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AIRBORNE GEOPHYSICAL SURVEY 

ln 1990 o multi-porometer geophysical survey wos flown by the Geologicol Survey of 
Canada in the Rutten arec of Manitoba. The survey wos flown 1n two ports, the light stippled 
arec shown on the index mop outlines o regionol 1000 meter line spoced survey. The dorker arec 
outlines a detoiled 500 meter line spoced survey in the vicinity of the Rutten mine. Gomma 
ray spectrometric, VLF electromagnetic and total field magnetic dato were recorded. 

Ali dota were sompled ot one second intervols. The airborne rodiometric measurements 
were made using a 256 channel spectrometer, with twelve 102x102x406 mm Nal(TI) detectors. 
A Geometrics proton precession airborne magnetometer mode! G-803 and a Hertz Totem 1A 
VLF unit were installed os ancillory equipment. The GSC Skxvon wos flown at a mean terrain 
clearance of 125 m with average ground speed of 190 km/h. The flight line direction was 
north-south. 

Dota are presented os o set of colour mops at 1 : 250 000 scole and os stacked 
profiles at 1 : 150 000 scale. Profile data include the seven rodiometric parameters, 
radar terrain clearance, magnetic total field and VLF total field and quadrature components 
for each flight line. The colour mops include : eight gamma roy spectometric mops 
(exposure rote, potassium, equivalent uranium and equivolent thorium concentrations, the 
eU/eTH, eU/K, eTh/K ratios and a Ternary Rodioelement map); two magnetic total 
field colour maps (the standard 39 colours and an experimental format); one calculated 
vertical magnetic gradient colour mop; two GRIDDED VLF total field colour mops (one 
superimposed with VLF total field PROFILE dota the other with quadrature PROFILE data). 
A flight path map and a portion of the geologicol map published by the Manitoba Mineraf 
Resources Division, 1980, Minerai Map of Manitoba, scale 1 : 1 000 000, Map 80-1. 

Gamma Roy Spectrometric Data 

Potassium is meosured directly from the 1.46 MeV gamma ray photons emitted by 40K, 
whereas uranium and thorium are measured indirectly from gamma ray photons emitted by 
daughter products in their decoy choins. Uranium is monitored by meons of gomma roy 
photons ot opproximotely 1.76 MeV tram 2"13i, and thorium, from 2.62 MeV photons emitted 
by =n The energy windows used are as follows: 

Potassium '°K 1.36- 1.56 MeV 

Uranium 

Thorium 

214Bi 

=T1 

1.66- 1.86 MeV 

2.41 -2.81 MeV 

Uranium, thorium and potassium counts have been corrected for dead time, ambient 
temperature changes, background radiation, spectral scattering and deviations of terrain 
clearance from the planned survey altitude. The data as presented represent on average 
surface concentration which is influenced by varying omounts of outcrop, overburden, 
vegetation, soil moisture and surface waters. As a result, the concentrations as shown 
are usually lower thon the actuel concentrations in the bedrock. 

Factors for converting the airborne meosurements to concentrations were determined 
by reloting the oirborne count rotes ta the known ground concentrations of a test strip in 
the Ottawa arec. The factors used to convert the airborne measurements to ground 
concentrations are: · 

1 % K 

1 ppm eu 

91.0 cps 

9.1 cps 

1 ppm eTh 7.0 cps 
The exposure rote, in micro Roentgens per hour (uR/h) has been computed from the 

meosured concentrations of potassium, uranium and tnorium (Grasty, R.L., Carson, J.M., 
Charbonneau, B.W., and Holmon, P.B., 1984, Naturel Background Radiation in Canada, 
Geai. Sur. Can., Bull 360). To compare these data with earlier total count maps expressed 
in Units of Rodioelement concentrations (Ur), the conversion factor is 1 µR/h = 1.67 Ur. 

VLF Data 

The primory electromognetic field is generated by VLF communication stations. For this 
survey, the receiving coils were tuned to station NLK ot Seattle, Washington, which tronsmits 
at a frequency of 24.8 kHz. 

Anomalies reflect distortions in the primary field caused by a secondary electromognetic 
field generated by edd_y currents flowing in geological and man-made conductors. 
Anomalies produce positive peoks on the total field trace and ore of the cross-over 
type (negative to positive) on the quadrature trace. Both parameters ore plotted with 
positive deflections toward west. The profiles presented ore the total field 
value (vector sum of the horizontal and vertical components) and the quadrature value 
(out-of-phase component). The mean value or line average of the total field and 
quadrature component were removed along each flight line. The resultant values are 
plotted with a two second log. The quadrature, which depends on the flight line direction, 
wos inverted for lines flown from south to north. A five point weighted average filter 
wos opplied to both total field and quadrature PROFILE dota for final presentation. 
A twenty one point trianguler filter was applied ta the line data and the resultant 
was then subtracted before the dota was gridded. This effectively removed the long 
wave length response created by changing field strength, instrument drift, altitude effects, etc. 

Magnetic Data 

The low resolution aeromagnetic data were acquired using an instrument with one (1) nT 
sensitivity. Digital processing of the magnetic dota supplemented with monual editing wos 
used to remove obvious errors coused by spikes, heoding effects or diurnal variations. 

Three colour contour maps ore presented. The first uses the traditional 39 colours ta 
represent the T otol field mognetic data. The second is an experimental colour selection 
which permits the use of o smoller contour interval allowing more information for bath 
the extreme mognetic ranges and smoll mognetic anomalies. The third is o colculoted 
vertical magnetic gradient map. 

Information regarding Open File 2301 may be obtoined from: Geologicol Survey 
of Canada, 601 Booth St~ Ottawa, Ontario, K1A OE8. Tel. : (613)995-4342. Copies 
of this Open File release may be purchosed direct!:! through: Ashley Reproduction lnc., 
386 Bank Street, Ottawa, Ontario K2P 1Y4. Tel. : ~613)235-2115 

Base map moteriol supplied by Surveys and Mapping Branch 

Cartography by Geological Survey of Canada 

Airborne gamma ray spectrometer, VLF and magnetic survey 
flown, compiled and funded by Geolorical Survey of Canada 
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Cenozoic 

Tertiary 

LEGE ND 

PHANEROZOIC 

Turtle Mountain Formation (TM), Paleocene: bentonitic carbonaceous sand, silt and clay; 
thin gnite beds, silty shale 

Mesozoic 

Cretaceous 

Boissevain Formation (B): impure; s1 ; shale, in part kaolinitic 

Riding Mountain Formation (RM): soit greenisho1.. t c (m: Millwood Mem-
ber)*; hards eo e (o: Odanah Member); soit bentonitic siltstone and shale 
(c: Coulter Member) 

Vermilion River Formation (VR): b ,.,, ne (Morden Member); Cl 
c. 1careo1 s " b1 1c1.. 1e (Boyne Member); thirl..Je beds, carbona-
ceous shale, and bentonitic shale (Pembina Member) 

Favel Formation (F): calcareous speckled shale; minor limestone, bentonite, and lowgrade 
oil shale 

Ashville Formation (A): carbonaceous shale; minor sand (including "Ashville sand"), silt, 
and bentonite 

Swan River Formation (SR)~ 1a ; minor lignite; glauconitic 
sandstone (includes channel and karst fil! in Mesozoic and Paleozoic outcrop belts) 

Jurassic 

Melita Formation: sandstone, : minor limestone 
Reston Formation: limestone, dolomite, shale 

Amaranth Formation: red argillaceous dolomitic siltstone and sandstone. 
hy f.. 

Paleozoic 

Permian(?) 

St. Martin Complex: trachyandesite and carbonate, granitic, and polymict breccias, in 
crypto-explosion (meteorite impact?) crater structure 

Mississippian (subsurface only)** 

Charles Formation: anhydrite, dolomitic anhydrite, dolomite 

Mission Canyon Formation: limestone ( -bearing), anhydrite 

lodgepole Formation: limestone ( -bearing). argillaceous limestone, shale 

Bakken Formation: black shale, pyritic siltstone, locally oil-stained 

Souris River Formation (SR): basal red shale, argillaceous and -ra c1urn l1ll"es•ore 
dolomite ~ 

Dawson Bay Formation (DB): basal red shale, bituminous dolomite 1g, ,..~, urTJ,..., r , 
1mestone • calcareous shaler- · si , d ca1c1 r 1n ... , dolomite 

Prairie Formation (subsurface only); , anhydrite; minor dolomite 

Ordovician 

Stonewall Formation (S): , media! sandy argillaceous marker may define 
Ordovician-Silurian boundary 

Stony Mountain Formation (SM): calcareous shale, thin limestone beds,a Ji eo s 
dolorT> e (gp: Gunn and Penitentiary Members) odula. dolol1"1te and sandy argilla­
ceous dolomite (gw: Gunton and Williams Members) 

Red River Formation (RR): mottled dolomitic limestone, grades northward to dolomite 
(dh: Dog Head Member); dolomite, in part cherty and calcareous (ch: Cat Head 
Member); 10 ied 'T' t 111 tor1e T 1dall st' 1e , cherty high-<:alcium lime­
stone, grades northward to dolomite (s: Selkirk Member); aphanic and chertyJolo· 

m e , shaly marker bed , high-<:alcium limestone beds (fg: Fort Garry Member) 

Winnipeg Formation (W):.. ; shale, in part kaolinitic, silty, and sandy 

(HUDSON BAY BASIN AREA) 
Bad Cache Rapids Group (BCR), Churchill River Group (CR), and Red Head Rapids 

Formation (RHR): basal sandstone and shaie; limestone. dolomitic limestone,dolo­
mite; minor shale, chert, and anhydrite 

Cambrian (subsurface only)•• 

8 Deadwood Formation: glauconitic and quartzose siltstone and sandstone, shale 

• Subdivisions within a grouping are described in ascending sequence 

••Qnly subsurface units that have known or suspected economic potential are listed. Other subsurface units 
are present, e.g. Jurassic Waskada Formation, and Devonian Duperow, Nisku (Birdbear) and Lyleton 
Formations 

·Churchill Superior 
Province Province 

rn . 
' 

PRECAMBRIAN 

Granite and granitoid gneiss: (7a) fluorite granite; (7b) hypersthene-bearing granite; 
(7c) porphyritic granite; (7d) tonalite-granodiorite; (7e) tonalitic gneiss and minor 
amphibolite; (71) layered migmatitic gneiss 

Gabbro: (6a) anorthositic gabbro; (6b) diorite; (6c) enderbite 

Metasediment, gneiss and migmatite derived !rom arkose. arenite, quartzite and minor 
greywacke and conglomerate: (Sa) metaconglomerate with minor arkosic gneiss; 
(Sb) migmatite dominant; (Sc) felsic gneiss and migmatite of uncertain origin 

Metasediment, gneiss and schist derived !rom greywacke, mudstone and siltstone with 
local minor gril and conglomerate: (4a) highly metamorphosed and partly migmatitic 
derivative 

Felsic metavolcanic rocks. rhyolite and dacite 

Winnipegosis Formation (W): lower member , platform facies, grades laterally [ZJ 
to Elm Point Formation (EPJ-i1gh 1estone ; upper member- thin inter-reef 
dolomitic and calcareous bituminous laminates, or th icfQ-ee•· dolo1 e (W/r) 

Ashern Formation (A): dolomitic shale~ 1° e 

Matie and intermediate metavolcanic rocks and amphibolite : (2a) basait ; (2b) andesite: 
(2c) amphibolite and other mafic rocks of uncertain origin; (2d) cale-silicate gneiss, 
amphibolite, marble and minor quartzite and iron formation 

(HUDSON BAY BASIN AREA) 
Upper Member of Kenogami River (KRu), Stooping River (STR). Kwataboahegan (K) and 

Moose River ( M R) Formations: limestone, dolomitic limestone, argillaceous limestone ~1 . · .· 
and dolomite. bituminous limestone; minor chert and shale LL_j Felsic granulites and associated granitoid complexes with minor gabbro and anorthosite 

Silurian 

~ 
~ 

lnterlake Group: Fisher Branch (FB), lnwood (1), Moose Lake (ML), Atikameg (A), East 
Arm (EA). and Cedar Lake (Cl) Formations; micritic, fossiliferous, stromatolitic and 
biostroma olom e ; sandy/argillaceous marker beds 

(HUDSON BAY BASIN AREA) 
Severn River (SR), Ekwan River(ER), Attawapiskat(AT), and Lower and Middle Members 

of Kenogami River (KR 1, m) Formations: limestone, dolomite, dolomitic limestone, 
siltstone, shale; some gypsum, minor anhydrite 

Ultramafic rocks: 

Serpentinized peridotite, serpentinite, pyroxenite: beneath Phanerozoic cover_-known 
from diamond drill hole intersection and interpreted from magnellc anomalies 

'/ Differentiated ultramafic/mafic intrusions (large and small); beneath Phanerozoic cover-
known from diamond drill hole intersection and interpreted !rom magnetic anomalies 

-·---.----------

------
------. ____ _ 

-------

0 

-P w 

H-

-M--o...----

SYMBOLS 

Geological boundary (defined or approximate) 

Geological boundary, Precambrian (gradational; inferred from aeromagnetic signature 
and trend) 

Geological boundary, Phanerozoic (estimated) 

Geological boundary, Phanerozoic (sub-surface- projected to bedrock interface where 
thickness of overburden exceeds 1S metres) 

Margin of Churchill-Superior boundary zone under Phanerozoic cover extrapolated from 
aeromagnetic trends, etc. 

Estimated limit of structural disturbance-Phanerozoic-Lake St. Martin, Denbeigh 
(Denby), and Highrock Lake structures 

Location of diamond drill hole used in construction of cross-section B-B ', Hudson Bay 
Lc•:-1lands 

Fault 

Une of cross-section 

Extensive drift-<:overed areas of the Precambrian Shield with no bedrock exposure; 
geology inferred almost entirely from aeromagnetic signature 

Area of exploration drilling for potash 

Eastern limit of potash in Devonian Prairie Formation 

Eastern limit of halite in Devonian Prairie Formation 

Eastern limit of Mississippian strata in the subsurface 

Eastern li mit of Cambrian strata in the subsurface 

Structural contour on Precambrian basement beneath Phanerozoic cover. Contour 
lnterval 1S2.4 m; local basement structural or paleotopographic high. 

The contour pattern shows primarily the effect of post-Precambrian tectonic (basin) 
subsidence. Paleotopographic features on the eroded Precambrian surface should 
show as irregularities in the contour pattern, but available data, at least for south­
western Manitoba, indicate an almost fiat peneplain surface. Severa! miner structural 
flexures are evident, notably the northeast-trending synclinal flexure in the Moose 
Lake area, coincident with the extension of the Churchill-Superior boundary zone. 
The several sharply defined local structural highs reflect local structural (meteorite 
impact?) deformation. ln the Hudson Bay area, data are sparse and the contours 
are approximate. Paleotopographic and/or structural relief on this surface cannot be 
estimated at present. However, a prominent paleotopographic high up to several 
hundred metres in relief has produced the Precambrian window in the Churchill 
are a. 

REGIONAL URANIUM RECONNAISSANCE PROGRAM ANOMALIES 

AIRBORNE GAMMA-RAY SPECTROMETER 

----- Equivalent Uranium 

4-8 ppm. equivalent uranium 

2-4 ppm. equivalent uranium 

1.6-2 ppm. equivalent uranium 

Data has been compiled and generalized by N. Soonawala from photographie reductions of 1:2SO000 sheets. 
Surveys were implemented from 197S to 1979 under Federal/Provincial Uranium Reconnaissance Program 
which covered the entire Precambrian Shield in Manitoba with exception of NTS areas 64H, S4E/WJ4, S4D 
and southwest corner of S4C. 
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1 ~ Fraser Lake Mant loba 64 8/13 
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Rutlan, Mandoba, 1990. (ILne spac1n9=l km) 
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Detoiled RuHon, Monifobo, 1990. Cline spoc1n9=500m) 
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Oeto1led RuHan, Monifobo, 1990. Cline spac1n9=500m) 
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Ruttan, Mondoba, 1990. (ltne spac1n9=l km) 

175 Pern l ch t 9arnou Lake 
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Ruttan, Mondobo, 1990. Cltne spactn9=l km) 
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Delàiled Rutlàn, Mànilobà, 1990. Cline spàctn9=500m) 
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Delàtled Rutlàn, Mànllobà, 1990. Cline spàctn9=500m) 
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Rutian, Manitoba, 1990. Cltne 

1~ Fraser Lake Mani loba 64 B/13 
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RuHan, Mandoba, 1990. Cltna spac1n9=l km) 
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RuHan, Mandoba, 1990. Cltna spac1n9=l km) 
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Deta1led Ruttan, Manit oba, 1990. Cline spac1n9=500m) 
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Deta1led Ruttan, Manitoba, 1990. Cline spac1n9=500m) 
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Ruttan, Manlloba, 1990. Cltne spac1n9=l km ) 
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Deta1led Ruttan, Manitoba, 1990. Cline spac1n9=500m) 
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Deta1led RuHan, Manitoba, 1990. Cline spac1n9=500m) 
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Rutlan, ManLtoba, 1990. Cltne 

1 ~ Fraser Lake Manttoba 64 B/13 
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Rutlan, ManLtoba, 1990. Cltne sp11ctn9=l 
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Ruttan, Manitoba, 1990. (ltne spac1n9=1 km) 

175 Opachuanau Lake Man 1 tobo 64 b/12 
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De!a1led Ru!!an, Manitoba, 1990. Cline spac1n9=5 00m) 
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Rut tan, ManLtoba, 1990. Cl tne spac1n9=1 km) 
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Xl0 4 0 +-~~~~~~~~~~-.-~~--,c--~~.,--~~~~~~..--~~-.-~~~C':=c.,. 

' l eU/K Xl04 0~c 
oU/oîh]~C 

eTh 15~ 
(ppm) 0 

,;,~,:b~ 

:~ 
10~ 

K 
((.) 

Exp. Rote 
Cu R/h l 

0-F-~~~~~~~~~~~~~~~~~~~~~~~'"--T 

50910 ~Jr· ~r~- \/ ~\ ~ _ _ , ~ -u: Mo 9 .. · ... f\ •V ~V---.V ·~· .· . 
( 9<>mmol ~A~·~ /L ~· •• ('\ 
se+10~ 1 , 1 , 

VLF Toto 126 
76~ 

((.) ~ 
-26 +---...------...------,--·,---,-,--,-,----r 

50~ 
VLFOuod0~ 

((.) EJ.~_J1~11j_r-~~--r~~~-.-~__::~,-~~~.--~~..:;.~~~-.-__ll~~-,-~~--, -50 '1' 

Ltne 30 I 2 km I Scola [;150000 

RuHan, ManLtoba, 1990. Cline spac1n9=1 km) 

1 ~ Pem1ch19amau Lake 

"" ,h 1 
Cml75s~~ 

xii1~ ·:~DaM~[ 
·~ ;,".'\ .~DÔD~c 

oU/oîh ·:~o~oC=".:Jc 
e Th "~ 

(ppm) e 
1 

, 1 • 1 • 1 • 

,;,"., :~~~~/ 
K 

((.) 

: r 

'"" ~ ~ llV ~ V~- \.' ' Mo9 · · · • . : · · · · · • .. • · ,,, •• ,, 1L ~t j N CL 
5800 1 ' 1 1 1 1 

"~ VLF T o t o 125 . 
((.) .. 

"(\ 
-25 1 1 1 1 1 1 1 i 1 1 1 

"~ VLF Ou od 0 
((.) s 1 2 

-s0 V 

Ltne 32 I 2 km I Sc ola [;[50000 
~ 



Datatled RuHan, Manitoba, 1990. (l1ne spac1n9=500m) 

.• ' H"?i'' 

.::,K ;:'~ou~h~o~I 
'.':," :~ôDÔO~drn~1 
"'' ~~ .:~dLJCv:J nrr=::iti1 1 ~hTh ~ ~ 

e Th 

(ppol ~l, 
.u : ~. 

Cppol : f"('v-./'!':~, K 
(Ï.) 

• 18 

E>p. Roto 

(oR/hl ~ . . · . 

' V • . . . . • • • • "·• "'li 1U ~~ , . ' .· j ~ , fL , . 1 '•····: .... fl. ' ' ' ' f\M~~ .h . . VLF (~ltol25 ~A •• ·. ' 
-25 

L ln e 32 I 2 km I Scola 1: 150000 

Data1led RuHan, Manitoba, 1990. (l1ne spac1n9=500m) 

•• 
He 19h 1 

(ml E + 

xii'~ ~OO ~ ~D ç-=E, or;! 
x,":~ :b~ 00 ~n M. od 

oU/oTh :ho OO ~o M. ne 
"b (~;~l eof> ~ 

,;,~, :bA-~w~ 
K 

(ï.) :k-~.~ 
"~ Exfu.R/Rha/• e ~ 

H\\ 
519i9 

Mo9 > •·• • '•····:.J ~- -, ' ' ,' ' '._ ' ' 
VLF!olol:~~~ 

(ï.) ' .,, 
58 

VLF Ouod 0 

(Ï.) E 4 

- 58 

L ln e 33 I 2 km I Scola 1:150000 



RuHan, Manitoba, 1990. Cltne spac1n9=l 

1 ~ Fraser Lake Mant loba 64 B/13 

"·«.~'·,,~ 
xil'~ ·:n~ éJ ~ 

'b ~ eU/K 

Xl04 B~o 

oU/oTh·'h ~ 
B nô 
,,,"~~ 

(ppm) B 

.;,"., '~ .. ~ 
B - v<y 

K 
Ci.) :b~ 
"~ Exru.R/~"/ e e 

Mo9 5111B l C9ommo)~ 
5B61B - ~-

75 

VLF Toto! l V~~ (i.)25 .·· ·~ 
-25 ..A. . SB ==--=r -~-r·LC\~·-~--1 

VLFOuod~· 1 

0,:J B 

-SB 1 sv 

Ltne 34-
2 km 

Sea 1,. 1 :150000 

Rultan, Manlloba, 1990. (ltne spac1n9=l 

1 ~ Fraser Lake Mani loba 64 B/13 

""''ht ~ Cml 75~ 

xw~·:tJo~ 
;,"i'. : ~ (1 tx=è 
oU/oTh ·:b.D ~ 

"b c ;;~ ) eb~ 

,;,"., '~A. b~ 
B ~c;. L?"" 

K 
(i.) :hb~ 
"b Exfu.R/Rholle eb. ~ 

M.,'""k )~ (9.,mmol :: "'::L . . VLF Totol~ v·-~\·r/"'.. __ '_, 
Ci.l 25 . '.. : :V - -v .....,.\/" 

-25 SB °'T' i Cs 

VLFOood~ (Y.) B 

-SB 
9 1 EV 

Ltne 36 I 2 km I Sea 1 e 1: 150000 

km) 

km) 



RuHan, Manitoba, 1990. (ltne spac1n9=l km) 

1 ~ Opochuonou Loke Monttobo 64 b/12 

"'c'.91'' ~ ~"l. " 
75 1 ' 

xrn ·:~ri ~01 OOn C1M .Mn. L 
Xi"i'. :~w ~ô dôb 6éJ1 .n o. c 
oU/oTh ·:~['-') a M~ r;1 DM r!':-='1W1 .6 D . c 
i;;~, '},f'JYY:~h&M~.!VY\/\_, ! 

'b '""' .~~~v';:Jlr~~~.,n.,,,,=-eU r 
K 

(/.) :~ ~~~.fV\0.6 .. r 
'"r.-,,"h,",}:!"';N~-"~ f'CY:rl.~ r> -~ - f 

Mo9 · . · · :~ ~:. . · · '""~~. ~' --------- '~ V~· 
C9amma) : : [\ : : :: r\ A 

se+• e-· 1 ô i 1 1 n 1 1 1 • 1 i 

VL',i, .. ,:~- ~ 'T ---. [ r ~ "' 
- 25 ~~~ ~:6 :: :~: /\,., : p,,G;~p.!\ C=--pé'i :f'Ç>.......----.. 

" 
VLF Ouod : 

(Ï.) s 4 3 2 

-se 

L ln e 34 I 2 km I Sc a 1 e 1 : 15 0 0 0 0 

RuHon, Monltobo, 1990. (i Lne spoc1n9=l km) 

1 ~ Opachuonau Lake MonLtoba 64 b/12 

""•'' (ml 75 

Xi~': J~C:~ n rL1 rn DÛ ~ nnrt:::J ~ i 
xi"t« :~ DbC1 Lf'::i oC1 n dnÜ n ~ 
eU/eTh "~ ô 

8 Dµ~~ OC'JO ,OcJDij, 

,;;~, ·:~ =JL~,.., 
c;pUml :k~~~~~~VV' 
:~ j\~~t["\,, ~44. 

'"1.-,~·,'·}v(:~ ~a~D. _. 
K 

(/.) 

Mo9 .~: : ""'~I I' 
C9ammo) : : : : 

~8 . -

VLF (~l t o l 25 •• • • : : : · : : : • : :: : . :: 

" l: V 0 o • ' ~ " • ~ ; 

• -25 :~ ~.o.d.r-L'y==d--.f'-\r< 91'-'\Âd'(\::j\:: /\, 6ôi::~ 
" 

VLF Ou od e 
(Ï.) 6 7 8 

-se 

L ln e 36 2 km 
Sc o 1 e 1 : 15 0 0 0 0 



Deta1led Ruttan, Manitoba, 1990. Cline spac1n9=500m) 

m~I Het~ht ·~~ 
Cm E 9 B ~ 7y 

75 ' 1 ' 1 ' 

Xii'~ ·:~.~lh="]IJ ~~ 
Ki"/'. :~.~lrrt'=J~ ~~ 

oU/oTh J~~~,~1a=l11 ~~ 
"~ ,;;:, ' 

,;,".,:~a~~~~~ 
K 

(Ï.) :~~~ 
..... D 

Mo9 : /\ 
C9ommo l • : 

58588 ' 1 ' 1 ' 1 ' 1 ' 1 ' 1 ' "6" ' . VLFC~lto~::~ t:<~ 

VLF Ou od e . "~v 
(Ï.) E : . 9 

-58 

L ln e 34- I 2 km I Sc 11 I e 1: 150000 

Deta1led Ruttan, Manitoba, 1990. Cline spac1n9=5 00m) 

m~~ He19ht~~ Sy Ey 

'•' ,,' ' ' ~ 
xii'~ ·:~~~osd 
;,"/', J'-:::A.!:1-:11~~ Lli Lil~ 
oU/oTh :~1~~cjl[]J('!\ 

e Th "~ (ppm) 8 

,;,".,:~~~ 
K 

(Ï.) :~~ 
"~ Ex(u.R/Rh"/ • 8 

Mo9 518 Me ~A· \ ----" j ':':V \._ ~ ~ 
c9 ommo) . -~ "-J•Q•• . ~ : 58588~- . ... . . 

75 • ' 1 ' . • /\ c,: : ,,..,_,: : 

VLF Toloi
25 
ho: ' ~ 1 

~ ' 
(i.) . . : ·: 

-~: . r~~-:\~t1/': 
VLF ~od 8 

(i.) 
-ses l 2 3 r----.---'=><-ll_,--__ ,_:y___,-----,----~---,---~-,-~4~~---,~~~-~Ey 

Ltne 35 2 km 
Seo 1 e 1: 150000 



RuHan, Mantloba, 1990. (line spac1n9=l km) 

"' l~ He 1 ~h t ~ 
(m E 9 e . ' 

75 

,;;1~ ·:~.~~c+==11D ~C 
x,"t, :~.~tt=io oc 
'"''" ·:~.~mÙDDC 

e Th "~ (ppm)~ 
e .;,"., :~~~';\>~d 

K 
(i::l :~.~_/ 

" 
Exp. Rote 

CuR/h l 

,, .. :n . . . ~ 
Mo9 · · : . · 

(9ommol ' n 1 ' 1 ,:/\ 1 ' 

"';: ~ 
VLF (~Jtol25 : 

-25 

VLF Ou od e : "~v~ 
(/.) E : . 9 

-se 

Ltne 34 I 2 km I Scele 1; 150000 

RuHan, Mantloba, 1990. (line spac1n9=l km) 

1 ~ Pem1ch19amau Lake 

He 1~h1 ~ 
(m 1sst . , • 1X . , , , · ' 4V 

"~ o Th/K "' ' , pf\-:i Di~ oCt:uct1 
;,"/'. :~ oD c:m~QDDd~ 
'"'·'h ·:~ pC)n1GQÔrn~ 

e Th "~ 
(ppm) e~~=1>G~ 

eU '~ 
(ppm) •"Ç'"1~J\f1M~/'-"4,l'i, • !\~ ~~ 

'.~~ K 
(/.) 

10 ~ 

Exp . Rote ~ 
CuR/h l

0 
~ 

,, ... b ·~vw~v-----. .. . .. 
Mo9 : :: : :: : :: 

(9ommo) • : · :: : •• 
s~see , 1 , 1 , 1 , 1 ,... , a 1 

'''J;'·~~~~ 
25~ 
se 

VLF Oood • ! 
(/.) ~ 2 3 • 

~ V 'V 
-se 1 , ' Y ' , ' 

L ln e 36 2 km 
Sc e l a 1 ; 15 0 0 0 0 



Dela1led Rutlan, Manitoba, 1990. (l1ne spac1n9=500rn) 

'"~ He Clm~h 1 

75

$ ' 

xi~'~':~ p~Dl~QOm1~ 
;,"t'. :~ PDcmê::iwCJrtJI~ 

oU/oTh ·:~ pLJcniÔ=JaéJCTJ~~ 
e Th "~ ~ Cppm) e~~~f"'v...A., 

,;,~, -~~r,,p.f\~~ 
0 - ~· v 

K 
(i.) :~A~ 
"~ Eop.Aolo~ ~ 

(uR/hl
8 

~ 

"·· ""' b ·~y~~ 1 (9 1>mm1> l ~ •• : :~ \_J .. 
58518 ·. . :· . .. 

75 ' 1 1 ' 1 ' ·. ~ : :: 

YLFTolol"~ ' C ' •, ' ' ' 
(i.) :: :: 

-25 f'~-:"vr-vf\~ .. 
VLF Ou od e 

(i.) s l 2 
-se 

L ln e 36 I 2 km I Scole 1:150000 

Dela1led Ruttan, Monilobo, 1990. (l1ne spac1n9"'500rn) 

'" 
He 1 h t 

Cm~ E V 
75 

x:n ,:~ r:ici D ~NC'111~1r{J 1 ,rn( 
:.":" :~ CJMD bdLJ1~1LÙ 1 JTI[ 

oU/oTh ·:~ rJHo é°JcJLJrn~r1vi i ,rur 

"~ e Th 

Cppml 8 ~d\~ ,;,"., :~~~n,Nl.l 
K 

(i.) :~~~-r-d 
"~ Ex(u.R/Rho/• e ~ 

""'b ~·~ID~ ·~ _A ~ Mo9 . . . . . . . . ~ ~ 
C9<>mmol(\ J\ : !\ 

58688 ' ' 1 1 ' 1 

"~ . VLFC~llol2~ ~ 
-2b 

.. ~ VLF Ouod e ; m,~ 
-50 

L ln e 37 2 km 
Sc o 1 e 1 : 15 0 0 0 0 



Ruthn, Mëntlobë, 1990 . Cltne 
1 ~ Fraser Lëke Mon1tobo 64 B/13 

""'" ~ Cm1 1 s 
~ V 

Xi~'~ ] r:JJO LJ 
;,"/'. :1 ~ûd 
oU/oTh ] ~Cl ci 

eTh ~ /"\ r'J\ h. 15 l 
Cpfm) e J,;yY"')-

1;,".1 :~ 
K 

(i:) :t~G 
11 l E7u·RJii"i\ e e 

5111Bk 

Mo9 ~ C9ammo~ ~ 
5B6BB 1 

75 l v: '.~V ~":'-J_ ::~ 
VLF T o t o l 25 0: .· : m . . . 

- 25 c-f"',: . ., .. . 1 " 
1 

1 

VLF Ou od B 
5B~ 
(i:)~ 

-SB 

spacln9=l km) 

Llne 38 I 2 km I Sea 1 e 1: 150000 

RuHan, Mëntloba, 1990. Cltne 
1 ~ Fra ser Lëke Mënlt obo 64 B/13 

He19hl~ 
Cm1 a 9 E 

~ V 

;I~': ] L::J ~Ï 
eU/K 

3 l ~ _/'"'\__ 
Xl04 B~nl 

'"'"' ] ~n1 
1sl ,;;:, .~J 

,;,"., :t~rr 
K 

('.Y.) 

Exp. Rot e 
Cu R/h l 

:1~ 
lB l 
e~r.,....._~_,.~~---.c--~----. 

Mo 9Sll!Bb ~ 
C9ommol -~ 

50610~1 ~ 

75L '-' "-../- ~\_ 
VLF T o t " 125 . 

('.Y.) 

-25 Cl :a· 1 , ~ j 1 '• 

VLF Ou od 0 
SB~ 

(i:) 8 9 E 
~ V 

spac1n9=l km) 

Ltne 40 I 2 km I Se o le 1: 150000 



Rutlan, Mandoba, 1990. Cltne spac1n9=l km) 

175 Opachuanau Lake Man 1 toba 64 b/12 

Ha1ght ]~ ~ -~~,....._ -~~.-... ~n..-- ~ ~. 
Cml 

75 

xri'~ ·:~ CJ~ LYJLJ. LJ. 1 

;,"/'. :~ d~ é'JÙ' d' 1 

oU/oîh -'~~ A,,~ C'J ~ 1 
8~ L,J~.è? ' L_,-J' 

,;;:,"LA. t\ ~~-~ , 
8~ ~~ q ~ 1 ~ 
s~ 

eU ~ ~ (ppm) 
j\., ... .... --" 1\ l"I l'.J!< 

8Y11v \l"V~O·""\f IJ"l(VViï'"'U" 

K 
(Ï.) :~ ~-flcvi' C'"\. . 

ET;Rl',·,1·':~ ~/vy\, C\. , 
51818 

Mo9 
C9ommo) 

58518 .i---~--~-~--~--~-~--~---,----.--------...---.--------.--.-------- ----. .---

VLF (~l t o l::~A - - ~ ::_~ ~-r ~ ~· v~ ~ w ~~ v 

• -25 -v~.\.-C=\:/v-~~=-°"rc---..A ,;.... >::o<"o: I :e-6 :::'ï",; ô>-('v\o>~ :,,::cy"""'=6 
SB 

VLF Ouod 8 

(Y.) 5 4 3 2 

He19ht 

- 58 

Ltne 38 I 2 km I Scola 1:150000 

Rutlan, Mondobo, 1990. Cltne spac1n9=l km) 

1 ~ Opochuonou Lake ManLtobo 64 b/1 2 

Cml 
3 4 7 

~+-..__~--~--.------JL-~--~-~_..._--.---~-~-...._~-~------~--

;I;': ·:h~. u u ~ona 
;,"'" :6~.Gb~Qoq 

oU/oîh ·:6~. Q~ ~q=q 
,;;:, ·;~rQl]i~M .. 
,,.,~, .b.~~-JA')~~ ··-' b,_ .,flnf'l..J>v, 

,: ~,;V)C)A_~ 
E'f."RJ~•:',:,:~ ~ti0~N\ 
"··~· 

K 
m 

C9ommol -
SBSBB . : 

"~ " "V V V c ' ' ' 
VLF!''''" •••••••••• V V V ' "' • 

(Ï.) : : : : : : : : : : : : : : : : :: : : 

-2S ç-<>o :·c--;.· = :d'--,: : : :,..,: , ~ ('!\ Q::~ f'·,_...cv--.,_;".:'._,c·<,C=Yv 

" VLF Ouod 0 
(Y.) + 5 

-58 

Ltne 40 I 2 km 1 Seo le 1: 150000 



Delôiled Ruttôn, Mëndobô, 1990. (l1ne spac1n9=500m) 

'" 
He 1 hl 

Cm~ 75E 

xl~1~ }:=~~~ n11,dJ!, ~ ~ 
;,":" :~C\Jr::h ~11,ŒI, cJl ~ 
oUJ.Th ·:bôt=Y:1 ~!l,UJ1, d ~ 
"~ ,;;:,_~-~~ 

9 '"'7 ' -

,;,".,'~~~ 
9 • Q , ~ • 

K 
( 7. l 

3

9~~~-Ô~ , V 4 

"~ Ex(u.R/Rho/ e er-

M., "'"~V ~ \ fi JV . 
C9 ommo l • • D • .·~ \../ ;\ • • 

59510 ci 1 ' 6 ' 1 ' 1 ' 1 

"b v~~tol~ '. ~ 
(7.) M 

-25 

VLF"~.,d~:, 
L ln e 38 2 km 

Se o 1 e 1: 150000 



Ru t 1 an , Man l 1 o b a , 199 0 • ( 1 l ne s p ac l n 9 = 1 km) 

1 ~ Pemt c h19omau Lake 

"••ghl~ 
Cml75E. 

xin':h~~1n11,cfll. ~ C 

;,"/'. :h~r=±::=i ~11,cD!, ~ [" 
.ui.ih }::JÛl[:=,,~tl'JI ~11,ml , d C 
"~ e Th 

(ppm),,,.,__~- ~C 
0 °T •- o 

,;,~, J~~f"f>J'\jY'-''"lf_",!\c='\~~~A,-rf!\._,A 
K 

(Ï.) :~~A. ô~ 
"~ Ex(u.R/~olle e~. ~ c 
""' bDV )../. l/J] V ~ /\ / "·· - •• ,(\ . . 0 ~ ~ (9 o mmo) : · . . . . : : . : 
se5ee f\ · 1 .f\ , · ' , • 

~~\ ! 1 : VLFciï'''" ~V _L\ 
-25 'l 1 1 1 1 

'''~····:~ (7.) E 9 8 · · .. 
~8 ~ -

Ltne 38 I 2 km I Scola 1: 150000 

Rutlan, Mantloba, 1990. Cline spac1n9=l km) 

1 ~ Pem1ch19ornau Lake 

He19ht~ 
(ml s l 2 

75+-~~-.-~~~..--~~-,-~~~~~~~~~~~~~.,..._~~~~~~~~~ 

Xi~': (:~~cdD ~ 
;,"/'. :~~ [J~b ~ 
oU/olh ·:h~ h:='lM ~ 

"Th "~ 
(ppm) e~ 

,;,"., : b&r('\.,Nt n.(C'l • .,,rv11~ Anl')~N~ 
K 

(7.) :~~~ 
"~ Exp. Role 

luR/hl 
0 

~ 

""'~\ Mo9 : 
l9ommol ~~ 

50690 • 1 

VLF !•loC,_~-~d'Y'_ ~ ~-
(Ï.) 4 . . 

A . 
-25 ' 1 • 

''',,~···~:.~-~ 
Ltne 40 

2 km 
Scola 1: 150000 



Rutlan, Mandoba, 1990. Cltne spa c tn9 =l 

1 ~ Fras e r La ke Mani loba 64 B/1 3 

He19ht~ 
(m) 3 2 1 

75+----+----~----.>----,-----"--~-~ 

xii'~J ~~ 
oU/K 1 Xl 0 4 B ~ 

oU/oTh] Q~ 
"Th 15 ~ ~/'\...., -~- _/V'vi, ~ . -

(ppm) B1n. ~ 

,;,~, :t,,O'"~~ 
K 

({.) :i.*~ 
181 Exp.Rote ~ 

CuR/h) ~ 
B~r~~--',=----,-----,---..,----.--

51!1Bbc:J· \_ _ 
Mo9 : : ~~ 
C9ommo)A: 
58619~ · , 1 ' 

75 L" ~ . "V~ :V.~\ /\ l\/'v\ f\r 
VLF T 0 t 0 l 25 . . • : :: : '-' V V : 

CZl : ... 
-25 ~ 1 n~.o, 'o ·1 000 · : 1 ·,; 1 1 /\ 

58~ VLF Ou od e 
(7.) 3 2 

-SB+----+----.-----r----.-~~ 

L ln e 42 I 2 km I Scala 1:150000 

km ) 

Rultan, Mandoba, 1990. Cltne spactn9 =l km) 

1 ~ Fraser Lake Mant loba 64 B/13 

"'''''~ (m) 10 E 
~ V . 

XI~': ·:i I~ 
eU/K 'l ~ Xl0 4 B m 

oU/oTh-'l ~ 
e ~a 

e Th 
(ppm) 

.u 
(ppm) 

K 
(7.) 

15 

B+-....._-...cc:::,__~~~..-~~---1f!-~~~ 

5 

,.,clo'' 1 
B k-'• " • • 1 

:i~ 
ul~ Roto 

''l;Rlh: ... :~b-~ 
Mo9 ~: , 1 C,····: .... ~ _ _; ,~ \J"V'-

75u :· .. : . . 
VLF Totol25 ~< •. : (\ , 1 

VLF"~ .. d-~ ~---: -:::_=~· ';J_; - --,-'----,--- EV 
(7.)~ 

-SB 

L ln e 43 I 2 km I Sea 1 e 1: 150000 



""'hl 

Rutian, Manitoba, 1990. Cltne spactn9=l km) 
175 Üpochuanou Loke Mont tobo 64 b/ 12 

(ml 75 

xil'~ ·:~tLLJ. [] ~M 
·~ ''"'" .tfb. a ~n 
oU/oTh:~~.n~Cl 

e Th "~~ Cppml 8 • ou 

eU 
(ppm) 

K 
CZI 

b~,,f>,~~~ 
~.~~{\-

,,, ..... "~ ~ 
CuR/hJ J\.. . 

8 ., ""W«r' 

"'"~· Mo9 

(s.,mm.,~8610{'\ ' 1 1 1 

"~ '' ·• V V 
CZI · : 

VLF Totol2s . ·. . . . . ·~ 

-25 ~a·r;v-=v;,,.,.,.,~. n 
" 

VLF Ou od e 
CZl 8 1 s 

""'hl 

-58 

L ln e 42 I 2 km I Seo la 1: 150000 

RuHan, MonLtoba, 1990. Cltne spactn9=l km) 

1 ~ Üpochuonou Loke Mantfobo 64 b/12 

(ml 75 

Xii'~ ]/\J)O~M LJ~ .d ID-1 L1d ÙI 
''"'" :bCJ ~t=(l M~ .0 IÜ t;J~ ni 
eU/eTh '6 .nt::=:i n~ n 1d ~ 01 

,;;:,':h~~ . .nd:\ -~lb-
,;,"., ]~~~,~~~Atf\y.,,fY/\~.vv, 
:~~w/\.~il­

'·r.-.,·.-,'·"~~ n iJ} ~A 
K 

CZI 

8 1 ~ ......... 

Mo9 . : • : • : • : "'"[ ~ . l \ 
(9.,mm.,) : : • : : :n~ 

58510~· ' 1 ' 1 ' ' 1 ' 1 ' 1 "h • ~ . -~"- v• 
VLFC~lto~::Jrv~ ~·~~ ="\ unôô~ /\ 

" 
VLF Ou od e 

(7.l 6 7 

- 58 

L t ne 43 
2 km 

Scola 1: 150000 



Ru t t an , Man l t o b a , 199 0 • ( 1 l ne s p ac 1 n 9=1 km) 

1 ~ Pem1 cht9 amau Lake 

He 1 gh t ~ ,...,_ ~ ------ ./'- ~ __ /""-..... - f'-..---.. 

(ml 1l 

xii'~·:~D~c 
eu1K __ .,.,,_A " JI.._ ___ • · - __ 3~ 
Xl04 8 Q~C 

.u1on ·:~ O~[ 
15~ 

e Th /\ __ /\-.., _ ~ M A<"- _ J\. M _A!\ 

(ppm) e r 

Sb 
eU ~ (ppm) _~A ,./"\ .dA _{l)v,,, -Âlt." [Ir: 

eU',n,f"i~ovvÔb ~~" 

K 
(Ï.) :~~ 
18~ Exp. Rote 

(uR/hl r 
e+-~~.--=-~,---X>-.#o-'-~---.~~----.-~~--.~~-.-~~-.-~--, 

Mo9 ""'~ \ /\ / : ~ 
(9ommolA '-...,/ \.r---J •• : . 

~e ~ ~ . 

VLFTot.l:n 'f~ (ï.) -.~:-. . . . 
-25 . ô' 

58 . 1 1 
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RuHan, Mandoba, 1990. (ltne spac1n9=l km) 

175 Peml ch t9amau Lake 

"'''''~ Cml75s. 
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RuH<in, M<initob<i, 1990. Cltne 

1 ~ Froser L<ike Monttob<i 64 B/13 
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RuHon, M<inltob<i, 1990. Cltne 

1 ~ Froser L<ike Monttobo 64 8/13 
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SB~ VLF Ou ad 0 

(Z) a E 

- V 

spac l ng=l km) 
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He 19h t 
Cml 

Rutlan, Mandoba, 1990. (ltne spac1n9=l km) 

1 ~ Opochuonou Loke Manitoba 64 b/12 

" 
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Rutlan, Mandoba, 1990. (ILne spac1n9=l km) 

1 ~ Opochuanau Lake Manttobo 64 b/12 
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RuHan, Mandoba, 1990. Cltne spac1n9=l km) 

1 ~ Pem1 c ht9amau Lake 
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Rutian, Mandoba, 1990. Cline spac1n9= l km) 
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Ruttan, Mandoba, 1990. (line spac1n9=l 

1 ~ Froser Lake Manitoba 64 8/13 
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cppm) 8~ 

K 
CiO ·~ 
1:~ Exp, Raie 
CuR/h)~ 

5121:~. ~ 
Ma9 :•~ 

(9.,mmol ~c,., 1 ' 
5871B 

75l~ ~ . 
VLF T o 1 a l 25 : : . . 
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kml 

RuHan, Manitoba, 1990. ([1ne 

1~ Froser Lake Manitoba 64 8/13 
spac1n9=l km) 
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Rutlan, Manitoba, 1990. Cltne spacln9=l km) 
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Ruttan, Mandoba, 1990 . (1 tne spac1n9=l km) 

175 Pern 1cht9 amau Lake 

Ho<gh 1 
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Ruttan, Mandoba, 1990. (ltne spactn9=l km) 

175 P e m 1 ch l 9 a ma u Lake 

He19hl ~ " ~ _ ------ .-.... ~ _,..Ft ~ 
(m) 75S 

xin·:~~~ 
3 ~ 

x1U/K4 e r=----:: ' 1 ~ 

oU/oTh·:~~ ~ 
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Rullan, Mantloba, 1990. Cline 

1 ~ Frôser Loke Mon1toba 64 B/13 

He19hl~ 
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e Th 15~ 

(ppm) e 
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Ru t l on , Man 1 t o b a , 199 0 . ( 1 l n e 

1~ Frôser Lake Manitoba 64 B/13 
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He t 9h t 
Cmî 

RuHan, Manitoba, 1990. Cline spacin9=l km) 
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RuHan, Manitoba, 1990. (line spacin9=l km) 

1 ~ Opachua nau Lake Manitoba 64 b/12 
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Ruttan, Manitoba, 1990. (ltne sp a ctn9=l km) 

1 ~ Pemt cht9amau Lake 
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Ruttan, Manitoba, 1990. (ltne spactn9=l km) 

1 ~ Pemtch19amau Lake 
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RuH<rn, Mândobâ, 1990. Cltne spâctn9=l 

1 ~ Frâ ser Lâke Mon1tobo 64 8/13 

He 19ht~ 
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Ruttân, Mândobâ, 1990. Cltne spâctn9=l 

1 ~ Frâser Lâke Monttobo 64 8/13 
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Rution, ManLtobo, 1990. Cline spac1n9=l km) 

1 ~ Opochuanau Lake Manitobo 64 b/1 2 
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Rullan, Manltoba, 1990. Cltne spactn9=l km) 

175 Peml ch t9amau Lake 
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Rutlan, Manltoba, 1990. Cltne spactn9=l km) 

175 Pem1cht9amau Lake 
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Ruttan, Mandoba, 1990. Cltna 
1 ~ Fraser Lake Mant l oba 64 8/13 
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Ruttan, Mantloba, 1990. Cltna 
1 ~ Fraser Lake Mant loba 64 8/13 
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Rutian, Mandoba, 1990. (ltne spac1n9=l km) 

175 Opochuanau Lake Man 1 toba 64 b/12 
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Ruttan, Manlt oba , 1990. (l tne spactn9=l km ) 
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Rult an, Mandoba, 199 0. ( l t ne s pa c1n 9=l km) 
175 Turnb u l l Lak e Man Li oba 64c/8 
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RuHan, Manitoba, 1990. Cltne spac1n9=l 
175 Barr1n9ton Lake Manitoba 64C/16 
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Rutian, Môndobô, 1990. Cltn e spôctn9=l km) 
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Rullan, Mantloba, 1990. (ltne spactn9=l km) 

175 Turnbull Lake Montloba 64c/8 
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Rutlan, Manitoba, 1990. (ILne spac1n9=l 

175 Barr1n9ton Lake ManLtoba 64C/16 
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Rultan, Mandoba, 199 0. Cl tn e spa c tn9=l km) 

1 ~ Turnbul l La ke Manit oba 64c/8 
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RuHon, Mondobo, 1990. Cltne spactn9=l 
1 ~ Barr1n9ton Lake Manitobo 64C/16 
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Rutian, ManLtoba, 1990. (ltne spactn9=l 
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Ruttan, Manit oba, 1990. Cline spa c in9=l km) 
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Rutlan, Manltoba, 1990. (ILne spac1n9=l 
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Ruttan, Mandoba, 1990. (ltne spac1n9=l 
1 ~ Barrtn9ton Lake Manitoba 64C/16 
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