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1.0 INTRODUCTION 

1.1 Terms o f  Reference 

Nevin Sadl ier-Brown Goodbrand Ltd.  and Geo-Compu-Graph Inc.  

have been r e t a i n e d  by Granada E x p l o r a t i o n  Corpora t ion  t o  conduct 

an e x p l o r a t i o n  program on two p l a c e r  m in ing  leases i n  t h e  

L i v i n g s t o n e  Creek area o f  t h e  Yukon T e r r i t o r y .  The work was 

performed on b e h a l f  o f  Gem Resources Ltd.  i n  o rde r  t o  i n c u r  

s u f f i c i e n t  p rospec t i ng  expend i tu re  t o  conve r t  t he  leases t o  c la ims.  

The f o l l o w i n g  i s  a  r e p o r t  on these a c t i v i t i e s .  

The p l a c e r  leases were v i s i t e d  on June 15, 1981 by Granada 

E x p l o r a t i o n  Corpora t ion  Pres iden t  Andrew E. Nevin i n  t h e  presence 

o f  J i m  Wallace, P.Eng., geo log i ca l  engineer;  S t u a r t  Crof t ,  geo log i s t ;  

and J e r r y  Leverman, Pres iden t  o f  Gem Resources Ltd., p resen t  ho lde r  

o f  t he  p l a c e r  leases. An e x p l o r a t i o n  program geared towards sub- 

su r f ace  bedrock mapping was developed on t h e  bas is  o f  t h i s  

reconnaissance. 

The program cons i s ted  o f  a  d e t a i l e d  r e f r a c t i o n  se ismic survey, 

performed a t  t h e  recommendation o f  J im  Wallace, P.Eng., of 

A t l i n ,  B.C. Geophysical work and i n t e r p r e t a t i o n  was con t rac ted  

t o  Geo-Compu-Graph Inc., whose two-man crew spent t en  days i n  

t he  L i v i n g s t o n e  Creek area commencing on August 11, 1981. A 

two-man geo log i ca l  crew supp l i ed  by Nevin Sadl ier-Brown Goodbrand L td .  

accompanied t he  se ismic con t rac to r .  The geo log i s t s  staked p l a c e r  

m in ing  c la ims  on t h e  leases concur ren t  t o  se ismic work and ass i s ted  

t h e  geophysics crew as requ i red .  
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1.2 P r o ~ e r t v  D e s c r i ~ t i o n ,  Locat ion  and Access 

The L iv ings tone Creek area i s  loca ted  85 km nor theast  o f  

Whitehorse, Yukon T e r r i t o r y  (F igure  1) .  L iv ings tone Creek i s  

a  t r i b u t a r y  o f  t he  South B ig  Salmon River  which eventua l ly  

j o i n s  the  B ig  Salmon River  a t  a  p o i n t  30 km t o  the nor th.  

Access du r ing  summer months i s  by way o f  a i r c r a f t .  

L iv ings tone a i r s t r i p ,  approximately 90 km by a i r  from Whitehorse, 

i s  a  we l l  maintained gravel runway and f requen t l y  handles DC-3 

t r a f f i c  supply ing l o c a l  p lace r  min ing a c t i v i t y .  From the  

a i r s t r i p ,  h e l i c o p t e r  support i s  requ i red  f o r  the  8  km f l i g h t  

i n t o  the  proper ty .  A h e l i c o p t e r  f l i g h t  d i r e c t l y  from Whitehorse 

would l i k e l y  prove t o  be more e f f i c i e n t  f o r  b r i e f  v i s i t s  t o  the  

L iv ings tone Creek area. 

A t r a i l  has been es tab l ished t o  a l l ow  ground access i n t o  

the area f o r  heavy machinery du r ing  w i n t e r  months. However 

a f t e r  break-up on the Tes l i n  R iver  and numerous small lakes and 

swamps enroute, the t r a i l  i s  impassable. 

The proper ty  cons is ts  o f  two p lace r  leases numbered 

5609 and 5610 t o t a l  1  i n g  approximately 8  km (Figure 2). The 

leases are  loca ted on NTS map no. 105-E-8 a t  l a t i t u d e  61" 20'N 

and long i tude 134" 15'W. P.L. 5609 i s  s i t u a t e d  on L iv ings tone 

Creek and extends approximately 4  mi les  upstream from the  

"number one" pos t  located 9.5 km from the  confluence w i t h  the  

South B ig  Salmon River.  P.L. 5610 extends f o r  1 m i l e  upstream 

from a  p o i n t  1500 f e e t  (460 m) south o f  L iv ings tone Creek on an 

unnamed t r i b u t a r y  feeding f rom the  south. Both leases are i n  

good standing u n t i l  October 15, 1981. 
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1.3 Physiography 

Upper Livingstone Creek drains the roll ing mountains 

of the Big Salmon Range of south-central Yukon. Topographic 
re1 ief i s  moderate a1 though the valleys are  generally broad 
with a gentle slope. The elevation along creekline on the 

property ranges from 4000 fee t  up  to  5000 fee t  although 

surrounding peaks r i s e  to  more than 6000 feet .  

The climate i s  typified by cold winters w i t h  short ,  
mild summers. Snow i s  present until  early June over much 

of the property and year-round on some higher ridges. Summer 

i s  brief b u t  temperatures are pleasant and rainfal l  i s  

infrequent. Snow should be expected before October. 

Vegetation consists mostly of sparse islands of stunted 

coniferous trees within large areas of thick brush. Willow 

grows abundantly near the creek and knee-high grasses occupy 
the numerous swampy areas. Thick sphagnum moss blankets the 

ground and, especially i n  d r ie r  areas, caribou moss i s  common. 
White spruce and f i r  predominate stands of timber which are  

spotty along the valley f loor  and more extensive on the 

ajoining slopes. Thick brush consisting of scrub willow 
extends well above the local t reel ine a t  4500 feet .  

Game i s  abundant in the area and includes large species 

such as caribou, moose, wolves and bear as well as a thriving 

beaver colony. Ptarmigan and several types of songbirds inhabit 
the underbrush a n d  hawks feed on a variety of small rodents. 
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1.4 H i s t o r v  o f  L iv inas tone Creek Gold  cam^ 

L iv ings tone Gold Camp has been a c t i v e  s ince  the  d iscovery  

o f  p l a c e r  go ld  on t h e  South B i g  Salmon R ive r  i n  1898. Remnants 

o f  t h e  min ing boom town t h a t  was es tab l i shed du r i ng  t h e  f i r s t  

decade o f  t h i s  cen tury  s t i l l  e x i s t  and, indeed, some o f  t he  

b u i l d i n g s  are  occupied by present-day p l a c e r  miners. Product ion 

o f  go ld  from t h e  camp du r i ng  t h e  e a r l y  p a r t  o f  t h e  century  was 

est imated t o  be more than $1,000,000. O f  t h e  t e n  go ld  producing 

creeks i n  t he  camp, L iv ings tone Creek has proven t o  be by f a r  

t h e  r i c h e s t .  

Most o f  t h e  L iv ings tone Creek go ld  has been mined f rom 

p re -g lac ia l  g rave ls  deposi ted i n  t h e  1.2 km V-shaped canyon 

lower on the  creek. Rusty co loured grave ls  der ived  from l o c a l  

rocks formed the  base o f  unconsol idated gold-bear ing ma te r i a l  

i n  t he  canyon. This pay-zone extended upstream from t h e  canyon 

i n t o  a  bu r i ed  channel where go ld  was removed by d r i v i n g  a d i t s  

southward f rom the  present  stream channel. Hydrau l i c  min ing  

was attempted as a  f i n a l  recovery s tep  on t h e  "bur ied  channel" 

p o r t i o n  o f  t h e  depos i t  bu t  was abandoned a f t e r  permafrost 

hampered the  a1 ready marginal opera t ion  (Bostock and Lees, 1938). 

Elevated go ld  p r i ces  over t h e  pas t  two years have r e s u l t e d  

i n  renewed e x p l o r a t i o n  and min ing a c t i v i t y  i n  the  L i v i ngs tone  

camp. Four creeks i n  the  camp were being a c t i v e l y  mined du r i ng  

t h e  summer o f  1981 w i t h  severa l  o thers  showing promise. A t  

L iv ings tone Creek, a  hyd rau l i c  mon i to r  was used t o  s t r i p  f rozen 

overburden f rom a  pay-zone l oca ted  i n  " t h e  canyon". Al though 

the  ground had p rev ious l y  been mined by underground excavat ions, 

a  s i g n i f i c a n t  b u t  undisc losed amount o f  go ld  was recovered. 



NEVlN / SADLIER-BROWN / GOODBRAND 1 LTD 

Livingstone camp placer gold i s  character is t ical ly  

coarse; a third of the gold recovered from the Livingstone 

Creek discovery claim consisted of nuggets weighing more than 

an ounce. The largest  nuggets reported by Bostock and Lees 
(1938) are 19 oz. and 184 oz. Paystreaks are generally 

located on the bedrock surface, in crevices, and within the 
f i r s t  50 cm of pre-glacial gravels immediately overlying the 

bedrock. 

1.5 Rationale 

Yukon placer gold has his tor ical ly  been mined from 

pre-glacial f luvial  sediments such as the White Channel gravel s. 

More northerly areas (such as Dawson) escaped glaciation. 
However, the southern Yukon, including the Livingstone Creek 

area, was glaciated, and much of the original gold-bearing 

gravel s were stripped. 

Livingstone Creek placer gold deposits are located in 

areas protected from glaciation. The most prominent example 

occurs on the lower Livingstone where revived placer mining 
operations have recently recovered a substantial amount of 

coarse gold. Steep bedrock buttresses form a narrow V-shaped 

canyon a t  this  point and i t  i s  considered that  t h i s  topography 

would effectively shield the gravels from glacial erosion. 

If such'a bedrock configuration were present in the upper 

Livingstone, similar gold deposits could reasonably be expected 

However, because the area i s  masked by a thick layer of 

recent fluvial  and glacial deposits, a protective buttress 

of bedrock high i s  n o t  immediately apparent. 
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Bear ing these cons ide ra t i ons  i n  mind, i t  was decided 

a  se ismic survey be conducted i n  an at tempt  t o  l o c a t e  a  near  

sur face  "h i gh  v e l o c i t y "  ho r i zon  i n d i c a t i v e  o f  bedrock. Survey 

l i n e s  were r u n  down stream and across t h e  v a l l e y  i n  o rde r  t o  

g i v e  bo th  l o n g i t u d i n a l  and c ross-sec t iona l  p r o f  i 1 es. Such 

a  survey would conce ivab ly  r e s u l t  i n  s e l e c t i o n  o f  a  d r i l l  o r  

sha f t  t a r g e t  i n  t h e  most g e o l o g i c a l l y  favourab le  l oca t i on .  

2.0 PLACER LEASE 5609 ( "4  M i l e  Lease") 

2.1 Geomorphol ogy 

The f o u r  m i l e  lease i s  t y p i f i e d  by a  broad, U-shaped 

v a l l e y  p r o f i l e  a long  i t s  whole leng th :  t he  stream g r a d i e n t  

averages 150 f e e t l m i l e  (3%) on t h e  lower  t h ree  m i  1  es a1 though 

t h i s  v a r i e s  l o c a l l y .  I n  p a r t i c u l a r ,  on t he  lower  m i l e  o f  

t h i s  lease, t h e  stream g r a d i e n t  e x h i b i t s  a  s u b t l e  inc rease  

t o  about 250 f e e t l m i l e  (5%). 

Bench- l ike meander scars  mark t he  broad v a l l e y  f l o o r  

i n d i c a t i n g  t h a t  t h e  v a l l e y  may have been occupied by a  stream 

cons ide rab l y  l a r g e r  than a t  present .  Conceivably, a  me l twa te r  

stream d u r i n g  t h e  most r ecen t  g l a c i a l  r e t r e a t  cou ld  have 

produced these f l  u v i a l  fea tu res .  

A l though t h e r e  i s  no su r f ace  express ion o f  a  b u r i e d  

bedrock canyon, L i v i ngs tone  V a l l e y  narrows a t  two po in t s .  

Rock b l u f f s  and felsenmeer near  t h e  lower  end o f  t he  lease  and 

approx imate ly  two m i l e s  up t he  lease  may i n d i c a t e  a  steepening 

o f  t he  bedrock subcrop i n t o  a  V-shaped form. Seismic l i n e s  were 

p laced  so as t o  i n v e s t i g a t e  t h i s  p o s s i b i l i t y .  
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Surficial deposits in the valley consist largely of 

glaciofluvia4 sediments and t i 1  1. Soil composed of large 
sub-rounded cobbles in a supporting matrix of coarse sand 

was noted over most of the valley floor. A blue-grey 

clayey s i l t  was exposed in the creek bottom on the lower 

mile of the lease. The f ros t  susceptible material was not 

frozen a t  t h i s  location, inferring tha t  permafrost may not 

be present to  any great extent. The s i l t ,  exposed in a 

seismic shot-hole, was fu l ly  saturated and sloughed into the 

hole quickly. A t  a depth of 1.5 m y  the bottom of the excavation 

began to pipe, possibly indicating the presence of an aquifer 
beneath the s i l t .  

Much of the valley floor i s  re lat ively f l a t  and swampy. 

However, several dry "terraces" were noted on lower parts of 

the lease. The terraces re f lec t  a marked change in the hydro- 
geological regime and present an interesting target.  The 
possibil i ty that  the terraces represent a buried, high permeability 

channel or a bedrock high was investigated by the seismic survey. 

SEISMIC SURVEY 

3.1 Description and Resul t s  

The geophysical survey on the upper Livingstone Creek 
four mile placer lease consisted of 2 km of detailed refraction 

seismic work profiling the valley bottom. The survey was performed 

on the lower mile of the lease, partly along the "baseline" which 

was re-established for  the purpose of staking placer claims 

(Figure 3) .  
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Further descr ipt ive  d e t a i l s  and the resu l t s  of the 

seismic survey on P.L. 5609 a r e  presented i n  Appendix A. 

4.0 SUMMARY AND CONCLUSIONS 

Livingstone Creek Camp has h i s t o r i ca l l y  been a strong 

producer of coarse placer gold. Although the  upper Livingstone 

shows no placer gold production t o  date,  fu r ther  exploration 

i s  j u s t i f i ed  by elevated gold prices. 

Favourable geological conditions f o r  placer gold deposits 

a r e  f e l t  t o  ex i s t  i n  the area i n  the  form of a buried bedrock 

canyon. Such a feature  would protect  gold-bearing gravels from 
glacia l  erosion. 

A ref ract ion seismic survey was undertaken in an attempt 
t o  de ta i l  and bedrock surface beneath the  thick mask of g lacia l  

and f luv ia l  sediments i n  the upper Livingstone Valley. 

The r e su l t s  of the survey a re  given in the reports  by 

Geo-Compu-Graph Inc. which i s  attached as  Appendices A and B. 
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Appendix A 

Reconnaissance Seismic Re f rac t i on  Surveying a t  

L i  v ingstone Creek Placer  Lease 5609, 

Yukon T e r r i t o r y  
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Reconnaissance Seismic Refraction Surveying at Livingstone Creek 
Yukon Territory 

Introduction 

Seismic refraction surveying with portable seismographs has been used 
for more than 25 years to determine the depth to bedrock under 
unconsolidated alluvium or colluvium. Seismic refraction surveying has 
among its stengths relatively low cost for the precision of the 
subsurface data that are obtained. Depth precisions of less than +/- 
one meter can often be expected in a properly executed survey. 

Seismic refraction surveying was undertaken in the upper reaches of the 
Livingstone Creek drainage approximately 60 miles northeast of 
Whitehorse in The Yukon Territory. The refraction survey was conducted 
in an effort to map the configuration of the bedrock in the valley. 
Field operations commenced August 11, 1981 and were completed August 21, 
1981. 

The present report outlines the general considerations of the design of 
the Livingstone Creek survey, field operations, and the results of 
interpretation of a portion of the data collected. Interpretation of 
the records not mentioned in this report is continuing. It is not 
anticipated, however, that the results of the interpretation of the 
remaining records will be significantly different from the results 
herein reported. 



Geologic Problem 

Gold is believed to exist in the placer deposits at Livingstone Creek 
which is situated approxinately 60 miles northeast of Whitehorse in The 
Yukon Territory. In this particular drainage, the gold is believed to 
reside in alluvial deposits that were not eroded by glacial action. 
Such remnant deposits are believed to rest on the down stream side of 
"paleo-waterfalls". The paleo-waterfalls would have been bedrock 
buttresses over which the glaciers would have ridden. Any alluvial 
deposits on the down stream side of the waterfalls would have been 
protected by the bedrock high and thus the gold bearing strata would not 
have been removed by the glacial action. Depending upon the actual 
configuration of the bedrock, gold bearing gravels might have been 
spared glacial erosion at locations other than downstream from the 
bedrock buttress. 

Seismic refraction surveying was undertaken in the upper reaches of 
Livingstone Creek in an effort to determine the thickness of 
unconsolidated deposits and to discover any paleo-waterfalls. 

Field Methods 

The seismic refraction surveying that was conducted in the Livingstone 
Creek Valley incorporated an EG&G geolletrics ES-1210F seismograph. This 
is a twelve channel, signal enhancement instrument. A twelve channel 
system allows the earth vibrations at twelve discrete locations to be 
recorded simultaneously. The signal enhancement feature of the system 
was not employed because explosives were used as an energy source. 
Figure 1 is a typical seismogram recorded during the Livingstone Creek 
Project. The first break refraction arrivals are of the highest 
quality. 

The objective of the refraction survey was to map bedrock which was 
believed to be at depths as great as 30 meters below the surface. The 
design of seismic refraction surveys is discussed in detail in many 
geophysics textbooks (e. g., Telford, et al., 1976). The survey in the 
Livingstone Creek Valley incorporated five shots per set-up of the 
twelve channel seismic system (Fig. 2). The twelve channel seismograph 
cable was extended such that the distance between the successive 
geophones was 10 meters. This gave a total spread of 110 meters. The 
total distance between a shot placed five meters off of the end of the 
geophone cable and the twelfth geophone was 115 meters. The expected 
depth of penetration of the signals that could be recorded with this 
shooting geometry would be approximately 35 meters. This geometry, 
therefore, would satisfy the need to penetrate to a target depth of 30 
meters. The multiplicity of data obtained by recording five shots per 
geophone spread reduces ambiguity in defining the number of refracting 
horizons during the interpretation phase of the project. 

The multiplicity of data requires that a computer assist in the 
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Figure 1.  Typ ica l  f ie ld  r e c o r d .  Record  i s  from Locat ion  19,  f o r w a r d  shot,  5 m e t e r s  b e t w e e n  source 

and geophone 1. 
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interpretation of the data. Therefore, only minimal consideration was 
given to the data in the field. In the field, each record (e. g., Fig. 
1) was inspected to determine that first breaks were obvious. 
Identifying first breaks was not a problem because the explosive signal 
sources provided sufficient energy to give good first breaks in almost 
every instance. Time versus distance graphs were made for selected 
field records. However, this was primarily a quality control effort and 
was not intended to yield geologic results. Manual plotting of a 
portion of the refraction data is time consuming and unless all of the 
shots for each geophone spread are plotted, erroneous thoughts can be 
generated with respect to the velocity of refracting horizons and the 
apparent dip and depth of the horizons. 

Figure 3 is a sketch map indicating the approximate positions of the 
locations of geophone spreads. Each spread comprises twelve geophones, 
10 meters apart. Figure 3 identifies the approxinate position of 
geophone 1 in each spread. The profiles that are presented later in 
this report present the lateral positions of the geophones more 
precisely than Figure 3. 

Data Interpretation Technique 

The seismic refraction data collected in the upper reaches of the 
Livingstone Creek Valley were interpreted with the aid of a 
microcomputer executing programs which belong to The GREPILINm Package. 
The GREMLINm Package is a set of programs that employs a technique known 
as the generalized reciprocal method of interpreting seismic refraction 
data (Palmer, 1980). This technique requires that sufficient data be 
recorded in the field to detail each refracting horizon. Depending upon 
the actual geology encountered, this requirement should have been met by 
the field recording procedure discussed above. 

The GREMLINm Programs perform two basic functions. The first function 
is to allow the determination of the seismic velocity of each refracting 
horizon. The second function is to present a profile of the subsurface. 
The software can handle considerable complexity in the geology along 
each refraction line. As many as six different horizons can be 
evaluated. In these six horizons, as many as 10 lateral velocity 
variations can be taken into account. The present study did not 
encounter any situations that were this complex. 

The first stage in processing the refraction data with The GREMLINm 
Package is to measure the first break arrival times for each of the 
twelve traces on each of the five records for each recording location. 
This task is aided by the computer. Each record, in turn, is placed on 
a sensitized digitizer surface. The operator touches a stylus to the 
first break position on each trace of the record. The computer 
automatically scales the touched point on the sensitized surface to 
arrival time in milliseconds. Moreover, the arrival time and offset 
distance are stored on disk, a table of offset distances and arrival 
times is printed, and a time distance graph is plotted (Fig. 4). All of 
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t h i s  occurs  almost s imultaneously a s  f a r  a s  the  opera tor  is  concerned. 
The f i v e  records  from one shoot ing l o c a t i o n  can be t ined  i n  t h i s  manner 
i n  approximately f i f t e e n  minutes. Manually t iming, t abu la t i ng ,  and 
p l o t t i n g  a  s i m i l a r  amount of da t a  would r equ i r e  30 t o  60 minutes. 

The second s t a g e  i n  t h e  i n t e r p r e t a t i o n  is  t o  determine from the t i n e  
d i s t a n c e  graph how many r e f r a c t o r s  a r e  being mapped by the  r e f r ac t ed  
s i g n a l s .  This  t a s k  i s  made e a s i e r  by t he  m u l t i p l i c i t y  of data.  For 
example, i n  F igure  4,  t h e  i n t e r p r e t e r  no t e s  t h a t  t h e  t h r ee  curves 
r e p r e s e n t i n g  r eve r se  s h o t s  a r e  nea r ly  p a r a l l e l .  This i nd i ca t e s  t h a t  a l l  
of  t h e  s i g n a l s  g iv ing  r i s e  t o  f i r s t  breaks a r e  re turn ing  t o  t he  sur face  
from t h e  same hor izon  i n  t h e  subsurface.  The change i n  s lope  of the  
curves  a t  20 meters  might be mistakenly i n t e r p r e t e d  a s  i nd i ca t i ng  a  
deeper  r e f r a c t i n g  horizon having a  higher  v e l o c i t y  i f  only one of the  
curves  had been recorded. In  order  f o r  t h e  change i n  s lope t o  i nd i ca t e  
a  deeper ,  f a s t e r  r e f r a c t i n g  horizon,  t h e  change i n  s lope  would have 
occur red  a t  d i f f e r e n t  l a t e r a l  p o s i t i o n s  on t h e  th ree  reverse  curves 
r e spec t ive ly .  Therefore ,  i n  t h i s  i n s t ance ,  the  i n t e r p r e t e r  can s t a t e  
t h a t  only one r e f r a c t i n g  horizon is  being mapped. 

Because of t h e  ove r l ap  i n  coverage between Location 4  and Location 5 
(Fig.  4 ) ,  t h e  i n t e r p r e t e r  is  ab l e  t o  f u r t h e r  s t a t e  t h a t  the  horizon t h a t  
i s  observed a c r o s s  Location 4  cont inues  ac ros s  Location 5. The 
i n t e r p r e t e r ,  t hus  f a r ,  has  only made a  q u a l i t a t i v e  statement about the  
number of r e f r a c t o r s  and t h e i r  l a t e r a l  ex t en t .  The next s t e p  i s  t o  
q u a n t i f y  t h e  v e l o c i t y  of the  m a t e r i a l  over ly ing  the  r e f r a c t i n g  horizon 
and t h e  v e l o c i t y  of t he  r e f r a c t i n g  horizon i t s e l f .  Because the a r r i v a l s  
from Locat ions 4  and 5 have been determined t o  be from the same horizon,  
t h e  a r r i v a l  time d a t a  from the  forward and reverse  shots ,  r e spec t ive ly ,  
of t h e  two l o c a t i o n s  can be composited i n  a  technique known a s  
"phantoming" (Redpath, 1973). The composited a r r i v a l  time da ta  a r e  then 
presen ted  on a  time d i s t a n c e  graph (Fig. 5). 

The time d i s t ance  graph i s  s tud ied  t o  make sure  t h a t  no e r r o r s  were made 
i n  e n t e r i n g  t h e  composited d a t a  i n t o  t he  computer. The next s t age  i s  
t h e  a n a l y s i s  of t h e  r e f r a c t o r  ve loc i ty .  The computer generates  the 
r e f r a c t o r  v e l o c i t y  func t ions  fol lowing the  equa t ions  presented by Pa lner  
(1980). Figure 6 i s  t h e  v e l o c i t y  a n a l y s i s  graph. The na ture  of the 
p o i n t s  p l o t t e d  f o r  t h e  XY equa l  10 ca se  a r e  determined by t h e  
i n t e r p r e t e r  t o  b e s t  de f ine  t he  v e l o c i t y  of t he  r e f r a c t i n g  horizon. The 
i n v e r s e  of t h e  s lope  of t h e  l i n e  through these  po in t s  g ives  the  
r e f r a c t o r  v e l o c i t y ,  i n  t h i s  case 2400 meters  per second. 

The v e l o c i t y  of t h e  m a t e r i a l  over ly ing  the  r e f r a c t i n g  horizon is  not 
de f ined  a s  wel l  a s  t h a t  of t he  r e f r a c t i n g  horizon. However, i n  t h i s  
c a s e ,  t h e  v e l o c i t y  has  a  minimum value of 400 meters  per second. For 
i n t e r p r e t a t i o n  purposes,  a  v e l o c i t y  of 1000 meters  per second i s  used 
f o r  t h i s  upper l a y e r .  Using t h i s  v e l o c i t y  i n  the a n a l y s i s  procedure 
w i l l  g ive  g r e a t e r  depths  than us ing  400 meters  per second. However, 
1000 meters  per second i s  probably a  more r e a l i s t i c  value f o r  moist (not  
s a t u r a t e d )  alluvium. 

The f i n a l  s t a g e  i n  t h e  computer a s s i s t e d  da t a  i n t e r p r e t a t i o n  is  the  
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g e n e r a t i o n  of t h e  c r o s s  s e c t i o n  of t h e  e a r t h  based upon t h e  r e f r a c t i o n  
a r r i v a l s  (Fig .  7) .  The c r o s s  s e c t i o n  p r e s e n t s  t h e  s u r f a c e  topography, 
and a r c s  t h a t  r e p r e s e n t  t h e  p o s s i b l e  p o s i t i o n  of t h e  r e f r a c t i n g  hor izon  
below e a c h  geophone. The r e f r a c t i n g  s u r f a c e  is  t h e  smooth curve  t h a t  
c o n n e c t s  t a n g e n t  l i n e s  between t h e  a r c s .  I n  t h e  p r e s e n t  example, on ly  
one r e f r a c t i n g  h o r i z o n  i s  i n d i c a t e d  by t h e  r e f r a c t i o n  da ta .  I f  more 
t h a n  one l a y e r  r e s t e d  over  t h e  r e f r a c t i n g  hor izon ,  t h e s e  would each have 
been i n t e r p r e t e d  i n  t h e  e n e r a l  manner d e s c r i b e d  i n  t h i s  s e c t i o n .  The 
f i n a l  p l o t  would have a l l  of  t h e  hor izons  p l o t t e d .  

(GREMLIN i s  a  t rademark of Geo-Compu-Graph, Inc. ) 

I n t e r p r e t a t i o n  

Two l i n e s  have been i n t e r p r e t e d  u s i n g  t h e  computer a s s i s t e d  
i n t e r p r e t a t i o n  t e c h n i q u e  d e s c r i b e d  above. These l i n e s  a r e  named Val ley  
Cross  ( v a l l e y  c r o s s  s e c t i o n )  and Road Ext ( road e x t e n s i o n ) .  The 
r e c o r d i n g  L o c a t i o n s  a r e  18 ,  19,  and 20 and Loca t ions  4 ,  5, 6 ,  7 ,  and 7A, 
r e s p e c t i v e l y  (F ig .  3)  

Both l i n e s  i n d i c a t e  bu t  one r e f r a c t i n g  hor izon  wi th  a  v e l o c i t y  of 2400 
m e t e r s  p e r  second. T h i s  v e l o c i t y  i s  t o o  slow f o r  competent bedrock 
a l t h o u g h  f r a c t u r e d  bedrock cou ld  e x h i b i t  such a  slow v e l o c i t y .  The 
v e l o c i t y  i s  h i g h e r  t h a n  t h a t  normal ly  cons ide red  f o r  wa te r  s a t u r a t e d  
a l luv ium.  The v e l o c i t y  i s  a l s o  t o o  slow f o r  permafros t .  Data were 
c o l l e c t e d  on P l a c e r  Lease 5610 approximate ly  one mile  southwest  of t h e  
p r e s e n t l y  d e s c r i b e d  su rvey  a t  a n  a r e a  of known permafros t .  The v e l o c i t y  
r e c o r d e d  t h e r e  was 2800 m e t e r s  p e r  second. 

The r e f r a c t i n g  h o r i z o n  w i t h  t h e  v e l o c i t y  of 2400 m e t e r s  p e r  second i s  
i n t e r p r e t e d  t o  be a compacted c l a y  hor izon.  Th i s  could be water  l a i n  
c l a y  o r  i t  could  be g l a c i a l  till. A blue-black c l a y  was exposed a t  one 
s h o t  l o c a t i o n  a f t e r  e x p l o s i o n  of t h e  dynamite. Th i s  s h o t  po in t  is  a t  
d i s t a n c e  265 on t h e  Va l l ey  Cross  l i n e  ( F i g  8 ) .  The depth  of t h e  
r e f r a c t o r  a t  t h i s  l o c a t i o n  is  approx imate ly  one meter.  

F i g u r e s  8 and 9 p r e s e n t  t h e  i n t e r p r e t a t i o n s  of Va l l ey  Cross and Road Ext 
l i n e s ,  r e s p e c t i v e l y .  The t ime  d i s t a n c e  g raphs  do n o t  g i v e  any 
i n d i c a t i o n  of  d e e p e r  r e f r a c t i n g  hor izons .  The d a t a  were recorded such 
t h a t  h o r i z o n s  a t  d e p t h s  a s  g r e a t  a s  50 m e t e r s  would be d e t e c t e d .  Two 
c o n c l u s i o n s  c a n  be drawn from t h e  f a i l u r e  t o  d e t e c t  a  f a s t e r  ( i .  e . ,  
bedrock)  r e f r a c t e r .  E i t h e r  t h e  bedrock i s  g r e a t e r  than 50 m e t e r s  below 
t h e  s u r f a c e  o r  a  fundamental  requirement  of r e f r a c t i o n  su rvey ing ,  i. e . ,  
t h a t  e a c h  s u c c e e d i n g l y  deeper  hor izon  have a  g r e a t e r  v e l o c i t y  than  t h e  
h o r i z o n  o v e r l y i n g  i t ,  i s  n o t  be ing  met by t h e  geology. A r e l a t i v e l y  
t h i n  l a y e r  of  h i g h e r  v e l o c i t y  c l a y  o v e r l y i n g  lower v e l o c i t y  sand and 
g r a v e l  would v i r t u a l l y  p r e c l u d e  d e t e c t i o n  of t h e  bedrock. 

F o r t u i t o u s l y ,  t h e  record  from t h e  long  o f f s e t  forward s h o t  from Locat ion 
7  e x h i b i t e d  a  s e t  of waveforms t h a t  cou ld  be r e f l e c t i o n  s i g n a l s .  
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Because the survey was not designed to record reflections, the signals 
are not as clear as would be desired. However, by interpreting the set 
of waveforms as if they were reflection arrivals, a depth of 56 meters 
is calculated. The average velocity of the section overlying the 
reflecting horizon is calculated to be 2085 meters per second. These 
figures pose an interesting situation. If the velocity of the near 
surface clay is 2400 meters per second, and the average velocity of the 
entire section is 2085 meters per second, the suggestion that the clay 
is a thin layer and is underlain by slower material, perhaps sand and 
gravel, is somewhat substantiated. 

Data recorded at Locations 11, 12, and 13 had more attention given to 
identification of reflection signals. Signals do occur on the records 
from these locations that may be reflections. A detailed evaluation of 
these signals has not been completed. However, at Location 11, a 
reflecting horizon may exist at a depth of 43 meters. The average 
velocity to this horizon is approximately 1275 meters per second. This 
velocity is significantly slower than the average velocity determined 
from Location 7. However, average velocity can only be used in a 
general way in comparing results from one site to another. 

Conclusions and Recommendations 

The results of the interpretation of two intersecting refraction lines 
indicate that an extensive clay horizon underlies much of the lower one 
mile of the four mile long lease in Livingstone Creek Valley. 
Preliminary inspection of signals that appear to be reflections on 
selected records suggest that bedrock may be forty to fifty meters below 
the surface in this area. 

Because the existence of a paleo-waterfall in this area is at present 
speculation, gravity surveying would be recommended for locating the 
approximate position of any such waterfall structures. The seismic 
methods are high precision techniques. Once a feature of interest is 
located, the seismic methods would allow it to be defined in detail. 
However, the seismic methods are slow when applied to locating the 
feature of interest in the first place. 

Gravity surveying, on the other hand, has reduced depth and position 
resolving power, but it is more efficient in an environment where gross 
bedrock changes under alluvium or till must be located. If further work 
in Livingstone Creek aimed at locating bedrock highs in the subsurface 
is planned, consideration should be given to the gravity method. 

Future seismic work in the Livingstone Creek drainage should incorporate 
faster evaluation of the data whether refraction or reflection. A 
microcomputer based processing system could be set up at the field camp 
with proper attention to power needs and shelter from the elements. 
Alternatively, at least for refraction surveying, a processing center 
could be established at Whitehorse. The first break data could be 
transmitted by radio to the processing center with the results returned 



t h e  n e x t  day. Such turnaround would have a l e r t e d  t h e  f i e l d  p a r t y  i n  t h e  
p r e s e n t  s t u d y  t o  c o n s i d e r  s w i t c h i n g  from r e f r a c t i o n  t o  r e f l e c t i o n  
s u r v e y i n g  o r  abandonment of t h e  a r e a  being s t u d i e d  i n  o r d e r  t o  t r y  a  new 
area. 
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Reconnaissance Seismic Refraction Surveying at Livingstone Creek 
Yukon Territory 

Introduction 

Seismic refraction surveying with portable seismographs has been used 
for more than 25 years to determine the depth to bedrock under 
unconsolidated alluvium or colluvium. Seismic refraction surveying has 
among its stengths relatively low cost for the precision of the 
subsurface data that are obtained. Depth precisions of less than +/- 
one meter can often be expected in a properly executed survey. 

Seismic refraction surveying was undertaken in the upper reaches of the 
Livingstone Creek drainage approximately 60 miles northeast of 
Whitehorse in The Yukon Territory. The refraction survey was conducted 
in an effort to map the configuration of the bedrock in the valley. 
Field operations on Placer Lease 5610 were conducted on August 16, 1981. 

The present report outlines the general considerations of the design of 
the Livingstone Creek survey, field operations, and the results of the 
interpretation of the data collected. 



Geologic Problem 

Gold is believed to exist in the placer deposits at Livingstone Creek 
which is situated approximately 60  miles northeast of Whitehorse in The 
Yukon Territory. In this particular drainage, the gold is believed to 
reside in alluvial deposits that were not eroded by glacial action. 
Such remnant deposits are believed to rest on the down stream side of 
"paleo-waterfalls". The paleo-waterfalls would have been bedrock 
buttresses over which the glaciers would have ridden. Any alluvial 
deposits on the down stream side of the waterfalls would have been 
protected by the bedrock high and thus the gold bearing strata would not 
have been removed by the glacial action. Depending upon the actual 
configuration of the bedrock, gold bearing gravels might have been 
spared glacial erosion at locations other than downstream from the 
bedrock buttress. 

Seismic refraction surveying was undertaken in the upper reaches of 
Livingstone Creek in an effort to determine the thickness of 
unconsolidated deposits and to discover any paleo-waterfalls. 

Field Methods 

The seismic refraction surveying that was conducted in the Livingstone 
Creek Valley incorporated an EG&G geolletrics ES-1210F seismograph. This 
is a twelve channel, signal enhancement instrument. A twelve channel 
system allows the earth vibrations at twelve discrete locations to be 
recorded sinultaneously. The signal enhancement feature of the system 
was not employed because explosives were used as an energy source. 
Figure 1 is a typical seismogram recorded during the Livingstone Creek 
Project. The first break refraction arrivals are of the highest 
quality. 

The objective of the refraction survey was to map bedrock which was 
believed to be at depths as great as 30 meters below the surface. The 
design of seismic refraction surveys is discussed in detail in many 
geophysics textbooks (e. g., Telford, et al., 1976) .  The survey in the 
Livingstone Creek Valley incorporated five shots per set-up of the 
twelve channel seismic system (Fig. 2).  The twelve channel seismograph 
cable was extended such that the distance between the successive 
geophones was 10 meters. This gave a total spread of 110 meters. The 
total distance between a shot placed five meters off of the end of the 
geophone cable and the twelfth geophone was 115 meters. The expected 
depth of penetration of the signals that could be recorded with this 
shooting geometry would be approximately 35 meters. This geometry, 
therefore, would satisfy the need to penetrate to a target depth of 30  
meters. The multiplicity of data obtained by recording five shots per 
geophone spread reduces ambiguity in defining the number of refracting 
horizons during the interpretation phase of the project. 

The multiplicity of data requires that a computer assist in the 







i n t e r p r e t a t i o n  of t h e  da ta .  There fore ,  on ly  minimal c o n s i d e r a t i o n  was 
g i v e n  t o  t h e  d a t a  i n  t h e  f i e l d .  I n  t h e  f i e l d ,  each record  (e.  g., Fig. 
1) was i n s p e c t e d  t o  de te rmine  t h a t  f i r s t  b reaks  were obvious.  
I d e n t i f y i n g  f i r s t  b reaks  was no t  a problem because t h e  e x p l o s i v e  s i g n a l  
s o u r c e s  provided s u f f i c i e n t  energy  t o  g i v e  good f i r s t  b reaks  i n  almost 
e v e r y  i n s t a n c e .  Time v e r s u s  d i s t a n c e  graphs  were made f o r  s e l e c t e d  
f i e l d  records .  However, t h i s  was p r i m a r i l y  a  q u a l i t y  c o n t r o l  e f f o r t  and 
was n o t  in tended  t o  y i e l d  g e o l o g i c  r e s u l t s .  Manual p l o t t i n g  of t h e  
r e f r a c t i o n  d a t a  i s  t ime consuming and u n l e s s  a l l  of t h e  s h o t s  f o r  each 
geophone spread  are p l o t t e d ,  e r roneous  thoughts  can be genera ted  wi th  
r e s p e c t  t o  t h e  v e l o c i t y  of r e f r a c t i n g  hor izons  and t h e  apparen t  d i p  and 
d e p t h  of t h e  hor izons .  

R e f r a c t i o n  d a t a  were c o l l e c t e d  a t  t h r e e  l o c a t i o n s  on P l a c e r  Lease 5610. 
The l o c a t i o n s  a r e  c o l i n e a r  w i t h  each o t h e r  and were a r ranged  such t h a t  
t h e  l a s t  two geophone p o s i t i o n s  of one l o c a t i o n  were c o i n c i d e n t  wi th  t h e  
f i r s t  two geophone p o s i t i o n s  of t h e  nex t  l o c a t i o n .  T h i s  l i n e  of t h r e e  
l o c a t i o n s  w a s  on t h e  c la im l i n e  and was s i t u a t e d  on a  n o r t h e a s t  f a c i n g  
s l o p e .  

Data I n t e r p r e t a t i o n  Technique 

The s e i s m i c  r e f r a c t i o n  d a t a  c o l l e c t e d  i n  t h e  upper reaches  of t h e  
L iv ings tone  Creek Val ley were i n t e r p r e t e d  wi th  t h e  a i d  of a  
microcomputer e x e c u t i n g  programs which belong t o  The GREMLINm Package. 
The GREMLINm Package is  a  s e t  of programs t h a t  employs a  t echn ique  known 
a s  t h e  g e n e r a l i z e d  r e c i p r o c a l  method of i n t e r p r e t i n g  s e i s m i c  r e f r a c t i o n  
d a t a  (Palmer,  1980). Th is  t echn ique  r e q u i r e s  t h a t  s u f f i c i e n t  d a t a  be 
recorded  i n  t h e  f i e l d  t o  d e t a i l  each r e f r a c t i n g  horizon.  Depending upon 
t h e  a c t u a l  geology encountered,  t h i s  requirement  should have been met by 
t h e  f i e l d  record ing  procedure d i s c u s s e d  above. 

The GREMLINm Programs perform two b a s i c  f u n c t i o n s .  The f i r s t  f u n c t i o n  
i s  t o  a l l o w  t h e  d e t e r m i n a t i o n  of t h e  s e i s m i c  v e l o c i t y  of each r e f r a c t i n g  
hor izon .  The second f u n c t i o n  i s  t o  p r e s e n t  a  p r o f i l e  of t h e  subsur face .  
The s o f t w a r e  can hand le  c o n s i d e r a b l e  complexi ty  i n  t h e  geology a long  
each  r e f r a c t i o n  l i n e .  A s  many a s  s i x  d i f f e r e n t  h o r i z o n s  can be 
e v a l u a t e d .  In  t h e s e  s i x  h o r i z o n s ,  a s  many a s  10 l a t e r a l  v e l o c i t y  
v a r i a t i o n s  can be t aken  i n t o  account .  The p r e s e n t  s t u d y  d id  n o t  
e n c o u n t e r  any s i t u a t i o n s  t h a t  were t h i s  complex. 

The f i r s t  s t a g e  i n  p r o c e s s i n g  t h e  r e f r a c t i o n  d a t a  wi th  The GREMLINm 
Package i s  t o  measure t h e  f i r s t  b reak  a r r i v a l  t imes f o r  each of t h e  
twe lve  t r a c e s  on each  of t h e  f i v e  r e c o r d s  f o r  each r e c o r d i n g  l o c a t i o n .  
T h i s  t a s k  i s  a ided  by t h e  computer. Each record ,  i n  t u r n ,  i s  placed on 
a  s e n s i t i z e d  d i g i t i z e r  s u r f a c e .  The o p e r a t o r  touches a s t y l u s  t o  t h e  
f i r s t  break p o s i t i o n  on each t r a c e  of t h e  record.  The computer 
a u t o m a t i c a l l y  s c a l e s  t h e  touched p o i n t  on t h e  s e n s i t i z e d  s u r f a c e  t o  
a r r i v a l  t ime  i n  m i l l i s e c o n d s .  Moreover, t h e  a r r i v a l  t ime and o f f s e t  
d i s t a n c e  a r e  s t o r e d  on d i s k ,  a  t a b l e  of o f f s e t  d i s t a n c e s  and a r r i v a l  
t i m e s  i s  p r i n t e d ,  and a  t i n e  d i s t a n c e  graph i s  p l o t t e d  (Fig.  3 ) .  A l l  of 
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Figure  3. Time d is tance  graph of a l l  d a t a  r e c o r d e d  f rom L o c a t i o n s  8 a n d  9. 



t h i s  occurs  almost s imultaneously a s  f a r  a s  the  opera tor  i s  concerned. 
The f i v e  records  from one shoot ing l o c a t i o n  can be timed i n  t h i s  manner 
i n  approximately f i f t e e n  minutes. Manually t iming, t abu la t i ng ,  and 
p l o t t i n g  a  s i m i l a r  amount of d a t a  would r equ i r e  30 t o  60 minutes. 

The second s t a g e  i n  t h e  i n t e r p r e t a t i o n  is  t o  determine from the  time 
d i s t a n c e  graph how many r e f r a c t o r s  a r e  being mapped by t h e  r e f r a c t e d  
s i g n a l s .  This  t a s k  i s  made e a s i e r  by t he  m u l t i p l i c i t y  of data .  For 
example, i n  F igure  3, t h e  i n t e r p r e t e r  no t e s  t h a t  t h e  t h r ee  curves  
r ep re sen t ing  forward s h o t s  f o r  Location 8 a r e  nea r ly  p a r a l l e l .  This  
i n d i c a t e s  t h a t  a l l  of t h e  s i g n a l s  g iv ing  r i s e  t o  f i r s t  breaks a r e  
r e t u r n i n g  t o  t h e  s u r f a c e  from the  same horizon i n  t he  subsurface.  The 
same s ta tement  can be made about t h e  p a t t e r n s  of t he  r eve r se  sho t s  
a r r i v a l  times. In  t h i s  ca se ,  t he re fo re ,  t h e  r e f r a c t i o n  da t a  give 
evidence f o r  only one r e f r a c t i n g  horizon i n  t h e  subsurface.  

Because of t h e  ove r l ap  i n  coverage between Location 8 and Location 9 
(Fig.  3 ) ,  the  i n t e r p r e t e r  i s  ab l e  t o  f u r t h e r  s t a t e  t h a t  the horizon t h a t  
is  observed a c r o s s  Locat ion 8 cont inues  ac ros s  Location 9. The 
i n t e r p r e t e r ,  t hus  f a r ,  has  only made a  q u a l i t a t i v e  s ta tement  about t he  
number of r e f r a c t o r s  and t h e i r  l a t e r a l  ex t en t .  The next s t e p  i s  t o  
q u a n t i f y  t h e  v e l o c i t y  of t he  ma te r i a l  over ly ing  the  r e f r a c t i n g  horizon 
and t h e  v e l o c i t y  of the  r e f r a c t i n g  horizon i t s e l f .  Figure 4 i s  the time 
d i s t a n c e  p l o t  of t h e  forward and r eve r se  p a i r  of a r r i v a l  t imes from 
Locat ion 8  t h a t  w i l l  be used f o r  ana lys i s .  

The time d i s t ance  graph i s  s tud ied  t o  make sure  t h a t  no e r r o r s  were made 
i n  e n t e r i n g  t h e  d a t a  i n t o  the  computer. The next s t age  is the  a n a l y s i s  
of t he  r e f r a c t o r  ve loc i ty .  The computer genera tes  t h e  r e f r a c t o r  
v e l o c i t y  func t ions  fol lowing t h e  equat ions presented by Palmer (1980). 
F igure  5 i s  t h e  v e l o c i t y  a n a l y s i s  graph. The na ture  of the  po in t s  
p l o t t e d  f o r  t h e  XY equa l  0  case  a r e  determined by the  i n t e r p r e t e r  t o  
b e s t  d e f i n e  t h e  v e l o c i t y  of t he  r e f r a c t i n g  horizon. The inve r se  of the  
s l o p e  of t h e  l i n e  through these  po in ts  g ives  the  r e f r a c t o r  v e l o c i t y ,  i n  
t h i s  case  2800 meters  per  second. 

The v e l o c i t y  of t h e  m a t e r i a l  over ly ing  the  r e f r a c t i n g  horizon i s  not 
de f ined  a s  we l l  a s  t h a t  of the  r e f r a c t i n g  horizon. However, i n  t h i s  
c a s e ,  the  v e l o c i t y  has  a  minimum value of 400 meters  per second. For 
i n t e r p r e t a t i o n  purposes ,  a  v e l o c i t y  of 1000 meters  per second i s  used 
f o r  t h i s  upper l aye r .  Using t h i s  v e l o c i t y  i n  the  a n a l y s i s  procedure 
w i l l  g ive  g r e a t e r  dep ths  than using 400 meters  per second. However, 
1000 meters  per second is  probably a  more r e a l i s t i c  value f o r  moist  (no t  
s a t u r a t e d )  alluvium. 

The f i n a l  s t a g e  i n  t h e  computer a s s i s t e d  da ta  i n t e r p r e t a t i o n  is  the  
gene ra t i on  of t h e  c r o s s  s e c t i o n  of the  e a r t h  based upon the  r e f r a c t i o n  
a r r i v a l s .  The d a t a  from Location 8 a r e  such t h a t  t he  computer p l o t t e d  
i n t e r p r e t a t i o n  s e c t i o n  i s  meaningless. The most l i k e l y  reason f o r  t h i s  
i s  t h a t  t h e  v e l o c i t y  of the  ma te r i a l  a t  the  sur face  changes l a t e r a l l y .  
The su r f ace  m a t e r i a l s  have v e l o c i t i e s  t h a t  vary widely from the  assumed 
v e l o c i t y  of 1000 meters  per  second. The t r a v e l  time da t a  a l low the  
r e f r a c t o r  v e l o c i t y  t o  be determined e s s e n t i a l l y  cont inuously along the  
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l i n e .  However, t h e  s u r f a c e  v e l o c i t i e s  a r e  known on ly  at  a few p o i n t s .  
I n  t h i s  c a s e ,  it i s  l i k e l y  t h a t  t h e  r e f r a c t i n g  hor izon  may a c t u a l l y  
i n t e r s e c t  t h e  su r face .  

(GREMLIN i s  a  trademark of Geo-Compu-Graph, Inc. ) 

I n t e r p r e t a t i o n  

The t r a v e l  t ime d a t a  from t h e  t h r e e  l o c a t i o n s  surveyed on P l a c e r  Lease 

5610 were i n t e r p r e t e d  wi th  t h e  a i d  of t h e  computer. Loca t ions  9 and 10 
i n d i c a t e d  a s l i g h t l y  h i g h e r  r e f r a c t o r  v e l o c i t y  than Locat ion 8. The 
r e f r a c t o r  v e l o c i t y  i s  c a l c u a l t e d  t o  be 3000 m e t e r s  per  second. No c r o s s  
s e c t i o n  of t h i s  l i n e  is  presen ted .  The 2800 t o  3000 m e t e r s  pe r  second 
m a t e r i a l  i s  v e r y  c l o s e  t o  t h e  s u r f a c e  (p robab ly  no more than  two mete r s  
a t  i t s  g r e a t e s t  dep th)  and may a c t u a l l y  extend t o  t h e  s u r f a c e  a t  some 
p o i n t s .  The r e f r a c t i n g  hor izon  showed g r e a t  i r r e g u l a r i t y ,  a symptom 
t h a t  s u r f a c e  v e l o c i t y  changes were occur r ing .  The r e f r a c t i o n  d a t a  do 
n o t  a l l o w  t h e s e  changes t o  be recognized o r  t aken  i n t o  account .  

The 2800 t o  3000 m e t e r s  p e r  second m a t e r i a l  i s  i n t e r p r e t e d  t o  be f r o z e n  
ground. V e l o c i t i e s  i n  t h i s  range a r e  t y p i c a l  of permafrost .  Frozen 
ground w a s  exposed i n  one s h o t  h o l e  a f t e r  t h e  dynamite was exploded and 
d i g g i n g  t h e  s h o t  h o l e s  was d i f f i c u l t  a t  every  sho t  po in t .  The e n t i r e  
l i n e  i s  i n t e r p r e t e d  t o  be u n d e r l a i n  by permafrost .  No s ta tement  can be 
made abou t  t h e  t h i c k n e s s  of t h e  f rozen  ground. I f  t h e  a l luvium were 
f r o z e n  t o  bedrock,  t h e  v e l o c i t y  c o n t r a s t  between t h e  f r o z e n  ground and 
t h e  bedrock would be expected t o  be observab le .  However, no bedrock 
v e l o c i t i e s  were observed a long  t h i s  l i n e .  

T h e r e f o r e ,  e i t h e r  t h e  bedrock is  more than  50 m e t e r s  below t h e  s u r f a c e ,  
t h e  maximum dep th  from which r e f r a c t i o n  s i g n a l s  could  be expected t o  be 
r e c o r d e d ,  o r  t h e  f r o z e n  ground is  u n d e r l a i n  by unfrozen a l luv ium t h a t  
h a s  a lower s e i s m i c  v e l o c i t y .  The l a t t e r  c a s e  i s  known a s  t h e  v e l o c i t y  
i n v e r s i o n  problem and is  u n r e s o l v a b l e  wi th  r e f r a c t i o n  d a t a  a lone.  

Conclusions  and Recommendations 

Except f o r  de te rmin ing  t h e  v e l o c i t y  of f r o z e n  ground, t h e  d a t a  c o l l e c t e d  
on P l a c e r  Lease 5610 y i e l d  no th ing  toward t h e  i d e n t i f i c a t i o n  of bedrock 
b u t t r e s s e s .  Permafrost  i s  n o t  a  con t inuous  phenomenon. T h e r e f o r e ,  
r e f r a c t i o n  survey ing  a t  o t h e r  s i t e s  on t h i s  l e a s e  might meet wi th  b e t t e r  
r e s u l t s .  P a r t i c u l a r l y ,  su rvey ing  on a  s o u t h  o r  southwest  f a c i n g  s l o p e  
might  f i n d  t h e  permafrost  absen t .  

G r a v i t y  su rvey ing  might be cons idered  f o r  g e n e r a l  l o c a t i o n  of t h e  
bedrock b u t t r e s s e s  o r  pa leo-wate r fa l l s .  Grav i ty  su rvey ing  is  a  much 
more e f f i c i e n t  and c o s t  e f f e c t i v e  reconna i ssance  t o o l .  The s e i s m i c  
methods tend t o  be most e f f i c i e n t  and economical  when used t o  d e t a i l  a  



s t r u c t u r e  a s  opposed t o  l o c a t e  i t .  Gravity surveying would be expected 
t o  y i e l d  d a t a  based upon the  bedrock versus  a l l uv iun  dens i ty  con t r a s t .  
The d e n s i t y  c o n t r a s t  would not  be apprec iab ly  a f f e c t e d  by permafrost. 

Geophysical t e s t i n g  on P l a c e r  Lease 5610 should not be abandoned because 
of  t h e  poor r e s u l t s  of the  presen t  survey. Geophysical methods o f f e r  
t h e  most economical means f o r  ob t a in ing  phys ica l  da t a  about t he  
subsurface.  
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