 56039.37
285698.32 5397713.70 56145.19 56080.38
285698.27 5397726.23 56267.96 56203.09
285698.22 5397738.77 56405.03 56340.19
285698.17 5397751.31 56202.64 56137.32
285698.12 5397763.84 56156.29 56091.80
285698.07 5397776.38 56136.34 56071.32
285698.02 5397788.92 56172.54 56107.49
285697.97 5397801.45 56174.20 56109.40
285497.39 5397800.64 56145.79 56079.76
285497.44 5397788.10 56161.47 56095.99
285497.49 5397775.57 56132.18 56066.53
285497.54 5397763.03 56075.48 56008.08
285497.59 5397750.49 56095.28 56027.86
285497.64 5397737.96 56099.74 56032.55
285497.69 5397725.42 56094.55 56027.55
285497.74 5397712.89 56063.90 55997.28
285497.79 5397700.35 56173.72 56106.81
285497.85 5397687.81 56129.01 56061.57
285497.90 5397675.28 56187.16 56119.45
285497.95 5397662.74 56200.42 56133.01
285498.00 5397650.20 56191.78 56124.06
285498.05 5397637.67 56143.02 56075.62
285498.10 5397625.13 56163.09 56096.14
285498.15 5397612.60 56171.97 56104.53
285498.20 5397600.06 56186.45 56119.35
285498.25 5397587.52 56129.68 56062.09
285498.30 5397574.99 56021.33 55953.94
285498.35 5397562.45 56044.36 55976.81
285498.40 5397549.91 56056.21 55988.75
285498.45 5397537.38 56068.77 56001.00
285498.51 5397524.84 56112.63 56045.06
285498.56 5397512.30 56148.28 56081.20
285498.61 5397499.77 56019.32 55952.10
285498.66 5397487.23 55993.71 55926.85
285498.71 5397474.70 56038.98 55970.68
285498.76 5397462.16 56008.84 55940.15
285498.81 5397449.62 55978.51 55910.22
285498.86 5397437.09 55892.28 55823.74
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Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

285498.91 5397424.55 55903.89 55835.92
285498.96 5397412.01 56386.40 56318.82
285499.01 5397399.48 56018.96 55951.01
285499.06 5397386.94 56239.93 56172.55
285499.11 5397374.41 56114.11 56046.50
285499.17 5397361.87 56128.44 56061.07
285499.22 5397349.33 56409.88 56342.77
285499.22 5397349.33 56408.76 56341.53
285499.27 5397336.80 56817.86 56750.55
285499.32 5397324.26 56788.71 56721.11
285499.37 5397311.72 56912.27 56843.87
285499.42 5397299.19 57011.37 56943.00
285399.13 5397298.78 56417.87 56348.79
285399.08 5397311.32 56404.46 56335.65
285399.03 5397323.85 56404.95 56335.62
285398.98 5397336.39 56436.32 56367.33
285398.93 5397348.93 56567.92 56498.55
285398.87 5397361.46 56600.68 56531.65
285398.82 5397374.00 56600.10 56531.15
285398.77 5397386.54 56601.97 56532.89
285398.72 5397399.07 56518.51 56449.63
285398.67 5397411.61 56330.95 56261.53
285398.62 5397424.14 56228.86 56159.57
285398.57 5397436.68 56082.34 56012.38
285398.52 5397449.22 56100.47 56030.71
285398.47 5397461.75 56155.78 56085.85
285398.42 5397474.29 56181.95 56112.04
285398.37 5397486.83 56206.33 56136.97
285398.32 5397499.36 56292.08 56222.12
285398.27 5397511.90 56271.55 56202.32
285398.21 5397524.44 56350.15 56280.25
285398.16 5397536.97 56426.27 56356.94
285398.11 5397549.51 56670.23 56600.67
285398.06 5397562.04 56197.67 56128.45
285398.01 5397574.58 55969.02 55899.49
285397.96 5397587.12 55977.26 55907.82
285397.91 5397599.65 55975.90 55906.25
285397.86 5397612.19 56019.29 55949.29
285397.81 5397624.73 56066.38 55996.78
285397.76 5397637.26 56098.93 56029.88
285397.71 5397649.80 56112.87 56043.14
285397.66 5397662.33 56158.21 56088.43
285397.61 5397674.87 56175.73 56106.03
285397.55 5397687.41 56191.58 56121.82
285397.50 5397699.94 56146.06 56076.20
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Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

285397.45 5397712.48 56165.72 56096.11
285397.40 5397725.02 56406.42 56336.85
285397.35 5397737.55 56181.65 56111.17
285397.30 5397750.09 56024.77 55954.46
285397.25 5397762.63 55978.94 55909.08
285397.20 5397775.16 55923.92 55854.62
285397.15 5397787.70 55947.49 55877.60
285397.05 5397812.77 55921.72 55853.99
285397.00 5397825.31 55979.22 55911.55
285396.95 5397837.84 55925.12 55857.74
285396.89 5397850.38 55880.48 55813.10
285396.84 5397862.92 55826.69 55759.17
285396.79 5397875.45 55826.82 55759.24
285396.74 5397887.99 55848.25 55780.84
285396.69 5397900.52 55829.94 55762.65
285396.64 5397913.06 55648.50 55581.29
285396.59 5397925.60 55518.96 55451.72
285396.54 5397938.13 55254.09 55186.85
285396.49 5397950.67 55444.38 55377.19
285396.44 5397963.21 55668.85 55602.05
285396.39 5397975.74 55754.62 55687.81
285396.34 5397988.28 55763.79 55697.07
285396.29 5398000.81 55807.99 55741.33
285396.23 5398013.35 55817.87 55751.34
285396.18 5398025.89 55787.72 55720.95
285396.13 5398038.42 55835.53 55768.58
285396.08 5398050.96 55878.28 55811.38
285396.03 5398063.50 55915.10 55848.40
285395.98 5398076.03 55927.16 55860.52
285395.93 5398088.57 55939.75 55873.11
285395.88 5398101.11 55969.05 55902.51
285395.83 5398113.64 56009.64 55943.27
285395.78 5398126.18 55980.59 55914.18
285395.73 5398138.71 56007.96 55941.55
285395.68 5398151.25 56009.59 55943.24
285395.63 5398163.79 56041.19 55974.82
285395.57 5398176.32 56097.11 56030.78
285395.52 5398188.86 56078.70 56012.41
285395.47 5398201.40 56135.42 56069.15
285395.42 5398213.93 56033.39 55967.20
285395.37 5398226.47 56068.06 56001.88
285395.32 5398239.00 56000.10 55933.94
285395.27 5398251.54 56016.08 55949.94
285395.22 5398264.08 56025.85 55959.77
285395.17 5398276.61 56029.61 55963.66
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Appendix C
Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

285395.12 5398289.15 56026.46 55960.56
285395.07 5398301.69 56042.06 55976.20
285495.36 5398302.09 55921.68 55856.39
285495.41 5398289.56 55897.52 55832.25
285495.46 5398277.02 56826.57 56761.33
285495.51 5398264.48 56646.69 56581.48
285495.56 5398251.95 56502.06 56437.02
285495.61 5398239.41 56031.89 55966.82
285495.66 5398226.87 56058.66 55993.52
285495.71 5398214.34 55964.99 55899.77
285495.76 5398201.80 55973.42 55908.26
285495.81 5398189.27 56169.99 56105.01
285495.87 5398176.73 56116.57 56051.60
285495.92 5398164.19 56041.37 55976.39
285495.97 5398151.66 56011.23 55946.26
285496.02 5398139.12 56038.61 55973.23
285496.07 5398126.58 56200.38 56135.13
285496.12 5398114.05 56090.98 56025.92
285496.17 5398101.51 56055.36 55990.36
285496.22 5398088.98 56061.05 55996.15
285496.27 5398076.44 56022.47 55957.56
285496.32 5398063.90 56033.87 55968.93
285496.37 5398051.37 56018.09 55953.08
285496.42 5398038.83 56010.41 55945.39
285496.47 5398026.29 55876.55 55811.60
285496.53 5398013.76 56123.79 56058.86
285496.58 5398001.22 58574.40 58509.84
285496.63 5397988.68 56569.07 56504.44
285496.68 5397976.15 56283.21 56218.47
285496.73 5397963.61 56203.75 56139.00
285496.78 5397951.08 56130.71 56065.98
285496.83 5397938.54 56140.81 56076.14
285496.88 5397926.00 56125.65 56060.96
285496.93 5397913.47 56196.68 56131.97
285496.98 5397900.93 56107.99 56043.29
285497.03 5397888.39 56135.87 56071.25
285497.08 5397875.86 56203.77 56139.10
285497.13 5397863.32 56175.27 56110.58
285497.19 5397850.79 56139.84 56075.10
285497.24 5397838.25 56104.56 56039.79
285497.29 5397825.71 56107.22 56042.48
285497.34 5397813.18 56147.20 56082.47
285497.39 5397800.64 56152.01 56087.26
285296.81 5397799.83 56168.01 56103.60
285296.86 5397787.29 56059.76 55995.23
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Appendix C
Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

285296.91 5397774.76 56012.93 55948.44
285296.96 5397762.22 55932.17 55867.64
285297.01 5397749.68 55895.63 55831.08
285297.06 5397737.15 55952.69 55888.08
285297.11 5397724.61 56059.37 55994.79
285297.16 5397712.07 55974.53 55910.05
285297.21 5397699.54 56060.35 55995.88
285297.26 5397687.00 55944.08 55879.70
285297.31 5397674.46 56086.53 56021.94
285297.37 5397661.93 56111.12 56046.41
285297.42 5397649.39 56070.32 56005.53
285297.47 5397636.86 56028.19 55963.47
285297.52 5397624.32 56061.95 55997.32
285297.57 5397611.78 55949.29 55884.71
285297.62 5397599.25 56105.04 56040.38
285297.67 5397586.71 56169.73 56104.96
285297.72 5397574.17 56150.57 56085.80
285297.77 5397561.64 56081.73 56016.94
285297.82 5397549.10 56191.24 56126.40
285297.87 5397536.57 56204.26 56139.20
285297.92 5397524.03 56120.81 56055.64
285297.97 5397511.49 56134.53 56069.36
285298.03 5397498.96 56205.80 56140.69
285298.08 5397486.42 56330.58 56265.53
285298.13 5397473.88 56404.95 56340.00
285298.18 5397461.35 56493.64 56428.78
285298.23 5397448.81 56475.56 56410.77
285298.28 5397436.27 56443.02 56378.31
285298.33 5397423.74 56383.29 56318.51
285298.38 5397411.20 56445.86 56381.02
285298.43 5397398.67 56457.29 56392.30
285298.48 5397386.13 56438.11 56372.82
285298.53 5397373.59 56557.21 56491.84
285298.58 5397361.06 56245.51 56180.24
285298.63 5397348.52 56172.27 56106.93
285298.69 5397335.98 56267.69 56202.35
285298.74 5397323.45 56226.62 56161.31
285298.79 5397310.91 56250.78 56185.34
285298.84 5397298.38 56271.60 56206.11
285198.55 5397297.97 56245.05 56179.49
285198.50 5397310.51 56185.77 56119.35
285198.45 5397323.04 56151.76 56085.25
285198.40 5397335.58 56346.75 56280.30
285198.34 5397348.11 56123.06 56056.59
285198.29 5397360.65 56174.04 56107.55
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Appendix C
Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

285198.24 5397373.19 56108.34 56042.13
285198.19 5397385.72 56093.33 56026.93
285198.14 5397398.26 56200.54 56134.12
285198.09 5397410.80 56259.81 56193.24
285198.04 5397423.33 56281.24 56214.53
285197.99 5397435.87 56272.35 56205.41
285197.94 5397448.40 56241.16 56174.01
285197.89 5397460.94 56003.03 55935.94
285197.84 5397473.48 56213.41 56146.46
285197.79 5397486.01 56210.51 56143.72
285197.74 5397498.55 56186.00 56119.30
285197.68 5397511.09 56168.93 56102.21
285197.63 5397523.62 56127.96 56061.63
285197.58 5397536.16 56084.06 56017.88
285197.53 5397548.70 56051.35 55984.97
285197.48 5397561.23 56070.38 56003.99
285197.43 5397573.77 55928.74 55862.30
285197.38 5397586.30 55994.34 55927.68
285197.33 5397598.84 56027.77 55960.90
285197.28 5397611.38 56155.30 56088.30
285197.23 5397623.91 56037.53 55970.54
285197.18 5397636.45 56058.46 55991.48
285197.13 5397648.99 56081.77 56014.57
285197.08 5397661.52 56171.72 56104.80
285197.02 5397674.06 56204.42 56137.37
285196.97 5397686.59 56285.27 56218.11
285196.92 5397699.13 56440.69 56373.60
285196.87 5397711.67 56635.09 56567.86
285196.82 5397724.20 56926.20 56858.88
285196.77 5397736.74 56772.80 56705.43
285196.72 5397749.28 56211.58 56144.36
285196.67 5397761.81 56246.93 56180.00
285196.62 5397774.35 56227.05 56160.07
285196.57 5397786.89 55896.67 55829.74
285196.52 5397799.42 55905.33 55838.27
285196.47 5397811.96 56264.64 56197.29
285196.42 5397824.49 57124.25 57057.24
285196.36 5397837.03 56982.99 56915.80
285196.31 5397849.57 57452.15 57384.89
285196.26 5397862.10 56795.95 56728.47
285196.21 5397874.64 57231.02 57163.55
285196.16 5397887.18 56356.27 56288.70
285196.11 5397899.71 57322.23 57254.58
285196.06 5397912.25 60184.12 60116.30
285196.01 5397924.78 56520.30 56452.56
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Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

285195.96 5397937.32 57739.49 57671.64
285195.91 5397949.86 56867.81 56800.11
285195.86 5397962.39 57949.32 57882.02
285195.81 5397974.93 55617.99 55550.23
285195.76 5397987.47 55572.75 55505.18
285195.70 5398000.00 55508.60 55440.02
285195.65 5398012.54 55475.47 55406.75
285195.60 5398025.08 55561.68 55493.22
285195.55 5398037.61 55716.96 55648.59
285195.50 5398050.15 55468.52 55400.18
285195.45 5398062.68 55641.35 55573.04
285195.40 5398075.22 55749.71 55681.24
285195.35 5398087.76 55641.41 55573.34
285195.30 5398100.29 55836.15 55767.57
285195.25 5398112.83 55852.40 55783.83
285195.20 5398125.37 55538.52 55469.77
285195.15 5398137.90 55715.91 55646.81
285195.10 5398150.44 55895.24 55826.34
285195.04 5398162.97 55731.25 55662.24
285194.99 5398175.51 55840.62 55771.68
285194.94 5398188.05 55735.33 55666.63
285194.89 5398200.58 55866.82 55798.18
285194.84 5398213.12 55933.47 55864.58
285194.79 5398225.66 55799.63 55730.67
285194.74 5398238.19 56039.83 55970.85
285194.69 5398250.73 56086.04 56016.96
285194.64 5398263.27 55983.83 55914.65
285194.59 5398275.80 55982.90 55913.50
285194.54 5398288.34 55991.62 55922.25
285194.49 5398300.87 55986.31 55917.26
285294.78 5398301.28 56033.22 55963.75
285294.83 5398288.74 56026.55 55956.80
285294.88 5398276.21 56030.23 55960.58
285294.93 5398263.67 56015.28 55945.44
285294.98 5398251.13 56003.19 55933.19
285295.03 5398238.60 56025.90 55955.66
285295.08 5398226.06 55955.69 55885.69
285295.13 5398213.53 55972.21 55902.54
285295.18 5398200.99 55975.71 55905.60
285295.23 5398188.45 55969.38 55899.20
285295.28 5398175.92 55960.52 55890.52
285295.33 5398163.38 55844.49 55774.96
285295.39 5398150.84 55727.43 55657.53
285295.44 5398138.31 55929.71 55859.43
285295.49 5398125.77 55821.41 55751.25
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Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

285295.54 5398113.24 55735.07 55664.82
285295.59 5398100.70 55761.02 55690.78
285295.64 5398088.16 55713.09 55642.64
285295.69 5398075.63 55594.43 55523.94
285295.74 5398063.09 55497.40 55426.54
285295.79 5398050.55 55320.65 55250.01
285295.84 5398038.02 54867.10 54796.26
285295.84 5398038.02 54865.09 54794.32
285295.89 5398025.48 54445.30 54374.47
285295.94 5398012.95 57811.86 57741.14
285295.94 5398012.95 57841.43 57770.79
285295.94 5398012.95 56448.62 56378.05
285295.94 5398012.95 55629.57 55559.00
285295.94 5398012.95 55636.43 55565.92
285295.94 5398012.95 57886.16 57815.65
285295.94 5398012.95 57876.38 57805.80
285295.94 5398012.95 57740.10 57669.43
285295.99 5398000.41 58699.72 58628.98
285295.99 5398000.41 58550.46 58479.75
285295.99 5398000.41 58648.53 58577.94
285295.99 5398000.41 58302.46 58232.02
285295.99 5398000.41 57653.17 57582.75
285295.99 5398000.41 57012.51 56942.21
285295.99 5398000.41 58113.72 58043.24
285295.99 5398000.41 58448.68 58377.98
285295.99 5398000.41 58448.12 58377.58
285295.99 5398000.41 58450.22 58379.74
285296.05 5397987.87 56683.27 56612.23
285296.05 5397987.87 56683.21 56612.12
285296.05 5397987.87 56687.41 56616.39
285296.10 5397975.34 55301.81 55230.92
285296.10 5397975.34 55303.04 55232.25
285296.10 5397975.34 55306.93 55236.13
285296.15 5397962.80 55933.04 55862.36
285296.20 5397950.26 56242.86 56171.99
285296.25 5397937.73 55632.73 55561.54
285296.30 5397925.19 55900.80 55829.51
285296.35 5397912.65 56651.32 56580.29
285296.40 5397900.12 57311.92 57241.03
285296.40 5397900.12 57311.89 57241.13
285296.45 5397887.58 57097.46 57026.51
285296.50 5397875.05 56512.46 56441.35
285296.55 5397862.51 57322.16 57251.19
285296.60 5397849.97 58297.69 58226.61
285296.65 5397837.44 58435.15 58363.82
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Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

285296.71 5397824.90 56658.14 56586.21
285296.76 5397812.36 56199.99 56128.50
285296.81 5397799.83 56176.30 56110.76
285296.81 5397799.83 56157.62 56094.64
285284.27 5397799.78 56057.24 55994.13
285271.73 5397799.73 56137.33 56074.25
285259.20 5397799.68 55935.88 55872.87
285246.66 5397799.62 55632.90 55570.08
285234.13 5397799.57 55672.25 55609.38
285221.59 5397799.52 55895.80 55832.88
285209.05 5397799.47 55975.16 55912.27
285196.52 5397799.42 55812.00 55749.28
285183.98 5397799.37 54985.68 54923.64
285171.44 5397799.32 56025.82 55964.09
285158.91 5397799.27 57556.20 57495.21
285146.37 5397799.22 57401.09 57339.74
285133.84 5397799.17 56893.99 56832.26
285121.30 5397799.12 57273.57 57211.72
285108.76 5397799.07 57520.69 57458.86
285096.23 5397799.02 60264.99 60204.14
285083.69 5397798.96 58233.14 58172.25
285071.15 5397798.91 57872.91 57812.02
285058.62 5397798.86 58351.99 58291.31
285046.08 5397798.81 58669.00 58608.67
285033.54 5397798.76 58279.49 58219.18
285021.01 5397798.71 57688.37 57628.11
285008.47 5397798.66 57738.72 57678.68
284995.94 5397798.61 57501.72 57441.55
284995.94 5397798.61 57539.33 57478.79
284995.88 5397811.15 57873.86 57813.64
284995.83 5397823.68 58358.68 58298.63
284995.78 5397836.22 58210.47 58150.58
284995.73 5397848.75 58485.85 58426.37
284995.68 5397861.29 58533.14 58474.57
284995.63 5397873.83 59787.22 59726.80
284995.58 5397886.36 59484.23 59424.54
284995.53 5397898.90 59088.62 59029.71
284995.48 5397911.44 57941.49 57882.53
284995.43 5397923.97 57542.81 57483.47
284995.38 5397936.51 57566.38 57506.59
284995.33 5397949.04 57657.39 57597.45
284995.28 5397961.58 57835.25 57775.90
284995.22 5397974.12 58090.52 58031.20
284995.17 5397986.65 58070.55 58011.20
284995.12 5397999.19 57384.29 57325.06
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Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

284995.07 5398011.73 55721.14 55662.40
284995.02 5398024.26 54630.94 54571.87
284994.97 5398036.80 54902.93 54843.67
284994.92 5398049.34 55100.79 55041.51
284994.87 5398061.87 55397.16 55338.47
284994.82 5398074.41 55462.04 55403.87
284994.77 5398086.94 55370.07 55311.70
284994.72 5398099.48 55419.33 55360.84
284994.67 5398112.02 55335.19 55277.20
284994.62 5398124.55 55377.21 55319.33
284994.56 5398137.09 55448.02 55390.26
284994.51 5398149.63 55512.40 55454.97
284994.46 5398162.16 55580.74 55522.29
284994.41 5398174.70 55631.95 55572.78
284994.36 5398187.23 55703.74 55643.97
284994.31 5398199.77 55743.70 55683.94
284994.26 5398212.31 55794.10 55734.64
284994.21 5398224.84 55831.99 55772.84
284994.16 5398237.38 55874.65 55815.83
284994.11 5398249.92 55897.50 55838.93
284994.06 5398262.45 55920.93 55862.14
284994.01 5398274.99 55952.08 55892.99
284993.96 5398287.53 55951.19 55892.65
284993.90 5398300.06 55944.79 55886.07
285094.20 5398300.47 55938.45 55881.17
285094.25 5398287.93 55938.01 55881.03
285094.30 5398275.40 55961.93 55904.91
285094.35 5398262.86 55972.11 55915.96
285094.40 5398250.32 55985.60 55929.35
285094.45 5398237.79 55952.22 55896.08
285094.50 5398225.25 55903.65 55847.24
285094.55 5398212.71 55847.27 55790.65
285094.60 5398200.18 55819.41 55762.57
285094.65 5398187.64 55758.21 55701.39
285094.70 5398175.10 55702.05 55645.58
285094.75 5398162.57 55603.42 55547.09
285094.80 5398150.03 55561.66 55505.37
285094.86 5398137.50 55481.32 55425.22
285094.91 5398124.96 55481.51 55426.00
285094.96 5398112.42 55521.29 55465.77
285095.01 5398099.89 55542.57 55487.14
285095.06 5398087.35 55466.39 55410.81
285095.11 5398074.81 55362.45 55306.95
285095.16 5398062.28 55480.22 55425.15
285095.21 5398049.74 55518.10 55462.94
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Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

285095.26 5398037.21 55463.18 55407.60
285095.31 5398024.67 55686.10 55629.98
285095.36 5398012.13 55516.55 55459.88
285095.41 5397999.60 55359.21 55302.29
285095.46 5397987.06 55807.75 55751.79
285095.52 5397974.52 56771.20 56715.42
285095.57 5397961.99 58012.13 57956.24
285095.62 5397949.45 57467.66 57411.21
285095.67 5397936.91 60623.40 60566.41
285095.72 5397924.38 62647.67 62590.64
285095.77 5397911.84 60807.01 60748.99
285095.82 5397899.31 57472.88 57414.99
285095.87 5397886.77 58899.19 58840.39
285095.92 5397874.23 59316.67 59256.99
285095.97 5397861.70 58055.08 57995.75
285096.02 5397849.16 58314.15 58254.22
285096.07 5397836.62 57936.40 57876.37
285096.12 5397824.09 57860.69 57801.17
285096.18 5397811.55 57662.49 57602.81
285096.23 5397799.02 59963.16 59903.03
285096.28 5397786.48 60072.72 60012.62
285096.33 5397773.94 58228.76 58167.65
285096.38 5397761.41 57432.85 57370.89
285096.43 5397748.87 57141.88 57080.44
285096.48 5397736.33 56702.06 56641.55
285096.53 5397723.80 56827.97 56767.18
285096.58 5397711.26 56775.31 56714.52
285096.63 5397698.72 56913.36 56852.76
285096.68 5397686.19 56480.27 56419.81
285096.73 5397673.65 56162.55 56101.74
285096.78 5397661.12 56598.26 56536.39
285096.84 5397648.58 56474.25 56412.57
285096.89 5397636.04 56759.78 56697.72
285096.94 5397623.51 56768.74 56706.93
285096.99 5397610.97 56278.14 56216.41
285097.04 5397598.43 56256.37 56194.86
285097.09 5397585.90 56001.29 55940.17
285097.14 5397573.36 56952.67 56890.97
285097.19 5397560.83 56720.61 56658.47
285097.24 5397548.29 56499.41 56437.28
285097.29 5397535.75 56447.26 56384.66
285097.34 5397523.22 56126.41 56063.91
285097.39 5397510.68 56132.69 56070.19
285097.44 5397498.14 56138.21 56075.45
285097.50 5397485.61 56130.86 56068.17
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East North Field_nT Corr_nT
Nad 83, Z16

285097.55 5397473.07 56135.00 56072.53
285097.60 5397460.54 56196.93 56134.59
285097.65 5397448.00 56203.19 56140.61
285097.70 5397435.46 56222.06 56159.64
285097.75 5397422.93 56162.66 56100.44
285097.80 5397410.39 56190.51 56128.21
285097.85 5397397.85 56209.93 56147.16
285097.90 5397385.32 56169.38 56106.72
285097.95 5397372.78 56084.78 56022.46
285098.00 5397360.24 56093.80 56031.17
285098.05 5397347.71 56082.89 56020.17
285098.10 5397335.17 56061.11 55998.37
285098.16 5397322.64 56091.93 56029.46
285098.21 5397310.10 56083.10 56020.72
285098.26 5397297.56 56189.29 56127.19
284997.97 5397297.16 56133.40 56069.89
284997.92 5397309.69 56123.09 56060.66
284997.87 5397322.23 56193.89 56131.66
284997.81 5397334.77 56174.84 56112.53
284997.76 5397347.30 56170.08 56107.98
284997.71 5397359.84 56121.33 56059.23
284997.66 5397372.37 56129.56 56067.33
284997.61 5397384.91 56171.26 56108.91
284997.56 5397397.45 56148.59 56085.94
284997.51 5397409.98 56099.83 56036.84
284997.46 5397422.52 56134.40 56071.01
284997.41 5397435.06 56123.36 56059.15
284997.36 5397447.59 56190.25 56125.95
284997.31 5397460.13 56088.00 56023.82
284997.26 5397472.67 56106.07 56041.91
284997.21 5397485.20 56057.67 55993.42
284997.15 5397497.74 56131.19 56067.02
284997.10 5397510.27 56062.63 55998.85
284997.05 5397522.81 56158.78 56095.30
284997.00 5397535.35 56186.80 56123.39
284996.95 5397547.88 56081.94 56018.80
284996.90 5397560.42 56187.81 56124.74
284996.85 5397572.96 56673.07 56609.48
284996.80 5397585.49 56428.51 56365.18
284996.75 5397598.03 56174.18 56110.87
284996.70 5397610.56 56427.41 56363.87
284996.65 5397623.10 56308.03 56244.32
284996.60 5397635.64 56281.04 56217.77
284996.54 5397648.17 56354.28 56291.01
284996.49 5397660.71 56859.09 56795.72
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284996.44 5397673.25 56057.66 55994.36
284996.39 5397685.78 56180.95 56118.48
284996.34 5397698.32 56283.10 56221.15
284996.29 5397710.86 56262.07 56199.71
284996.24 5397723.39 56161.28 56097.68
284996.19 5397735.93 56519.28 56454.69
284996.14 5397748.46 56569.75 56504.94
284996.09 5397761.00 56882.12 56817.37
284996.04 5397773.54 56977.60 56912.42
284995.99 5397786.07 57125.26 57060.00
284995.94 5397798.61 57526.65 57461.30
284995.94 5397798.61 57523.43 57458.59
284983.40 5397798.56 57826.52 57762.38
284970.86 5397798.51 57536.79 57472.93
284958.33 5397798.46 57472.58 57408.76
284945.79 5397798.41 57389.47 57325.71
284933.25 5397798.36 57657.60 57593.83
284920.72 5397798.30 57349.03 57285.57
284908.18 5397798.25 57179.17 57114.93
284895.65 5397798.20 57149.72 57084.64
284883.11 5397798.15 57230.73 57165.51
284870.57 5397798.10 57674.87 57609.42
284858.04 5397798.05 57280.29 57214.24
284845.50 5397798.00 57384.11 57318.20
284832.96 5397797.95 57003.62 56938.17
284820.43 5397797.90 57215.58 57150.62
284807.89 5397797.85 57287.55 57222.75
284795.35 5397797.80 56726.53 56662.13
284782.82 5397797.75 57419.11 57353.88
284795.35 5397797.80 56808.27 56742.17
284795.41 5397785.26 57094.69 57029.12
284795.46 5397772.72 56978.46 56912.96
284795.51 5397760.19 56666.75 56601.36
284795.56 5397747.65 56585.75 56520.67
284795.61 5397735.12 56495.19 56430.20
284795.66 5397722.58 56267.96 56203.06
284795.71 5397710.04 56195.03 56130.34
284795.76 5397697.51 55982.61 55918.41
284795.81 5397684.97 56135.92 56071.92
284795.86 5397672.43 56129.81 56066.08
284795.91 5397659.90 56005.35 55941.75
284795.96 5397647.36 56101.72 56038.11
284796.01 5397634.82 56075.20 56011.58
284796.07 5397622.29 56061.17 55997.80
284796.12 5397609.75 56022.04 55959.10
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Appendix C
Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

284796.17 5397597.22 51654.74 51591.55
284796.22 5397584.68 56096.28 56032.44
284796.27 5397572.14 56135.26 56071.12
284796.32 5397559.61 56106.03 56042.27
284796.37 5397547.07 56165.84 56102.45
284796.42 5397534.53 56263.65 56199.91
284796.47 5397522.00 56234.41 56170.74
284796.52 5397509.46 56369.86 56305.75
284796.57 5397496.93 56227.11 56162.97
284796.62 5397484.39 56160.80 56096.59
284796.67 5397471.85 56170.06 56106.17
284796.73 5397459.32 56162.65 56098.51
284796.78 5397446.78 56166.63 56102.11
284796.83 5397434.24 56157.93 56093.25
284796.88 5397421.71 56146.00 56081.19
284796.93 5397409.17 56142.99 56078.11
284796.98 5397396.63 56124.40 56059.26
284797.03 5397384.10 56133.74 56068.11
284797.08 5397371.56 56135.95 56070.18
284797.13 5397359.03 56135.73 56070.05
284797.18 5397346.49 56145.01 56079.38
284797.23 5397333.95 56131.36 56065.93
284797.28 5397321.42 56139.78 56073.95
284797.33 5397308.88 56174.61 56109.13
284797.39 5397296.34 56198.99 56133.84
284897.68 5397296.75 56100.90 56035.12
284897.63 5397309.29 56155.34 56088.97
284897.57 5397321.82 56160.85 56094.21
284897.52 5397334.36 56190.68 56123.78
284897.47 5397346.90 56147.86 56081.38
284897.42 5397359.43 56165.57 56098.87
284897.37 5397371.97 56157.87 56091.39
284897.32 5397384.50 56137.15 56070.60
284897.27 5397397.04 56124.16 56057.39
284897.22 5397409.58 56154.42 56087.74
284897.17 5397422.11 56157.55 56091.18
284897.12 5397434.65 56173.49 56106.79
284897.07 5397447.19 56179.72 56113.28
284897.02 5397459.72 56220.43 56153.85
284896.97 5397472.26 56181.98 56115.04
284896.91 5397484.80 56197.01 56129.88
284896.86 5397497.33 56229.62 56162.36
284896.81 5397509.87 56271.52 56204.34
284896.76 5397522.40 56422.28 56355.50
284896.71 5397534.94 56041.49 55974.53
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Appendix C
Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

284896.66 5397547.48 56132.20 56065.02
284896.61 5397560.01 56176.97 56110.11
284896.56 5397572.55 56290.44 56223.91
284896.51 5397585.09 56251.26 56184.28
284896.46 5397597.62 56147.74 56081.10
284896.41 5397610.16 56144.32 56077.82
284896.36 5397622.69 56056.30 55989.45
284896.31 5397635.23 56019.60 55952.58
284896.25 5397647.77 56163.70 56096.97
284896.20 5397660.30 56066.97 55999.88
284896.15 5397672.84 56110.42 56043.56
284896.10 5397685.38 56134.18 56067.46
284896.05 5397697.91 56142.04 56075.85
284896.00 5397710.45 56199.43 56132.96
284895.95 5397722.99 56289.92 56223.11
284895.90 5397735.52 56334.90 56268.14
284895.85 5397748.06 56351.51 56284.46
284895.80 5397760.59 56535.10 56467.51
284895.75 5397773.13 56603.22 56535.37
284895.70 5397785.67 56840.93 56773.53
284895.65 5397798.20 57147.98 57080.81
284895.59 5397810.74 57248.89 57180.90
284895.54 5397823.28 57484.75 57416.69
284895.49 5397835.81 58699.48 58630.92
284895.44 5397848.35 59387.63 59318.27
284895.39 5397860.88 58351.10 58282.12
284895.34 5397873.42 57572.83 57504.61
284895.29 5397885.96 57383.15 57314.80
284895.24 5397898.49 57003.64 56935.31
284895.19 5397911.03 57469.05 57401.77
284895.14 5397923.57 58462.59 58393.89
284895.09 5397936.10 58369.46 58300.64
284895.04 5397948.64 58054.60 57985.36
284894.99 5397961.18 57748.67 57679.44
284894.93 5397973.71 57837.66 57768.01
284894.88 5397986.25 56630.82 56562.24
284894.83 5397998.78 55421.55 55352.38
284894.78 5398011.32 55378.45 55309.43
284894.73 5398023.86 54638.45 54569.37
284894.68 5398036.39 54981.75 54912.88
284894.63 5398048.93 55247.22 55177.73
284894.58 5398061.47 55794.37 55724.92
284894.53 5398074.00 55555.11 55485.78
284894.48 5398086.54 55328.54 55259.97
284894.43 5398099.07 55377.70 55309.11
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Appendix C
Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

284894.38 5398111.61 55403.28 55335.32
284894.33 5398124.15 55402.88 55334.10
284894.27 5398136.68 55458.95 55390.82
284894.22 5398149.22 55480.07 55411.78
284894.17 5398161.76 55551.88 55483.53
284894.12 5398174.29 55604.85 55536.15
284894.07 5398186.83 55672.83 55603.74
284894.02 5398199.37 55709.57 55640.53
284893.97 5398211.90 55752.75 55683.42
284893.92 5398224.44 55864.37 55794.96
284893.87 5398236.97 56013.15 55943.16
284893.82 5398249.51 56033.63 55963.26
284893.77 5398262.05 55925.73 55854.40
284893.72 5398274.58 55897.49 55826.06
284893.67 5398287.12 55908.32 55836.78
284795.35 5397797.80 56875.30 56809.85
284795.30 5397810.33 58050.32 57985.62
284795.25 5397822.87 57786.20 57721.38
284795.20 5397835.41 58251.10 58186.65
284795.15 5397847.94 58820.40 58755.74
284795.10 5397860.48 60704.74 60639.35
284795.05 5397873.01 61381.33 61315.54
284795.00 5397885.55 61174.42 61108.09
284794.95 5397898.09 61103.16 61038.17
284794.90 5397910.62 60099.61 60034.99
284794.85 5397923.16 59067.93 59003.47
284794.80 5397935.70 58264.10 58199.85
284794.75 5397948.23 58005.92 57941.71
284794.69 5397960.77 58475.00 58410.63
284794.64 5397973.31 58144.01 58079.85
284794.59 5397985.84 56843.38 56778.40
284794.54 5397998.38 56407.76 56342.49
284794.49 5398010.91 55416.21 55350.83
284794.44 5398023.45 55858.29 55792.74
284794.39 5398035.99 54772.23 54706.66
284794.34 5398048.52 54769.98 54704.45
284794.29 5398061.06 55123.91 55058.34
284794.24 5398073.60 55515.51 55449.97
284794.19 5398086.13 55226.35 55160.63
284794.14 5398098.67 55152.62 55086.86
284794.09 5398111.20 55259.01 55193.15
284794.03 5398123.74 55702.55 55637.23
284793.98 5398136.28 55572.93 55507.97
284793.93 5398148.81 55606.04 55540.21
284793.88 5398161.35 55510.81 55444.24
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Appendix C
Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

284793.83 5398173.89 55511.46 55448.06
284793.78 5398186.42 55699.58 55634.35
284793.73 5398198.96 55697.67 55631.59
284793.68 5398211.50 55717.69 55651.61
284793.63 5398224.03 55996.28 55931.02
284793.58 5398236.57 56168.11 56102.45
284793.53 5398249.10 56030.25 55964.53
284793.48 5398261.64 56080.81 56014.79
284793.43 5398274.18 55820.21 55754.21
284793.37 5398286.71 55913.31 55847.39
284793.32 5398299.25 55944.43 55878.49
284693.03 5398298.84 55841.61 55776.61
284693.08 5398286.31 55756.16 55690.95
284693.13 5398273.77 55753.72 55688.24
284693.19 5398261.23 55782.16 55716.18
284693.24 5398248.70 55819.57 55753.81
284693.29 5398236.16 55788.39 55723.15
284693.34 5398223.63 55785.99 55720.84
284693.39 5398211.09 55740.66 55675.30
284693.44 5398198.55 55897.77 55832.39
284693.49 5398186.02 56120.26 56054.68
284693.54 5398173.48 55537.82 55472.24
284693.59 5398160.94 55608.03 55542.55
284693.64 5398148.41 55688.67 55623.15
284693.69 5398135.87 55619.32 55553.98
284693.74 5398123.33 55830.31 55764.93
284693.79 5398110.80 55533.08 55467.49
284693.85 5398098.26 55392.05 55326.32
284693.90 5398085.73 55256.47 55190.90
284693.95 5398073.19 55522.59 55457.24
284694.00 5398060.65 56836.79 56771.51
284694.05 5398048.12 56293.13 56227.77
284694.10 5398035.58 56995.48 56929.91
284694.15 5398023.04 57114.19 57048.83
284694.20 5398010.51 56348.67 56283.70
284694.25 5397997.97 56271.84 56206.75
284694.30 5397985.44 55922.09 55857.13
284694.35 5397972.90 55953.71 55889.11
284694.40 5397960.36 55925.17 55860.69
284694.46 5397947.83 56083.44 56018.55
284694.51 5397935.29 56021.72 55957.65
284694.56 5397922.75 55702.91 55639.19
284694.61 5397910.22 56002.23 55938.27
284694.66 5397897.68 57175.81 57112.03
284694.71 5397885.14 58228.77 58164.95
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Appendix C
Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

284694.76 5397872.61 58747.58 58684.04
284694.81 5397860.07 58207.92 58144.18
284694.86 5397847.54 57741.99 57678.01
284694.91 5397835.00 57494.39 57430.37
284694.96 5397822.46 57095.53 57031.54
284695.01 5397809.93 56886.48 56822.58
284695.06 5397797.39 56769.07 56705.18
284695.12 5397784.85 56633.49 56569.98
284695.17 5397772.32 56602.05 56538.59
284695.22 5397759.78 56584.44 56520.80
284695.27 5397747.25 56394.40 56331.11
284695.32 5397734.71 56329.17 56265.81
284695.37 5397722.17 56244.31 56180.81
284695.42 5397709.64 56234.98 56171.42
284695.47 5397697.10 56254.65 56190.94
284695.52 5397684.56 56144.08 56080.14
284695.57 5397672.03 56149.49 56085.89
284695.62 5397659.49 56105.39 56041.87
284695.67 5397646.96 56110.89 56047.47
284695.72 5397634.42 56149.89 56086.23
284695.78 5397621.88 56130.66 56066.94
284695.83 5397609.35 56127.85 56064.31
284695.88 5397596.81 56100.24 56036.71
284695.93 5397584.27 56089.07 56025.28
284695.98 5397571.74 56089.97 56026.19
284696.03 5397559.20 56120.06 56056.02
284696.08 5397546.66 56124.57 56060.40
284696.13 5397534.13 56127.41 56063.12
284696.18 5397521.59 56159.40 56094.86
284696.23 5397509.06 56182.36 56117.73
284696.28 5397496.52 56182.45 56117.91
284696.33 5397483.98 56184.45 56120.41
284696.38 5397471.45 56171.93 56108.04
284696.44 5397458.91 56155.70 56091.92
284696.49 5397446.37 56157.39 56093.64
284696.54 5397433.84 56172.79 56109.11
284696.59 5397421.30 56172.30 56108.68
284696.64 5397408.77 56156.90 56093.25
284696.69 5397396.23 56160.90 56097.35
284696.74 5397383.69 56150.02 56086.26
284696.79 5397371.16 56147.41 56083.80
284696.84 5397358.62 56148.26 56084.39
284696.89 5397346.08 56155.09 56091.28
284696.94 5397333.55 56171.14 56107.56
284696.99 5397321.01 56184.43 56121.05
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Appendix C
Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

284697.04 5397308.47 56208.41 56145.38
284697.10 5397295.94 56234.74 56171.78
284596.80 5397295.53 56224.08 56162.83
284596.75 5397308.07 56234.34 56173.58
284596.70 5397320.60 56175.53 56114.71
284596.65 5397333.14 56155.67 56094.77
284596.60 5397345.68 56149.11 56087.93
284596.55 5397358.21 56148.82 56087.65
284596.50 5397370.75 56167.71 56106.54
284596.45 5397383.29 56166.92 56105.48
284596.40 5397395.82 56160.21 56098.63
284596.35 5397408.36 56139.54 56077.83
284596.30 5397420.90 56138.29 56076.69
284596.25 5397433.43 56122.87 56061.54
284596.20 5397445.97 56129.08 56067.52
284596.14 5397458.50 56129.92 56068.33
284596.09 5397471.04 56147.79 56086.50
284596.04 5397483.58 56158.76 56097.55
284595.99 5397496.11 56191.75 56130.33
284595.94 5397508.65 56211.79 56150.54
284595.89 5397521.19 56220.88 56159.81
284595.84 5397533.72 56222.81 56161.64
284595.79 5397546.26 56186.23 56125.10
284595.74 5397558.79 56162.21 56100.69
284595.69 5397571.33 56159.30 56097.75
284595.64 5397583.87 56148.22 56086.62
284595.59 5397596.40 56125.58 56063.87
284595.54 5397608.94 56110.94 56049.47
284595.48 5397621.48 56130.01 56068.52
284595.43 5397634.01 56127.01 56065.22
284595.38 5397646.55 56137.18 56075.23
284595.33 5397659.09 56065.09 56003.02
284595.28 5397671.62 56060.45 55998.84
284595.23 5397684.16 56071.22 56009.22
284595.18 5397696.69 56082.17 56020.50
284595.13 5397709.23 56047.16 55985.95
284595.08 5397721.77 56167.13 56105.58
284595.03 5397734.30 56218.10 56156.80
284594.98 5397746.84 56115.23 56053.91
284594.93 5397759.38 56116.86 56055.52
284594.88 5397771.91 56137.20 56075.44
284594.82 5397784.45 56406.90 56345.58
284594.77 5397796.98 56172.76 56111.06
284594.72 5397809.52 56282.79 56221.16
284594.67 5397822.06 56508.67 56446.99
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Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

284594.62 5397834.59 56597.85 56536.07
284594.57 5397847.13 56807.45 56745.91
284594.52 5397859.67 57170.59 57109.20
284594.47 5397872.20 57784.43 57723.00
284594.42 5397884.74 58306.67 58245.38
284594.37 5397897.28 58930.17 58869.14
284594.32 5397909.81 60103.46 60042.52
284594.27 5397922.35 59590.25 59529.25
284594.22 5397934.88 57019.71 56958.73
284594.16 5397947.42 58345.18 58284.23
284594.11 5397959.96 60098.52 60038.75
284594.06 5397972.49 61288.37 61227.29
284594.01 5397985.03 61364.95 61304.23
284593.96 5397997.57 60176.21 60115.92
284593.91 5398010.10 60038.62 59977.64
284593.86 5398022.64 60015.99 59955.58
284593.81 5398035.17 59617.75 59557.56
284593.76 5398047.71 59205.13 59144.98
284593.71 5398060.25 56167.10 56107.01
284593.66 5398072.78 56224.47 56164.87
284593.61 5398085.32 56605.57 56546.81
284593.56 5398097.86 56471.07 56412.42
284593.50 5398110.39 56269.41 56210.68
284593.45 5398122.93 55565.41 55506.58
284593.40 5398135.46 55029.18 54969.74
284593.35 5398148.00 55771.04 55711.71
284593.30 5398160.54 55617.31 55557.98
284593.25 5398173.07 55447.84 55388.50
284593.20 5398185.61 55236.50 55176.85
284593.15 5398198.15 55473.14 55413.42
284593.10 5398210.68 55733.58 55673.73
284593.05 5398223.22 55595.41 55535.71
284593.00 5398235.76 55898.49 55838.70
284592.95 5398248.29 55631.58 55571.70
284592.90 5398260.83 55919.11 55859.39
284592.84 5398273.36 55843.52 55784.04
284592.79 5398285.90 55759.54 55700.39
284592.74 5398298.44 55819.16 55760.22
284492.45 5398298.03 55733.99 55673.56
284492.50 5398285.49 55745.30 55683.27
284492.55 5398272.96 55673.65 55611.13
284492.60 5398260.42 55647.50 55584.96
284492.66 5398247.89 55492.46 55430.01
284492.71 5398235.35 55364.57 55302.24
284492.76 5398222.81 55314.14 55251.81
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Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

284492.81 5398210.28 54821.52 54759.35
284492.86 5398197.74 54591.56 54529.32
284492.91 5398185.20 55655.06 55592.65
284492.96 5398172.67 55920.26 55857.73
284493.01 5398160.13 57245.24 57182.19
284493.06 5398147.60 56040.31 55977.06
284493.11 5398135.06 56612.95 56549.75
284493.16 5398122.52 54975.79 54912.51
284493.21 5398109.99 56546.43 56482.74
284493.26 5398097.45 54706.52 54642.01
284493.32 5398084.91 56822.44 56757.64
284493.37 5398072.38 54436.45 54371.81
284493.42 5398059.84 54687.70 54623.15
284493.47 5398047.30 56007.47 55942.70
284493.52 5398034.77 56977.60 56912.83
284493.57 5398022.23 59194.31 59130.13
284493.62 5398009.70 60124.71 60060.38
284493.67 5397997.16 60283.29 60218.53
284493.72 5397984.62 58837.21 58771.93
284493.77 5397972.09 58510.33 58444.72
284493.82 5397959.55 58030.58 57964.77
284493.87 5397947.01 57199.41 57133.72
284493.92 5397934.48 56613.04 56547.54
284493.98 5397921.94 56337.97 56272.23
284494.03 5397909.41 56244.39 56178.24
284494.08 5397896.87 56200.31 56133.74
284494.13 5397884.33 56111.43 56044.42
284494.18 5397871.80 56009.18 55941.96
284494.23 5397859.26 55993.91 55926.61
284494.28 5397846.72 55999.32 55931.79
284494.33 5397834.19 56019.00 55951.35
284494.38 5397821.65 55991.18 55923.35
284494.43 5397809.11 55999.15 55931.11
284494.48 5397796.58 56007.62 55939.42
284494.53 5397784.04 55996.73 55928.03
284494.58 5397771.51 56002.33 55933.71
284494.64 5397758.97 56017.66 55948.83
284494.69 5397746.43 56015.46 55946.90
284494.74 5397733.90 56011.64 55942.99
284494.79 5397721.36 56041.37 55972.35
284494.84 5397708.82 56082.35 56012.81
284494.89 5397696.29 56095.89 56026.14
284494.94 5397683.75 56059.41 55989.44
284494.99 5397671.22 56068.15 55997.91
284495.04 5397658.68 56081.10 56010.66
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Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

284495.09 5397646.14 56082.19 56011.13
284495.14 5397633.61 56044.96 55973.61
284495.19 5397621.07 56068.60 55997.40
284495.24 5397608.53 56080.64 56009.81
284495.30 5397596.00 56099.41 56028.88
284495.35 5397583.46 56109.91 56039.60
284495.40 5397570.92 56105.35 56034.94
284495.45 5397558.39 56184.38 56113.78
284495.50 5397545.85 56287.04 56216.59
284495.55 5397533.32 56253.69 56183.37
284495.60 5397520.78 56218.41 56148.19
284495.65 5397508.24 56206.29 56136.15
284495.70 5397495.71 56173.24 56103.07
284495.75 5397483.17 56147.08 56076.83
284495.80 5397470.63 56140.17 56070.17
284495.85 5397458.10 56163.11 56093.26
284495.90 5397445.56 56160.50 56090.86
284495.96 5397433.03 56149.32 56079.73
284496.01 5397420.49 56140.05 56070.79
284496.06 5397407.95 56155.91 56086.90
284496.11 5397395.42 56130.67 56061.76
284496.16 5397382.88 56126.49 56057.82
284496.21 5397370.34 56134.12 56065.57
284496.26 5397357.81 56131.49 56062.90
284496.31 5397345.27 56146.77 56077.91
284496.36 5397332.73 56148.77 56079.66
284496.41 5397320.20 56151.52 56082.30
284496.46 5397307.66 56155.85 56086.76
284496.51 5397295.13 56167.67 56098.41
284396.22 5397294.72 56131.52 56063.77
284396.17 5397307.26 56136.75 56069.56
284396.12 5397319.79 56139.90 56072.36
284396.07 5397332.33 56128.46 56061.02
284396.02 5397344.87 56162.89 56096.06
284395.97 5397357.40 56163.95 56097.56
284395.92 5397369.94 56152.09 56085.80
284395.87 5397382.47 56107.44 56040.83
284395.82 5397395.01 56032.81 55965.58
284395.77 5397407.55 56077.00 56009.16
284395.72 5397420.08 56075.73 56007.84
284395.67 5397432.62 56052.71 55984.95
284395.61 5397445.16 56057.62 55990.10
284395.56 5397457.69 56054.57 55987.13
284395.51 5397470.23 56051.07 55983.55
284395.46 5397482.76 56091.22 56023.63
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Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

284395.41 5397495.30 56122.74 56055.07
284395.36 5397507.84 56150.30 56082.54
284395.31 5397520.37 56145.89 56078.14
284395.26 5397532.91 56132.42 56064.58
284395.21 5397545.45 56181.47 56113.58
284395.16 5397557.98 56181.55 56113.34
284395.11 5397570.52 56125.98 56057.05
284395.06 5397583.05 56099.90 56031.43
284395.01 5397595.59 56063.79 55996.71
284394.95 5397608.13 56049.53 55982.24
284394.90 5397620.66 56044.75 55977.39
284394.85 5397633.20 56052.96 55985.59
284394.80 5397645.74 56058.88 55992.64
284394.75 5397658.27 56061.50 55994.88
284394.70 5397670.81 56058.33 55991.22
284394.65 5397683.35 56097.95 56030.94
284394.60 5397695.88 56088.12 56021.01
284394.55 5397708.42 56072.66 56005.45
284394.50 5397720.95 56028.87 55961.56
284394.45 5397733.49 55999.67 55932.17
284394.40 5397746.03 56021.37 55953.57
284394.35 5397758.56 56021.15 55954.02
284394.29 5397771.10 56026.34 55959.52
284394.24 5397783.64 56039.05 55972.20
284394.19 5397796.17 56039.56 55972.51
284394.19 5397796.17 56039.36 55972.56
284406.73 5397796.22 56023.97 55957.42
284419.27 5397796.27 56005.14 55938.68
284431.80 5397796.32 55998.52 55932.03
284444.34 5397796.38 56003.05 55936.42
284456.87 5397796.43 56000.85 55933.86
284469.41 5397796.48 55970.97 55903.87
284481.95 5397796.53 55982.64 55915.36
284494.48 5397796.58 56008.58 55941.02
284507.02 5397796.63 55994.83 55927.05
284519.56 5397796.68 56044.39 55976.46
284532.09 5397796.73 56019.22 55951.16
284544.63 5397796.78 56035.26 55967.41
284557.16 5397796.83 56093.35 56025.68
284569.70 5397796.88 56101.16 56034.23
284582.24 5397796.93 56135.81 56068.76
284594.77 5397796.98 56171.38 56104.20
284607.31 5397797.04 56167.66 56100.51
284619.85 5397797.09 56166.03 56098.90
284632.38 5397797.14 56332.39 56265.18
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Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

284644.92 5397797.19 56596.09 56528.70
284657.46 5397797.24 56591.22 56523.73
284669.99 5397797.29 56782.57 56715.15
284682.53 5397797.34 56308.60 56241.09
284695.06 5397797.39 56772.93 56705.28
284707.60 5397797.44 56966.39 56898.58
284720.14 5397797.49 57200.17 57132.56
284732.67 5397797.54 57347.76 57280.21
284745.21 5397797.59 57424.39 57356.77
284757.75 5397797.64 57237.69 57169.99
284770.28 5397797.70 57067.41 56999.75
284782.82 5397797.75 57343.43 57275.85
284394.19 5397796.17 56043.85 55971.62
284394.14 5397808.71 56041.69 55969.13
284394.09 5397821.24 56039.39 55965.57
284394.04 5397833.78 55988.95 55915.43
284393.99 5397846.32 56002.33 55928.75
284393.94 5397858.85 55995.65 55921.93
284393.89 5397871.39 55978.01 55904.80
284393.84 5397883.93 55939.12 55865.94
284393.79 5397896.46 55927.39 55854.54
284393.74 5397909.00 56043.29 55970.63
284393.69 5397921.54 55947.56 55874.98
284393.63 5397934.07 55900.55 55827.93
284393.58 5397946.61 55911.50 55839.41
284393.53 5397959.14 55993.49 55921.89
284393.48 5397971.68 56025.81 55954.35
284393.43 5397984.22 56123.56 56051.06
284393.38 5397996.75 56116.34 56043.75
284393.33 5398009.29 56133.27 56060.72
284393.28 5398021.83 56279.02 56206.59
284393.23 5398034.36 57549.34 57476.85
284393.18 5398046.90 61316.29 61243.63
284393.13 5398059.43 67058.07 66985.11
284393.08 5398071.97 61277.59 61204.78
284393.03 5398084.51 61461.19 61388.24
284392.97 5398097.04 61542.65 61470.63
284392.92 5398109.58 59754.02 59682.16
284392.87 5398122.12 56677.92 56605.59
284392.82 5398134.65 55103.12 55030.40
284392.77 5398147.19 55480.44 55408.11
284392.72 5398159.73 55041.10 54968.80
284392.67 5398172.26 55036.15 54963.69
284392.62 5398184.80 56306.81 56235.06
284392.57 5398197.33 55372.15 55299.77
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Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

284392.52 5398209.87 55314.02 55241.61
284392.47 5398222.41 55525.29 55453.12
284392.42 5398234.94 55734.98 55663.16
284392.37 5398247.48 55826.51 55754.81
284392.31 5398260.02 55679.41 55607.56
284392.26 5398272.55 55763.22 55691.37
284392.21 5398285.09 55828.84 55757.48
284392.16 5398297.62 55934.00 55862.92
284291.87 5398297.22 56005.82 55934.58
284291.92 5398284.68 55995.48 55923.58
284291.97 5398272.15 55990.54 55918.49
284292.02 5398259.61 55974.19 55902.32
284292.07 5398247.07 55962.80 55891.01
284292.13 5398234.54 55892.68 55820.93
284292.18 5398222.00 55872.00 55800.13
284292.23 5398209.46 55833.90 55762.42
284292.28 5398196.93 55847.76 55776.48
284292.33 5398184.39 55743.17 55672.71
284292.38 5398171.86 55724.24 55653.53
284292.43 5398159.32 55749.03 55678.02
284292.48 5398146.78 55877.84 55806.85
284292.53 5398134.25 55787.92 55716.40
284292.58 5398121.71 55773.93 55703.42
284292.63 5398109.17 55733.58 55663.03
284292.68 5398096.64 55854.16 55783.80
284292.73 5398084.10 56437.29 56366.73
284292.79 5398071.56 56230.31 56160.02
284292.84 5398059.03 55890.48 55820.29
284292.89 5398046.49 55916.55 55845.97
284292.94 5398033.96 55870.74 55800.14
284292.99 5398021.42 55944.37 55873.47
284293.04 5398008.88 56014.85 55944.21
284293.09 5397996.35 55970.76 55900.68
284293.14 5397983.81 56202.95 56132.68
284293.19 5397971.27 56119.75 56049.32
284293.24 5397958.74 56304.84 56234.03
284293.29 5397946.20 56096.18 56025.06
284293.34 5397933.67 56118.54 56047.44
284293.39 5397921.13 56332.70 56261.88
284293.45 5397908.59 56543.35 56472.83
284293.50 5397896.06 56325.21 56254.70
284293.55 5397883.52 56006.56 55935.75
284293.60 5397870.98 55985.71 55914.84
284293.65 5397858.45 55976.96 55906.29
284293.70 5397845.91 56039.08 55968.48

Page 29 of 37



Appendix C
Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

284293.75 5397833.38 56012.62 55942.10
284293.80 5397820.84 56028.49 55958.10
284293.85 5397808.30 56036.06 55965.59
284293.90 5397795.77 56049.03 55978.70
284293.95 5397783.23 56041.08 55972.41
284294.00 5397770.69 56041.37 55972.46
284294.05 5397758.16 56054.70 55986.13
284294.11 5397745.62 56013.76 55945.06
284294.16 5397733.08 56028.91 55960.07
284294.21 5397720.55 56055.36 55986.44
284294.26 5397708.01 56051.22 55982.70
284294.31 5397695.48 56061.18 55992.51
284294.36 5397682.94 56118.65 56050.08
284294.41 5397670.40 56110.23 56041.84
284294.46 5397657.87 56074.60 56005.82
284294.51 5397645.33 56067.64 55998.62
284294.56 5397632.79 56036.48 55967.70
284294.61 5397620.26 56007.20 55938.60
284294.66 5397607.72 56021.42 55952.94
284294.71 5397595.19 56073.17 56004.41
284294.77 5397582.65 56141.22 56072.22
284294.82 5397570.11 56167.01 56097.83
284294.87 5397557.58 56157.82 56088.74
284294.92 5397545.04 56149.37 56080.25
284294.97 5397532.50 56141.56 56072.38
284295.02 5397519.97 56152.16 56083.22
284295.07 5397507.43 56134.30 56065.35
284295.12 5397494.89 56057.30 55988.29
284295.17 5397482.36 56061.69 55992.63
284295.22 5397469.82 56087.37 56018.59
284295.27 5397457.29 56050.76 55981.47
284295.32 5397444.75 56072.61 56004.35
284295.37 5397432.21 56110.16 56040.96
284295.43 5397419.68 56013.31 55943.71
284295.48 5397407.14 56169.43 56100.06
284295.53 5397394.60 56009.61 55941.00
284295.58 5397382.07 56144.92 56075.81
284295.63 5397369.53 56158.31 56089.44
284295.68 5397357.00 56129.72 56061.22
284295.73 5397344.46 56124.24 56056.38
284295.78 5397331.92 55253.51 55185.00
284295.83 5397319.39 56144.86 56075.97
284295.73 5397344.46 56121.11 56052.32
284295.78 5397331.92 56130.48 56061.58
284295.83 5397319.39 56145.87 56077.16
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Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

284295.88 5397306.85 56162.64 56094.15
284295.93 5397294.31 56174.75 56106.28
284195.64 5397293.91 56105.66 56035.97
284195.59 5397306.44 56120.87 56050.69
284195.54 5397318.98 56124.93 56055.37
284195.49 5397331.52 56111.58 56042.33
284195.44 5397344.05 56101.45 56033.07
284195.39 5397356.59 56107.92 56038.42
284195.34 5397369.13 56121.85 56052.93
284195.29 5397381.66 56106.02 56037.01
284195.24 5397394.20 56150.90 56081.73
284195.19 5397406.73 56157.21 56087.65
284195.13 5397419.27 56155.81 56086.32
284195.08 5397431.81 56151.30 56082.40
284195.03 5397444.34 56138.59 56070.31
284194.98 5397456.88 56083.12 56015.51
284194.93 5397469.42 56062.25 55994.27
284194.88 5397481.95 56068.26 55999.43
284194.83 5397494.49 56067.02 55997.98
284194.78 5397507.02 56102.18 56032.67
284194.73 5397519.56 56135.58 56065.99
284194.68 5397532.10 56205.27 56135.56
284194.63 5397544.63 56205.66 56135.83
284194.58 5397557.17 56226.60 56156.45
284194.53 5397569.71 56178.22 56107.72
284194.47 5397582.24 56155.85 56085.00
284194.42 5397594.78 56130.60 56059.76
284194.37 5397607.32 56130.07 56059.38
284194.32 5397619.85 56128.31 56058.00
284194.27 5397632.39 56094.48 56023.51
284194.22 5397644.92 56086.81 56015.98
284194.17 5397657.46 56118.22 56047.46
284194.12 5397670.00 56106.01 56035.35
284194.07 5397682.53 56118.51 56048.57
284194.02 5397695.07 56109.90 56040.45
284193.97 5397707.61 56115.90 56046.45
284193.92 5397720.14 56091.74 56022.18
284193.87 5397732.68 56087.33 56017.59
284193.81 5397745.21 56078.65 56008.84
284193.76 5397757.75 56085.47 56016.03
284193.71 5397770.29 56088.05 56018.89
284193.66 5397782.82 56085.17 56015.59
284193.61 5397795.36 56096.37 56026.86
284193.56 5397807.90 56156.63 56086.10
284193.51 5397820.43 56269.94 56199.94
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Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

284193.46 5397832.97 56303.39 56233.74
284193.41 5397845.51 56177.53 56107.83
284193.36 5397858.04 56161.72 56091.62
284193.31 5397870.58 56156.58 56087.58
284193.26 5397883.11 56035.01 55966.20
284193.21 5397895.65 56103.62 56034.43
284193.15 5397908.19 56164.66 56096.32
284193.10 5397920.72 56217.46 56149.07
284193.05 5397933.26 56199.67 56131.21
284193.00 5397945.80 56076.97 56008.14
284192.95 5397958.33 56328.98 56259.73
284192.90 5397970.87 56153.38 56084.32
284192.85 5397983.40 56155.09 56086.11
284192.80 5397995.94 56124.22 56055.03
284192.75 5398008.48 56087.50 56018.39
284192.70 5398021.01 56129.40 56060.20
284192.65 5398033.55 56124.94 56055.83
284192.60 5398046.09 56111.80 56042.69
284192.55 5398058.62 56096.15 56026.97
284192.49 5398071.16 56067.04 55998.12
284192.44 5398083.70 56020.01 55951.00
284192.39 5398096.23 56056.42 55987.89
284192.34 5398108.77 56103.08 56034.47
284192.29 5398121.30 56201.76 56133.13
284192.24 5398133.84 56130.82 56062.18
284192.19 5398146.38 56130.93 56062.24
284192.14 5398158.91 56051.83 55982.92
284192.09 5398171.45 56070.57 56001.84
284192.04 5398183.99 56074.34 56004.98
284191.99 5398196.52 56019.60 55950.49
284191.94 5398209.06 55995.71 55926.78
284191.89 5398221.59 55966.47 55896.70
284191.83 5398234.13 55925.99 55856.34
284191.78 5398246.67 55893.02 55823.25
284191.73 5398259.20 56161.14 56092.17
284191.68 5398271.74 56174.79 56105.30
284191.63 5398284.28 56060.43 55990.68
284191.58 5398296.81 56102.85 56032.97
284091.29 5398296.41 56190.50 56120.34
284091.34 5398283.87 56181.44 56111.07
284091.39 5398271.33 56122.76 56052.40
284091.44 5398258.80 56078.05 56008.17
284091.49 5398246.26 56055.33 55985.28
284091.54 5398233.72 56084.83 56015.00
284091.60 5398221.19 56106.81 56037.31
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Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

284091.65 5398208.65 56113.14 56043.26
284091.70 5398196.12 56115.38 56045.41
284091.75 5398183.58 56128.51 56058.65
284091.80 5398171.04 56120.00 56049.88
284091.85 5398158.51 56129.35 56059.44
284091.90 5398145.97 56141.13 56071.19
284091.95 5398133.43 56188.07 56118.14
284092.00 5398120.90 56164.49 56094.54
284092.05 5398108.36 56292.03 56222.10
284092.10 5398095.83 56271.21 56201.19
284092.15 5398083.29 56181.22 56111.39
284092.20 5398070.75 56115.25 56045.22
284092.26 5398058.22 56170.93 56101.04
284092.31 5398045.68 56193.81 56123.84
284092.36 5398033.14 56159.64 56089.64
284092.41 5398020.61 56124.80 56054.76
284092.46 5398008.07 55986.86 55916.50
284092.51 5397995.53 56148.89 56078.70
284092.56 5397983.00 56094.60 56024.40
284092.61 5397970.46 56087.91 56017.92
284092.66 5397957.93 56076.61 56006.86
284092.71 5397945.39 56081.79 56011.67
284092.76 5397932.85 56122.14 56051.99
284092.81 5397920.32 56132.86 56062.88
284092.86 5397907.78 56140.08 56069.81
284092.92 5397895.24 56177.67 56107.71
284092.97 5397882.71 56206.68 56136.67
284093.02 5397870.17 56136.00 56065.91
284093.07 5397857.64 56128.18 56058.20
284093.12 5397845.10 56177.45 56107.45
284093.17 5397832.56 56166.67 56096.59
284093.22 5397820.03 56147.64 56077.34
284093.27 5397807.49 56142.16 56072.01
284093.32 5397794.95 56218.92 56148.96
284093.37 5397782.42 56211.35 56141.17
284093.42 5397769.88 56114.37 56044.09
284093.47 5397757.34 56134.85 56064.65
284093.52 5397744.81 56194.57 56124.41
284093.58 5397732.27 56090.61 56020.29
284093.63 5397719.74 56067.17 55996.96
284093.68 5397707.20 56069.84 55999.42
284093.73 5397694.66 56107.92 56037.72
284093.78 5397682.13 56160.90 56090.69
284093.83 5397669.59 56173.95 56103.73
284093.88 5397657.05 56181.79 56111.44
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East North Field_nT Corr_nT
Nad 83, Z16

284093.93 5397644.52 56185.16 56114.99
284093.98 5397631.98 56170.02 56099.91
284094.03 5397619.45 56180.35 56110.16
284094.08 5397606.91 56158.82 56088.51
284094.13 5397594.37 56182.39 56112.25
284094.18 5397581.84 56196.10 56125.81
284094.24 5397569.30 56227.57 56157.30
284094.29 5397556.76 56290.97 56220.53
284094.34 5397544.23 56251.44 56180.71
284094.39 5397531.69 56142.00 56071.37
284094.44 5397519.15 56108.75 56038.15
284094.49 5397506.62 56083.41 56013.04
284094.54 5397494.08 56145.67 56075.17
284094.59 5397481.55 56139.17 56068.62
284094.64 5397469.01 56185.81 56115.23
284094.69 5397456.47 56195.85 56125.61
284094.74 5397443.94 56230.47 56160.32
284094.79 5397431.40 56197.96 56127.65
284094.84 5397418.86 56283.07 56212.75
284094.90 5397406.33 56079.85 56009.81
284094.95 5397393.79 56671.69 56601.50
284095.00 5397381.26 56111.93 56041.73
284095.05 5397368.72 56110.96 56040.77
284095.10 5397356.18 56115.54 56045.10
284095.15 5397343.65 56113.11 56042.24
284095.20 5397331.11 56114.12 56043.88
284095.25 5397318.57 56097.08 56027.21
284095.30 5397306.04 56115.37 56045.49
284095.35 5397293.50 56059.46 55989.66
283995.06 5397293.10 56208.07 56136.28
283995.01 5397305.63 56224.60 56152.77
283994.96 5397318.17 56078.06 56005.97
283994.91 5397330.70 56124.05 56051.59
283994.86 5397343.24 56145.07 56072.53
283994.81 5397355.78 56116.26 56043.77
283994.76 5397368.31 56113.31 56040.98
283994.71 5397380.85 56105.17 56032.64
283994.66 5397393.39 56103.60 56031.31
283994.60 5397405.92 56134.37 56061.83
283994.55 5397418.46 56126.03 56053.64
283994.50 5397430.99 56199.25 56126.83
283994.45 5397443.53 56216.44 56144.24
283994.40 5397456.07 56196.66 56124.36
283994.35 5397468.60 56138.34 56065.78
283994.30 5397481.14 56114.49 56042.02
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East North Field_nT Corr_nT
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283994.25 5397493.68 56116.44 56044.19
283994.20 5397506.21 56149.63 56077.64
283994.15 5397518.75 56075.76 56004.06
283994.10 5397531.29 56096.77 56025.07
283994.05 5397543.82 56098.73 56026.90
283994.00 5397556.36 56216.57 56145.07
283993.94 5397568.89 56216.85 56145.86
283993.89 5397581.43 56363.37 56291.99
283993.84 5397593.97 56301.24 56229.70
283993.79 5397606.50 56200.04 56128.28
283993.74 5397619.04 56209.00 56137.04
283993.69 5397631.58 56173.51 56101.37
283993.64 5397644.11 56179.70 56107.45
283993.59 5397656.65 56133.13 56060.73
283993.54 5397669.18 56108.73 56036.59
283993.49 5397681.72 56104.72 56032.59
283993.44 5397694.26 56142.27 56070.06
283993.39 5397706.79 56131.71 56059.19
283993.34 5397719.33 56082.21 56009.78
283993.28 5397731.87 56081.98 56009.30
283993.23 5397744.40 56123.17 56050.53
283993.18 5397756.94 56181.87 56109.04
283993.13 5397769.47 56186.68 56113.78
283993.08 5397782.01 56088.38 56015.42
283993.03 5397794.55 56083.67 56010.66
283992.98 5397807.08 56070.74 55997.90
283992.93 5397819.62 56133.04 56059.87
283992.88 5397832.16 56175.62 56102.20
283992.83 5397844.69 56155.65 56082.37
283992.78 5397857.23 56124.34 56050.96
283992.73 5397869.77 56116.92 56043.31
283992.68 5397882.30 56082.87 56009.19
283992.62 5397894.84 56123.99 56050.15
283992.57 5397907.37 56117.91 56043.99
283992.52 5397919.91 56054.94 55980.99
283992.47 5397932.45 56098.00 56023.88
283992.42 5397944.98 56137.66 56063.81
283992.37 5397957.52 56194.54 56120.80
283992.32 5397970.06 56170.12 56096.34
283992.27 5397982.59 56166.48 56092.60
283992.22 5397995.13 56206.68 56132.66
283992.17 5398007.66 56266.16 56191.95
283992.12 5398020.20 56199.09 56125.21
283992.07 5398032.74 56137.86 56064.02
283992.02 5398045.27 56168.15 56094.34
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Appendix C
Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

283991.96 5398057.81 56196.12 56122.96
283991.91 5398070.35 56210.51 56137.45
283991.86 5398082.88 56205.28 56132.37
283991.81 5398095.42 56153.22 56080.19
283991.76 5398107.96 56079.36 56006.23
283991.71 5398120.49 56031.87 55958.67
283991.66 5398133.03 56080.61 56007.20
283991.61 5398145.56 56092.03 56018.40
283991.56 5398158.10 56197.45 56123.74
283991.51 5398170.64 56534.86 56461.12
283991.46 5398183.17 56109.48 56035.49
283991.41 5398195.71 56205.02 56130.66
283991.36 5398208.25 56202.69 56128.06
283991.30 5398220.78 56249.75 56175.06
283991.25 5398233.32 56254.86 56179.97
283991.20 5398245.85 56271.07 56196.09
283991.15 5398258.39 56270.33 56195.53
283991.10 5398270.93 56271.84 56197.04
283991.05 5398283.46 56270.07 56194.97
283991.00 5398296.00 56278.93 56203.75
283993.03 5397794.55 56084.78 56007.50
284005.57 5397794.60 56066.62 55990.59
284018.10 5397794.65 56109.70 56033.55
284030.64 5397794.70 56071.58 55994.63
284043.18 5397794.75 56134.06 56056.43
284055.71 5397794.80 56127.69 56050.23
284068.25 5397794.85 56122.37 56045.15
284080.79 5397794.90 56245.86 56168.72
284093.32 5397794.95 56221.93 56144.31
284105.86 5397795.00 56250.21 56172.37
284118.39 5397795.06 56308.92 56231.28
284130.93 5397795.11 56318.75 56241.47
284143.47 5397795.16 56262.50 56185.36
284156.00 5397795.21 56215.32 56138.27
284168.54 5397795.26 56166.10 56089.10
284181.08 5397795.31 56127.16 56050.06
284193.61 5397795.36 56104.88 56027.65
284206.15 5397795.41 56093.90 56016.76
284218.68 5397795.46 56087.25 56009.97
284231.22 5397795.51 56075.99 55998.53
284243.76 5397795.56 56082.88 56005.23
284256.29 5397795.61 56073.43 55995.85
284268.83 5397795.66 56059.34 55981.82
284281.37 5397795.72 56049.05 55971.60
284293.90 5397795.77 56055.48 55978.06
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Appendix C
Magnetic Data

East North Field_nT Corr_nT
Nad 83, Z16

284306.44 5397795.82 56054.46 55977.18
284318.97 5397795.87 56029.70 55952.59
284331.51 5397795.92 56017.71 55940.92
284344.05 5397795.97 56025.89 55949.16
284356.58 5397796.02 56018.24 55941.52
284369.12 5397796.07 56061.72 55984.76
284381.66 5397796.12 56042.26 55965.14
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APPENDIX E: GEM SYSTEMS GSM-19 SPECIFICATIONS 
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The Overhauser

GEM Systems GSM-19 Overhauser total field 

magnetometer and the GSM-19G Gradiometer 

provide improved data quality and greater 

absolute accuracy than Proton magnetometers, 

while providing a robust and comparable system to 

costlier Cs magnetometers for ground applications.

Technically Superior 

The GSM-19 Overhauser instrument is the total 

field magnetometer / gradiometer of choice in 

today's earth science environment. GEM 

Overhauser technology provides a unique blend of 

physics, chemistry and engineering. Sophisticated 

system design and solid experience in the field of 

magnetics help to clearly differentiate it from other 

quantum magnetometers.

The GSM-19 is a standard in many fields, including:

Mineral exploration • 

Environmental and engineering• 

• Pipeline mapping

• Airborne basestation

Unexploded Ordnance Detection• 

Archaeology• 

Magnetic observatory measurements• 

Volcanology and earthquake prediction• 

Overhauser Magnetometers

systems

GEM Systems Overhauser Magnetometer system. It can be configured with 

additional survey sensors for simultaneous gradiometer readings as well as 

VLF. System configurations can also include walking mode and GPS.

Taking Advantage of the

Overhauser Effect

Overhauser effect magnetometers are essentially 

proton precession devices - except that they 

produce an order-of magnitude greater 

sensitivity. 

The Overhauser effect occurs when a special 

liquid (with unpaired electrons) is combined with 

hydrogen atoms and then exposed to secondary 

polarization from a radio frequency (RF) magnetic 

field. The unpaired electrons transfer their 

stronger polarization to hydrogen atoms,

thereby generating a strong precession signal 

that is ideal for very high sensitivity total field 

measurements. 

In comparison with proton precession methods, 

RF signal generation also keeps power 

consumption to an absolute minimum. RF 

frequencies are well out of the bandwidth of the 

precession signal and they do not impair the 

sensitivity i.e. polarization and signal 

measurement can occur simultaneously - which 

enables faster, sequential measurements and 

increased cycling rates (i.e. sampling speeds). 

Measurements can therefore be near continuous.

Magnetometer (GSM-19) - Walking Magnetometer (GSM-19W)

Gradiometer (GSM-19G) - Walking Gradiometer (GSM-19GW)

Since 1980
  Leading the World of Magnetics 

Gememem
systems

ADVANCED MAGNETOMETERS

GEM Systems is the global leader 

in the manufacture and sale of 

high precision magnetometers.
              

GEM Systems is the only commercial 

manufacturer of Overhauser 

magnetometers, that are accepted and 

used at Magnetic Observatories over 

the world.

Our Potassium Magnetometers are 

the most precise magnetometers in 

the world.

Our Proton sensors are considered the 

most practical and robust 

magnetometers for general field use.

Proven reliability based on R+D

since 1980.

We deliver fully integrated systems 

with GPS and additional survey 

capability with VLF-EM for 

convenience and high productivity.

Today we are creating the absolute 

best in airborne sensors and are 

leading the way with smaller and 

lighter sensors for practical UAV 

applications. 

GEM Systems large potassium sensors 

offer the highest sensitivity (20-50 fT)

for use in natural hazard research and 

global ionospheric studies.

Our Leadership and Success in the 

World of Magnetics is 

your key to success in applications 

from Archeology, Volcanology and 

UXO detection to Exploration and 

Magnetic Observations Globally.

GEM Systems, Inc.
135 Spy Court  Markham, ON  Canada L3R 5H6

Phone: 1 905 752 2202 • Fax: 1 905 752 2205

Email: info@gemsystems.ca • Web: www.gemsystems.caOur World is Magnetics.
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Specifications
Performance

Sensitivity: Standard GSM 19   0.022 nT @ 1 Hz

                        GSM 19PRO    0.015 nT @ 1 Hz

Resolution:                                             0.01 nT

Absolute Accuracy:                                   0.1 nT

Dynamic Range:                20,000 to 120,000 nT

Gradient Tolerance:               up to 10,000 nT/m

Samples at:                60+, 5, 3, 2, 1, 0.5, 0.2 sec

Operating Temperature:            -40°C to +50°C

Operating Modes

Manual: Coordinates, time, date and

reading stored automatically at upto 0.2 sec. 

Base Station: Time, date and reading

stored at 1 to 60 second intervals.

Remote Control: Optional remote control

using RS-232 interface.

Input / Output: Input/Output: RS-232 using 6-

pin weatherproof connector with USB adapter.

Memory -  (# of Readings in millions)

Mobile: 1.4M, Base Station: 5.3M, 

Gradiometer: 1.2M, Walking Mag: 2.6M

Dimensions

Console:                  223mm x 69mm x 240 mm

                      (8.7x2.7x9.5in)

Sensor:        175mm x 75mm diameter cylinder

                  (6.8in long by 3 in diameter)

 Weights

Console with Belt:                                    2.1 kg

Sensor and Staff Assembly:                      1.0 kg

Standard Components

GSM-19 console, GEMLink software,

battery, harness, charger, sensor with

cable, RS-232 cable and USB adapter,

staff, instruction manual, and shipping case.

Options
Gradient Magnetometer, Walking Mode, Multi sensor

  Available GPS
GPS Time Only (Option A)

Standard GPS (Option B):

• 0.7m SBAS (WAAS, EGNOS, MSAS)  

• < 1.5m non-SBAS  

Enhanced GPS (Option C):

• 0.6m SBAS (WAAS, EGNOS, MSAS),  

           GLONASS, BeiDou, Galileo 

• Consult GEM for availability

High resolution GPS (Option D): 

• 0.6m SBAS (WAAS, EGNOS, MSAS), 

           GLONASS, BeiDou, Galileo 

• 40 cm or 4cm accuracy with NovaTel Correct

 (TerraStar Subscription required)

• Consult GEM for availability

VLF Option : Frequency Range: 15 to 30.0 kHz with 

up to 3 stations. Parameters: Vertical in-phase and 

out-of-phase components as % of total field. 

The GSM 19,19G,19W and 19GW systems come 

complete with an industry leading three year 

warranty

Single sensor and gradiometer modes provide flexibility and fast sampling 

and are used for detecting changes in the magnetic field. Applications 

include; alteration mapping, structural geology, archeology and UXO 

applications.

GEM Systems Sensor Technology
GEM Systems sensors represent a proprietary 

innovation that combines advances in 

electronics design and quantum

magnetometer chemistry. Each sensor head 

houses a proprietary hydrogen-rich liquid 

solvent which is combined with free electrons 

(free radicals) in the GEM labratory to increase 

the signal intensity under RF polarization.   

GPS and Navigation
Along with basic GPS tracking, GEM provides a 

Navigation feature with real-time coordinate 

transformation to UTM and local grid. A survey 

“lane” guidance system with cross track display 

coupled with automatic end-of-line flag and 

guidance to the next line allows the operator to 

navigate seamlessly while carrying out the 

magnetic survey. Operators can define a 

complete survey on PC and download points to 

the magnetometer via RS-232 before leaving 

for the field. 

GEMLink+     
Software for Processing Magnetic Data

GEMLink+ processing software is provided 

with every GEM magnetometer system. 

GEMLink+ provides all of the data 

visualization needed by the geoscientist  to 

quickly assess the data quality in the field. The 

software provides diurnal correction, profile 

plotting, line path maps and some basic 

mapping and modeling functions. Files can be 

imported/exported to Google (.kmz) format 

and coordinate transformations can be made.

GEMLink+ Data QAQC software with multi window 

data processing and plotting.

GEM Systems GSM-19 

Small and light weight. Rugged plastic 

housing protects the internal components 

during operation and transport.

Sample data 

Gradiometer data shows very low noise level 

(<0.2nT. peak to peak) 
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GEM Systems, Inc.
135 Spy Court  Markham, ON  Canada L3R 5H6

Phone: 1 905 752 2202 • Fax: 1 905 752 2205

Email: info@gemsystems.ca • Web: www.gemsystems.ca

Gememem
systems

ADVANCED MAGNETOMETERS
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CRONE GEOPHYSICS LIMITED 
3607 WOLFEDALE ROAD, MISSISSAUGA. ONTARIO, CANADA L5C 1V8 

TELEPHONE (416) 270-0096 CABLE: CRONGEO. TORONTO Tuu(: 06-961260. 

J 

I '  

AustralIan Branch 244 Nedrldgc R o d .  MOOREBANK. N.S.W. 2170 Telephone: (02) 602-0937. Te1.X: 71-22922 

$. 

INSTRUCTIONS FOR OPERATION OF THE 
RADEM VLF-EM RECEIVER 

Transmitter Stations 

The VLF Communication Broadcast stations 
are positioned throughout the world. At present, 13 
of these stations broadcast steadily except for 
maintenance periods usually of 1/2 to 1/3 days per week. 
The RADEM receives any 7 of these stations with selection 
by means of a switch. The usable range of the stations 
varies widely with power and transmission conditions 
but is usually between 1000 and 5000 miles. Two types of 
signals are broadcast "keyed" (on and off) and "frequency 
shift" (FM) . 

in the same direction as the regional strike. For 
example, if the geological strike is east-west then a 
station located east or west of the operator should be 
used. If in doubt of the geological strike two orthogonal 
stations should be read. 

A station should be selected that is located 

Field Measurements 

(a) Dip Angle of Resultant Field 

This is the angle of inclination, measured 
from the horizontal in degrees, of the direction of the 
resultant VLF field. The VLF field is normally horizontal 
(Oo dip). The dip angle measurement is independant of 
the strength of the field and the gain setting of the 
RADEM receiver. When plotted on a profile the dip angles 
usually form a cross-over pattern above the conductor 
as with the standard vertical loop EM method. 

To measure, the dip angle the RADEM is first 
held with the instrument face horizontal and rotated 
until a null is obtained (visual minimum on the field 
strenath meter and audio null). 



Crone Geophysics Limited 
'* 

Radem 

L 

d i r e c t i o n  of  t h e  VLF f i e l d .  The =EM i s  then he ld  
v e r t i c a l l y  and t i l t e d  from r i g h t  t o  l e f t  u n t i l  another  
n u l l  i s  obta ined .  The instrument  i s  he ld  s teady  i n  
t h i s  n u l l  p o s i t i o n  and the  d i p  angle  read  from t h e  i n -  
c l inometer .  N o t e  t h a t  t h e  arrow i n  CRONE p o i n t s  to -  
wards t h e  conductor i f  t h e  arrow p o i n t s  nor th  t h e  d i p  
angle  i s  recorded a s  say 1 0 O N .  
measurement t h e  Normal-K switch must be i n  t h e  NORM 

I n  making t h e  d i p  angle  

pos i t i on .  

(b)  Out-Of-Phase Measurement 
(Usually N o t  Measured) 

The secondary f i e l d  from a ground conductor 
o f t e n  i s  no t  i n  t h e  same phase as t h e  primary f i e l d ,  
t h e r e f o r e  t h e  r e s u l t a n t  f i e l d  w i l l  have an out-of-phase 
component. 

To measure t h e  out-of-phase component a s  a 
percent  of  t h e  normal primary f i e l d  t h e  volume c o n t r o l  of 
the  a m p l i f i e r  must be se t  up as a s tandard .  This i s  
achieved a t  a base s t a t i o n  i n  a normal a r ea .  The F i e l d  
S t rength  range switch i s  placed i n  t h e  0 - 300 p o s i t i o n .  
The RADEM he ld  wi th  t h e  f ace  h o r i z o n t a l  and t h e  body ro- 
t a t e d  u n t i l  a maximum F i e l d  S t r eng th  reading is  obta ined .  
I n  t h i s  p o s i t i o n  t h e  V o l u m e  c o n t r o l  i s  ad jus t ed  u n t i l  t h e  
meter r eads  "100" .  The Volume c o n t r o l  i s  l e f t  a t  t h i s  
s e t t i n g  u n t i l  t h e  base s t a t i o n  i s  r ead  aga in  usua l ly  one 
t o  s e v e r a l  hours la ter .  The Out-Of-Phase reading i s  t h e  
minimum p o s i t i o n  of t h e  F i e l d  S t r eng th  meter when t h e  d i p  
angle  of  t h e  r e s u l t a n t  f i e l d  i s  being measured. I t  i s  
read a t  t h e  same t i m e  a s  t h e  d i p  angle  i s  being read w i t h  
t h e  RADEM i n  t h e  v e r t i c a l  n u l l  p o s i t i o n .  

The Out-Of-Phase measurement i s  s e n s i t i v e  t o  a 
lower o r d e r  o f  conduct iv i ty  than  t h e  d i p  angle  measurement. 
For t h i s  reason it i s  o f t e n  n o t  recorded un le s s  very poor 
conductors are being sought.  

Horizontal  Component of  t h e  F ie ld  S t r eng th  

This  i s  simply t h e  s t r e n g t h  of t h e  f i e l d  i n  t h e  
ho r i zon ta l  p lane .  I t  i s  t h e  maximum reading obta ined  from 
the  F i e l d  S t r eng th  m e t e r  when t h e  i n s t r u m e n t  is  r o t a t e d  i n  
t h e  h o r i z o n t a l  plane.  I t  i s  t h e r e f o r e  a t  r i g h t  angles  t o  
t h e  n u l l  p o s i t i o n .  I t  i s  usua l ly  read  a f t e r  t h e  d i p  a n g l e  
measurement simply by holding t h e  RADEM hor i zon ta l ,  t h e  
CRQNE arrow po in t ing  a t  r i g h t  angles  t o  t h e  ope ra to r ,  and 
ad jus t ing  p o s i t i o n  f o r  maximum reading  i n  t he  h o r i z o n t a l  
plane.  



Crone Geophysics Limited I 
Radem 

I f  t h e  s i g n a l  i s  keyed t h e  N o r m a l - K  swi tch  

I t  must be r e tu rned  t o  t h e  normal p o s i t i o n  
i s  moved t o  t h e  "K" p o s i t i o n  f o r  t h e  f i e l d  s t r e n g t h  
reading. 
f o r  d i p  angle  measurement. 

The f i e l d  s t r e n g t h  of VLF s t a t i o n s  d r i f t s  
with t i m e .  
s u n r i s e  and sunse t  per iods .  A base s t a t i o n  should be 
e s t a b l i s h e d  i n  a normal area and t h e  RADEM a d j u s t e d  t o  
a Horizontal  F i e l d  S t r eng th  of "100" an  t h e  "0 - 300"  
scale by means of t he  volume c o n t r o l  p o t .  
or subs id i a ry  base s t a t i o n  should be r ead  every  one t o  
two hours as  i n  a magnetic survey. 

This  d r i f t  i s  p a r t i c u l a r l y  seve re  dur ing  

This  base 

F r a s e r ' s  Method 

Reference: Geophysics, V o l u m e  3 4 ,  No. 6 ,  December 1 9 6 9 .  
"Contouring of VLF-EM Data" 

This  is a simple ope ra t ion  on t h e  d i p  angle  
readings t h a t  more c l e a r l y  d e f i n e s  anomalous a r e a s .  I t  
r equ i r e s  a c o n s i s t e n t  reading  i n t e r v a l  u s u a l l y  5 0 '  or 
100'. It  produces a survey i n  which t h e  conductors a r e  
contoured much t h e  same as a Hor izonta l  F i e l d  S t r e n g t h  
survey al though lacking  t h e  d e t a i l  p o s s i b l e  wi th  t h e  
F i e l d  S t rength  measurement. 

Example of  F i e l d  Sheet  

S t a t i o n  Out-Of- Dip Angle Reading F i e l d  S t r eng th  Remarl 
Phase-% Degrees T i m e  D r i f t  Corr. 

ION-Base 
10+50N 
1 1 N  
1 1 + S O N  
12N 
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13N 
13+50N 
14N 
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Appendix B 

Reprint from Geophysics, Vol. 34 ,  No.6 (December 1969) p.958-967 

"Contouring of VLF-EM Data (Dip Angle Measurements)" 

by Frazer, D.C. 

-15- 

salo
Rectangle



GEOPHYSICS, VOL. 34, NO. 6 (DECEMBER 1969), P. 9SU-067.6 FIGS.. 1 TABLE 

CONTOURING OF VLF-EM DATAt 

D. C .  F R A S E R '  

Prospecting for conductive deposits with 
ground YLF-EM instrunients has received con- 
siderable impetus with the recent development of 
lightweight reccivers. The large geologic noise 
component, which rkults from the relatively high- 
transmitted frequency, has caused some critics to 
avoid use of the technique. Those who routinely 
perform surveys with a VLF-EI\I unit find that, 
in some areas, a 5-degree peak-to-peak anomaly 
can be significant, whereas anomalies having 
amplitudes in excess of IN) degrees may occur as 

well. Consequently, there is a dynamic range 
problem when presenting the results as profiles 

plotted on a field map. 
.+ data manipulation procedure is described 

which transforms noisy noncontourable data in  to 
less nois? contourable data. thereby eliminating 
the dynamic range problem and reducing the 
noise problem. The manipulation is the result oi 
the application of a ditference operator to tran3- 
form zuro-crossings into peaks, and a low-pas 
smoothing operator to reduce noise. Experience 
has shown that field personnel can routinely 
perform the calculations which simply involve 
additions and subtractions. 

INTRODUCTION 

\'LF-E>I data can be esceedingly diflicult to 
interpret hecause a large geologic noise coniponent 
can result from the relatively high-transmitted 
frequency of about 2O,Oo(I HL. Routinc sur\.cys 
can yield useless data unless special care is taken 
both in survey procctlure and in data presenta- 
tion. 

The purpose oi this paper is to describe the 
survey procedure mid the method oi data presen- 
tation i n  use Iiy the Kecvil ,\lining (iruup and to 
illustrate the advantages of this approach. 

VLF-EM GROCSD SURVEY PROCEDURE A N D  

D A T A  TREATMENT 

tive ocean water. Skin depth is approximately 
3.6k'p meters, where P is the resistivity of 3 

homogeneous halfspace in ohm-m, on the assump- 
tion that the frequencx is 20,OOO Hz and that the 
halfspace is magnetically nonpolaritable. Conse- 
quently, depth of exploration is severely restricted 
for ,)verburtien resistivities less than 200 ohm-m. 

Since the area to be prospected normally is of 
considerable distance horn the transmitter sta- 
tions, the primary field is uniform in the area, 
allowing rather simple mathematics to be used in 
anomaly prediction and analysis. 

Surixy proccditrc arid ddta t t cdmcnt  

' h e  survey procedure tirst consists of selecting 
a trmsmittcr station which provides a field 
approximately parallel to the traverse direction, 
i.e., approximately perpendicular to the expected 
strike oi a conductor. The following points relate 
to the method of data treatment. 

1 .  Reatlings sliould be taken every 5 0  ft, as 

1. l'raii3niittcr bratioils should not be changed 
will be Jiown below. 
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for a given block of ground, to avoid distor- 
tion in the contour presentation. Hence, 6I.l- 

in lines should be run with the same trans- 
mitter station as other lines in the block. The 
field direction of this station should be shown 
on the data map. 

3. List the dip angle’ data in tabular form, as 
follows : 

a) Iist in the direction of north (top of 
paper) to south, or from west to east; 

b) designate south or east dips as nega- 
tive; and 

c) perform calculations as shown in 
Table 1. 

Thus, the filtered output or contourable 
quantity simply consists of the sum of the 
observations a t  two consecutive data sta- 
tions subtracted from the sum at the next 
two consecutive data stations. The theo- 
retical basis for this procedure will be de- 
scribed below. 

4. The right-hand column (filtered data) is 

1 This paper assumes that data is recorded as for 
the Crone Radem which defines a north-dipping field 
as a south “dip” on the instrument. This convention 
was chosen because a south reading is interpreted as 
d i n g  from a conductor to the south. 

suitable for contouring. Sormally, negative 
values are not contoured since, being caused 
by dip angle flanks, they do not aid inter- 
pretation but only confuse the picture. The 
positive values generally are contoured a t  
10-unit intervals, and the zero contour is 
shown only when it brackets an anomaly. 
In quiet areas, Sunit  contours may be 
meaningful. 

Esampk 
Figure 1 presents dip-angle data, according to 

the Crone convention, in the vicinity of the 
Temagami mine of Copperfields Mining Corpora- 
tion Limited in Ontario. This figure illustrates 
that several conductors are present yielding large 
dip angles. .\ complex pattern has resulted which 
requires some thought to interpret properly. 

Figure 2 presents the ditered data in contoured 
form where only the 0, 20, and 40 contours are 
shown for simplicity. The conductor pattern is 
immediately apparent, even to exploration per- 
sonnel untrained in VLF-EM interpretation. The 
three anomalies correlate with a zone of nearly 
massive pyrite and two brecciated fault zones. 
Depth to bedrock is 15 ft. 

In practice, all the data of Figures 1 and 2 are 

Loation Measured 
dips 

6s 

7s 

8s 

15s 

24s 

8N 
1 ON 

12N 

14N 

14N 

2oN 

Table 1. E x ~ p l e  of clrlcpkpo - 0 8  

Apply s@ and form the 
moving sum of pain 

of urtria 

Take h t  diflaencu of 
alternate entries 

- 15 

- 24 

+ 8  

+ 10 
+ 12 
+ 14 

+14>(14)+(201 +20 - 

-16 

+ 18 

+ 22 

- lo 

- 24 

+ f  

+ 57 

+ 38 

+ 8  

+ 6  

+ 8  
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FIG 1. 1111, angle d3;3 in rnr vicinity oi the Ternapxi mine. The 3rrow tietines the 1.1.1.- EM primary tield direction 
from the transmitter 31 Seattle, \\'ashington. 

. .placed.m a single map. The al~ove csamplr. illu-- 
tr3te.i t ! u t  thi3 very simple one-dimen&mal 

'filtering :clieme yieI(!> ;L practical and effecti\.c 
approach t o  \-LF-EJI data handling. 

The iiltcr improves the resolution c)i 3nc)maIiz.;. 
therchy making them easier to recogniLc. . \ I \ '  

inflection on the dip profile irom a conductor 
3ubordinate to a larger one yields a positive peak, 
thercl, emphasizing the prcwnct. oi such a 

conductor Figure 3 illustrates this effect where 
nine line- ivcre r u n  over an SI' (seli-potential) 
anomaly in the 'I'emagami area. l'he dip-angle 
anomaly is \cr\. poorl\ rewlvetl duc- to the re- 
gional wuth dips produced by an areall!. large 
conductor to the south of the map area. The con- 
toured VLF-EM data yields a clearly defined 

. anomaly which wiis located o\.er the negative 
center of the SP. 

. . 

T H E  FILTER AND ITS EFFECT ON 
ANOMALIES 

TIic fi l let  o p f r d o r  

The filter operator was designed to meet the 

idlowing criteria: 

1 .  It  must phase s h i i t  the dip-angle data by 00 
ciegrees 30 that crossovers and inflections 
will be transiormeci intu peaks to yield 
contourable quantities. 

I .  I t  must completely remove dc and attenuate 
long :patis\ tvavelengths to increase resolu- 
tion oi local anomdie?. 

.;. I t  must not esaggerate the statiun-to- 
station random noise. 

4. I t  must be simple to apply so that field 
personnel can make thc calculations without 
ditficulty. . 

'l'he tirst two criteria are met by using a simple 
difference operator, i.e. 

M. - MI, 
where .If! 3nd ,If2 are any two consecutive data 
points. 

The third criterion is met by applying a 

smoothing or Iow-pass operator to thc differences, 
i.e. 
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FIG. 2. Filtered data computed from the map of Figure 1. 

where MI, M?, .Ifs, and Jf, are any four consecu- 
tive data points. The filtered output then is 

)(M, - MI) + 4 ( . M 3  - &ti,) + f(-% - 4%) 
= , [ ibfj + A $ f l  - - L \ . f . l l .  

The final criterion is enhanced by eliminating 
the constant, so that the plotted function becomes 

which is plotted midway between the .Il? and . U s  

dip-angle stations. 
This filter has its ircquency (wavenumber) 

response tiisplayed in Figure 4, lor a station spac- 
in;: oi  50 ft. Its characteristics are as follows: 

1. .\I1 frequencies are shiited by 00 degrees. 
I. Soise having a tvavelength equal to the 

station spacing aiitl tlc bias are completely 
removed. 

- 9 .  

Y L, 

-1 

3. JIaximum amplitude occurs tor wavelengths 
of 230 ft, or five times the station spacing. 

'The frequency (wavenumber) response of the 
filter is shown ior a station spacing oi SO ft, 
because this is the most suitable spacing for defin- 
ing sulfide bodies within a few hundred feet of 
surface. 'rhis will be demonstrated below. 

Tiir dikc modcl 

.\ conducting dike in a VLF-EM field will 
produce a secondary induction field from eddy 
currents maintained in it by the primary field. 
These eddy currents will tend to Aow in such a 
manner as to form line sources concentrated near 
the outer edges of the dike since the field is uni- 
form (Figure .;a). This dike may be replaced by a 
loop of wire of dimensions traced out by the main 
current concentration in the dike. 'The secondary 
field geometry of the loop and dike then will be 
practically identical, as has been shown by Fraser 
(loth), Parry (1966), and Parry et 31 (1065). This 
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FIG. 3. Dip-angle (upper map) and filtered data (lower map) over a small grid in the Temagami area. The arrow 
defines the VLF-EM primary field direction from the transmitter at Balboa, Panama. 

allows a mathematical model of a dike to be 
constructed because the field from a line source is 
known. 

For brevity, only a dike which is large in depth 
extent and in length will he considered lierein. 
Only the top line source of Figure Sa will con- 
tribute to the measured dip angles because the 
other Current line sources are very far away. 

The horizontal Hs, and vertical IZs, secondary 
fields are (Figure 5b) 

z 

where k is a positive constant having the dimen- 
sion of length and is related to the conductivity 
and dimensions of the dike, and where HO is the 
primary VLF-EM strength a t  the dike. The 
measured dip angle is 

a = tan-’ 

[kz + k x  x2 + z? 1 = tan-* 

I 

I 

Hs,= KHo- 
.r2 + 2% 

Hs, * RHO- 

Model dip profiles can be computed for various 
depths c only by assuming a value for k. 

A s  a means of testing the effect of the filter 
operator, a single k value was chosen to yield a 

2 

X* + Zf’ 



FILTER CHARACTERISTICS 

( 0 )  Anpliludr i s  idrnticolly zrro for zrro frrqurncy 

(b) A l l  t r rqurrc i r r  or0 phorr rliftrd 90 Prgrrrr 

R E J E C T  P A S S  B A N 0  

FIG. 4. Frequency response of filter operator for station spacing of 50 ft. 
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line source, in 
cross- section 

f i e l d  

FIG. 5. (a) -4 sheet in a uniform primary field will have maximum current concentrated near its edges. (b) A line 
source, corresponding to the upper current concentration in (a), yields a secondary magnetic field of cylindrical 
shape. 

maximum dip angle of 35 degrees when depth z 
to top of dike (or line source) was 100 ft. Figure 
6 illustrates the dip angle and filtered profiles for 
this case for a station spacing of 50 ft and for 
several depth values. 

The following are the main characteristics of 
these dike and filtered anomalies: 

Peak-to-peak angles vary from 93 degrees 
for z = 5 0  f t  to 25 degrees for z=500  ft. 
Filtered peaks vary from 118 degrees for 
z = 5 0  ft to 8 degrees for z=.500 ft. Thus, the 
filter amplifies near-surface anomalies and 
attenuates deep-source anomalies. There is 
neither amplification nor attenuation when z 
is 100 ft. 
On the basis of anomaly resolution and usual 
noise levels, dip angle data can detect dike- 
like conductors in a resistive medium to a 

depth of 5 0 0  ft, while filtered data can detect 
such bodies to a depth of 300 ft. Conductors 
in the upper 200 ft generally will be more 
easily recognized on the filtered data. 

VLF-EM data commonly is measured a t  100- 

ft intervals in Canada. .A change in the sample 
interval from the 50 ft recommended herein to 
100 f t  causes the passliand curve of Figure 4 to 
shift to the left, such that thh peak is a t  2 X l V  
cpf rather than 4X lo-' cpf. Similarly, the 
anomaly curves of .Figure 6 remain correct in 
shape provided all distance dimensions are 
doubled. Consequently, detection of conductors 
to a depth of 500 ft, when utilizing the filter 
operator, might appear facilitated by use of a 
100-ft station interval rather than a 50-ft interval. 
However, anomalies from near-surface conductors 
will have poorly defined waveforms for a 100-ft 
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DIKE a 4 soo' 

FIG. 6. Dipangle (dashed) and filtered (solid) curves for model dike and sphere for several depths of burial, where 
I is depth to top of dike and to center of sphere. 



data station interval, and will alias as deeper 
conductors. This “geologic noise” will somewhat 
confuse the contoured output. Generally, a 
comparison of the SO-ft data station dip angle 
profiles with the contoured filtered output suffices 
to indicate approximate depth to source and to 
allow recognition of sources deeper than 300 ft. 

As an aside, some geophysicists have claimed 
that a reasonable dike model depth estimate can 
be obtained directly as half the distance between 
dip angle peaks, because the vertical field HI, 
peaks a t  x =  k z .  However, this formula is not 
applicable to dip-angle data, as can be seen by the 
dike curves of Figure 6. For this example, the 
formula provides erroneous depth estimates of 
150,200,325,425, and 625 for true depths of SO, 

100,200,300, and 300  ft. 

The sphere model 

A conducting sphere in a VLF-EM field will 
produce an anomaly according to equations in 
Ward (1967). For a traverse directly over a 

sphere having its center a t  depth 2, and run in the 
direction of the primary field Ho, the anomaly is, 

where k is a positive constant which saturates a t  
R*/2 ,  where K i3 the sphere radius, and where 
quadrature is ignored. The measured dip angle 
as a function of station location s is (where x is 
zero directly ov2r the sphere center), 

Model dip profiles can be computed for various 
depths z only by assuming a value for k. The 
sphere curves of Figure 6 assume a saturated C- 

value for a sphere radius of SO ft. Obviously, a 
sphere having it3 center a t  a depth of greater 
than twice its radius generally will not be detect- 
able. However, the filter operator aids in the 
recognition of a spherical conductor because i t  
amplifies the anomaly, for the small sphere sizes 

usually encountered in nature, assuming data 
spacing is 50 f t. 

TOPOGRAPHIC EFFECT 

Whittles (1969) recently described a topo- 
graphic effect which may arise when surveying 
with VtF-Ehl in mountainous regions. The 
spatial wavelengths which result from the phe- 
nomenon he describes are greatly attenuated by 
the filter and generally do not appear on the con- 
toured maps. Whittles advocates the use of first 
derivatives to remove the topographic effect. The 
filter operator described herein uses the first 
difference (i.e., the discrete first derivative) as one 
of its components. 

ADDITIONAL. APPLICATIONS 

The simplicity of the calculations allows practi- 
cal application of the filter to any form of ground 
geophysical data which yields zero-crossings over 
tragetc, such as vertical loop Ell1 and Afmag. 
However, it is difficult to justify the use oi the 
filter on vertical loop EM data because neither 
dynamic range of anomalies nor geologic noise 
is large. In Afmag, utilization of the filter is not 
recommended because oi the varying direction of 
the primary field. 

.4irborne VLF-EM systems, which measure 
parameters yielding zero-crossings over targets, 
are being marketed. If the data were collected on 
magnetic tape, a computer could be u .ed to apply 
the filter, thereby allowing contoLring of the 
data. However, in this situation more sophisti- 
cated filter operators should be employed. 

If the filter is to be applied to data other than 
ground VLF-EM, the sample interval should be 
selected to ensure that the passband of the filter 
is correct d a t i v e  to the frequency componen ts of 
the anomalies sought. 

CONCLUSIONS 

A considera tion of geologic noise and conductor 
shapes illustrates that VLF-EM data should be 
collected a t  SO-ft intervals, and that the de- 
scribed filter operator should be employed. The 
filtered data, when contoured, provides a data 
presentation which simplifies interpretation. The 
filter also amplifies anomalies from near-surface, 
highly conducting ore pods which is an important 
feature in several mining districts such as at 
Tribag and Temagami, both in Ontario, and in 
Louvicourt Township of Quebec. 
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Appendix C 

Underlying theory behind the VLF-EM method used in this survey. 

(Reprint from section of "VLF Mapping of Geological structure") 
(Telford et. al. 1977) 
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2 3 
W.M. Tekford', W.r. King and A. Becker 

Foreword 

This paper is a summary of the work done by W. F. King while working under the 
direction of Dr. A. Becker 86 8 graduate assistant for the GeolofiCal survey  of Canada 
during the summers of 1969 and 1970. The data described form part Of h is  M. Sc. Thesis 
dissertation. working under thesis supervisor. Prof. W. M. Telford, Department of Mining 
Engineering and Applied Geophysics. McGill University. This paper i8 'm product of 
the application of new geophysical techniques being adapted to the geological mapping 
mission of the Electrical Methods Section. Resource Geophysics and Geochemistry Division. 
Geological Survey of Canada. 

L. S. Collett. 
Head, Terrain Geophysics Program, 
Resource Geophysics and Geochemistry Division 

INTRODUCTION 

It has long been observed that electromagnetic plane 
waves propagating along the earth's surface a re  locally 
distorted by near-surface discontinuitites in  electrical 
resistivity. In such cases the horizontal magnetic field 
'components normally present induce in the ground a 
- ?-uniform eddy current distribution which results in 

momalous vertical magnetic field component. In the 

PI 

v - 2  

Figure 1. Two-dimensional fault with strike length 
infinite in y-direction: insert shows E 
polarization vectors. 

'Department of Geophysics. McCill University. 

'Chevron Standard Company Ltd.. 400 5th Ave. S. W. 

'Managing Director, IREM-MERI. P. 0 Box 6079. 

.O. Box 6070. Station A. Montreal H3C 3C1. Canada 

Calgary, Alberta 

Station A. Montreal t13C 3A7. Canada 

extra low frequency range (ELF) this phenomenon i s  

readily observable near coastlines (Weaver. 19E3) 

while in the audiofrequency range (AFMAG) the effect 

was first observed by Shew (oral comm,. 1961) ir. thc 

vicinity of faults and shear  zones. 
Collett and Bell (1971) have discussed how the A F Y E 3  
method can serve a s  a useful tool in structural mepp:nC. 
Finally at very low frequencies (VLF) i.e. in the 
10-20 kHz range the effect of geological structure has 
been observed by Becker (1967). Fraser (1969) and 
Patterson and Ronka (1971). 

Weaver (1963) who obtained closed form solutions for 
plane waves incident on a semi-infinite conducting 
medium divided by a vertical discontinuity into two 
regions of different resistivity. Weaver's calculations 
w e r e  later confirmed experimentally by Dosso  (1976) 

on a laboratory scale model. Both authors forecast a 

sharp increase in vertical magnetic field component 
near an electrical discontinuity. This quantity exhibits 
a maximum value at the discontinuity and decreases 
gradually to zero away f rom it. 

The rate of decrease is a function of the electrical 
properties of the material on either side of the 
discontinuity. being greater on the conductive side. 
More recently this problem was studied by Ceyer (1972.. b) 

who found that the spatial variation of the vertical 
component was strongly influenced by the dip of the 
interface. 

some detail the variation exhibited by the field components 
of a plane electromsgnetic wave in the vicinity of 8 

fault. In particular w e  have elected to study the variation 
in the vertical magnetic component and in the surface 
wave impedance across the discontinuity. As will be 
shown later, in the results a&ction. w e  w e r e  fortunate( 
to be able to perform the measurements in relatively 
simple geologkal envimnmenta bo that a good cornparibon 
could be made between ou r  theoretical predictions of 
electromagnetic field behaviour and the observed 
variations. 

More recent 1. 

These effects w e r e  explained theoretically by 

The purpose of the present study was to examine in 

-- 
Krr.ulccr:!;i r e d \  e.2 3nd hppnverl for publication. August. 1976. 



Figure 2. 

Subsurface current flow 

(Ey. relative amplitude 
distribution) at 10 k H z  in 
the structure of Figure 1. 

THEORY 

Vertical magnetic field variations 

A number of authors (Jones and Price. 1910). 

rmtoutmci manI #/a - I/O 

Swift (1971) have discussed the mathematical b a s i n  for 
the distortion of an electromagnetic plane wave over a 

vertical discontinuity separating two half-spaces of 
dinerent conductivity. with and without an overburden 
layer above. For a remote natural EM source the 
direction of E. the electrical and H. the magnetic 
horizontal vectors is random with respect to the . 

co-ordinate system shown in Figure 1. These vector.. 
however, may be resolved into componentn parallel 
and normal to the contact. The appropriate Maxwell. 

0 n- u 
a 0 0 -  
.. 

.L 

J* r 

* 
I 

f I.- equations thus become: 
Y 

: e -  

t - -  a E z  a E x  . 
j w o H y  ---I 

ax a t  

az 

ax 

m 
a H  for E normal to strike 

( H  polarization) 
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X 
= -oE 

a H  
2 - OE 
a E  
2 = -jop H a x  o x  

aE 

az f w p o ~ r .  (E polarization) 

az  a x  

z 

for E parallel to .trike mona. 

Figure 3. Theoretical profile. of H,. H, and Ax-x 
w o r  structure of Pipre 2. a H x  aHx 
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Figure 4- Tilt and ellipticity profiles for d/6 = 1/10, 0 for the rtructure of Figure 2. 
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Figure 5. Total field. IH,/H,I. profiles over the structure of Figure 2 with d16 = 0. 1/30. 1/10. 1/3. 
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The E polarization i r  pnrticularly convenient for 
the VLF method. which meneurea H, and Hx. I t  is 
cuetommy. where possible, to eelect a remote elation 
whose H, vector in roughly parallel to the survey liner. 
that is. the station location i s  more or less  parallel to 
strike. 

The VLF source field, propagating parallel to the 
earth surface end refracted vertically downward r t  the 
ground interfece. thus provides H, and Ey componentr 
approximately in the appropriate direction. 
current flow may be readily illustrated by calculating 
with the aid of numerical techniques (Swift. 1967; 
Madden and Swift. 1969; Ku 01 0 1 . .  1973) the actual 
subsurface electric field distribution for a given 
geological situation. 

the Ey field amplitude distribution) st 10 kHz i n  the 
structure of Figure 1 with an overburden of 100 n m .  
5 m thick and the contact separating beds of 1000 and 
10 000 n m .  Since the skin depth ( 6  - 500 q f )  for 
100 n m  and 10 kHz is about 50 m. the EM wave is not 
greatly attenuated in the overburden. U s e  is made of 
the ratio d/6. where d is  overburden thickness. since 
i t  involves all the significant overburden parameters. 

Theoretical profiles of Hx. H, and Az-x over  the 
same structure. are  illustrated in Figure 3. As the 
fault i s  approached from the left (conductive side) the 
horizontal magnetic field increases to a maximum, falls 
sharply to a minimum a s  the contact i s  crossed and then 
increases slowly to background value a s  the t raverse  
proceeds to the right. The slope i s  always steeper on 
the conductive side of the contact, although increasing 
overburden thickness and/or conductivity reduces the 
profile amplitude considerably. For very small  values 
A d/6 the background value of H, is actually la rger  on 
the conductive side than at large distances to the right. 

The H, field shows a peak directly over the contact 
which decays to zero on the flanks. Again the slope is 
steeper on the conductive side and the peak amplitude 
is controlled by d/6.  In the bottom profile, the phase 
variation. A, between H, and Hx i s  roughly an  inverted 
image of the vertical magnetic field. wi th  a minimum of 
32" above the contact and a more or less linear increase 
on both sides. the steep slope again appearing over the 
conductive bed. When d /6  = 0 the phase shift i s  zero 

- 

The ground 

Figure 2 shows the subsurface current  now (actually 

. 
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Figure 7. Peak amplitude of total field plotted a g a h r t  
log KCR and log KOC. for dl6 = 1. 1/3, 1/10, 
1/30 and s t ructure  of Figure 2. 

L-8 m m m  

Figure 6. Peak amplitude of total field plotted against log 
KCR for atructurc of Figure 2. No overburden. 

at the contact; as this ratio increases, the cusp  persists. 
although its  phase increases. 

Because H, and H, differ in phase i n  the vicinity 
of a conductive discontinuity. the resultant EM wave 
is elliptically polarized (Heiland. 1940; King, 1971; 
Paterson and Ronka. 1971). The wave tilt 8 (inclination 
of the major axis with respect to the horizontal) and 
ellipticity r (ratio of minor to major axes) of the ellipse 
a re  given by: 

2R cos A tan 28 = - Rz 

1+R2)2 - 4R 2 . 2  ain A .. 

1 + R2 + d( 1+R2) - 4R2 sin' A 

where A - 0 
and horizontal field components. and. R -IH,/HJ ir 
their  amplitude ratio. 
assuming that H, i s  considerably larger than H,, which 
is generally the case. these relations become: 

tan.8 = R cos A 
r - R sin A. 

- 4, the  phase difference between V e r t i C d  

With a little manipulation and 
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Figure 8. Theoretical profiles of pa and b over structure 
of Figure 2 for d/6 - 0, 1/30. 1/10, 1/3. 

In this case it is useful to note that the total normalized 
vertical field can be directly calculated from the 
measurements from: 

2 2 R z = t a n  8 + r  

The parameters 0 and r are related to "in-phase" 
and "quadrature" components of the secondary magnetic 
field (see section on instrumentation). 
and ellipticity. for d/6 = 1/10 and zero (no overburden) 
are shown in Figure 4. The polarization ellipses at 
several stations along the traverse are  included in the 
latter profile. Directly above the contact. if  the value 
Of A is zero, the ellipse degenerates to a straight line 
whoso slope is Hz/Hx. 

Clearly the overburden has a pronounced effect 
on both the tilt and ellipticity profiles. 
illustrates this point further, where the total vertical 
secondary field H,, expressed as  a percentage of the 
primary field. is plotted for increasing values of d/6. 

Two additional parameters may be employed to 

Profiles of tilt 

Figure 5 

'ermine maxlmum response over the contact. Them 
u e  KCR. the ratio of resistivities in the conductive 
a d  resistive bedo and kc. the ratio of overburden 
rcsirtivfty to the resistivity of the more conductive 

'-- 

bed. When d/6 = 0. the maximum total field response 
is controlled by KCR only; this is  shown in Figure 6. 

where l H z / H d  max is plotted against log KCR. 
Figure 7 displays total field values for variable KOC 
as well as  KCR. corresponding to d/6 ratios Of 1/30, 

1/10, 1/3 and 1. When d/6 = 0.  the peak response 
will be SO\ for any KCR = 1/10 (10 n m  ve 100 nm. 
1000 Clm va 10 000 n m .  etc.); it should be noted, 
however, that the profile widths will be different. 
This will also be true for other values of d/6 when KCR 
and KOC are fixed. 

From the foregoing discussion it is clear that. in 

areas where the-overburden resistivity is large compared 
to rock resistivity or where d - 0.  it  would be possible 
to use the H, me'asurements to determine the structure 
parameters from the IH,/Hxl max ratio. from the nkewness 
of the profile. and from the profile width. A conductive 
overburden. however, affects these quantities greatly 
and other techniques are required. In general. we muy 
eummarize the behaviour of EM field components over 
a vertical fault as follows: 

1. 

' 

The total field response is an asymmetric peak over 
the fault and decays more rapidly on the more 
conductive side. 

The in-phaep component of the secondary vertical 
magnetic field is also an asymmetric peak above 
the fault and decays more rapidly on the more 
conducHve side. 

1. 

\W 

Figure 9. Vnriatlons of amplitude Ipa/plI and phaae + 
for two-layer earth with resistive basement 
(after Cegniard (1953) ). 
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4. 

5. 

6. 

The quadrature component displays a local minimum 
over the fault. the response being broader than 
that of the in-phase. The minimum becomes less 
pronounced with increasing depth of overburden. 

Both in-phase and quadrature response decrease 
with increasing depth of overburden. The quadrature 
response becomes greater than that of the in-phase 
when the overburden thickness is more than 
approximately one-half a skin depth. 

In-;haw and quadrature response increase with 
increasing resistivity contrast across the fault. 

Anomaly width decreases with increasing frequency. 
for a given resistivity contrast. 

Surface impedance variations 

Another method which can be useful for the mapping 
of laterul discontinuities involves the simultaneous 
measurement of 5 and H, as in magnetotellurics 
. (Collett and Becker. 1968). The surface impedance. 
2, is the ratio of these two quantities and defines the 
"apparent resistivity" for the underlying terrain via 

in MKS units. I 2 
Pa = - 121 PW 

Usually. 2 i s  a complex quantity because Ey and Hx 
are not in phase with each other. Thus Figure 8 ahowm 
theoretical profiles for the apparent resistivity and the 
phase difference between E and H across the originnl 
contact of Figures 2 to 6 for the d f6  ratios used 
previously. It is again apparent that incrensing depth 
of overburden influences the reaults by decreasing 
values of both pa and on each side of the contact. 
while smoothing the profile slope directly over it. 

Although the variation in the apparent resistivity 
near the .contact can only be calculated numerically, 
the values of this quantity and the accompanying phase 
difference, remote from the fault. can be computed 
analytically. Variations of amplitude !pal and phase 
0 for a two-layer earth - that is. the overburden layer 
remote from the fault - are  shown in figure 9. 

These are the standard master curves developed by 
Cagniard (1953). reproduced only for a conductive 
upper layer. Although magnetotelluric sounding 
normally involves measurement of horizontal orthogonal 
E and H fields aver a range of frequencies. it is possible. 
by nssuming a resistive bedrock. to estimate the over- 
burden parameters from this m a s t e r  chnrt even u hen 
Ipd and have been determined only at a oing!a 
frequency in the field. 

. .. 
0 . ' .  . ; .. . . .  

: , .- 
. .  

Plgure 11. VLP in-phase and quadrature profiles. k i t r im  m a .  
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