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Abstract 

Two shallow seismic reflect i on profiles o f abou t two k i lome t re s in l eng t h 

r unning from northwest t o southeast ( profile A) and from nor t h e as t to 

.,outhwest ( profile R) werc recorded over a crystalJ i ne rock body at C1rn J k 

River, Ontario . These data were interpreted as a scries of overlapp i ng 

reversed refraction profiles . A smoothed velocity-distance curve b e t ween t he 

ends of profile A yielded velocities between 4 . 5 and 5 .6 km/ s for the 

uppermost regions of the rock body , with t he velocities b e l ow 5 . 0 km / s 

c onfined to narrow zones at the northwest and south east enùs. 'TI1e ve l ocit i cs 

between the northwest end and borel:ole CRl at a distance of 1300 m are 

significantly lower than the a erage vclocities over a similar path calcu l ated 

from an experiment using hydrophone s in the borehole. Between CRl and the 

south east end of the profile the velocities from the two experiments show 

smaller differences. The P velocities for profile B show more scatter, and 

clearly ·~xt ·=ed 6.2 km / s over a distan-::~ •·f about ~50 rn at the r:.ortheast end of 

the µrefile; the se high ve locities are ·>+-'.ribut..~d to propagat ion through 

gabbro . Further sou th, the velocities are cl ose to 5. 5 krn / s with a trend 

towards sliglilly lower velocities at the southern end of Lhe profile. No 

cl 0 ar correlation with tle surface geology is evident from the velocities of 

either profile, though lower velocities appear to be correlatcd with 

lithological changes Lhat may in tu rn be assoc:iated with extcnsive.fracturing. 
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Introduction 

Lam nnd Wright ( 1979) have presen t ed P and S wave ve loc ities in a rock 

body at Chalk Ri ver , Ontario, derivecl as pnrt of an experiment to test a 

mechanical ha1W1er as a source of P waves and a shear wave gun as a source of S 

waves . The other major purpose of this expcriment was to search for temporal 

changes i n seismic velocities that might be related to the solid earth t ide 

(Wright , 1979) . Consequent l y, it i s emphasized that the e •periment was not 

plz.nned primari l y to de termine seismic veloc ities, s o that any u.seful 

information on the structure of the underlying crystalline rock body is 

Jargely in·idcntal to the aims of the projcct. 

A shallow reflcction s urvey was also conducted in the Chalk River area 

us1_ng the mechanical hammer as " source, and the results have been d2scr i bcd 

by Y.air Dn<l Lam (19} 9) . The dat~ from this n=·flect ion exr,crimcnt can a l so be 

analyzed as a serics of overlapping rever··cd n~fraction profiles. One 

reflecti:m :ine covers essentially th" S-t,.1e ternd_n as profiles 2 and 3 of Larn 

and Wright (1979), ~1hilst the second t -1: 1<1ction line is alrnost par;.ille1- to 

profile 1 of Lam and Wright, but offset to the east by a distance of roughly 

one kiJometrc. 

In this report the :ces~üt:s o[ bo::h expcrimen!:s aie combined and comparcd 

wirh the surface geology so thal a consistent jnterpretation of the underlying 

structure can be suggesLcd. The lllain objeci-jve of this addjtional .'.malysis 1:~ 

to detc'r•n:i..nc if the localion~ of tl.e lateraJ vari::itio11s in P and S relocities 

can be more preciscly specified 1 ~nd if th .se variations show a clear 

correlatj on wi.th the r.everal roc;~ types known to be pr~sent in the Chn1k izjvc-c 
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HeEl10dology 

The numerical methods used to interpret the series of reversed rcfraction 

profiles are described below, and are a straightforward extension of the 

standard technique that is describecl in most textbooks on exploration 

gcophysics ( e.g. Telford, Geldart, Sheriff and Keys, pp. 281-2e4). The 

principle is illustrated in Figuœ 1. The spacing of adjacent geophone 

clusters, shown as dots, was about 30 m. As a c omprom ise between smcothing 

out too much information and retaining too much "'Ca tter due to irregularities 

in the boundary between the glacial overburden ar,d the underlying rock body , 

j ust six recording stations were utilized for each shot point; the two closest 

stations were r.ot u sed to ensure that the seism1_c energy had penetrated helow 

the. sediments. 

Two methods of re\·ersing the profiles were chosen, as· shoi;.rn in Figures 1 

( a ) and (b). In (a), commor1 reco1·ders were used for the fonmrd and reversed 

shot poL1 tr. Thus, if locations 1 anJ l'· are thr: two shot points, seiamic 

records for stations 4-9 are involvcd -'-" <_be analysis. In (b), loca.tion;.; 1 

and 9 are the forwerd. and reverse shot points, so that the geophone locations 

required are 1+-9 and 1-6 respectively . The <lat~ for the c onfigurations ( .'.1 ) 

an<l (b) were analyzed for all possible sets o[ reversed profiles. The 

velocity v
2 

in the rock body wa s assigned a positioi:;. correFpol1ding to the 

mid-point h e t'i,·::.: en the proj cet ions of t11e shot points on to él li ne .îoining the 

end stations of the profile. This is illusti:atecl in Figure 1 (c). Thus a 

series of veJocitics at points corresponding to the star wEts obta:ine<l, which 

i.s plotted in 1"i6 ures 2 and 3. 

The refra c.tor vclocities v
2 

were ohtaincd in the following manner. If 

v1 is th~ v.:~ locir:y in the sediments and Vd and Vu a rc ' the app8rent 



velocities in the up-dip and down-d ip di rect ions, the crit ical refraction 

angle is given by ( Te lford et al. , 1976, p. 283 ), 

e Sln ( 1) . 

Th en ( 2 ). 

vl must therefore be known in ordcr to estimate v2. v2 was c alculated 

u sing -n upper bound of 3 .0 km/ s and a l o'wer bound of 1.5 km/s for v
1

. 

However , if the dip angle? is small so that cos~~ J. and sin~ ~~ ' 

(3), 

and the dependence of v
2 

upon v
1 

hns been climir,at,ed. The differences 

betwcen the v e locities calculaV•d from equations (1) and (3) were found to be 

insignifican'" ( <O . l km/s ) in m~st instances. 

The primary arrivé J. times for each ~; c..t ·- recorder configurati(l 'i 'Ce 

pickecl by cye from paper records of the Sèisruograms using the microsL.. , .. e 

attached to a seism~gram digiti~er. 

Renults 

The indiviili1al vclocity d~tc~minatinns <lerived hy proressinL lhe data in 

the manncr illuslrated in Figures l(a) an~ l(b) are plottcd in Figures 2 ( a, 

b) fur profile A and Figure 3 (a, b) for p:rofj 1 e B. The location of the se tv:o 

profile::; together with the thrt::t! profiles of La:n and Wright (1 979) are sho>m 

in Figure 4. 

The· 51~ in<liviclu.'.ll veloc ities of prof:i le A show considerabl scat ter., 

rr.e.:ircllcss of Hhcthcr tltey were dl.t c r:111inc<l by rnc thor1 (a) or (b) of Figure 1. 
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Smooth curves have been fitted through both sets cf data using the cubic 

sp l ine algorithm of Reinsch ( 1967) , with the smoothing parameler S and the 

standard deviati on on a single velocity measurement set at 100 and 0. 25 km/ s 

respectively (Figure 2). The smooth curves show little variation between 300 

and 1500 m from the northwest end of profile A, the velocities rèmajning close 

to 5.5 krn/s. Betwcen 100 m anà 300 m, however, the smoothed velocitie s show a 

distinct <lip, reaching a minimum of about 4.9 km / s at a distance of 210 m from 

the northwest end. A similar dip is pr sent at the southeast end of the 

pro file, the velocities attaining a minimum of 4.5 km/s at 1730 m and then 

increasing to 5.6 km / s at 1900 m. 

The 55 velccity determinations of profile B (Figure 3) show even more 

sca tter than thosc of profile A, and the smooth curves throt1gh the data points 

displ.:iy much more· fine structure than those of profile A. Moreover, the t:wo 

cu rves corresponding to the different ways of forming the revcrsed profiles 

differ ,, i:i1 :aerabl:; in their features, even though .-he amount of Sffil"\)t .dng is 

grealer t~ - , for profile A (S "' 125). Both curves show high velocities of 

betwecn 6 and 7 km/s over a d:istance of more lhan 300 m south of the northea -; t 

end of the profïle. Hethod (b) of Figure J yields a quasi-p"' r ioclic variatj_:::in 

in velocity of W.'.l relength about 300 m "nd with 3 smoothed arnpliLnde f c:hr•l't 

+ 0 . 5 lcn' / s . 

Inte r prctation 

Figure 2 shows t:he smoot:hcd P velocity curves for profile A top;cthcr with 

the ;:v e r age velocities for profiles 2. a n d 3 of Lam a, d Wrighl (1979). The 

averagP P velocity for profile 2 is about 0.5 km/s higher th<:r1 the flat 

rc~ions of thC' smoo th cu,~vcs c a lcuï flt ed herc. Th av erage P vr lo~ i ty for 

...... 
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profile 3 is close to the smoolh curve s in the vicinity of the bore hale CRI , 

but becomes significantly hjgher closer to the shot point. The velocities of 

t:he smooth curv~s thcrefore tend to be s lightly lower than the average 

velocity of pro fi l " 3. The average velociti.cs f or both profil e s 2 and 3 &re 

cons equently higher Lh an those derived from the reflection data; this is 

e xpected, since Ll1e seismic wave s interpreted by Lam and Wright (1979) had 

traversed the d .eper and presumably l e ss fractured and weathered regions of 

the rock body . The velocity for profil e 2, however, is so much higher than 

the smooth curves tha t propagation through a med ium of much higher velocity 

than the gneiss - monozonite body is implied . Near surface velocity 

mcas u reœents on core s amples from the gneiss - monzonite body are in t he range 

4.9 - 5.9 km/s ( Simmons, Batzle and Coope r, 197 8 ), which ag r ee we ll with the 

velocit i es of t he smooth curves. Furtb er clrilling roughly hal f way along 

profi l e 2 intersec t e d gabbro , so that the pre sence of a high ve locity v av e 

guide is :. ~ ~ o compatible wi th the gec] og ·. Furtk~r, the smooth curves show no 

sharp changes close to CRl , ind i.ca ting ~t. ~1t the cause of the differenc e in 

velocities between profiles 2 and 3 i s unlikely t o be simply a change in 

lithology closG to CRl. 

The i nferred positions of the uppermast regions of the gneiss-monzoni te 

body (orthognc iss) and the. mo1c mélfie paragne j ss have heen p l otr:ed on Figure 2 

using the geological nt~p preparcd by P . Browc. . Note th.at the d jp iu 

v·locities at the southeast er~ cf piofile A i s c losely associated with the 

t wo change,, from ortho- to paragneiss, This suggests tha t the lower 

velocitjes erc assoc-iated with extensive fracturing in the vicinity of Lhe 

bound ary tetween the t wo rock t.ypes . 
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Fjguœ 3 HJ.ustrates the smoothed ve l ocity curves for profjl e B, togeth er 

with the jnferrcd near-surface positions of the l itho logical boundaries again 

de rived from the geological map of P . Brown . There is obviously no clea r 

correlation betweE.n the v e l ocit i es and the rock type) an profile B lies at 

the edge of the m:ipped area. We therefore suggest that the high velocities at 

the northeast end of Lhc profile are due to propagat ion through gabbro rather 

t han paragneiss, since the litho logical boundaries in this r egion are unl ikely 

to be accurately defined . The apparent per iodicity of the velocities o f 

Figure 3(a) docs not correlate ',,1ell with the features of Figure 3(b). The 

structure of the smooth curves b eyond 300 m from t he northeast end of prof ile 

B is therefore unlikely to be due to real velocity variat i ons . The on l y s afe 

in ference is that the velocities are on avern.ge close to 5.5 km / s with t he 

suggestion of a r.lieht dec:rease towa:rds the sout.:11\vcst end . The average P 

velocity for profile 1 of Lam and Wright (1 979 ), which is almost parallel to 

profil e 1\ L •;t düplaced a kilometre t·: f <! wes t , .~ s also included in Figure 

3. Lam and Wright have a l ready argued ~'"dt the high velocity of 6.56 km/s 

i mpU es that the seis1m.c energy has travelled largely through gabbro . 

Discussion 

The most puzzling result js the qnasj-periodic nl'ture of the P >;.rave 

I 

velocities alonr; pro fi le B th&t j s pre::> ent fo1· one metho<l of l!nalysis and ·not 

for the other. ThE" change [rom me thod (a) to method (b) o f Figure 1 c auses a 

relative shift of 100 m in the reg,ioris o[ the rock body sampled by the forward 

and rcve~se<l profiles. Each forward or reversed profiJe yields an apparent 

velocity (V or V,) averaged ov-r a <li.stance of about 200 m, or about two 
ll (J 

thirds of a wavd.ength o[ the app a r ent p c r :i.o:iic vad ation. It thus appeal.: s 
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that the observed pcriodic change in velocity is an artifact produced by a 

combination of the method of analysis and the manner in which the orig i na l 

profiles were subdivided . 

The measured velocities J_n the rock body are fairly scattered, but have a 

smooth ed average that is generally close to 5 . 5 km/ ; this is consistent with 

the presencc of fractured gneiss or monzonite over most of the area sampled. 

We note also that the northcast <'nd of profile B and profile 1 of Lam anà 

Wright (1979) yield velocities of about 6.5 km/s, which seems to indicate the 

presence of gabbro. 

Re c 01:un2nd a tians 

The two experimeats at Chalk R:i. 1 er were not undcrraken to obtain detail ed 

se1sm1c vclocities, so that the results presented ace essent iall y R~ unplaPnerl 

bonus that complemen ts the other reports. Thus the shot-recorder 

confi gu"!_·'-'~: on would hcve been qui te c- ff . i::ent i11 l planned velocity profiling 

prograrn. Detailed surface refraclion 1'._..,filing over short distances of a few 

hundre metres is useful for measuring overburden thickness, bu t suffers fr om 

the dis advE;ntage that the under lying refractor velocities a:.e measured onJy 

for the uppermost wcathered nn<l fractured rcgions of the rock body . For the 

'RADWASTE : program, ho -Jever , it is the eismic veloc iti eH at depths grea ter 

than 1.00 m or so thal are important. 

Sincc extensive fracturing and geological and structural complexity are 

likely to be closely associated, relative simplicity .:md homogencity of 

structure appcar to bf~ a requi.rcme.nt of a waste disposal si.:.e. DeLailed 

surface refraction work is eenera1ly unnecessary, except where ovl'rhu-::-den 

thicknesses are requireô , sincc> ::• relatj_ve]y simple shot-1:ecorder 
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configuration with recording at depth in a boreho l e can deter mine whether or 

not a site is se i smically homogenenus. More detai l ed surveys would be 

valuable, however , in mapp ing geolog ically comp lex a.reas , .,hould such sites be 

considered suitable for radioactive waste disposa l. 
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Figure Captions 

Figure l: ( a ) and (b) illustrate the two schemes that were used for r eve:csirLg 

the refraction profiles using six record~rs for each shot 

position. The shot-recorder positions are shown on the surface of 

a medium of P velocity v1 , below which there i s a sloping 

interface dividing it from the rock body of ve l oc ity v2 . 

(c ) shows a plan of 16 stations equally spaced, but not in a 

straight line . A and B correspond to the pro j ections of forward 

and reversed shot points on to a line XY joining the end stations 

of the network. The refractor velocity between A and B was plotled 

at the mid-point of AB, which is markeù by a si..ar . 

Figure 2: Plot ot velocity as a fonction of distance from the stat._. a~ the 

northvest end of profile A. ( a) and (b) dispJay data derived 

according to the methods of Figure 1 (a) and (b) respectively. 

Smoothed P ,·elocity curvcs for profile A and the average velocities 

for profiles 2 and J of Lam and Wright (1979) are aiso shown. 

Figure 3: Plot of vclocity as a function of dist:ancc frort the station at ~1,e 

northeast end of profile B. ( a) and (b) display data derived 

according to the methods of Figure l ( a ) End (b) respertively. 
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Smoothed P velocity curves for profile B and the average velocity 

for pro file 1 of Lam c'.'1n<l Wright (1 979) are also shown. 

Figure 4: 'Map of the Cha lk River area showing the location of the two 

reflec tion 1 ines and the shot and recorder positions for the 

experiment dPscribed by Lam und Wright (1979). 
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