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PART A 

A - 1 Sil'iV1I.1.4RV : 

Retiireeil J l tne It and Guly 8, x Field crex  employed 

by I), K. Cochrane, P, 3ng., completed some 20 se ismic  mi les  

(10 l i n e  milei;) of hammer r e f r a c t i o n  se i smic  surveyina  on 

Joy  14inin,q1 s Princeton Placer. iIine Leases. 'i'he leases s t r a d d l e  

h'ighway No. 5 (Princeton-14erri k t  highway) im~nebiately no r tn  

of E'rinceton, F3, C. Figure 2 s h o c , ~  ki~e l o c a t i o n  of tile P lacer  

Mine Leases a n d  of the  g r i d  l ines  surveyed. 



A-2 CONCLUSIONS: 

1, Hammer refraction seismic surveying has demon- 

strated that in the area immediately north of Princeton, the 

subsurface overburden conditions are quite complex. This includes 

multiple layering, (velocity) facies changes and a rolling bedrock 

palaeosurface, The complexity of the colluvium is especially 

noticeable west of the base line (and Highway #5). This is inter- 

preted as indicative of a complex "post Princeton Seriesn 

geological history. 

2. Seismic refraction geophysical prospecting 

investigates the velocities, in feet per second, (f/s) of the 

0 various subsurface layers. Statistical analysis of the Princeton 

area data has identified nine (9) velocity "families", This 
- 

includes two upper layer groups (via and vlb), four second layer I 

groups (v2a to v2d incl.) and three third. layer families (v- 
5a' 

I I 
Vjb, and v 1. 3 c 

The profiles which accompany this report show the 

distribution of these various subsurface velocity families, 

(profiles at a horizontal and vertical scale of 1 inch:50 feet), 

3. The information accumulated from the seismic 

work is presented mainly in graphic form, and the text of this 

report is primarily concerned with a description of the field and 

data processing procedures, and a discussion of "major" subsurface 

features. 



4. The important subsurface features, critical to 

interpretation, are believed to include: 

(a) depressions in the bottom-most layer, 
I 
I 

which may represent buried (fossil) stream I 
gravel deposits; 

(b) the presence of facies changes; 

(c) the presence of multiple layering. 

The latter two criteria are important in distinguishing 

unsorted till material from water washed and sorted sand and gravels. 

Multiple layering is apparent in such areas as in and around 14E:4~, 

14\d:8~ and 18W:12N, These profiles are distinct from the rather 

homogenous and simple profiles observ&ble in and around 10W on 

line 4N. 

0 5. An integrated and subsequent portion of the 

exploration work, is actual physical identification and correlation 

of the nine velocity families. This is perhaps best done by system- 

atically drilling (or trenching) areas in which llclassicll (i.e. 

modal) subsurface velocity values exist, (see Figure 6, and 

section D-1 of this report). 

6 ,  Seismic velocities are a direct function of com- 

paction, and degree of groundwater saturation as well as the physical 

nature and composition of the various colluvial lagers, Therefore, 
\ 

some overlap of velocity families is expected to exist even within 

a fairly horaogeneous corapositional layer. In areas of steep topo- 

graphic relief an apparent shifting of subsurface velocitkes and 

0 
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e 
layer thickness is to be expected, (e.g. disruption of layering 

due to soil creep and slumping). The profile data is most exact 

where the ground surface is relatively flat, and there is sub- 

stantial velocity contrast between the various subsurface layers, 

7, What is believed to be an important bedrock 

depression, including (velocity) f acies changes and complex 

layering, appears to trend slightly west of north and has been 

tentatively correlated from a point at 29W on line 0, to a center 

at 34W on line 16N, The linear depression is about 300 feet wide, 

crnd in some areas in excess of 30 feet deep. There are indications 

of minor (associated or subsidiary?) depressions on either side of 

0 the main depression. However, due to the fairly large cross line 

separation, (i.e. 4-00 feet) intermediate lines at a 200 foot 

separation, would greatly aid in the definition of this feature. 

8. Additional seismic depressional features exist at 

55W:line 0, 18~:4N, 7W:8N, 17W:l2N, 22W:16N, j5W:24N9 26~:28~, 

and at lW:32N. 

9. A broad depressional feature was also located on 

the east portions of lines 0, 4~ and 8N. The depression is centered 

at 28E on these lines and coincides with an existing topographic 

depression, 

10. There is good evidence to suggest that the Prince- 

ton series is gently folded and that both limbs of a gentle, regional 

Q 





B-l Il'TRODUCTION : 

During June and the first part of July, 1971, some 

20 line miles of reverse shooting, refraction hammer seismic 

work was completed on Placer Leases situated immediately 

north of the town of Princeton, in south-central British 

Columbia. The field and data processing work was conducted 

by personnel employed by D, R. Cochrane, P. Eng., and work 

was supervised by Dr. A, Pentland, Joy Mining's consultant. 

The purpose of the geophysical work was to map sub- 

surface velocities, in order to aid in the location of fossil 

placer deposits. It follows test work conducted in May, 1971, 

which is described in a report entitled "Resistivity and 

0 Hammer Seismic Testing in the Princeton Areaw, by the present . 

authors, and dated May 30, 1971. 

This report describes the field and data proces- 
I 

I 
sing procedures, and discusses the results obtained, Much 

of the survey information is presented graphically in.seisrnic 

profile form. 

8-2 LOCATION AND ACCESS! 

The Placer Leases straddle Highway #5, (the Princeton- 

Merritt ~ighway), immediately north of the town of Princeton, 

The survey area is bounded in the south by the Princeton Air- 
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C) B-2 LOCATION AItD ACCESS contld 

is provided by various farm roads servicing areas on each side 

of Highway $5, 

A general location map accompanies this report as 

Figure 1, and Figure 2 is a detailed sketch of the grid area 

and placer lease outlines. 

B-3 LEASES: 

The geophysical work was conducted on Placer Leases 

outlined in Figure 2 (map pocket). Seismic surveying crossed 

portions of the following leases: 
- 

PML 1867, 1868, 1873 to 76, and 1879 to 1886 inclusive. These 

leases are shown on B. C. Department of Mines Maps 92 H/~E (placer) 

0 and 92 H/~W (placer) , 1 
- 

B-4 SmTING: 

Princeton is situated in the Thompson Plateau sub- 

division of the Interior Plateau Physiographic System of British 

Columbia. It is characterized by a gently rolling upland sur- 

face which varies between just below 2500 feet to just above 

6000 feet above mean sea level. The Princeton basin, a 

relatively flat but wide valley floor, is underlain by a gently 

dipping series of Miocene sediments (the Princeton Group) over- 

lying the Upper Triassic Nicola Series, The area was ice 

covered during the Pleistocene epoch, and a moderately thick 

0 mantle of drift covers Princeton rocks. 
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0 B-4 SETTING cont Id 

The Quaternary Period history of the Princeton area 

is apparently quite complex. The Princeton series is, in 

places, quite deeply weathered, and in others, scoured clean 

by erosional agents. There is evidence of fossil river 

gravels (partly consolidated) overlying weathered Princeton, 

and several strand lines are evident in the valley. Evidently 

the area has been alternately lake flooded, and then river 

drained and glacier inundated during the Quaternary. 

B-5 GROUTJD CONTROL GRID: 

Establishment of the grid, and the running of the 

grid lines was by personnel employed by Joy Mining. 

0 A base line runs true north from line O + OON to 

line 32N and is designated 0 + 00. Grid lines run true east 

and west from this base line and are 400 feet apart. Pickets 
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0 PART C I 
C-1 FIELD PROCEDURE AND INSTRUMENTATION: 

A Huntec FS-3 portable facsimile seismograph was 
I 

utilized on Joy Mining's Princeton Project, Specifications 

of the instrument are presented in Appendix 111. 

Because the depth of interest is limited to pri- 

marily the upper 50 to 75 feet, the refraction method was 

utilized, The method of operation was as follows: 
I 

1. The instrument operator placed one geophone in the 
ground at a selected station on the cross line. 
The line, station, and shot direction were noted 
on the chart roll, 

2, The hammer man moved up the line impacting an 
8'1 x 8'' x 3/4" steel plate (15 lbs, in weight) 
with a 16 lb, sledge hammer at intervals of 5, 

0 
10, 15, 20, 25, 30, If09 50, 609 70, 80, 90, 
100, 120, 140, 160, 180 and 200 feet from the 
stationary geophone, 

3 The instrument operator reset the stylus, and 
T turned the chart roll the appropriate amount 

between each impact, If arrivals were indis- 
tinct, he told the hammer man to impact the 
plate again. When the hammer man was at the 
50 foot mark, two geophones were utilized, placed 
at right angles to the line and 5 feet on either 
side of the station point. 

(The Huntec unit has a correlator built in that 
allows only those signals that arrive simultan- 
eously at the two geophones to be recorded. By 
setting the geophones at right angles to the line, I 

I 
seismic signals from extraneous sources are 
greatly attenuated, thus improving the signal to 
noise ratio. ) 

4. Concurrently with the seismic survey, an inclino- 
meter survey was conducted for topographical 
control of the seismic profiles. 

All lines were shot both in a-n easterly and a westerly 

direction as discussed in Section C-2. 



d 
C-2 DATA REDUCTION: 

(i) General 

The raw seismic data is in the form sf a time distance 

plot on electro-sensitive chart paper. The vertical (time axis) 

scale is 10 milliseconds (m.s.) per centimeter, and the horizontal 

(distance axis) scale is 50 feet per inch. A series of 2 m.s. 

vertical dashes mark the postive zero crossings of the shock waves 

initiated by the sledge hammer blow. 

In refraction work, the time between the initiation of 

the seismic wave and its "final arrival" at the geophone (i.e. 

the wave which has travelled the minimum time path) is the im- 

portant feature. In general, the later arrivals represent 

0 shear waves, surface waves, reflected waves and reflected refrac- 

t ions. 

A series of straight line segments connecting these 

"first arriva.lsW is plotted on the record. The line segment 

that passes through the origin represents the "direct wave1', i.e. 

the one that has travelled directly along the surface from the 

shot to detector, and further segments represent waves that 

have travelled along a critically refracting boundary at depth. 

In the case of a simple horizontal layering of material, 

one single profile is adequate for accurate interpretation (to 

on the order of say 10 percent accuracy). However, in the case 

of dipping strata or irregular bedrock surface (such as an undu- 

lating weathered bedrock surface), "reverse" shooting is neces- 

63 sary for accurate interpretation. I In this method, any single grid line 
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e3 
D-1 CLASSIFICATION OF VELOCITIES: 

Two approaches have been utilized to statistically 

classify the range of velocitiey encountered on Joy Mining's Prince- 

ton Project. The first approach was to group the velocities accord- 

ing to seismic layers (i.e., vl, v2, v3,) and to determine the 

means and standard deviations, The other approach was to group all 

the families in small sized classes (100 feet per second groups)and 

thereby determine modal classes. 

Figure 3 is a frequency histogram of 153 upper layer 

velocities. The distribution is near normal and the mode lies in 

I 
the 1100 - 1199 foot per second class (encompassing 35 percent of - 

the values). The arithmetic mean is 1100 feet per second and the 

0 standard deviation is 104 feet per second. 

The frequency distribution of 182 second layer velocities 

is shown in Figure 4, The distribution is positively skewed and is 
I 

nearly log-normal in form. The primary mode lies in the 2000 - 2499 
foot per second class which encompasses 24 percent of the population. 

J 

The arithmetic mean is 3030 feet per second and the standard devia- 

tion is 1100 feet per second. 

The frequency distribution of 183 third layer velocities 

is shown in Figure 5. The distribution is positively skewed and 

contains two major modes, The primary mode lies in the 4000 - 4999 
foot per second class (encompassing 19 percent of the values) and the 

secondary mode lies in the 6000 - 6999 foot per second class (encompas- 
sing 17 percent of the values), The arithmetic mean is 6430 feet per 

second and the standard deviation is 2270 feet per second. 
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volcanics. A v velocity layer may also,  i n  some cases, represept 3 

the water table, 

Ekesumably the higher vl velocity families and v2 s e t  

of velocity families w i l l  be the families of economic interest ,  

However, they w i l l  require physical ident i f icat ion for  explora- 
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D-2 I4AJOR FEFlTUIiES OF W E  SEISIaC PROFILES: 

The seismic profiles accompany this report in the 

large ledger titled "Joy Mining, Hammer Seismic Profiles, 

Princeton Placer Project". 

The scale is 50 feet to the inch both horizontal 

and vertical and they are presented as 2,000 foot long 

sections (0- OW, 20-'+OW, etc. ) . 
The computed layer thicknesses and offset distances 

are tabulated as Appendix V. 

All lines have been corrected for base line changes 
- 

in elevation with 0 + 00 on line 0 + 00 N being the llzeroll 

datum. 

0 A brief tabulation of some of the major features is 

presented below, and they are discussed in the conclusions 

of this report (section A). 

1. A broad bedrock depression, b~hich apparently 

trends northerly, has been tentatively correlated between 

line 0 + 00 and line 16N. 

Intersections are: 

2 8 ~  on line 0 + 00 (350 feet wide by 25 feet deep) 
3lW on line 415 (250 feet vide by 30 feet deep) 
30 + TOW on line 81g (200 feet wide by 10 feet deep) 
34W on line 12N (unknown width by 20 feet deep (?) )  
34W on line 16N (approx. 250 feet wide by 30 feet deep) 

Layering at this intersection is complex and a facies 

change is indicated. 

0 



which truncates 

layering, exists at 54 + 50W on line 0 + 00. This may represent 

a recent stream channel or one which has 'been recently reoccupied. 

3 ,  Centered at 1 8 ~  on line 41\T is a bedrock depression 

in excess of 300 feet wide and in excess of 30 feet deep. 

Layering, however, is fairly straightforward and not that which 

would be expected in a buried stream valley, 

4. On line SN at station 7 + OOW a lens of 6520 f/s 

to 7000 f/s material lies in a depression roughly 4-00 feet 

wide. The lens is 50 feet thick and buried about 30 feet below 

surface. This velocity is somewhat higher than has been 

anticipated for unconsolid~ gravels. 

0 5. A similar lens is located on line 12N in and around 

16 + 00irl. Velocities are again in the 6-7000 foot per second 

range, The lens is some 40 feet thick and comes within 20 feet 

of the surface. 

6 . An anomalously high subsurface velocity (20 ,.900 f/s) 

was encountered between 24W and 26W on line 16N. Immediately 

to the east is a small bedrock depression underlain by 

moderately high velocities (13,000 f/s). It is possible that 

this is a paleotopographic ridge of high density rock 

(~icola?) , 

7. On line 2 8 ~  at 26 + 50W, a bedrock depression may be 

present. Within this feature, is a lens of 3000 f/s material 

Q 
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Instrument Specifications 

DESCRIPTION 

Single-channel refraction seismographs have 
achieved widespread acceptance since the first 
commercial unit appeared in 1957. More than 
40 earlier FS-2 models are in use in 8 countries 
on refraction surveys. 

A new signal processing technique utilizing 
two channels of information has been incorpo- 
rated in the FS-3 seismograph, which enables 
the instrument to be used for deep penetration, 
up to 700 feet in some cases, with a hammer 

The result is a rugged, portable, rapid multi 
purpose seismograph capable of operatiqg in 
extremes of climate and in remote areas where 
dependability is  a prime consideration. 

APPLlCATlONS 

1. Depth to bedrock and materials classifica- 

Both reflection and refraction modes 3. Groundwater studies: determination of geo- 
logical structure; delineation of buried river 

Immediate, automatic, permanent record on dry paper channels, impervious strata, cemented aquifers, 

Record in form of accurate timeidistance plot 

Single unit of rugged, lightweight, weatherproof construction 4. Mineral search: location and delineation of 
placer deposits of gold, tin and other heavy 

Noise rejection circuits permit operation in built-up areas metals; measurement of quality and extent of 
non-metallic mineral deposits such as gypsum Internal dry or optional Nicad rechargeable batteries 
and limestone. 

~ e p t h s  of over 400 feet with hammer source in reflection 5. Special purpose studies: archaeological, 
oceanographic, soil mechanical, geological, civil 

UNITED STATES REPRESENTATIVE MARINE RESOURCES INC , 150 WINTON RD N , ROCHESTER, N Y. 14610 
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REFLECTION MODE 

Using the FS-3 and correctly spaced geo- 
phones, reflection waves can be separated 
from other events by velocity filtering. The 
various waves arriving in turn at the geo- 
phones are indicated to the right of the 
amplifiers. These signals are converted to 
pulse waves beginning at the positive cycle 
of the wave train. Pulse width can be varied 
and only overlapping pulses wi l l  print out. In 
this instance, only the reflected waves with 
short time delay between the two geophones 
are recorded. 
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