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INTRODUCTION 
The Loon claims were staked July and August of 1988 as a 
result of a reconnaissance prospecting/sampling program in 
the Ootsa Lake area. 

A modest program of soil geochemistry, trenching, rock 
sampling and resistivity surveying (EM-1 6R) was carried out 
from October 8-18, 1989. The work was done over an area 
where initial prospecting and sampling indicated gold and 
silver bearing epithermal veins and breccias. The results 
of these surveys are the subject of this report. 

LOCATION & ACCESS 
The Loon property is located 7 0  kilometres south of Burns 
Lake and 21 6 kilometres west of Prince George (see Fig. 1 1 .  

The claims occur in the Windfall Hills area north and east 
of Uduk Lake near the eastern boundary of Tweedsmuir 
Provinical Park. Latitude 53O38'N; longitude 125O59'W. 
The claims straddle the boundary between NTS mapsheets 
93E/9 (Ghitezli Lake) and 93F/12 (Marilla). The camp was 
located on the west side of an unnamed lake referred to in 
the field as Loon Lake. 

Access to the claims is by fixed-wing aircraft from Burns 
. Lake to Loon Lake. Logging roads pass within 7 kilometres 

of both the northeastern and southeastern claim boundaries. 
These are seasonal roads used by Wests Fraser's Eurocan 
Division based out of their East Ootsa Camp. Ferry 
transportation across Ootsa Lake is on an availability 
basis only. 
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CLAIMS 
The Loon property consists of a contiguous block of 9 

claims totalling 152 units in the Omineca Mining Division. 
The claims are wholly owned by Mingold Resources Inc. A 
breakdown of the claim information is shown in Table 1 and 
the location of the claims on Plate 2A. 

Claim 

Loon 1 
Loon 2 
Loon 3 
Loon 4 
Loon 5 
Loon 6 
Loon 7 
Loon 8 
Loon 9 

TABLE 1 .  Loon Claims Summary 
No. of Record Record 
Units No. Date 

18 
18 
2 0  
12 
20  
20  
1 2  
12 
20  

9568 
9569  
9570 
9661 
9662 
9719 
9720 
9721 
9722 

0 7 / 1 9 / 8 8  
0 7 / 1 9 / 8 8  
0 7 / 1 9 / 8 8  
0 8 / 1 7 / 8 8  
0 8 / 1 7 / 8 8  
0 8 / 1 8 / 8 8  
0 8 / 1 8 / 8 8  
0 8 / 1 8 / 8 8  
0 8 / 1 8 / 8 8  

Expiry 
Date* 

0 7 / 1 9 / 9 2  
0 7 / 1 9 / 9 3  
0 7 / 1 9 / 9 2  
0 8 / 1 7 / 9 1  
0 8 / 1 7 / 9 1  
0 8 / 1 8 / 9 0  
0 8 / 1 8 / 9 0  
0 8 / 1 8 / 9 0  
0 8 / 1 8 / 9 1  

*Note the expiry dates shown include the assessment credits 
for work presently being applied. 

The claims for which assessment is being applied have been 
grouped into a 56  unit contiguous block which includes Loon 
1-3. 

PROPERTY HISTORY 
,The first known work in the area was by H.W. Tipper of the 
Geological Survey of Canada in 1949 .  At that time, he 
carried out the initial government mapping of the area 
which was later published in G.S.C. Memoir 324 .  Since that 
time no further work is indicated until 1980 at which time 
Amax Exploration staked claims in the Uduk Lake area just 
south of the Loon property. The claims were allowed to 
lapse by Amax and were subsequently restaked by A & M 
Exploration as the Duk claims. These claims are presently 
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still in good standing and held by Comox Resources. 
In 1988,  Mingold Resources personnel found an accumulation 
of mineralized epithermal vein and breccia boulders south 
of Ootsa Lake. These boulders were subsequently traced 'Iup 
ice" to outcrops of similar material on what is now the 
Loon 1 and 2 claims. In the course of staking, additional 
material was found in float or outcrop resulting in the 
expansion of the claim block to cover a total of 152  units. 
The claims tie onto the northern boundary of the Duk claims 
where similar material is found. 

GEOLOGY 
The Loon claims occur in the south-central part of the 
Intermontane Geological Belt of the Northern Cordillera. 

L i t h o l o g i e s  range i n  age from l a t e  T r i a s s i c  through Miocene 

with intermediate to felsic volcanics being the dominant 
rock types (see Plate 2B). . 

The oldest rocks exposed in the area are the U. Triassic 
Takla GroupVolcanics which consist of island arc sequences 
of intermediate to basic volcanics. These were superceded 
by the Hazelton Group Volcanics in early to mid-Jurassic 
time. This package of dominantly calc-alkaline basaltic 
to rhyolitic volcanics is prevalent in the area surrounding 
the Loon claims but only occurs on Loon 4 and 9 within the 
claim block (units 4 ,  6). 

The lower Mesozoic rocks are overlain unconformably by an 
extensive volcanic sequence known as the Ootsa Lake 
Volcanics (Unit 2 ) .  Recent work on the Whitesail ('93E) 
mapsheet further west suggests this package is entirely 
Eocene in age (Drobe, 1 9 8 8 ) .  These rocks occur over most 
of the claim area and consist typically of flows and tuffs 
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of felsic to intermediate composition. The evolution of 
the rocks is believed to be related to a series of dome 
complexes within a collapsed cauldra setting. These rocks 
commonly host epithermal gold-silver mineralization in the 
area. 

The Ootsa Lake Group is in turn overlain and intruded by 
andesitic to basaltic flows, dykes and plugs of the 
Oligocene to Miocene Endako Group (Unit 1 ) .  These rocks 
are typically basaltic and have likely resulted from 
I1plateau-type" extrusion into the area. Alteration 
prevalent in the Ootsa Lake rocks seldom extends into the 
Endako sequence suggestingthat the epithermal mineralizing 
event occurred prior to or contemporaneous with the 
implacement of the Endako volcanics. A quartz monzonite 
plug (unit 5 1 occurs on the northeastern part of Loon 9 and 
likely is part of the Cretaceous and/or Tertiary Quanchurs 
Intrusions. 

The region is structurally complex with the complexity 
becoming all the more evident with the more intensive work 
in the area. Heavy glaciation has precluded the G . S . C .  

extrapolating the faulting evident both north and south of 
the area into the Ootsa Lake region. Our detailed work 
along with airphoto in&erpretation indicates that the 
northwesterly and northeasterly trending faults do in fact 
continue into this area along with a strong northerly 
trending system. 
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GEOCHEMISTRY 
Soil Geochemistry 
A total of 199 soil samples were collected over the Loon 
1 and 2 claims during the period of October 14 and 15 ,  

1989. These are denoted by larger dots on the Boot Lake 
area geochem plots (Plates 3-51. All the N. Boot Lake 
samples were taken in 1989 so no designation has been made. 

Soil sampling was carried out on lines SON, 53N, 56N, 58N, 
63N, 64N, and 65N with 25 meter stations. The section 
lines were flagged in concurrent with the sampling. 

Samples were collected from a depth of 15 to 25 cm using 
a grubhoe and then placed in a Kraft soil bag. The entire 
area has been glaciated however a rusty brown to grey brown 
soil has been developed within the till which represents 

a false "B" horizon. It is believed that sampling of this 
horizon yields a measure of the in-situ metal content 
however values may be somewhat suppressed due to the 
relatively impervious nature of the till. Overburden 
depths do not appear to be excessive in this area however 
further work may indicate otherwise. 

Samples were air-dried and sent to Acme Analytical Labs in 
Vancouver for analysis. All samples were run for a 30 
element ICP package plus A.A. for gold and mercury. 

Analytical Procedure 
In the lab, the soils are sieved to -80 mesh and then a 0.5 
gram sample is digested with 3 ml. of 3-1-2 HC1-HN03-H20 

' at 95OC for one hour. This is then diluted to 10 ml. with 
water and analysed by an ICP unit. Gold detection limit 
by ICP is only 3 ppm so separate analysis was done for gold 
by AA. This method uses a 10 gram sample which is ignited 
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at 6OO0C, digested with hot aqua regia and extracted by 
MIBK. This is then analysed using a graphite furnace AA 
unit. Mercury analysis uses the solution extracted during 
the ICP digestion. The aliquots of the extract are added 
to a stannous chloride-hydrochloric acid solution. The 
reduced mercury is swept out of solution and passed into 
the mercury cell of a cold vapor AA using a F & J 
scientific mercury assembly. 

Discussion of Results 
The 1989 soil results are plotted along with earlier 
results on Plates 3-8. with the tighter line spacing some 
trends in the soil geochemistry are apparent. Silver seems 
to be the best element for tracing out the known epithermal 
mineralization. It indicates that a zone coinciding with 
t h e  western m o s t  t r e n c h e s  (TR88-4, 5 ,  6 )  t r e n d s  about 020° 

and extends over 300 meters along strike. The southern 
portion of this anomaly has not been followed up and is 
therefore a priority target for future work. This anomaly 
may extend an additional 200 meters south to line 51N where 
a 1.2 p.p.m. silver anomaly occurs. Similarly, the zone 
may extend northward through lines 57N and 60N where 0.4 
p.p.m. silvers are located. This would give a possible 
strike length of 1100 meters which is still open to the 
north. 

The anomaly associated with the eastern trenches (TR88-1, 
2, 3; 89-10, 11) is confined to single silver and gold 
(different station) values on line 55+19N (reconn. line). 
No obvious extensions occur north or south of this area. 

\ 

The trace elements commonly associated with epithermal 
precious metal occurrences show variable response. Arsenic 
and molybdenum show fair to good correlation with the 
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precious metal anomalies while mercury and antimony appear 
independent. 

Geochemical response is muted by the glacial till and 
overall, flat terrain. There appears to be minimal 
(<50 m) transporting of soil geochem anomalies due to 
glacial activity. Many of the precious metal highs are 
confined to a single station anomaly so sample spacings 
should be no greater than 25 meters. Earlier work may have 
failed to detect anomalies due to too wide ( 5 0  meter) a 
station spacing. 

TRENCH SAMPLING/MAPPING 
A total of four trenches were completed in 1989 (TR89-8, 
9, 10, 1 1  1 with an aggregate length of 64.0 meters. 
Trenches were cleared of overburden, drilled on a 30 cm 
grid pattern and blasted. The rubble was then cleaned out 
and the fresh rock sampled, typ'ically at 2.0 meter 
intervals. All samples were proper channels about 3.0 cm 
wide by 3.0 cm deep. Samples were sent to Acme Analytical 
Labs where they were pulverized and then analysed by the 
same methods described under @'Soil Geochemistry" above. 

. 

Mapping was carried out at the same time as the sampling. 
All the trenched areas consist of cream coloured rhyolite 
to dacite of the 'Ootsa Lake Group. The rock has been 
subjected to varying degrees of silicification and argillic 
alteration. Silica is amorphous, occassionally banded 
(chalcedonic), and varies from nearly white to black 
apparently depending on the pyrite content. Silica occurs 

' as veins, lenses, vugs and breccia (often healed by later 
silica). Pyrite is the only observable metallic comprising 
up to 5 %  of the host rock and commonly tr-1%. No direct 
relationship is evident between the pyrite and precious 
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m e t a l  c o n t e n t  a l though  p y r i t e  i s  par t  of t h e  e p i t h e r m a l  
system. 

T a b l e  2: Trench Dimensions 

Trench No. Length (m) Width (m) Depth (m) 
TR89-8 16.0 0 .5  0 .5  

TR89-9 17 .0  0.5 0 .5  

TR89-10 22.0 1 .o 0.5-0.7 

TR89-11 9.0* 1 . o  0.3-0.6 

(*Excludes TR88-2 i n  c e n t r e  of t r e n c h )  

D i s c u s s i o n  of R e s u l t s  
The 1989 trench sampling results were very disappointing. 

Although t h e  s i l i c i f i c a t i o n  and a r g i l l i c  a l t e r a t i o n  
associated wi th  t h e  e p i t h e r m a l  sys tem are  p r e s e n t ,  p r e c i o u s  
metals are n o t i c e a b l y  a b s e n t .  The h i g h e s t  gold v a l u e  w a s  
200  ppb and t h e  h i g h e s t  ‘ s i l v e r  va lue  4.5 ppm, b o t h  from 
sample 00215 i n t r e n c h  TR89-9. These r e s u l t s  i n d i c a t e  t h a t  
i f  f u r t h e r  p r e c i o u s  metal p o t e n t i a l  ex is t s  w i t h i n  t h e  
t r e n c h e d  areas it i s  a round  TR88-4 or a t  dep th .  

GEOPHYSICS 
The o n l y  geophys ics  done  on  t h e  claims i n  1989 was a 600 
meter r e s i s t i v i t y  t es t  l i n e  u s i n g  a Geonics  EM-16 equipped 
w i t h  t h e  r e s i s t i v i t y  meter a t t achmen t .  S p e c i f i c a t i o n s  and  
o p e r a t i n g  i n s t r u c t i o n s  f o r  t h i s  i n s t r u m e n t  are i n c l u d e d  as  
Appendix I1 a t  t h e  end of t h i s  r e p o r t .  

# 

The r e s i s t i v i t y  survey  r e s u l t s  are shown on P l a t e  N o .  1 2 .  

The l i n e  l o c a t i o n  was chosen  t o  t es t  t h e  known areas of  
e p i t h e r m a l  a c t i v i t y .  The i n s t r u m e n t  w a s  n o t  expec ted  t o  
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respond to the mineralization but rather to .the 
silicification associated with it. It is apparent that the 
EM-16R effectively located the silicified zones, 
registering a 200 ohm-meter or greater reading in these 
areas. The test line indicates that additional resistivity 
surveying is warranted. 

CONCLUSIONS 
The soil sampling carried out in 1989 has outlined a zone 
of high silver concentration to the south of trench TR88- 
4. Followup of this area, initially with trenching and 
then possibly with drilling, is warranted. 

The EM16R resistivity instrument appears to be effective 
at locating the silicified zones associated with the 
epithermal system. It should aid significantly in 
delineating these zones where the soil geochem response is 
poor or significant transporting of anomalies has occurred. 

i 

The 1989 trenching was unsuccessful at locating any new 
precious metal mineralization. It did however confirm the 
north northeasterly trend of the epithermal mineralization 
suggested by the soil geochemistry. 

Although results have not been as encouraging as hoped on 
the Loon property it must be borne in mind the 
capriciousness of epithermal precious metal deposits. We 
may be in the upper part of the system where gold and 
silver values are extremely erratic (or absent) or on the 
flanks of more significant mineralization. 

K.wTaylor 
Senior Project Geologist 
Mingold Resources Inc. 
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Loon 1-3 C l a i m s  

STATEMENT EXPENDITURES 

Personnel 

K. Taylor - Geologist/Supervisor 
T. Roberts - Fieldman 
S. Soby - Contract Blaster 

$ 200/day 
$ 150/day 
$ 252/day 

Geochemical 

Soil Sampling (Oct. 14, 15) 

Analyses - 199 soil samples-@ $14.85/sample 2,955.15 
- 199 sample preps @ $.85/sample 169.15 

Sampling - 1.5 man days @ $150/day 225.00 
- 1.5 man days @ $252/day 378.00 

Room/Board - 3 man days @ $25/man day 75.00 
Supplies - bags, flagging, etc. 30.00 
Shipping - 1/2 Beaver load @ $290/load 145.00 

- Bus from Burns Lk to Vancouver 65 . 00 
Trench (rock) Sampling (Oct. 14, 15, 16, 17) 

Analysis- 33 channel samples @ $14.85/sample 490.05 

Sampling- 2 man days @ $2OO/day 400.00 
- 1 man day @ $150/day 150.00 

Room/Board - 3 man days @ $25/man day 75.00 

- 33 sample preps @ $3.00/sample 99.00 

Supplies - included with soils above - 
Shipping - included with soils above - 

Geological 

Trench Mapping (Oct. 14, 15, 16, 17) 

Mapping four trenches - 2 man days @ $200/day 400.00 
Room/Board - 2 man days @ $25/man day 50.00 

14 



Geophysical 

EM-16R (Resistivity) Survey (Oct. 16) 

1/2 man day @ $200/day 
1 man day @ $150/day 
Room/Board - 1.5 man days @ $25/man day 

Physical 

Trenching (Oct. 9, 10, 1 1 ,  12, 13, 14') 

Overburden Removal - 2 man days @ $200/day 
- 72 man days @ $150/day 

Drilling - 1 man day @ $2OO/day 
- 1 man day @ $150/day 

Blasting - 3 man days @ $252/day 
- Powder, fuse, caps 
- Magazine Rental 

Clean out - 1 man day @ $200/day 
- 1 man day @ $150/day 
- 1 man day @ $252/day 

Room/Board - 12 man days @ $25/man day 

100.00 
150.00 
37.50 

400.00 
150.00 
200.00 
150.00 
756.00 
636.54 
165.00 
200.00 
150.00 
252.00 
300.00 

Mob/Demob (Burns Lk - Loon Claims): Oct. 88 1 1 ,  15, 18, 19 

Mob into Loon - 2 Beaver loads @ $290/load 580.00 
Travelling/camp construction - 1 man day @ $200/day 200.00 

- 1 man day @ $150/day 150.00 
Blaster Mob In (sep. flights for powder/caps on Oct. 1 1 )  

- 1 Beaver load (split charter) 185.00 
- 1 Cessna load @ $240/load 240.00 

Blaster Demob - 1 Cessna load @ $240/load (Oct. 1 5 )  240.00 
Travelling for blaster - 2 man days @ $252/day 504 . 00 
Demob to Burns - 1 1/2 Beaver loads @ $290/day 435.00 

- 1 man day @ $150/day 150.00 
150.00 

Travelling/Camp teardown - 1 man day @ $200/day 200 . 00 
Room/Board - 6 man days @ $25/man day 

Report Preparation 

Writing - 1.5 days @ $200/day 
Drafting - 2 days @ $200/day 

300.00 
400.00 

TOTAL 13,087.39 
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STATEMENT PUALIFICATIONS 

I, Kenneth J. Taylor of 15732 - 92  B Avenue, Surrey, British 
Columbia do hereby certify that: 

1 .  I am a geologist with a B.Sc. in Geology from the University 
of British Columbia, 1973.  

2. I have practised my profession continuously since 1973. 

3 .  I supervised and co-executed the 1989 field work on the Loon 
1-3 Claims in the Omineca Mining Division. 

4. I have been involved with exploration in the Ootsa Lake area 
since 1985 .  During this time I have worked on a number of 
epithermal gold/silver occurrences similar to that on the 
Loon. 

5.  I have examined the fieldwork on which this report is based 
and found it to conform to accepted standards within the 
mining industry. 

$?7--- 
0 

K. Taylor 
Senior Project Geologist 

May 7 ,  1990 
’ Mingold Resources Inc. 
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ACME,,ANALY & LABORATORIES LTD. 852 E. HASTINOS ST. B . C .  V6A 1R6 PHONE(604)253-3158 FAX(604)253-1716 

GEOCHEMICAL ANALYSIS CERTIFICATE 
ICP - .SO0 GRAH SAMPLE IS DIGESTED UITH 3ML 3-1-2 HCL-HN03-HZO AT 95 DEG. C FOR ONE HOUR AND IS DILUTED TO 10 HL UITH WATER. 
T H I S  LEACH IS PARTIAL FOR HN FE SR CA P LA CR HC EA TI B U AND LIMITED FOR NA K AND AL. AU DETECTION LIMIT BY I C P  I S  3 PPH. 

F i l e  # 89-4437 Page 1 
SAMPLE# 

65+00N 39+50E 
65+00N 39+75E 
65+OON 40+00E 
(,5+00N 40+25E 
h5+00N 40+50E 

65+00N 40+7fE 
65+00N 61+00E 
65+00N 41+25E 
h5+OON 41+50E 
65+00N 41+75E 

65+00N 42+2SE 
65+00N 42+50E 

C)S+OON 42+DDE 

65+00N 42+75E 
*55+00N 43+00E 

h5+00N 43+25E 
h5+00N 43+50E 
h4+75N 41+50E 
&+SON 41+50E 
h4+25N 41+50E 

64+00N 39+50E 
64+00N 39+75E 
64+00N 40+00E 
04+00N 40+25E 
64+00N 40+50E 

64+00N 40+75E 
64*00N 41+00E 
64+00N 41+25E 
64+00N 41+50E 
64+00N 41+75E 

64+00N 42+00E 
64+00N 42+25E 
(.4+00N 42+50E 
h4+OON 42+75E 
64+00N 43+00E 

64+00N 43+25E 
STD C/AU-S 

Ho Cu Pb 
PPH PPH PPH 

1 12 14 
1 13 13 
1 15 10 
1 12 10 
1 13 12 

1 11 9 
1 21 12 
1 8 10 
1 13 11 
1 10 9 

1 41 14 
1 10 0 
1 12 10 
1 20 8 
1 10 12 

1 12 17 
1 11 13 
1 9 10 
1 11 13 
1 14 13 

1 15 10 
1 20 16 
1 10 15 
1 11 13 
1 9 11 

1 11 13 
1 11 9 
1 8 10 

1 12 12 

1 10 15 
1 9 11 
1 12 12 
1 12 11 

l a 9  

1 a 11 

i a  61 43 
1 12 14 

2n Ag N i  
PPH PPH PPH 

. 6  
15 
9 
9 

11 

12 
24 
6 
9 

11 

35 
7 

14 
14 
12 

8 
19 
11 

11 

12 
15 
9 

12 
11 

10 
10 
7 
7 

10 

10 

12 
10 
10 

13 
67 

a 

a 

Co Hn Fe As U Au Th S r  Cd Sb B i  V Ca P La C r  Hg 
PPH PPH % PPH PPH PPH PPH PPM PPH PPM PPH PPM X % PPH PPM % 

5 206 2.41 
8 283 2.81 
7 247 2.42 
7' 259 2.29 
a 273 2.71 

9 146 3.01 
14 1216 3.71 
4 185 1.72 
6 243 1.96 
7 171 2.70 

16 1272 1.99 
5 212 1.94 

6 316 2.13 
8 217 3.26 

7 181 3.97 
10 216 3.60 
6 193 2.04 
6 218 2.38 

11 691 2.90 

10 335 2.90 
8 323 3.22 
6 202 2.27 
8 295 2.85 

i o  228 3.27 

a 275 2.92 

8 641 2.51 
7 293 2.41 
5 208 1.90 
6 344 1.97 
a 446 2.36 

6 204 2.22 
6 210 2.46 
8 225 3.21 
7 255 2.43 
6 184 2.13 

i o  a41 2.86 
31 1016 4.06 

5 ND 1 22 
5 ND 2 16 
5 ND 1 27 
5 ND 1 18 
5 ND 1 25 

5 ND 1 17 
5 ND 1 36 
5 ND 1 18 
5 ND 1 30 
5 ND 2 10 

5 ND 1 74 
5 ND 1 20 
5 ND 2 13 

5 ND 1 18 

5 ND 2 10 
5 ND 2 13 
5 ND 1 21 
5 ND 1 14 
5 ND 1 25 

5 ND 1 26 
5 ND 2 51 
5 ND 1 17 
5 ND 1 15 
5 NO 1 13 

5 ND 1 7a 

5 ND 1 2a 
5 ND 1 14 
5 ND 1 15 
5 ND 1 17 
5 ND 1 23 

5 ND 1 16 
5 ND 2 14 
5 ND 1 16 
5 ND 1 21 
5 ND 1 17 

5 ND 1 34 
16 7 37 48 

2 2 47 .17 
2 2 50 -17 . 
2 2 40 .23 . 
2 2 41 .18 . 
2 2 46 .30 . 
z 2 52 .ia . 
2 2 57 .30 . 
z 2 35 .20 . 
2 2 36 .32 . 
2 2 46 .ll 

2 2 62 .78 . 
2 2 37 .21 
2 2 55 .12 . 
2 2 26 .77 . 
2 2 57 .14 . 
2 2 69 .10 . 
2 2 59 .09 . 
2 2 37 .27 . 
2 2 45 .17 , 
2 2 50 -24 

2 2 46 .19 . 
2 2 53 .41 . 
2 2 50 .15 . 
2 2 53 .14 . 
2 2 45 .25 . 
2 2 46 .15 
2 2 36 .17 . 
2 2 41 -23 . 
2 2 40 .17 . 
2 2 57 .15 
2 2 42 .21 

2 2 41 . ia 

2 2 3a .20 . 

2 2 4a . i s  

2 2 3a .M 

2 2 50 .25 . 
15 23 57 .49 .090 

14 17 .22 

15 15 .26 
10 14 .35 

12 20 .2a 

15 i a  .39 

10 17 .25 
23 24 .39 
12 17 .20 

10 21 .20 

26 27 .79 
10 15 .25 
11 21 .29 
33 15 .35 
8 17 .22 

9 21 .15 
9 22 .26 

11 16 .27 

15 17 .2a 

13 i a  .so 
13 18 .3a 

13 18 .33 
16 21 .51 
10 14 .29 

10 22 .25 
9 i a  .29 

15 19 .30 
10 17 .24 
10 16 .22 
11 15 .25 
14 17 .34 

10 16 .29 

9 21 .32 
11 16 .33 
9 14 -26 

9 i a  .27 

15 . 19 .2a 
3a 54 .a9 

Ea T i  
PPH X 

93 
113 
115 
72 

105 

97 
1 78 
61 
96 
90 

285 
69 
91 

99 

68 
105 
91 
61 

100 

121 
140 
70 
94 
91 

99 
78 
61 
60 

182 

a7 

a7 

7a 

69 
97 

85 

136 
175 

B A1 Ne 
PPM X X 

2 1.40 .01 

7 2 1.92 1.71 .01 .01 
4 1.36 .01 
2 1.76 .01 

3 1.76 .01 
2 2.52 .01 

13 .91 .01 
6 1.19 .01 
3 2.23 -01 

2 5.66 .02 
2 1.04 .01 
4 2.26 .01 
2 2.93 .01 
2 1.96 .01 

6 1.76 .01 
2 2.79 .01 
3 1.40 .01 
2 1.09 .01 
4 1.91 .01 

3 1.95 .01 
2 1.96 .02 
2 1.48 .01 
2 2.06 .01 
3 1.70 .01 

3 1.73 .01 
2 1.28 .01 
4 1.09 .01 
3 1.05 .01 
2 1.71 .01 

6 1.53 .01 
3 1.42 .01 

2 1.74 .01 
10 1.47 .01 

2 1.63 .01 
35 1.99 .06 

a 2.24 .oi 

K U A u '  Hg 
% PPH PPB PPB 

1 10 
1 20 
1 10 
2 5  
1 5  

1 10 
3 20 
1 5  
4 20 
2 10 

1 30 
1 5  
1 10 
2 70 
1 5  

2 20 
14 10 
2 5  
1 5  
1 20 

1 10 
1 30 
1 30 
1 20 
3 20 

1 40 
2 20 
2 10 
1 5  
1 20 

1 10 
1 20 
2 10 
2 10 
4 20 

1 30 
48 1400 



SAMPLE# 

66+00N 43+50E 
63+75N 41+50E 
63+50N 41+50E 
h3+25N 41+50E 
h3+00N 39+50E 

63+00N 39+75E 
63+00N 40+00E 
h3+00N 40+25E 

63+00N 40+75E 

63t00N 41+00E 
h3+00N 41+25E 
63+00N 41+50E 
63+00N 41+75E 
63+00N 42+00E 

63+00N 40+50E 

63+00N 42+25E 
63+00N 42+50E 
63+00N 42+75E 
63+00N 43+00E 
63t00N 43+25E 

63+00N 43+50E 
SO+OON 45+00E 
58tOON 45+25E 
58+OON 45+50E 
58+00N 45+75E 

58+00N 46+00E 
58+00N 46+25E 
i8+OON 46+50E 
58+00N 46+75E 
58t00N 47+00E 

58+00N 47+25E 
58+OON 47+50E 
5U+OON 47+75E 
58+OON 48+00E 
5OtOON 48+25E 

IintOON 48+50E 
STD C/AU-S 

0 
Mo Cu 

PPH PPR 

1 8  
1 8  
1 8  
1 11 
1 8  

1 9  
1 10 
1 7  
1 8  
1 9  

1 7  
1 11 
1 7  
1 11 
1 10 

1 8  
1 9  
1 43 
1 16 
1 15 

1 24 
2 13 
1 10 
1 9  
1 13 

1 11 
1 13 
3 19 
1 11 
1 9  

1 10 
1 9  
1 9  
1 7  
1 8  

1 12 
18 58 

- 

P b  
PPM 

10 
12 
12 
11 
12 

13 
8 

12 
12 
10 

11 
13 
12 
12 
10 

10 
10 
11 
16 
14 

12 
12 
11 
9 

11 

11 
10 
10 
12 
11 

14 
13 
11 
12 
12 

14 
37 

. , ,  .... 

Zn Ag N i  Co Hn 
PPR PPM PPM PPH PPH 

63 y:: .:.:: ' ' +;,.l; 7 5 2 8 9  
6 6 334 75 ;::::..:,:1 .: 

56 32.i .... 7 8 292 
7 187 80 p;-1: 12 

?: .. .... 

... . . 
94 8 6 155 

89 10 8 285 
133 12 9 282 
52 6 5 172 
66 10 8 190 
52 7 5 182 

46 7 6 192 
?7 15 11 354 
61 8 6 216 

118 18 11 719 
77 12 8 288 

58 8 7 202 
56 11 6 199 

109 26 11 171 
68 14 7 165 
66 10 6 165 

103 
62 
77 
TO 

121 

63 
93 

101 
60 
65 

19 17 630 
16 8 230 
8 8 383 
9 7 279 

16 11 992 

9 8 301 
22 12 659 
22 14 413 
10 8 300 
10 5 203 

55 8 5 186 
57 6 5 162 
56 10 6 221 
38 7 4 143 
45 9 5 188 

70 12 9 408 
133 68 30 923 

. , .  ... :..: .( . .  . . . .  . , . .  . I  .. . ... . .  

Mingold Resources @. FILE # 89-4437 

Fe i s  U AU Th 
X PPH PPH PPH PPM 

1.91 
2.22 
2.27 
2.84 
2.68 

3.04 
3.02 
1.71 
2.51 
1.83 

1.90 
2.89 
2.35 
2.89 
3.24 

2.16 
2.17 
4.45 
2.61 
2.19 

4.41 
2.63 
2.49 
2.04 
2.60 

2.15 
3.01 
3.68 
2.11 
1.99 

1.93 
1.69 
1.97 
1.45 
1.74 

2.31 
4.03 

5 I D  1 
5 ND 1 
5 ND 1 
5 ND 1 
5 ND 1 

5 ND 1 
5 ND 1 
5 ND 1 
5 ND 1 
5 ND 1 

5 ND 1 
5 N D ' l  
5 ND 1 
5 ND 2 
5 ND 1 

5 NO 1 
5 ND 1 
5 ND 1 
5 ND 1 
5 NO 1 

5 ND 1 
5 ND 1 
5 ND 1 
5 NO 1 
5 ND 1 

5 NO 1 
5 NO 1 
5 ND 1 
5 ND 1 
5 ND 1 

5 ND 1 
5 ND 1 
5 .  ND 1 
5 NO 1 
5 ND 1 

5 NO 1 
18 7 36 

Sr C d  Sb B i  V C e  P La 
PPH PPH PPM PPM PPM. % % PPH 

2 2 36 .18 . 
2 2 43 .13 . 
2 2 42 .15 . 
2 2 49 .16 . 
2 2 48 .12 

2 2 55 .16 
2 2 46 .16 
2 2 34 .23 .02 
2 2 46 .18 .06 
2 2 36 .17 . 
2 2 37 .16 . 
2 2 49 .21 .o 
2 3 42 .16 -0 
2 2 47 .23 .08 
2 2 57 .24 . 
2 2 42 .18 . 
2 2 41 .16 . 
2 2 50 .34 . 
2 2 38 .18 . 
2 2 37 .22 . 
2 2 65 .35 
2 2 48 .26 . 
2 2 44 .26 . 
2 2 37 .19 . 
2 2 40 .30 . 
2 2 38 .21 . 
2 2 44 .26 . 
2 2 55 .34 
2 2 35 .23 
2 2 36 .16 . 
3 2 36 .15 
2 2 30 .14 . 
2 2 32 .19 . 
2 2 27 .16 . 
2 2 32 .17 . 
2 2 37 .21 . 

14 20 57 .49 . 

9 
10 
9 

10 
9 

12 
9 

14 
11 
10 

11 
10 
9 
9 
7 

10 
8 

20 
11 
12 

17 
10 
15 
10 
19 

13 
11 
15 
14 
14 

13 
13 
12 
12 
15 

15 
37 

C r  Hg 
PPH X 

11 .24 
16 .21 
13 .28 
16 .30 
15 .16 

18 .22 
17 .24 
13 .18 
17 .30 
13 .25 

13 -31 
17 .46 
13 .22 
20 .37 
20 .25 

15 .30 
15 .28 
26 .53 
17 .37 
15 .35 

22 .51 
21 .45 
16 -30 
15 .30 
18 .42 

15 .29 
23 .72 
24 .69 
15 .32 
15 .25 

16 .28 
13 .24 
14 .29 
12 .26 
13 .25 

16 .36 
55 .90 

Be T i  
PPH % 

55 
49 
73 

119 
58 

97 
91 
76 
97 
60 

95 
90 
75 

105 
71 

60 
60 

225 
105 
97 

1 74 
80 
91 
62 

109 

83 
104 
113 
74 
65 

64 
62 
65 
55 
47 

76 
175 

Page, 2 0 
B A l  Ne 

PPM X % 

2 1.15 .01 
' 7 1.32 .01 

6 1.52 .01 
7 2.55 .01 
2 1.81 .01 

6 2.18 .01 
7 2.60 .01 
8 .98 .01 
2 2.23 .01 
2 1.12 .01 

3 1.36 .01 
2 2.32 .01 
7 1.69 .01 
6 2.68 .01 
5 2.39 .01 

4 1.60 .01 
4 1.42 .01 
3 7.08 .01 
4 3.27 .01 

12 2.60 .01 

2 5.23 .01 
10 1.98 .01 
8 1.85 .01 
5 1.29 .01 
2 2.60 .01 

6 1.42 .01 
2 2.53 .01 
2 3.38 .01 
5 1.61 .01 
2 1.19 .01 

3 1.04 .01 
10 1.07 .01 
4 1.56 .01 
2 1.12 .01 
4 1.09 .01 

4 2.07 .01 
34 1.99 .06 

K U Au* iJ Hg 

X PPH PPB PPB 

.04 2 10 . 02 1 5  

.03 2 5  

.03 1 10 

.04 1 5  

.05 1 10 
240 30 .04 

.03 2 20 

.03 3 10 

.03 1 10 

.03 2 20 
-04 1 20 
.03 3 10 
.04 1 20 
.05 1 30 

.03 5 10 

.03 1 50 

.07 3 80 

.05 1 70 

.04 2 50 

.06 3 60 

.04 1 50 

.05 1 40 

.04 1 20 

.06 1 30 

.05 1 40 

.04 1 20 

.06 2 30 

.04 1 20 

.03 1 10 

.04 1 40 

.04 2 10 

.04 3 20 

.04 4 10 

.03 1 5  

.05 1 20 

.14 49 1300 



SAMPLE# Ho Cu Pb  Zn Ag N i  
PPN PPH P P I  PPH PPH PPH 

5 8 t 0 0 N  48+75E 
58+00N 49+00E 
!;O+OON 49+25E 
5OtOON 49+50E 
58tOON 49+75E 

5 8 t 0 0 N  50+00E 
56+00N 46+50E 
56+00N 46+75E 
56+00N 47+00E 
5 6 t 0 0 N  47+25E 

56tOON 47+50E 
56+00N 47+75E 
56tOON 48+00E 
56tOON 48+25E 
56tOON 48+50E 

56tOON 48+75E 
56*00N 49+00E 
56+00N 49*25E 
56+00N 49+50E 

' 56+00N 49+75E 

S6+00N 50+00E 
56+00N 50+25E 
56+00N 50+50E 
56+00N 50+7!iE 
56+00N 51+00E 

5 6 t 0 0 N  51+25E 
56tOON 51+50E 
56tOON 51+75E 
56+00N 52+00E 
56+00N 52+25E 

56+00N 52+50E 
56+00N 52+75E 
56*00N 53+00E 
56+00N 53+25E 
56+00N 53+50E 

56+00N 53+75E 
STD C/AU-S 

3 29 16 
2 10 14 
1 7 13 
1 8 13 
1 5 12 

1 5 9  
1 10 12 
2 8 15 
3 9 16 
4 18 20 

2 10 13 
1 7 14 
1 6 12 
2 8 15 
1 7 13 

5 10 14 
3 6 13 
2 9 1s 
5 11 18 
3 11 14 

2 10 15 
1 5 11 
3 13 19 

. .. .. 

4 11 
1 4  

2 21 
2 8  
1 11 
1 10 
2 6  

2 10 
3 28 
3 22 
3 20 
2 9  

2 8  

15 99 7 
10 , 2 2  1 

20 95 16 
12 52 6 
17 66 8 
12 53 7 
11 31 4 

17 71 10 
17 131 18 
9 95 16 

12 101 19 
13 103 13 

16 55 8 
18 63 41 132 7.1 68 

Mingold Resources * C .  FILE # 89-4437 

Co Hn Fe As 
PPH PPM % PPM 

24 1091 3.59 
4 168 1.83 
3 142 1.41 
4 160 1.41 
3 125 1.12 

2 113 .83 
7 257 2.26 
9 636 2.47 
4 492 2.15 
7 280 2.48 

5 495 2.10 
3 278 1.61 
3 146 1.28 
4 157 1.81 
4 182 1.50 

4 172 2.01 
2 96 1.00 
4 207 1.92 
4 111 3.10 
5 232 2.53 

6 248 2.50 
2 121 1.04 
6 196 2.40 

17 1779 2.60 
1 94 .68 

7 220 2.74 
4 136 1.55 
6 260 2.16 
4 148 1.71 
2 111 1.05 

5 194 2.05 
14 674 3.80 
11 331 3.30 
10 292 2.82 
9 185 2.88 

6 201 1.89 
31 1024 4.08 

U 
PPH 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
22 

Au 
PPH 

NO 
NO 
NO 
NO 
ND 

NO 
ND 
ND 
NO 
NO 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
NO 

ND 
ND 
ND 
ND 
ND 

ND 
NO 
ND 
ND 
ND 

ND 
7 

Th S r  Cd Sb B i  V Ca P La C r  Hg Ea T i  B A I  Ne 
PPH PPM PPH PPH PPH PPH % % PPM PPH X PPH % PPH % % 

1 31 
1 24 
1 13 
1 13 
1 13 

1 14 
1 23 
1 15 
1 22 
1 27 

1 14 
1 14 
1 11 
1 12 
1 12 

1 15 
1 11 
1 1s 
1 15 
1 17 

2 13 
1 10 
1 24 
1 17 
1 9  

1 26 
1 14 
1 18 
1 19 
1 10 

1 ,17 
1 45 

2 2 44 .25 
2 2 31 .17 
2 4 26 .13 . 
2 2 29 .I1 . 
2 2 23 .ll 

2 2 17 .13 . 
2 2 38 .23 
2 2 38 .12 . 
2 2 32 .07 . 
2 2 28 .16 

2 2 34 .12 
2 2 28 .16 
2 2 21 .12 
2 2 29 .12 
2 2 25 -13 

2 2 37 .12 

2 2 28 .ll 
2 2 40 .05 
2 3 31 -13 

2 2 36 .08 
2 3 20 .08 
2 2 32 .17 
2 2 32 .13 
2 2 16 .07 

2 2 31 .20 
2 2 25 .12 
2 2 39 .15 
2 2 29 .17 
2 2 22 -11 

2 3 36 .18 
2 2 44 .37 

2 2 19 .oa 

18 25 .42 
15 15 -23 
14 16 .18 
13 13 .16 
13 9 .12 

14 8 .07 
14 18 .26 
15 16 .14 
20 14 .12 
23 18 .29 

19 16 .15 
16 12 .17 
16 12 .20 
18 14 .18 
16 13 .19 

18 16 .18 
17 9 .10 
18 15 .18 
24 16 .13 
19 16 .27 

21. 16 .21 
19 8 .06 
22 16 .30 
20 16 .21 
15 7 -04 

23 24 .40 
15 12 .15 
16 16 .26 
19 14 .17 
15 10 .07 

11 18 .21 
22 25 .47 

141 
80 
53 
53 
40 

49 
85 
97 
95 

150 

71 
55 
46 
54 
58 

87 
45 
56 
92 
73 

91 
39 
96 
91 
45 

173 
69 
70 
65 
41 

77 
242 

2 3.36 .01 
2 1.26 .01 
2 .97 .01 
5 .81 .01 
2 .64 .01 

2 .58 .01 
2 1.34 .01 
2 1.90 .01 
2 1.48 .01 
4 2.66 .01 

7 1.20 .01 
3 1.14 .01 
2 1.17 .01 

10 1.18 .01 
6 1.23 .01 

3 .95 
4 .54 
7 1.31 
3 1.91 
2 1.92 

.01 

.D1 

.01 

.01 

.01 

8 2.26 . O l  
2 .63 .01 
7 1.93 .01 
2 2.00 .01 
2 .51 .01 

2 3.27 .01 
2 1.16 .01 
4 1.44 .01 
3 1.15 .01 
9 .64 .01 

2 1.43 .01 
4 4.56 .01 

- 

Page 3 

K U Au* 
% PPN PPB 

5 
4 
1 
1 
4 

2 
4 
1 
1 
6 

1 
1 
1 
1 

10 

14 
4 
2 
1 
1 

1 
2 
1 
9 
1 

1 
1 
1 
1 
1 

1 
1 

Hg 
PPB 

70 
20 
30 
20 
10 

40 
20 
40 
30 
50 

30 
40 
30 
50 
30 

20 
10 
30 
50 
20 

30 
20 
30 
10 
10 

20 
10 
20 
30 
10 

20 
50 

1 30 2 2 45 .26 17 24 .45 156 2 3.32 .01 .07 1 20 
1 35 2 2 33 .32 16 26 .47 156 2 3.52 .01 .08 1 30 
2 13 2 2 46 .12 . 11 22 .20 90 7 2.41 .01 .04 1 20 

1 13 2 2 37 .14 . 13 16 .25 65 2 1.02 .01 .05 2 30 
37 47 16 22 58 .50 . 38 55 .91 175 34 1.97 .06 .14 51 1300 



SAMPLE# 

56+00N 54+00E 
56+00N 54+25E 
56+00N 54+50E 
56+00N 55+00E 
56+00N 55+25E 

56+00N 55+50E 
56+00N 55+75E 
56+00N 56+25E 
56+00N 56+50E 
56+00N 56+75E 

56+00N 57+00E 
56+00N 57+25E 
5p+OON 57+50E 
53+00N 48+50E 
53+00N 49+00E 

53+00N 49+25E 
53+00N 49+50E 
53+00N 49+75E 
53+00N 50+00E 
53+00N 50+25E 

S3+00N S O 4 O E  
53+00N 50+75E 
53+00N 51+00E 
53+00N 51+25E 
53+00N 51+50E 

S3+00N 51+75E 
53+00M 52*00E 
53*00N 52+25E 
53+00N 52+50E 
53+00N 52+75E 

53+00N 53+00E 
53+00N 53+25E 
53+00N 53+50E 
53+00N 53+75E 
53+00N 54+00E 

53+00N 54+25E 
STD C/AU-S 

Y .. . . . .  . ,::, .- . .  . .. .. . .. I, , . 

Mo Cu Pb 
PPI4 PPM PPM 

1 7 14 
1 6 14 
1 11 13 
2 12 18 
1 7 9  

1 9 16 
1 14 31 
1 7 18 
2 12 19 
1 12 19 

1 12 34 
1 11 10 
1 9 15 
1 8 17 
5 15 29 

5 13 14 
6 14 23 
6 35 24 
1 16 21 
1 14 9 

4 13 20 
62 18 30 

5 13 20 
22 14 37 

1 10 23 

2 12 9 
1 0 20 
1 8 14 
1 10 8 
1 8 13 

2 32 25 
1 7 19 
1 8 18 
1 12 18 
1 7 16 

1 7 12 
17 62 42 

tn Ag N i  
PPM PPM PPM 

Mingold Resources @e. 

Co Mn Fe As U Au 
PPM PPM X PPM PPM PPM 

7 222 
8 327 
5 180 

6 235 
9 247 
4 194 
8 334 
9 531 

8 321 
7 230 
6 267 
7 214 

14 786 

8 370 
7 263 
7 110 

11 253 
12 260 

8 365 
9' 384 
9 303 
6 373 
8 356 

10 241 
7 202 
7 305 

11 368 
6 252 

2.53 
2.26 
1.88 

2.37 
3.80 
1.91 
2.90 
3.76 

. .... . 

... .. . 

2.65 
2.49 
2.57 
2.30 
5.16 

2.99 
2.56 
4.32 
3.79 
4.12 

3.67 
4.65 
3.51 
5.44 
2.93 

3.66 
2.59 
2.63 
3.47 
2.18 

14 393 5.80 
5 250 1.84 
5 243 1.92 
7 310 2.29 
4 197 1.67 

3 190 1.68 
31 1023 4.26 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

5 
17 

ND 
ND 
ND 
NO 
NO 

ND 
ND 
ND 
NO 
NO 

NO 
NO 
ND 
ND 
ND 

ND 
NO 
ND 
NO 
ND 

ND 
ND 
ND 
ND 
NO 

ND 
ND 
NO 
ND 
ND 

ND 
ND 
NO 
NO 
NO 

NO 
6 

Th S r  C d  Sb 
PPM PPM PPM PPM 

1 18 2 
1 19 2 
1 36 2 
1 34 2 
1 17 2 

2 19 2 
1 16 2 
1 18 2 
1 32 2 
1 21 2 

1 27 2 
1 22 2 
1 17 2 
1 24 2 
1 33 2 

1 29 2 
1 35 2 
1 37 2 
1 15 2 
2 23 2 

1 12 2 
2 14 2 
1 14 2 
2 47 2 
1 16 2 

2 21 2 
1 1v 2 
1 21 2 
1 27 2 
1 22 2 

1 45 2 
1 20 2 
1 22 2 
1 26 2 
1 19 2 

1 19 2 
36 45 16 

FILE # 89-4437 

B i  V Ca P La C r  
PPM PPM X X PPM PPM 

2 47 .19 -048 
2 37 .20 
2 46 .37 . 
2 41 .39 .04 
2 42 .17 . 
2 47 .22 . 
2 53 -18 
2 42 .19 
2 44 .28 
2 58 .22 

2 42 .28 . 
2 49 .22 . 
3 54 .19 
2 47 .26 
2 82 .30 

2 50 .29 
2 43 .42 
2 60 .55 . 
2 63 .17 
3 

2 
2 
2 
2 
3 

2 
3 
2 
2 

74 .22 

58 .10 
68 .09 
54 .12 
52 .08 
50 .12 

65 .19 
48 .21 
51 .20 
58 .27 

. .  

2 45 .22 

2 75 .38 
2 39 .20 
3 40 .21 
2 39 .24 
3 36 .18 . 
4 35 .18 . 

22 58 .4a . 

9 18 
13 15 
15 21 
18 22 
11 18 

14 24 
9 29 

13 17 
18 22 
11 26 

14 24 
11 22 
9 22 

12 24 
11 34 

15 28 
17 24 
25 33 
9 31 

10 33 

13 25 
17 29 
14 25 
19 20 
11 24 

9 26 
10 20 
10 22 
8 27 
9 20 

17 41 
17 18 
16 17 
17 22 
14 17 

15 17 
35 56 

Mg Ea T i  
X PPM X 

.25 76 

.25 70 

.34 105 

.38 140 

.27 67 

.34 85 

.47 104 

.27 79 

.35 175 

.32 157 

-40 128 
.32 94 
.28 62 
.45 72 
.39 144 

.46 110 

.43 108 

.47 191 

.33 112 

.39 94 

.29 94 

.34 123 

.32 110 

.22 332 
-23 101 

.35 126 

.34 117 

.34 90 

.52 100 

.38 64 

.70 162 

.29 64 

.31 74 

.38 101 

.28 64 

.29 63 

.87 173 

.. ... . . .  .... I .  ..:: '_ ,. .. 

Page 4 e 
B A t  Ma K U A@ 

PPM % % X PPM PPB 

2 1.72 . O l  .04 
4 1.25 .01 .04 
7 1.86 .01 .05 
2 2.37 .02 .05 
2 1.32 .01 .03 

2 1.75 .01 .04 
3 4.45 .01 .07 
3 1.51 .01 .04 
4 2.83 .01 .06 
2 3.66 .01 .05 

2 2.65 .01 .05 
5 1.90 .01 .03 
2 1.63 -01 .03 
2 2.24 .02 .04 
6 2.63 .01 .05 

2 2.P5 .01 .05 
2 2.29 .02 .06 
3 5.00 .02 .05 
2 3.45 .01 .04 
2 2.50 .01 .06 

2 2.84 . O l  .05 
2 3.93 .01 .07 
5 3.26 .01 .05 
2 3.11 .02 : .16 
6 2.71 .01 .04 

. . . . . . . . 

1 
2 
2 
3 
1 

1 
1 
1 
1 
1 

1 
1 
2 
1 
1 

1 
9 
3 
1 
1 

4 
3 
1 
1 
1 

z s.ua .u1 .a 1 
2 2.36 . O l  .04 1 

10 1.79 .01 .04 1 
2 1.95 .02 .04 1 

11 1.53 .01 .03 1 

6 5.13 .02 .08 1 
13 1.39 . O l  .04 1 
6 1.51 .01 .04 1 
3 2.15 .01 .06 2 
2 '  1.32 .01 .03 3 

4 1.39 .01 -04 1 
35 1.97 .06 .14 51 

Hg 
PPE 

20 
10 
10 
30 

5 

10 
20 
10 
20 
20 

10 
5 
5 

10 
30 

10 
20 
30 
40 
20 

30 
50 
80 
70 
20 

10 
10 
20 
10 
5 

40 
'10 
20 
20 
10 

5 
1400 
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SAMPLE# 

53+00N 54+50E 
53+00N 54+75E 

. 53+00N 55+00E 
53+00N 55+25E 
53+00N 55+50E 

53+00N 55+75E 
53+00N 56+00E 
53+00N 56+25E 
53+00N 56+50E 
53+00N 56+75E 

53+00N 57+00E 
53+00N 57+25E 
53+00N 57+50E 
50+00N 44+0OE 
50+00N 44+25E 

50+00N 44+50E 
50+00N 44+75E 
50+00N 45+00E 
50+00N 45+25E 
50+00N 45+50E 

50+00N 45+75E 
50+00N 46+00E 
50+00N 46+25E 
50+00N 46+50E 
5O+OON 46+75E 

50+00N 47+00E 
50+00N 47+25E 
50+00N 47+50E 
5O+OON 47+75E 
50+00N 48+00E 

50+00N 48+25E 
5O+OON 48+50E 
50+00N 48+75E 
50+00N 49+00E 
50+00N 49+25E 

5O+OON 49+50E 
STD C/AU-S 

< 

Mingold Resources 
Mo C u  P b  Zn Ag H i  Co Mn Fe AS U Au Th S r  C d  S b  

PPM PPM PPM PPM PPM PPM PPM PPM % PPM PPM PPM PPM PPM PPM PPH 

1 
1 
2 
2 
2 

1 
1 
1 
1 
2 

1 
3 
1 
1 
1 

1 
1 
2 
3 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
2 
1 

13 
10 
17 
28 
28 

12 
16 
15 
11 
23 

15 
31 
10 
8 
8 

11 
13 
19 
32 
14 

8 
9 

10 
17 
9 

6 
11 
11 
12 
15 

17 
14 
16 
26 
13 

13 
13 
15 
18 
19 

12 
15 
12 
13 
22 

14 
16 
12 
8 

13 

15 
12 
9 

21 
13 

11 
11 
13 
15 
14 

14 
13 
12 
14 
13 

14 
14 
14 
14 
10 

57 
58 

109 
110 
119 

61 
78 
71 
66 

116 

78 
121 
77 
50 
67 

58 
86 
84 

101 
76 

53 
55 
50 
83 
68 

45 
60 
67 
74 

100 

114 
68 
73 
99 
59 

14 
10 
17 
28 
25 

12 
17 
17 
12 
29 

18 
31 
20 
10 
10 

12 
14 
18 
28 
13 

12 
10 
12 
19 
9 

7 
13 
12 
16 
22 

22 
17 
17 
23 
13 

7 461 2.17 
5 218 1.90 

12 946 3.32 
16 903 4.26 
16 819 4.25 

7 251 2.42 
8 254 2.71 
8 245 2.40 
6 232 2.11 

14 441 4.23 

9 214 2.99 
14 347 4.87 
10 185 3.26 
5 192 1.84 
5 232 1.87 2 

7 386 1.94 
9 421 2.74 
8 365 2.89 

14 1389 4.30 
7 311 2.63 

5 199 1.77 
6 220 2.06 
5 217 1.81 

12 668 3.16 
7 395 2.00 

4 153 1.28 
8 265 3.14 
7 203 2.51 
9 253 2.93 

13 621 3.67 

11 236 3.19 
9 333 2.77 
9 331 2.62 

12 584 3.34 
6 216 2.20 

5 I D  
5 ND 
5 ND 
5 ND 
5 ND 

5 ND 
5 ND 
5 ND 
5 I D  
5 ND 

5 ND 
5 ND 
5 ND 
5 ND 
5 ND 

5 ND 
5 ND 
5 ND 
8 ND 
5 ND 

5 ND 
5 ND 
5 ND 
5 ND 
5 ND 

5 ND 
5 ND 
5 ND 
5 ND 
5 ND 

5 ND 
5 ND 
5 NO 
5 ND 
5 ND 

1 33 2 
1 21 2 
1 29 2 
1 54 2 
1 45 2 

1 24 2 
1 22 2 
1 24 2 
1 42 2 
1 28 2 

1 21 2 
1 35 2 
2 13 2 
1 19 2 
1 24 2 

1 31 ' 2 
1 26 2 
2 41 2 
2 65 2 
1 25 2 

1 19 2 
1 20 2 
1 21 2 
1 40 2 
1 16 2 

1 14 2 
2 13 2 
1 30 2 
2 25 2 
2 26 2 

2 21 2 
2 29 2 
1 4 0  1 2  
1 5 8  1 2  

FILE 

8 i  V 
PPM PPM 

2 38 
3 37 
2 51 
2 61 
2 58 

2 44 
2 44 
3 43 
3 39 
2 63 

4 52 
2 71 
2 51 
2 35 
2 37 

2 35 
2 51 
2 45 
2 67 
2 48 

2 34 
2 40 
2 33 
2 54 
2 42 

2 27 
2 55 
2 42 
2 53 
2 60 

2 52 
2 50 

# 89-4437 Page 5 

Ca P La C r  Mg Ea T i  8 A t  Na 
X X PPM PPM ib PPM % PPM % % 

.29 . 

.20 . 

.21 . 

.39 . 

.32 . 

.22 . 

.22 

.24 

.31 . 
-23 

.20 

.25 

.ll 

.22 

.24 

.32 

.23 

.40 

.68 

.23 

.20 

.20 

.23 

.37 

.15 

.14 

.ll 

.30 

.25 

.21 

.18 

.33 

17 19 -35 95 
13 16 .30 63 
15 23 .43 134 
24 34 .61 212 
23 29 .56 203 

11 22 .34 77 
12 22 .41 99 
12 21 .37 79 
16 20 .36 95 
11 29 .64 134 

9 25 .41 73 
13 32 .66 177 
10 24 .27 104 
15 16 .24 78 
13 19 .27 75 

17 20 .34 99 
12 20 .35 85 
33 23 .29 123 
44 34 .58 220 
12 20 .33 92 

12 18 .26 65 
11 19 .29 58 
13 18 .29 76 
15 24 .50 119 
14 20 .20 60 

11 14 .16 45 
10 22 .21 61 
14 21 .31 88 
11 24 .42 110 
11 28 -40 137 

11 26 .36 139 
13 27 .47 88 

4 1.71 .01 
4 1.26 .01 
2 3.04 .01 
2 4.54 .01 
2 4.87 .01 

3 5 2.53 1.83 .01 .01 

10 1.79 .01 
3 1.56 .01 
7 4.53 .01 

2 2.47 .01 
3 5.19 .01 
5 2.76 -01 

11 1.18 .01 
3 1.29 .01 

13 1.69 .02 
13 1.82 .01 
8 3.03 .02 
2 4.26 .02 
2 2.07 .01 

9 1.26 .01 
5 1.40 .01 
5 1.47 .01 
4 3.01 .01 
3 1.28 .01 

13 1.08 .01 
3 1.97 .01 
3 2.05 .01 
4 2.36 .01 

10 3.41 .01 

5 3.10 .01 
7 2.25 .02 

K U Au* H g  
'6 PPM PPE PPE 

.06 4 60 

.03 2 30 

.06 1 20 

.09 22 50 

.09 7 30 

.03 2 20 

.04 5 10 

.04 3 20 

.04 2 30 

.05 3 30 

.03 4 40 

.08 1 20 

.04 3 40 

.03 3 20 

.03 3 30 

.05 8 40 

.04 6 20 

.04 5 50 

.07 3 40 

.03 5 20 

.03 3 30 

.03 1 50 

.03 3 40 

.06 2 30 

.03 1 20 

.03 3 20 

.04 2 30 

.05 3 10 

.04 2 10 
-04 6 30 

.04 5 30 

.05 3 20 
3 44 .41 .053 20 26 .46 137 .09 8 2.76 .02 .06 1 4 40 

- 2 47 .54 . 24 30 .52 195 8 4.43 .02 .07 4 60 
1 29 2 2 36 .31 . 17 23 .40 120 4 2.48 .01 .05 3 30 

1 14 11 66 16 7 327 2.11 5 ND 1 29 2 2 35 .30 . 17 26 .36 112 4 2.25 .02 -05 4 20 
18 60 42 132 68 30 1023 4.00 20 7 37 48 15 22 57 .48 . 38 54 .a8 175 34 1.99 .06 .14 4a 1300 
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SAMPLE# 

50+00N 49+75E 
SO+OON 50+00E 
50+00N 50+25E 
50+00N 50+50E 
50+00N 50+75E 

50+00N 51+00E 
5OtOON 51+25E 
5O+OON 51+50E 
'iO+OON 51+75E 
5O+OON 52+00E 

SO+OON 55+25E 
5O+OON 55+50E 
5O+OON 55+75E 
50+00N 56+00E 
5O+OON 56+25E 

50+00N 56+50E 
5O+OON 56+75E 
50+00N 57+00E 
SO+OON 57+25E 
50+00N 57+50E 

STD C/AU-S 

@ Mingold Resources Inc. 
Mo Cu P b  Zn Ag N i  Co Mn Fe As U Au 

PPM PPM PPM PPM PPM PPH PPH PPM % PPM PPH PPH 

2 29 7 83 21 
1 15 10 43 11 
1 9 14 49 8 
1 11 11 49 9 
1 17 12 63 16 

1 12 13 
1 12 13 
1 11 9 
1 12 9 
4 26 11 

1 21 9 
1- 20 10 
1 13 10 
1 14 10 
1 15 11 

63 11 
64 13 
56 12 
72 12 
93 21 

80 16 
70 17 
58 12 
67 13 
a4 15 

2 34 15 124 28 
1 2 3  8 9 9  22 
1 15 11 71 17 
1 14 14 92 14 
1 15 12 97 19 

18 62 39 132 67 

7 221 
5 178 
4 129 
6 174 
8 215 

6 171 
7 199 
6 199 
7 460 
8 499 

9 363 
7 313 
6 245 
9 497 

10 453 

35 2723 
15 775 
8 265 
7 190 
9 177 

31 1009 

2.86 
1.56 
1.32 
1.67 
2.87 

2.27 
2.60 
2.04 
2.56 
4.78 

2.91 
2.69 
2.18 
2.41 
2.79 

4.44 
3.47 
2.65 
2.35 
3.23 

3.99 

5 ND 
5 ND 
5 ND 
5 ND 
5 NO 

5 ND 
5 ND 
5 ND 
5 ND 
5 ND 

5 ND 
5 ND 
5 ND 
5 ND 
5 NO 

5 I D  
5 ND 
5 ND 
5 ND 
5 ND 

22 7 

Th S r  Cd S b  
PPM PPM PPM PPM 

1 46 2 
2 26 2 
1 21 2 
1 20 2 
2 21 2 

1 16 2 
1 22 2 
2 25 2 
1 29 2 
1 47 2 

1 37 2 
2 33 2 
2 23 2 
2 27 2 
2 24 2 

1 59 2 
1 35 2 
1 26 3 
1 21 2 
1 13 2 

37 47 15 

FILE # 89-4437 

B i  V Ca P La C r  Mg 
PPM PPM % X PPM PPM X 

2 31 -47 .091 
3 29 .31 .OS0 
4 28 .22 .020 
2 31 .23 -037 
3 44 .22 -067 

2 37 .16 
2 47 .21 
2 36 .27 
2 39 .35 
2 54 .50 

2 47 .34 
2 46 .31 
2 39 .26 
2 43 .25 
2 50 .24 

2 63 .45 
2 54 .32 
2 47 -26 
3 41 .22 
2 52 .12 

21 56 .48 

27 27 .48 
18 17 .E7 
12 17 .19 
13 17 .27 
15 22 .38 

12 20 .29 
12 20 .30 
15 19 .36 
17 19 .34 
37 29 .38 

16 23 .45 
15 20 .45 
15 20 .32 
14 21 .37 
11 25 .41 

25 33 .60 
13 27 .52 
11 23 .43 
10 21 .28 
9 25 .29 

37 55 .88 

0 
Ba Ti B A1 

PPM X PPM X 

2 3.96 202 
2 1.22 100 

67 2 1.06 
2 1.50 107 

114 3 2.63 

97 
117 
98 
80 

108 

115 
106 
74 
89 
82 

21 1 
109 
92 
90 

105 

1 74 

2 2.36 
2 2.01 
2 1.55 
2 1.65 
3 3.10 

3 2.41 
2 1.94 
2 1.30 
4 1.70 
2 1.80 

2 4.39 
6 2.95 
3 2.08 
4 1.98 
2 3.14 

36 1.94 

Ne 
X 

.01 

.02 

.01 

.01 

. O l  

.01 

.01 

.01 

.02 

. O l  

.01 
-01 
.01 
.01 
. O l  

.01 

.01 

.01 

.01 

.01 

.06 

Page 6 

K U Au* Hg 
X PPM PPB PPB 

.07 4 80 

.04 4 20 

.03 2 20 

.02 1 10 

.04 1 20 

.03 1 10 

.03 1 20 

.03 1 5  

.04 1 10 

.06 1 60 

.05 1 10 

.06 1 20 

.04 1 5  
-04 1 10 
.04 2 20 

.06 1 40 

.05 2 30 

.04 1 10 

.03 2 20 

.03 1 30 

.14 48 1300 
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SAMPLE# 

c 00101 
c 00102 
C 00103 
C 00104 
C 00105 

C 00106 
C 00107 
c 00108 
C 00109 
c 00110 

c 00111 
C 00204 
C 00205 
C 00206 
C 00207 

c 00208 
C 00209 
c 00210 
c 00211 
c 00212 

C 00213 
C 00214 
C 00215 
C 00216 
C 00217 

c 00218 
C 00219 
c 00220 
c 00221 
c 00222 

C 00223 
C 00224 
C 00225 
STD C/AU- 

Ho Cu P b  2n Ag Ni C o  Hn 
PPH PPH PPH PPH PPH PPH PPH PPH 

7 3 8 6  4 1 11 
4 4 7 8  5 ,  1 13 
3 6 8 8  4 1 8  
5 3 1 2  9 4 1 12 
7 4 8 5  4 1 6  

5 4 1 1  8 4 1 15 
5 5 7 6  7 1 17 
3 4 9 6  5 1 11 
3 4 8 4  5 1 13 
6 6 9 1 1  6 1 14 

2 5 8 8  4 1 8  
7 4 8 1 0  6 1 10 
3 2 6 6  5 1 11 
1 4 4 8 8  4 1 9  
1 9 3 7 3  3 1 7  

2 1 3 8 6  a 1 13 
5 2 4 4  3 1 10 
4 3 7 3  3 1 6  
10 2 12 5 3 1 6  
6 3 8 5  4 1 9  

4 5 4 5  4 1 12 
5 3 7 6  3 1 8  
2 9 4 6 8  5 1 11 
6 1 4 4  3 1 8  
a 3 9 4  3 1 14 

2 7 5 8 5  4 1 7  
22 4 9 ia 5 1 10 
5 4 9 3 0  4 1 11 
a 7 io 13 7 1 34 
6 6 12 12 2 1 10 

5 4 1 2  6 5 1 19 
7 5 13 12 5 1 10 
4 5 8 8  5 1 15 

,R  18 60 45 132 68 31 1030 

Mingold Resources a. FILE # 89-4437 

Fe As 
% PPH 

.48 

.27 

.43 

.46 

.39 

.45 

.27 

.27 

.54 

.33 
-39 
.46 
.44 
.34 

.44 
-28 
.26 
.44 
.37 

.39 

.34 

.54 

.36 

.40 

.45 

.56 

.57 

.77 

.65 

.51 

.55 

.57 
4.13 

.3a 

U Au 
PPH PPH 

5 ND 
5 ND 
5 ND 
5 ND 
5 NO 

5 UD 
5 ND 
5 ND 
5 ND 
5 ND 

5 ND 
5 ND 
5 ND 
5 UD 
5 ND 

5 ND 
5 ND 
5 ND 
5 ND 
5 ND 

5 ND 
5 ND 
5 ND 
5 ND 
5 ND 

5 ND 
5 ND 
5 ND 
5 ND 
5 ND 

5 ND 
5 ND 
5 ND 
20 7 

Th S r  
PPH PPH 

4 5  
5 6  
5 6  
5 . 5  
3 5  

4 6  
5 6  
5 3  
6 3  
5 4  

5 4  
4 4. 
4 3  
4 3  
5 3  

4 3  
5 3  
6 3  
6 3  
3 3  

5 2  
4 2  
5 4  
6 3  
6 3  

4 3  
4 3  
5 4  
3 16 
4 7  

4 5  
5 5  
4 3  
37 48 

Cd Sb B i  V Ca P La 
PPM PPH PPM PPM X X PPM 

4 2 1 .01 . 22 
2 2 1 .01 . 24 
2 2 1 .01 . 28 
4 2 1 .01 . 31 
7 2 1 .01 . 19 

2 2 1 .01 . 27 
3 2 1 -01 . 22 
2 2 1 .01 . 22 
2 2 1 .01 . 24 
5 2 1 .01 . 28 

2 2 1 .03 . 29 
3 2 1 .01 . 29 
3 2 1 .01 . 25 
5 2 1 .01 . 29 
4 2 1 .01 . 28 

6 2 1 .01 . 25 
4 2 1 .01 . 34 
2 2 1 .01 . 32 
6 2 1 .01 . 39 
4 2 1 .01 . 30 

3 2 1 .01 . 24 
3 2 1 .01 . 26 
5 2 1 .01 . 25 
5 2 1 .01 . 30 
3 2 1 .01 . 37 

2 2 1 .01 . 23 
9 2 1 .01 . 28 
8 2 1 .01 . 26 
6 2 2 .Ol . 21 
6 2 1 .01 . 28 

3 2 1 .01 . 28 
6 2 1 .01 . 32 
2 2 1 .01 . 26 
15 18 58 .so . 38 

C r  Hg Ba T i  B A l  Na 
PPH % PPH % PPM X X 

4 .01 39 2 .12 .01 
5 .01 37 2 .20 .01 
3 .01 51 2 .23 .01 
4 .01 43 2 .15 .01 
4 .01 44 2 .13 .01 

4 .01 60 2 .14 .01 
6 .01 37 2 .15 .01 
4 .01 27 3 .14 .01 
5 .01 35 2 .18 .01 
6 .01 35 2 .17 .01 

4 .01 41 2 .27 .01 
4 .01 46 3 .23 .01 
3 .01 53 2 .23 .01 
4 .01 76 2 .20 .01 
3 .01 63 2 .21 .01 

12 .01 59 5 .21 .01 
2 .01 47 2 .17 .01 
3 -01 76 5 .24 .01 
3 .01 57 6 .22 .01 
4 .01 56 2 .23 .01 

4 .01 76 2 .22 .01 
3 .01 53 2 .24 .01 
4 .01 61 2 .24 .01 

2 .25 .01 3 .01 51 
3 .01 56 12 .24 .01 

3 .01 129 
4 .01 45 
5 .01 59 
6 .01 76 
3 .01 53 

4 .01 51 
5 .01 50 
5 .01 45 
55 .91 175 

2 .21 .01 
2 .20 .01 
2 .21 .Ol 
5 .14 .01 
2 .15 .01 

2 .15 .01 
12 .14 .01 
2 .17 .01 
34 1.97 .06 
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K U Au* Hg 
X PPH PPB PPB 

.12 1 80 

.13 9 20 

.16 19 50 

.14 32 110 

.14 34 120 

.14 14 60 

.13 2 150 

.ll 7 50 

.14 2 90 

.15 2 110 

.14 1 120 

.15 23 60 

.16 5 80 
-13 20 70 

13 90 .13 

-12 28 23 120 70 
.ll 
.13 11 40 
.14 10 80 
.15 1 30 

-14 3 40 
.15 3 10 

200 60 .13 
.14 12 30 
.15 15 40 

.13 44 60 

.13 25 120 

.14 2 90 

.12 1 80 

.13 8 120 

.15 19 70 

.13 3 110 

.13 1 100 

.14 510 1300 
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EM16R S P E C I F I C A T I O N S  

MEASURED QUANTITY * A p p a r e n t  R e s i s t i v i t y  of t h e  ground 
i n  ohm-meters 

degrees 
*Phase ang le  b e t w e e n  Ex and H i n  

Y 

R E S I S T I V I T Y  RANGES 1 0  - 300 ohm-meters 
1 0 0  - 3000 o h m - m e t e r s  

* l o 0 0  - 30000 o h m - m e t e r s  

PHASE RANGE 0-90 degrees 

RESOLUTION 

OUTPUT 

* R e s i s t i v i t y :  2 2 %  f u l l  s ca l e  
Phase : 2 0 . 5  

N u l l  by aud io  t o n e .  R e s i s t i v i t y  and 
phase angle  read from graduated d i a l s .  

0 

OPERATING FREQUENCY 15-25 kHz VLF R a d i o  Band. S t a t i o n  
s e l ec t ion  by m e a n s  of r o t a r y  s w i t c h .  

INTERPROBE SPACING 1 0  m e t e r s  

PROBE INPUT IMPEDANCE 100  M Q  i n  p a r a l l e l  w i t h  0 . 5  p icofarads 

DIMENS IONS 

WEIGHT 

1 9  x 11.5 x 1 0  c m .  
( a t tached  t o  s ide  of EM161 

1 . 5  k g  ( i n c l u d i n g  probes a n d  cable) 
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FIELD PROCEDURE 

1. Mounting of The EM16R Console  To The EM16 U n i t  

A l i g n  t h e  EM16R c o n s o l e ,  i n  r e s p e c t  t o  t h e  EM16 c o v e r ,  so  

t h a t  t h e  s t a t i o n  s e l e c t o r  on t h e  c o n s o l e  i s  close t o  t h e  
EM16R ou tpu t  r e c e p t a c l e  on t h e  EM16 c o n t r o l  p l a t e .  See 
photograph on f a c i n g  page. 

T o  mount t h e  conso le  on t h e  EM16 u s e  4 s t u d  f a s t e n e r s .  

T o  connec t  t h e  EM16 c o n s o l e  w i t h  t h e  EM16 e l e c t r i c a l l y ,  
p l u g  t h e  EM16R conso le  o u t p u t  p l u g  i n  t h e  ca r r e spond ing  
r e c e p t a c l e  on t h e  EM16 c o n t r o l  p a n e l .  

2 .  O r i e n t a t i o n  
The in s t rumen t  measures r e s i s t i v i t y  a l o n g  a l i n e  i n  t h e  same 
d i r e c t i o n  as t h e  s t a t i o n .  After a VLF t r a n s m i t t i n g  s t a t i o n  

h a s  been  s e l e c t e d  EM16 i s  used  t o  de te rmine  t h e  d i r e c t i o n  
t o  t h e  t r a n s m i t t e r .  

The MODE s e l e c t o r  swi t ch  i s  thrown t o  EM16, and t h e  QUAD- 

RATURE/RESISTIVITY d i a l  i s  t u r n e d  t o  zero. With t h e  t w o  
r e c e i v e r  co i l s  i n  t h e ,  h a n d l e  o f  t h e  EM16 i n  a h o r i z o n t a l  
p l a n e ,  wi th  t h e  EM16R u n i t  unde rnea th ,  t u r n  t h e  whole 
in s t rumen t  i n  a h o r i z o n t a l  p l a n e  u n t i l  t h e  s t a t i o n  s i g n a l  
goes  t o  n u l l .  A t  t h i s  t i m e  t h e  long  a x i s  of t h e  EM16 h a n d l e  
( s i g n a l  c o i l )  i s  p o i n t i n g  towards  t h e  s t a t ioh ,  and t h e  s h o r t  
a x i s  ( r e f e r e n c e  c o i l )  i s  maximum coupled  t o  t h e  magne t i c  
f i e l d .  Switch mode t o  EM16R. 

The EM16 QUADRATURE Knob z e r o  l i n e  is used as a c u r s o r  fo r  
t h e  EM16R RESISTIVITY Index  r i n g ,  and t h e  EM16R RESISTIVITY 
I n d e x  r i n g  zero l i n e  i s  t h e  c u r s o r  for  t h e  EM16R QUADRATURE 

Knob. 
A l l  EM16 c a l i b r a t i o n s  are i n  b l a c k ,  a l l  EM16R c a l i b r a t i o n s  
are i n  red.  
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3 .  Taking a Reading 

T o  t a k e  a r e a d i n g ,  o r i e n t  t h e  u n i t  so t h a t  t h e  s h o r t e r  
hand le  a r m  i s  a t  t h e  r i g h t  a n g l e  t o  t h e  d i r e c t i o n  of t h e  
s t a t i o n  and i n  t h e  h o r i z o n t a l  p l a n e ,  a s  d e s c r i b e d  i n  2. 

For convenience and s t a b i l i t y  t h e  i n s t r u m e n t  can  be l a i d  
on t h e  ground d u r i n g  t h e  r e a d i n g ,  w i t h  t h e  EM16R c o n s o l e  
benea th .  Connect t h e  p r o b e s  t o  t h e  EM16R c o n s o l e  r e c e p t a c l e  
through t h e  1 0  meters l o n g  p robe  cable.  

Ensure t h a t  t h e  s t a t i o n  s e l e c t o r  s w i t c h  on t h e  EM16 and 

EM16R a r e  bo th  tu rned  t o  t h e  d e s i r e d  s t a t i o n  f requency .  

Push t h e  probes i n t o  t h e  ground 1 0  m e t r e s  apar t  i n  t h e  

d i r e c t i o n  of t h e  s t a t i o n ,  t h a t  i s  t o  s a y  a l i g n e d  w i t h  t h e  

long  a x i s  o f - t h e  handle .  The cable end w i t h . a  red marker  
sleeve goes t o  t h e  probe nearest t h e  top of t h e  EM16 i n s t r u -  
ment case, t h e  unmarked cable goes  t o  t h e  probe  o f f  i n  t h e  
d i r e c t i o n  of t h e  EM16 c o i l  handle .  S e t  t h e  r e s i s t i v i t y  
m u l t i p l i e r  s w i t c h  t o  x l000  p o s i t i o n ,  rotate  t h e  EM16R 
RESISTIVITY CONTROL (same knob as  fo r  QUADRATURE when us ing  
EM16) f o r  minimum sound i n t e n s i t y  i n  t h e  speaker .  

Turn t h e  phase c o n t r o l  knob on t h e  EM16R conso le  t o  f u r t h e r  
minimize t h e  sound. 

R e s i s t i v i t y  i s  read f r o m  t h e  p o s i t i o n  of t h e  r e d  z e r o  l i n e  
on t h e  q u a d r a t u r e  d i a l  a g a i n s t  t h e  r e d  numerals on t h e  

index  r i n g .  Mul t ip ly  by 1000 i n  t h i s  case t o  o b t a i n  a c t u a l  
r e s i s t i v i t y  i n  ohm meters. 
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I f  t h e  numljer on t h e  r e s i s t i v i t y  index  r i n g  i s  3 or less,  
u s e  a lower r e s i s t i v i t y  m u l t i p l i e r  scale and re-do t h e  
n u l l i n g  procedure.  

The x10 r e s i s t i v i t y  m u l t i p l i e r  scale should  be used i n  t h e  
case of a r e s i s t i v i t y  r e a d i n g  of 300  ohm meters  or  less.  

Record t h e  phase a n g l e  by which t h e  measured e lectr ical  
f i e l d  component l e a d s  t h e  r e f e r e n c e  magnet ic  f i e l d  component. 
T h i s  i s  45O f o r  homogeneous c o n d i t i o n s ,  as when t h e  d e p t h  

of t h e  l a y e r  being measured i s  more t h a n  one or t w o  s k i n  
d e p t h s .  When a lower l a y e r  more r e s i s t i v e  i s  p r e s e n t  t h e  
p h a s e  a n g l e  w i l l  g e n e r a l l y  d e c r e a s e ,  and increases when a 
more conductive layer  i s  present. 
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GEONICS LIMITED 

TECHNICAL NOTE T N - 1  

EM16R (RADIOHM) Two-Layer I n t e r p r e t a t i o n  Curves 

INTRODUCTION 

This t e c h n i c a l  n o t e  p r o v i d e s  a series of g r a p h s ,  which per -  
m i t  t h e  u s e r  of t h e  Geonics  EM16R t o  de te rmine  whether  t h e  
subsu r face  e l e c t r i c a l  r e s i s t i v i t y  is  c o n s t a n t  -down t o  t h e  

depth o f  p e n e t r a t i o n  of t h e  i n s t r u m e n t  o r  whether  a two- 
l a y e r  s i t u a t i o n  is p r e s e n t .  Furthermore,  i n  t h e  case of a 

. two-layered e a r t h ,  i f  e i ther  t h e  r e s i s t i v i t y  o f  t h e  upper 
layer  o r  t h e  l o w e r  l a y e r ,  or t h e  t h i c k n e s s  of the upper  
l a y e r  i s  known, t h e  u s e  of t h e s e  c u r v e s  y i e l d s  t h e  va lue  of  
t h e  o t h e r  two unknown pa rame te r s .  

Typica l  a p p l i c a t i o n s  of t h e  EM16R u s i n g  t h e s e  c u r v e s  might 
i nc lude  de te rmining  the presence and depth of permafros t ,  

l o c a t i n g  and d e t e r m i n i n g  the dep th  t o  r e s i s t i v e  g r a v e l  
d e p o s i t s  or bedrock, and  c o r r e c t i n g  t h e  data from h o r i z o n t a l -  
loop e l e c t r o m a g n e t i c  s u r v e y s  fo r  t he  p r e s e n c e  of a conduct ive  
overburden t o  y i e l d  more a c c u r a t e  v a l u e s  f o r  t h e  dep th  and 
c o n d u c t i v i t y - t h i c k n e s s  p roduc t  of s u b s u r f a c e  conduc to r s .  

HOMOGENEOUS HALF SPACE 

The EM16R measures t h e  r a t i o  and t h e  phase  a n g l e  between t h e  ' 

h o r i z o n t a l  e lectr ic  and magnet ic  f i e l d s  o f  t h e  wave propa- 
ga ted  by d i s t a n t  VLF r a d i o  t r a n s m i t t e r s  i n  o r d e r  t o  de termine  
t h e  e l e c t r i c a l  r e s i s t i v i t y  of t h e  ground. I n  t h e  case where 
t h e  e a r t h  i s  of uniform r e s i s t i v i t y  t h e r e  i s  a phase  ang le  
of 45' between t h e s e  f i e l d  components. 
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EM16R (RADIOHM) Two-Layer I n t e r p r e t a t i o n  Curves 

T h e  EM16R i s  c a l i b r a t e d  t o  r e a d  r e s i s t i v i t y  and t h i s  phase 
a n g l e  d i r e c t l y  and i n  t h e  c a s e  where t h e  e a r t h  i s  of uni- 
form r e s i s t i v i t y  down t o  t h e  dep th  of p e n e t r a t i o n  it reads 
t h e  c o r r e c t  r e s i s t i v i t y  and i n d i c a t e s  a phase a n g l e  of 45'. 
T h i s  e f f e c t i v e  depth  of p e n e t r a t i o n  depends both on the 

electr ical  r e s i s t i v i t y  i t s e l f  and ve ry  s l i g h t l y  on t h e  f r e -  
quency, as i s  shown i n  f i g u r e  1. I f  t h e  t e r r a i n  r e s i s t i v i t y  
i s  1 0 0 0  ohm meters t h e  i n s t r u m e n t  e f f e c t i v e l y  senses down 
t o  a t  least  1 0 0  meters o r  330 f t . ,  i f  t h e  r e s i s t i v i t y  he 
2 0 0  ohm meters t h e  p e n e t r a t i o n  depth  i s  45 meters o r  1 - 4 5  

f t .  

Should t h e  r e s u l t s  of t h e  survey  i n d i c a t e  a measure2  1 7 ~ ~ ~  of 

r e s i s t i v i t y  p a  and a phase a n g l e  of 4 5 '  the use of f i g u r e  

1 w i l l  y i e l d  a m i n i m u m  d e p t h  t o  which t h a t  v a l u e  of resis- 
t i v i t y  i s  correct i .e.  s h o u l d  t h e  s u r v e y  r e s u l t  g i v e  a value 
of 1 5 0 0  ohm meters and a phase  ang le  o f  approximately 45' 
t h e  u s e r  knows t h a t  t h e  r e s i s t i v i t y  i s  1 5 0 0  ohm.meters down 
t o  a t  l eas t  1 2 0  meters or 390 f t .  

TWO-LAYER GEOMETRY 
Suppose,  however, t h a t  h o r i z o n t a l  s t r a t i f i c a t i o n  e x i s t s  and 
t h e  e a r t h  is  b e t t e r . r e p r e s e n t e d  by t h e  geometry shown i n  
f i g u r e  2.  If t h e  t h i c k n e s s  of t h e  uppe r  l a y e r  tl i s  g r e a t e r  
t h a n  the  cor responding  d e p t h  of p e n e t r a t i o n  shown for  the 
value p 1  on f i g u r e  1 the EM16R w i l l  s t i l l  c o r r e c t l y  read  t h e  
value of p i .  

d e p t h  of p e n e t r a t i o n  t w o  things w i l l  happen. F i r s t l y ,  t h e  

value of r e s i s t i v i t y  r e a d  by t h e  i n s t r u m e n t  w i l l  no longer  
be t h e  t r u e  v a l u e  of p i ,  s i n c e  it w i l l  be i n f l u e n c e d  by 
t h e  p r e s e n c e  of p 2 ,  and second ly ,  t h e  phase  ang le  w i l l  no 

l o n g e r  be 45'. 
is always t h e  key t o  a m u l t i - l a y e r e d  e a r t h  s i t u a t i o n .  

I f ,  however, t h e  v a l u e  of tl i s  less then  t h e  

A value for t h i s  a n g l e  of o t h e r  t han  45' 
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S i n c e  t h e  r e s i s t i v i t y  i n d i c a t e d  by t h e  i n s t r u m e n t  i s  no 
l o n g e r  t h e  c o r r e c t  r e s i s t i v i t y  w e  s h a l l  c a l l  it t h e  appa ren t  
r e s i s t i v i t y .  Re fe r r ing  a g a i n  t o  f i g u r e  2 it i s  seen  t h a t  

there are now t h r e e  unknown q u a n t i t i e s  v i s  p 1 ,  p 2 ,  and tl. 
The EM16R measures only  t w o  p i e c e s  of i n f o r m a t i o n ,  t h e  

appa ren t  r e s i s t i v i t y  P a ,  and  t h e  phase  angle .  The re fo re ,  
i n  t h e  g e n e r a l  ca se  w e  a r e  m i s s i n g  one p i e c e  of in fo rma t ion  
and  t h i s  must be s u p p l i e d  by t h e  u s e r .  L e t  u s  assume f o r  
t h e  t i m e  be ing  t h a t  su rvey  h a s  been c a r r i e d  o u t  i n  an envi ron-  
ment which is  r e p r e s e n t e d  by f i g u r e  3. When t h e  o p e r a t o r  
w a s  a t  s t a t i o n  "A" he measured a r e s i s t i v i t y  of 6 0 0  ohm 
meters and a phase ang le  of 45'. H e ,  t h e r e f o r e ,  knew t h a t  
t h e  e a r t h  w a s  homogenous a t  600  ohm meters down t o  a depth  
of a t  l e a s t  88 meters o r  2 9 0  f t .  A t  s t a t i o n  "B" t h e  i n s t r u -  
ment r e a d  330 ohm meters and  a phase  ang le  of 68'. 
o p e r a t o r  assumes from a knowledge of t h e  geology t h a t  t h e  
upper  l a y e r  r e s i s t i v i t y  i s  s t i l l  600 ohm meters. To in -  
t e r p r e t e  t h i s  s i t u a t i o n  u n d e r  t h e  assumption of a two-layer 
case r e f e r e n c e  must be made t o  f i g u r e s  4 t h rough  13. Each 
of these f i g u r e s  refers t o  a d i f f e r e n t  v a l u e  of p1 as seen 
i n  t h e  upper  r i g h t  hand c o r n e r .  Turning t o  t h e  f i g u r e  for  

p 1  e q u a l s  600 ohm meters ( f i g u r e  8 )  w e  would u s e  t h e  curve 
i n  t h e  fo l lowing  manner: locate on t h e  v e r t i c a l  a x i s  t h e  
r e a d i n g  of apparent  r e s i s t i v i t y  as shown by t h e  EM16R, l o -  
cate on t h e  h o r i z o n t a l  axis the  v a l u e  of  phase a n g l e  as 
shown by t h e  EM16R. A t  t h e  i n t e r s e c t i o n  o f  t h e s e  t w o  p o i n t s  
r e a d  o f f  from t h e  p a r a m e t r i c  curve  t h e  va lue  f o r  t h e  t h i c k -  
n e s s  of t h e  upper l a y e r  and t h e  r e s i s t i v i t y  of t h e  lower 
l a y e r .  For  example, suppose  t h a t  t h e  appa ren t  r e s i s t i v i t y  
shown by t h e  EM16R w a s  330 ohm meters and t h e  phase  angle  
68'. 
a v a l u e  f o r  t h e  t h i c k n e s s  of t h e  upper  l a y e r  of 4 0  meters 
and a r e s i s t i v i t y  f o r  t h e  lower l a y e r  of 30 ohm meters. 

The 

T h e  i n t e r s e c t i o n  of these v a l u e s  on f i g u r e  8 i n d i c a t e s  
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Conversely,  had t h e  i n s t r u m e n t  r e a d i n g s  a t  s t a t i o n  IIB" been 
5 4 0 0  ohm meters w i t h  a phase  a n g l e  of 32' w e  would know t h a t  
t h e  r e s i s t i v i t y  of t h e  lower l a y e r  was 10,000 ohm meters 
and t h a t  t h e  l a y e r  t h i c k n e s s  was 7 meters. This  second 
example might  be  t y p i c a l  of a p e r m a f r o s t  environment i n  

which measurements were c a r r i e d  o u t  i n  t h e  d i scon t inuous  
zone, and t h e  h igh  r e s i s t i v i t y  might  t h e n  be i n d i c a t i v e  of 

massive ground ice. I t  shouldabe  n o t e d  t h a t  each of t h e  
cu rves  f o r  the v a r i o u s  v a l u e s  of p 2  t e r m i n a t e  a t  a phase 
a n g l e  of 45 '  t o  Qa = ~ 2 .  

p o l a t e  between t h e  v a r i o u s  curves  f o r  a d i f f e r e n t  v a l u e  of 
p 2  one s t a r t s  t h e  curve  a t  t h e  co r re spond ing  va lue  fo r  Da 
i .e.  shou ld  w e  r e q u i r e  a curve  for 5000 ohm meters t h e  s t a r t  
fo r  t h i s  curve  would o c c u r  a t  a phase  a n g l e  of 4 5 '  and a 
value for appa ren t  r e s i s t i v i t y  of 5000 ohm meters, and t h e  

cu rve  can then  be  e a s i l y  ske tched  i n  us ing  t h e  curve f o r  
1 0 , 0 0 0  and 3000 ohm meters a s  models. 

Thus i f  it is  d e s i r e d  t o  i n t e r -  

The example g iven  above assumed t h a t  t h e  known q u a n t i t y  was 

p i ,  s i n c e  nearby measurements had g iven  t h i s  v a l u e  and a 
phase a n g l e  of 45'. 

t h a t  he  knows p 2  ( fo r - example  t h e  bedrock r e s i s t i v i t y )  and 
wishes  t o  de termine  p i  and tl t h e  v a r i o u s  f i g u r e s  are exa- 
mined t o  de te rmine  which g i v e s  v a l u e s  of a p p a r e n t  resis- 
t i v i t y  and phase  ang le  which a g r e e  w i t h  the measured v a l u e s ;  
p 1  and tl a r e s t h e n  read off the a p p r o p r i a t e  f i g u r e .  
example, t h e  o p e r a t o r  knows t h e  bedrock r e s i s t i v i t y  t o  be 

approximately 3000 ohm m e t e r s  f r o m  nearby ou tc rops .  I n  

I n  t h e  case where t h e  o p e r a t o r  assumes 

For 

an o t h e r  area h e  measured an  a p p a r e n t  r e s i s t i v i t y  of 1 0 0 0  
ohm meters and a phase a n g l e  of 31'. 
l a y e r  curves shows t h a t  f i g u r e  8 gives a best f i t  t o  t h e  
data and thus  t h e  upper l a y e r  r e s i s t i v i t y  i s  600 ohm meters 
and t h e  depth  of bedrock approximate ly  35 meters. 

A s c a n  of t h e  two 
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LIMITING CASES 
I t  was s t a t e d  above t h a t ,  i n  t h e  g e n e r a l  case, one of t h e  
unknown q u a n t i t i e s  would have to be s u p p l i e d  by t h e  opera- 
t o r .  I t  will now be shown t h a t  i n  t w o  l i m i t i n g  cases t h e  

i n t e r p r e t a t i o n  cu rves  g i v e  only  t w o  p i e c e s  of informat ion .  

Consider f o r  example t h e  lower r e g i o n  o f  f i g u r e s  7 t o  14. 
For a l l  of t h e s e  c a s e s  p2 i s  much less than  p l ,  i .e. t h e  

lower l a y e r  i s  t h e  m o r e  conduct ive-  Comparison of  t h e s e  

f i g u r e s  shows t h a t  for this case t h e  va lues  o f  p a  and p h a s e  
ang le  are a f u n c t i o n  of p2 and tl on ly  and a r e  independent  

of pl.  
l a y e r  the EM16R y i e l d s  t h e  l o w e r  l a y e r  r e s i s t i v i t y  and the 
upper l a y e r  t h i c k n e s s  independent ly  of t h e  r e s i s t i v i t y  of 
t h e  upper l a y e r .  

Thus, f o r  t h e  case of a h i g h l y  conduct ive lower 

Consider now t h e  upper  r eg ion  o f  f i g u r e s  5 and 6 for  which 

p 2  i s  much g r e a t e r  t h a n  p 1  and t h e  upper  l a y e r  i s  much 
t h i n n e r  t h a t  t h e  p e n e t r a t i o n  depth as g iven  by f i g u r e  1. 

Suppose t h a t  t h e  i n s t r u m e n t  r eads  an  appa ren t  r e s i s t i v i t y  
of 1 8 0 0  ohm meters arid a phase a n g l e  of 18'. 
would l ead  t o  p i  = 30 ohm meters, p 2  = 10,000 ohm meters, 
and tl = 1.2 meters. 
meters, p 2  = 1 0 , 0 0 0  ohm meters, and tl = 4 . 0  meters. Thus 

t h e r e  i s  an ambigui ty  i n  t h e  i n t e p r e t a t i o n ;  however, i f  w e  

F igure  5 

But f i g u r e  6 would y i e l d  p 1  = 1 0 0  o h m  

d i v i d e  tl by p i  i n  each case w e  f i n d  t ha t  f o r  bo th  cases w e  
o b t a i n  t l / p 1  = 0 .040  mhos = a 1  tl. 
upper l a y e r  i s  both t h i n  and h i g h l y  conduct ive  r e l a t ive  t o  
+he lower l a y e r  t h e  r e s u l t s  of t h e  EM16R give t h e  resis- 
t i v i t y  of t h e  lower l a y e r  and t h e  c o n d u c t i v i t y  t h i c k n e s s  pro- 
d u c t  of t h e  upper layer,  which i s  o f t e n  a u s e f u l  r e s u l t .  

If a knowledge of t h e  upper l a y e r  r e s i s t i v i t y  is a v a i l a b l e  
from o t h e r  s o u r c e s  (i.e. an a d j a c e n t  r ead ing  where t h e  e a r t h  
i s  n o t  two-layered as i n d i c a t e d  by a 45' phase ang le )  it i s  
then ,  of cour se ,  p o s s i b l e  t o  s e p a r a t e  o u t  t h e  t h i c k n e s s  

I n  the case where t h e  
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of t h e  upper l a y e r .  

F i n a l l y ,  ano the r  very u s e f u l  a p p l i c a t i o n  of t h e  E M 1 6 R  

o c c u r s  i n  t h e  case where w e  can c o n s i d e r  t h e  l o w e r  l a y e r  t o  
be much more r e s i s t i v e  t h a n  t h e  upper  l a y e r  and t h e  upper 
l a y e r  is  a l s o  assumed t o  be r e l a t i v e l y  t h i c k .  T h i s  case 

can  ar ise  if a t h i c k  l a y e r  o f  conduc t ive  overburden over- 
l ies  r e s i s t i v e  bedrock. Such a geometry can i n t r o d u c e  
s e r i o u s  e r r o r s  i n  t h e  i n t e r p r e t a t i o n  o f  h o r i z o n t a l - l o o p  
e l e c t r o m a g e n t i c  su rveys  ( i . e .  Geonics EM17 o r  EM17L). I t  

h a s  been shown by Lowrie and West (Geophysics,  Volume 3 0 ,  

N u m b e r  4 ,  August 1965, p p  624-632) t h a t  t h e  p re sence  of 

a conduct ive overburden ro t a t e s  t h e  phasor  diagram, which 
i s  used f o r  t h e  i n t e r p r e t a t i o n  of such survey r e s u l t s  so  
as t o  make t h e  conductor  appea r  t o  be more deep ly  b u r i e d  

t h a n  it i s  and a l so  t o  a p p e a r  t o  be a bet ter  conductor  i n  
t h e  sense  t h a t  t h e  r a t i o  of inphase  t o  q u a d r a t u r e  response  
i s  enhanced. T h i s  e f f e c t  i s  p a r t i c u l a r l y  s t r o n g  a t  l a r g e  
i n t e r c o i l  spac ing  i .e .  400 f t .  

For  example, assume such a su rvey  i s  c a r r i e d  o u t  w i t h  4 0 0  

f t .  i n t e r c o i l  s p a c i n g  and  t h a t  a v e r t i c a l  conductor  i s  
o v e r l a i n  by 7 meters of 1 0  ohm m e t e r  m a t e r i a l .  
t i v i t y  t h i c k n e s s  p roduc t  f o r  t h e  overburden is  t h e n  0 . 7  

mhos. 
by approximately 25'. 
phase  and quadra tu re  phase  ampl i tudes  were 20% and 9 %  re- 
s p e c t i v e l y ,  
r e s u l t  i n  estimates of t h e  dep th  and c o n d u c t i v i t y  t h i c k n e s s  

The conduc- 

The Argand diagram f o r  t h i s  case would be r o t a t e d  
Suppose t h a t  t h e  peak t o  peak i n -  

Ignor ing  t h e  p r e s e n c e  o f  t h e  overburden would 

of 1 2 0  f t .  and 13 mhos. I f ,  however, t h e  c o r r e c t i o n  f a c t o r  
fo r  t h e  overburden i s  t a k e n  i n t o  account  t h e  r e i n t e r p r e t e d  
dep th  and c o n d u c t i v i t y  t h i c k n e s s  p roduc t  a r e  80 f t .  and 
3.6 mhos so t h a t  s u b s t a n t i a l  errors can r e s u l t  from i g n o r i n g  
t h e  e f f e c t  of t h e  overburden.  R e f e r r i n g  t o  f i g u r e  4 it  
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i s  seen  t h a t  t h e  EM16R w i t h  t h e  two- layer  i n t e r p r e t a t i o n  
cu rves  e a s i l y  r e s o l v e s  up t o  1 0  meters of 1 0  o h m  m e t e r  
mater ia l  and t h a t  f u r t h e r m o r e  t h e  i n t e r p r e t e d  t h i c k n e s s  
o f  t h i s  material  i s  r e l a t i v e l y  independent  of t h e  assumed 
r e s i s t i v i t y  for  t h e  basement rock. F i g u r e  15  is a re- 
compi l a t ion  of  t h e  two- layer  c u r v e s  f o r  p 2  = warid t h e  cap- 
t i o n  on t h i s  f i g u r e  i l l u s t r a t e s  a s imple  .- procedure  t o  d e t e r -  
mine t h e  c o n d u c t i v i t y - t h i c k n e s s  p r o d u c t  d i r e c t l y  from t h e  
EM16R r e s u l t s .  

FREQUENCY CORRECTION 
These curves  have been c a l c u l a t e d  f o r  a f requency  o f  20 
kHz. Should a s t a t i o n  o p e r a t i n g  a t  a f requency  of o t h e r  
t h a n  20 kHz be employed t h e  v a l u e s  of t h i c k n e s s  and con- 
d u c t i v i t y - t h i c k n e s s  w i l l  be s l i g h t l y  i n  error. F i g u r e  14 
gives t h e  c o r r e c t i o n  f a c t o r  f o r  bo th  as a f u n c t i o n  of 
s t a t i o n  frequency.  

The two-layer cu rves  are g i v e n  f o r  a r e a s o n a b l e  s e l e c t i o n  
of va lues  of p 1 .  

t h e s e  v a l u e s  it i s  s u g g e s t e d  t h a t  t h e  r e l e v e n t  d a t a  from t h e  
b r a c k e t i n g  f i g u r e s  be p l o t t e d  out and i n t e r p o l a t i o n  c a r r i e d  
through.  

Should it be necessa ry  t o  o p e r a t e  inbetween 
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SUMMARY 

The curves p r e s e n t e d  i n  t h i s  n o t e  shou ld  prove u s e f u l  i n  
p lanning  su rveys ,  p a r t i c u l a r l y  f o r  e n g i n e e r i n g  geophys ica l  
a p p l i c a t i o n s .  They i l l u s t r a t e  t h e  t y p e  of  environment  i n  
which t h e  EM16R w i l l  p rove  t o  be e f f e c t i v e  as w e l l  as those  
i n  which convent iona l  r e s i s t i v i t y  may have t o  be employed. 
I t  i s  hoped t h a t  t h i s  t e c h n i c a l  n o t e  w i l l  ass is t  owners of 

t h e  Geonics EM16R i n  o b t a i n i n g  more u s e f u l  d a t a  from t h e i r  
survey r e s u l t s .  The p r i n c i p l e  advantages of  t h e  Geonics 
EM16R are t h e  s i m p l i c i t y  o f  t h e  measurement t echn ique  and 

t h e  speed w i t h  which it can be carried o u t ,  added t o  t h e  

f a c t  t h a t  i s  i s  a one-man o p e r a t i o n .  These cu rves  show 
t h a t  i n  many cases of p r a c t i c a l  i n t e r e s t  t h e  u s e  o f  t h e  
EM16R will produce survey  d a t a  which is a lmost  e q u i v a l e n t  
t o  t h a t  w i t h  normal r e s i s t i v i t y  gea r  a t  a f r a c t i o n  of t h e  

cost and a t  much h i g h e r  speed.  






















