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SECTION I - INTRODUCTION 

A se ismic r e f r a c t i o n  survey was performed by Kent ing Exp lo ra t i on  Services 

L i m i t e d  f o r  Er ickson Gold Min ing Corporat ion f rom November 8 t o  November 

16, 1979. 

bedrock over  a number o f  c la ims he ld  by Er ickson Gold Min ing  Corporat ion 

i n  t h e  McDame Lake area o f  no r the rn  B r i t i s h  Columbia. 

of the  overburden was t o  be found, i f  poss ib le .  

The pr imary  purpose o f  the  survey was t o  determine depth t o  

Also,  t he  s t r u c t u r e  

The Kent ing f i e l d  p a r t y  c o n s i s t i n g  o f  a p a r t y  c h i e f ,  ope ra to r  and shooter 

equipped w i t h  a p o r t a b l e  seismograph c a r r i e d  o u t  the survey. 

the  survey were genera l l y  f a i r  t o  e x c e l l e n t .  
determined over  most o f  the  area surveyed. 

The r e s u l t s  o f  

Depths t o  bedrock were 

L a t e r a l  v a r i a t i o n s  i n  the  overburden caused some d i s t o r t i o n  i n  the  data, 

b u t  t h i s  cou ld  be co r rec ted  f o r  i n  most cases. The depths t o  overburden 

were s u b s t a n t i a l l y  g rea te r  than an t i c ipa ted ,  a f a c t  which a l t e r e d  the 
survey parameters and reduced the  produc t ion  r a t e .  
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SECTION I 1  - THEORY O F  SEISMIC REFRACTION 

When an explosion takes place i n  the ground, energy propaqates through the 
ground w i t h  a velocity which depends primarily on the density of the material .  
When this energy passes from material of one density t o  a material of 
d i f f e ren t  density, i t s  direction of travel i s  changed, o r  refracted. For a 
seismic wave t ravel l ing a t  an angle il t o  the interface between two mediums 
of velocity V1 and V2 , the emergent angle ip i s  given be Snel l ' s  law. 

sin il V1 - - -  
sin i2 v2 

I f  V1 < V2 then a t  some angle ilC, the c r i t i c a l  angle sin i2 will equal 
unity and so i2 will be 90'. 
the interface.  
angle. 
which travel back to  the surface a t  an angle o f  ic. 
detected by geophones on the surface. 
the geophones from the location of the explosion is  then recorded. 
times are plotted against the distance of the geophones from the source, 
g i v i n g  a time-distance graph.  
the refract ing layer and some indication o f  the sub-surface structure.  

In other words,  the energy will propagate along 
F i g u r e  2 .1  shows the path the energy follows a t  the c r i t i c a l  

As the seismic wave t ravels  along the interface i t  generates waves 
These waves can be 

The time taken for  the energy t o  reach 
These 

Analyzing these plots can give the depths t o  

Certain ground features can obscure the interpretat ion.  
s i tua t ion  i s  that  of a velocity inversion. 
velocity lower than t h a t  of the layers above i t  and can cause large 
e r rors  i n  computing the depths t o  various layers. A h i g h  speed layer can 
cause depth underestimation, and a low speed layer can cause depth over 
estimation. Another problem occurs when the various interfaces are not 
s t r a igh t  l ines b u t  curves. 
be below the l imits  of resolution of the survey and important .features 
could be missed. 

One common 
T h i s  occurs when a layer has a 

The small scale features of  the interface may 



Also la te ra l  inhomogeneities in a layer can d i s t o r t  the data received from 
deeper layers. 
i n  the refractor  time-distance p l o t  which may be interpreted as a s h i f t  i n  
the refraction depth. 
suf f ic ien t  information i s  obtained. 

A change i n  the surface velocity will show up as a break 

T h i s  problem can be usually corrected fo r  i f  

Finally, i f  the survey i s  t o  be done i n  a narrow valley,  the refractor  may 
be too deep to  be picked up w i t h  a s p r e a d  la id  out across the valley. 
These problems are  i l l u s t r a t e d  i n  Figure 2 . 2 .  
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1 
LIMITATIONS OF REFRACTION METHOD 
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SECTION I11 - EQUIPMENT AND METHODS 

3.1 Equipment 

A Geometri cs Nimbus ES-1200 12 channel p o r t a b l e  reco rd ing  seismograph 

was used t o  reco rd  the da ta  i n  the f i e l d .  

i n i t i a t e d  by a Huntec sho t  box. Closing the shot  box 's  f i r i n g  sw i t ch  

detonates the charge and a t  the  same t ime s t a r t s  the  record ing  

opera t ion  o f  t h e  Nimbus seismograph. 

the  geophones they are f i l t e r e d  and a m p l i f i e d  and then s t o r e d  i n  the  

Nimbus' d i g i t a l  memory. La ter ,  they can be ou tpu t  i n  the  form of 

w igg le  t races  on a paper record.  A number o f  shots  can be s tacked 

coherent ly  i n  memory t o  a l l o w  enhancement o f  t he  da ta  w i t h  respec t  

t o  no ise .  

F i r i n g  and reco rd ing  were 

As s igna ls  a re  rece ived from 

Figure 3.1 shows a b lock  diagram o f  t h e  system and Table 

3.1 l i s t s  the equipment used. 
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S U R V E Y  EQUIPMENT 

Seismograph 

Geophones 

Source 

Dri 11 

Other E q u i p m e n t  

Geometri cs 12 channel d i  g i  t a l  si gnal enhancement 
recording seismograph - Model ES-1200. 

Single ,  40 hertz phones; 
10 m and 15 m geophone in te rva l  

Type - Forci t e  70% 1/3 1 b. (150 g )  s t i c k s .  

Size - 1/3 - 5 lb. charges. 

Depth - 0 - 1.5m. 

Detonator - Huntec shot box. 

- S t i h l  Model 4309 c/w 1.5m stem. 

- Radios, 161b. ( 7 k g )  hamner and base p la te  shot  
wire, Huntec shot  box, 12 channel 15m takeout 
sei smi c cab1 e . 

TABLE 3.1 



3.2 F i e l d  Methods 

The l i n e s  t o  be surveyed were determined by the c l i e n t  represenat ive  

A. Beaton and the  Kent ing  p a r t y  ch ie f  P.  P h i l l i p s  on s i t e .  F igure  

3.2 shows t h e  l o c a t i o n  o f  these l i n e s .  Each l i n e  was then c u t  and ' 

chained p r i o r  t o  be ing  surveyed. 

shooter, respons ib le  f o r  d r i l l i n g  and load ing  sho t  holes;  an opera to r ,  

who ran  t h e  inst ruments and the  p a r t y  c h i e f  who supervised t h e  survey 
and l e n t  ass is tance where needed. I n  a d d i t i o n  a l i n e  c u t t e r  was 

supp l i ed  by the  c l i e n t .  Table 3.2 l i s t s  the  amount o f  t i m e  spent  
on each o f  these tasks,  w h i l e  F igure 3.3 shows the  produc t ion  r a t e .  

The survey crew cons is ted  o f  a 

I n i t i a l l y  a 12 channel spread o f  l l O m  l e n g t h  was t o  be used, b u t  t h i s  

proved t o  be too  s h o r t  f o r  t h e  depth p e n e t r a t i o n  needed, and a 1651-11 

spread was then used. Th is  problem i s  discussed i n  more d e t a i l  i n  
Sec t i on  3.3. 

O r i g i n a l l y  t h e  spreads o f  geophones were t o  be moved down the  l i n e s  

i n  jumps, w i t h  spaces the  same leng th  as t h e  spread i n  between 

consecut ive  spreads. Th is  method prov ides data p o i n t s  a t  t he  end o f  

each spread. Spreads i n  t h e  skipped sec t ions  would o n l y  p rov ide  more 

i n f o r m a t i o n  about t h e  overburden, and was n o t  considered t o  be 
necessary. F igure  3.4 shows t h i s  procedure. However the  complex i ty  

o f  t h e  overburden a long w i t h  t h e  grea ter  depths necess i ta ted  

cont inuous coverage o f  t h e  l i n e s .  

3.3 Survey Produc t ion  Sumnary 

Considerably more t ime was spent  on L ine  1 because the  s p e c i f i c  

problems on the  area presented were unknown. L a t e r a l  changes i n  

t h e  overburden were found t o  be a problem over most o f  t h e  l i n e .  

A lso  the  depth t o  bedrock was much g rea te r  than an t i c ipa ted .  A 

spread was l a i d  o u t  over  two successive 1651-11 segments t o  g i v e  
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CUTTING & DISTANCE 
L I N E  CHAINING SURVEYING TOTAL USEABLE DISTANCE PER 
NUMBER (MAN DAYS) (MAN DAYS) (MAN DAYS) SHOTS COVERED (MAN DAY) 

1 1% a+ 10% 25 880m 88 

2 1% 6 7% 16 800m 107 

3 % 1% 2 3 193m 96 

4 & 5  2 3 5 12 690m 138 

TOTAL 5% 19 2 4% 56 2563m 105 

T a b l e  3.2 Summary  o f  M a n p o w e r  A l l o t m e n t  

EXPLORATION SERVICES LIMITED 
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3.3 Survey Production Summary (Cont'd) 

coverage of 330m. 
of six times the depth t o  the refractor .  
of 30m were expected and the spread length o f  165111 would have been 
adequate. 
continuous coverage of the l ine .  This slowed down the survey. 

The usual procedure i s  to  use a spread length 
Depths on the order 

Depths of 120m were found on Line 1, which neccessitated 

Line 2 proceeded w i t h  few problems since i t  was similar t o  Line 1 
and the problems w i t h  Line 1 had been solved. 

Line 3 was terminated unfinished so t h a t  Line 4 could be completed 
i n  the time available.  I t  was f e l t  t h a t  Line 4 would contribute 
more useful data than Line 3. Line 4 was finished with about two 
hours o f  daylight l e f t  and so  Line 5 was surveyed, since no l ine  
cut t ing was necessary where Line 5 was located. Line 3 could not 
have been completed i n  the time available.  

- 13 - 



SECTION IV - DATA REDUCTION AND INTERPRETATION 

4.1 Data Reduction and Interpretation 

The results of the survey are presented in the form of time- 
distance plots with the sub-surface profiles interpreted from 
these plots. The original field records were returned t o  the 
client. 
discernable arrival times. I n  a few cases, excessive attenuation 
of the signal reduced the accuracy in arrival time. 
problems w i t h  the data resulted from environmental condi t i  on 
distorting the records, such as the lateral changes i n  the 
overburden. 

The records are generally of good quality with easily 

The main 

4.2 Interpretation Methods 

Three methods were used t o  interpret the d a t a .  
advantages in specific cases. Hagedoorn's plus-minus method 
was used where the overburden was re1 ati vely homogeneous. 
This technique gives detailed information about  the depths t o  
bedrock. 
are well known. 

Each method has 
1 

However, i t  i s  only practical where the layer velocities 

In situations where the plus-minus method could n o t  be applied, 
Mota's time-intercept method was used. This method supplies only 
depths below the shot points whereas the plus-minus method gives 
depths below each geophone stations where refractor overlaps. 
However, the Mota method i s  less sensitive t o  horizontal variations 
in each layer. 

Where neither o f  these methods produced acceptable results, a model 
was constructed and then manipulated until i t  f i t  the da ta .  



4.3 Results o f  I n t e r p r e t a t i o n  

4.3.1 SL-2152-1 

F igure 4 shows the t ime-d is tance diagram and the  sub- 

sur face p l o t  der ived  from i t  f o r  L ine  1. The depths 

i n d i c a t e d  i n  Figure 4 are be l i eved  r e l i a b l e  t o  w i t h i n  

10%. The bedrock i s  shal low a t  t he  ends o f  the l i n e  

and deepens near the  center .  

i n t e r p r e t e d  t o  the  80m i n  the  c e n t r a l  reg ion.  

Maximum depth i s  

No d e t a i l e d  i n t e r p r e t a t i o n  o f  t he  overburden was made 

o t h e r  than t o  i n d i c a t e  the  l a t e r a l  v e l o c i t y  change as 

shown i n  F igure 4. V e l o c i t i e s  range from . 3  t o  2.0 

m/msec. Higher v e l o c i t i e s  are r e l a t e d  t o  h igher  water  

content  i n  the  overburden. Overburden on the  ends of 

t h e  l i n e  tends t o  be more complex, p a r t i c u l a r l y  on the 

south end from s t a t i o n s  168 t o  188. 

No firm determinat ion o f  the  composit ion can be made 

based on t h e  v e l o c i t y  alone. 

area w i t h  in te rmed ia te  v e l o c i t y  o f  2.6m m/sec which 

may be a l a t e r a l  moraine appearing on the  mountain t o  

the  south. This f e a t u r e  obscures the  bedrock below 

and the depth t o  bedrock i s  unknown although i t  

probably becomes shal lower  as ind ica ted .  

v e l o c i t i e s  p l o t t e d  a t  t he  extreme south end (15m/msec 

and 25m/msec) may be due t o  the  d i p p i n g  bedrock surface. 

The p r o f i l e  shows an 

The h igh 

- 15 - 



4.3.1 SL-2152-1 (Cont'd) 

Figure 4 a lso shows the dis t r ibut ion of veloci t ies  f o r  
the en t i r e  survey. 
1.5 t o  2.0m/msec correspond t o  dry and wet material 
respectively i n  the overburden. The  veloci t ies  fo r  

The highs from 0 t o  l.Om/msec and 

saturated material , of 1.5 t o  2.0m/msec, a re  indicative 
of the water i n  the material and prevent any 
di s t i  ncti  ons being made concerning the nature of the 
overburden, other than degree of saturat ion.  
dis t r ibut ions from 3.5 to  4.0m/msec and from 5.0 to  
6.Om/msec correspond w i t h  the bedrock velocity. 

The 

4.3.2 SL-2 152-2 

The  resu l t s  from this l ine  are s imilar  t o  those of Line 
1. 
t o  2.0m/msec. 

Overburden veloci t ies  vary less  and range from 1.5 

The bedrock prof i le  for  s ta t ion  99 t o  111 was derived by 
producing a model t o  f i t  the observed time-distance curve, 
assuming a bedrock velocity of 5.5m/msec. 
assumption was necessary since no estimate of velocity 
could be made from the the da ta .  The remainder of the 
l i ne  was interpreted u s i n g  the conventional Mota time- 
intercept  method. 
w i t h  a value of 125m. 
ends, as  on Line 1. 

This 

Maximum depth was found a t  s ta t ion 122 
The prof i le  shallows out on both 

- 16 - 



4.3.3 SL-2152-3 

Figure 4 shows the p r o f i l e s  obta ined us ing  Mota’s method 
f o r  L ine 3. 
m a t e r i a l  corresponds t o  t h e  decrease i n  e leva t i on  from 

s t a t i o n  108 t o  114. The sur face was mos t l y  swamp south 
o f  s t a t i o n  114, and gravel  and sand n o r t h  o f  114, on top 
o f  the  h i l l .  
depth poss ib le  which was found assuming t h e  r e f r a c t o r  
s i g n a l  comes i n  imned ia te ly  a f t e r  t he  data ends. The 
depth near the middle o f  the  spread i s  a minimum of 70m. 

The change from unsaturated t o  sa tura ted  

The bedrock p r o f i l e  shown i s  the  minimum 

4.3.4 SL-2152-4 and SL-2152-5 

Lines 4 and 5 cross a t  r i g h t  angles, w i th  L ine  4 o r i e n t e d  
across the  v a l l e y  and L ine  5 down the  v a l l e y .  
shows the r e s u l t s .  The overburden i s  ma in l y  unsaturated 
m a t e r i a l  w i t h  some s a t u r a t i o n  occu r r i ng  under a swamp 
a t  t he  souther ly  end o f  L ine  4. 
may occur where the  v e l o c i t y  increases such as from 
s t a t i o n  105 t o  s t a t i o n  111 on L ine  5. 

Figure 4 

Pockets o f  s a t u r a t i o n  

The depth t o  bedrock i s  much l e s s  on these l i n e s .  
d e f i n i t e  maximum occurs. 
c e n t r a l  p a r t  o f  L ine  4 i s  f l a t  a t  a depth o f  30m w i t h  
t h e  rock d ipp ing  upwards a t  the ends. 
beginn ing a t  s t a t i o n  99 and con t inu ing  n o r t h  o f f  the  l i n e .  
Hagedoorn’s plus-minus method was used ove r  much of these 

l i n e s ,  g i v i n g  data p o i n t s  a t  each geophone s t a t i o n .  
depths found where t h e  two l i n e s  cross agree w i t h i n  8%. 

This i s  w e l l  w i t h i n  the  e r r o r  i n  the  determinat ion of the  
var ious v e l o c i t i e s ,  p a r t i c u l a r l y  t he  overburden v e l o c i t y .  

No 
The bedrock p r o f i l e  a t  the 

Outcrop was seen 

The 

- 17 - 



4.3.4 SL-2152-4 and SL-2152-5 ( Cont' d )  

The bedrock velocity decreased over these two lines from 
a mean of a b o u t  5.5 m/msec t o  3.8 m/msec. 
in Figure 4 show two separate bedrock velocities; 5.0 m/ 

msec for Line 1 and 2 ,  and 3.8 m/msec for Lines 4 and 5. 
Although the information i s  inadequate t o  make a firm 
interpretation, this may represent two diffierent bedrock 
types. 

The histograms 



SECTION V - CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 

The overall qua l i ty  of the da ta  recorded i n  the field was high. 
None o f  the irregularities i n  the time-distance plots can be 
attributed t o  errors i n  the recording process. The complexity 
of  the overburden i s  the major cause of the irregularities, 
b u t  other causes, such as a convoluted non-linear bedrock 
surface, add t o  distortion. 

The bedrock surface dips upwardtothe east from depths o f 7 0  t o  120m 
on Lines 1 and 2 ,  t o  30m on Lines 4 and 5. A different type 
of bedrock may exist i n  the east, b u t  this i s  uncertain. Also 
the bedrock surface becomes f la t te r ,  w i t h  no clearly defined 
deepest p o i n t .  

The overburden i s  composed o f  homogeneous material w i t h  varying 
degrees of water content. 

5.2 Recommendati ons 

More detail could be gained on the bedrock surface profile. 
This could be done in the following manner. 
p o i n t  would be chosen a t  each end of the line and the spread 

A permanent shot 

moved down the line, giving a record of arrivals from the two 
S h o t  points a t  each spread location. 
than about  one spread length, the arrivals would be from the 
bedrock. 
bedrock over the entire line, permitting such methods as 
Hagedoorn's plus-minus method t o  be used, producing a depth t o  
bedrock a t  every geophone station. 
done close t o  the spread t o  define the overburden. Figure 5.1 
shows how this could be done. 
method t h a t  was used define the bedrock depth quite well and 
more detail may be superfluous. 

A t  distances greater 

This would give continuous information about the 

Shoot ing  would also be 

However, the results of the 
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