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On Aug . 30, 197 7, a calibration explosion was set off at the Experimen t al 

Farm in La Pocatière and on Aug . 31, 1977 another one was set off in the 

mine at St-Je r6me . The six elemeut portable seismic array ha d been installed 

on a rather permanent basis jus t prior to the shots and in addition six 

t emporary backpack systems we r e in op eration. . 

Absolute P wave trave l times were determined . The data were also analyzed by 

cross-correlation with data from previous shots. Both methods indica te that 

changes of at most a few tens of milliseconds occurred . About one half of the 

stations fo r which cross-correlation data were obta ined show changes in t r avel 

time . 

Experiments : 

Al l calibration shots are listed in detail in Tab l e 1 . For the La Pocatière 

hole this is the fourth shot in a series that s t ar t ed i n October 1975, it is 

shot No . 104 . For the St-Jerôme Mine this is the six th sho t (No. 6) in a 

series that started in June 1974. For sho t No. 104 three exi sting drill holes 

were used and were destroyed by the explosion. Shot No . 6 wa s set off in the 

mine in the same p l a ce as before, however , this t i me t he water leve l was 0 . 5m 

lower . 

\ 

Sta tions : 

The s tations that we r e occupie d are shown in Figure 1. Stations 54 , 60 a nd 64 

on the northshor e a nd 10, 16 and 20 on the sou thshore a r e now the "pe rmanent" 

a rra y s t a tions (A). Stat ion 52 was occupic d by a Smoke r system. The six Backpa ck 

s ystems (BP ) were dep loyc d al the remaining 7 si t es . Fo r shot 10Lf sta tion 30 uas 

no t occupicd, f or sho1 6 station· 62 wns no t occup i c d . 
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The instrumentation has been described in detail in Internal Report No. 77-7 

(IR 77-7) and will not be repeated here. 

Improvements and changes: 

A number of improvements or changes were undertaken wi th respect to the previous 

experiments : 

a . The station sites were improvecl by pouring concrete pads and the 

instruments were all encased in metal containers or buried . 

b. In the recommendations of IR 77-7 it was stated that shooting should be 

clone around sunrise to reduce local noise. For logistical reasons 

this was not possible but instead we shot after sundown. This in 

fact greatly reduced the local wind-generated noise. 

c. All BP clocks, the array clock and the shooter clock were compared to 

WWV radio signals on an oscilloscope and time corrections so determined 

are good to within 1.5 ms , a considerable improvement over earlier methods 

of determining time corrections . 

d. The BP digitizing program had not been changed before the experiments 

to remove the uncertainties of ±8 milliseconds nor to increase 

sampling rate to 120 hz. 

e. Stations 10 and 20 had to be moved because the land was no longer 

available. Station 10 was changed by 450 m and is now called 10/11 . 

Station 20 was moved by 220 m and is called . 2.0/21. For statioJl .20/21 

no earlier data exist to allow cross-correlation, however, for station 

10/11 such data do exist and show that the P wave signal has changed so 

much that cross-correlation is no longer appropria te. 
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Traveltimes : 

The traveltimes for shot 104 are given in Table 2. The first column shows 

the station number and instrument type. Th e second column gives the arrival 

times. For the array two readings werenade. "a" is the reading from the analogue 

record and "d" is the reading from the print of the digitized r ecord . The 

error in milliseconds is given. The combined errors are the RMS errors . Table 

3 gives the travel times for shot No . 6. 

In Tables 4 and 5 are given the summariesof the travel times for a ll 10 calibration 

shots. A starred travel time in the newer data indicates that the signal-ta-

noise ratio was less than 3. In these cases the arrival may not have been correctly 

identified. The error here refers to the "pick". The BP travel times for 197 6 

have been a djusted from those of IR 77-7 to allow for the BP digitization 

correction, which was not included in the tables of that report . 

Cross-corre lation: 

Cross-correla tions were pe rfoYmed wh erever suitable data exist . Bath the BP 

and the array digital dat a require corrections that will be explained in 

detail he r e since they have changed partly from the explana tion given in IR 

77-7. 

BP digiti zing- co r rec t ion_: 

The BP d i gitizi ng i s cont r ollcd by the 480 Hz signal put out by the clock, 

thus 480 pro gr am i n t e rupts , (PI), are ava ilab l e to the rni croproc essor , 

pro gr am . TI1e program uses eight P i s t o make up a s ample , of 1/60 of a 

s 0c.ond, j n 1vh ic h t o mul t iplex ar,d savc t he 3 se i smic channe l s . This 

is s hown i n Figure 2 : Then 80 samplcs ai:c formc d i nto a bla ck . The. 
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first block is formed somewhat differently from the following ones . Since 

it is, however, never used this is of no interest here . During the last 

sample in a block,time is determined by the program at the 6th PI . This 

time is placed at the start of the new black. The time is given in heurs, 

minutes, seconds and 1/60 second, but not to 1/480 second. Time is only 

given once in each block, but time in the block may be determined by counting 

samples frorn the beginning of the black. 

From Figure 2 it is evident that the time at the start of a black needs a 

corre~tion of 3 Pis . Since the 3 seismic channels are sampled sequentially, 

two channels need a further correction . In sum channel 3 needs to b e corrected 

by 3Pis or 3/480 second, channel 2 by 5/480 and channel 1 by 7/480 . These 

values are indicated in Figure 2 . 

It is a peculiarity of the digitizing program that digitizing can commence 

at any PI in the 1/60 of the second that is given as the time of the samp le at 

the beginning of the block . To a llow for this we assume it started in the 

middle of the sample and is no mor e than l sample early or late with respec t 

to the middle. This r equires that we apply a correction of 4 ± 4 Pis or 8 ± 8 ms . 

He r e we are only concerne d with the vertical seismic component so that its 

correction and unccrtainty is 22 ± 8 ms, call this t
1

C. This correction is 

different f r om what it was thought to be when IR 77 -7 was written . The new 

corrections are a l so listed in Table 6. 

For cross-correlat ion pur ro ses one needs to know the tim e of the start of -he 

time series. This is obt a ined from the BP data from th e time in the header of 

a block plus the nnmber of samplcs N minus one, i.nto the black where the time 
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series starts, that is (N-1)/60 seconds . This raw start time tR must be 

correc t ed for the digitizing correc tion tIC' the shooter clock correction t
38 

and the BP clock correction t 1 so that the start time is : 

t=t+t +t +t 
i R IC SH I 

Array digitizing correction: 

To use the analogue magne tic tape records of the array for cross-

correlation, the high or low gain channel is digitized at 120 hz, along 

with the time track . Since the ris e time of the time marks stretches over 

2-3 samples,we plot a few samples around the beginning of the time 

mark and by interpolating can estimate its start. This is shown in Figure 

3 . It has been found that the digitizing frequency is not usually 120 Hz 

hut varies between J.16 3nd 123 Hz . Assuming t hat it is constant be tween 

the t wo time marks surrounding the signal of in t eres t we can de termine a 

correction factor for the time of any sample by also plotting the second 

time mark. As shown in Figure 3 this factor is of the form (I + a)/Int. 

I is the numher of the s ample from a time mark, 11a 11 a correc tion for the 

start of the time mark and Int is the length , in number of samples , between 

the two tirne marks . The time marks are gener a lly second marks , so that 

if our tirne scries for cross - correlating starts be tween the Nt h and N + lth 

second th e starting time is : 

t N + (M + a )/Int, 
s 

whcre M is the number of the sample in the time series after the start of 

the second N. 

From the s tarti~g sample onward the sRmplcs tlw t wcre us cd in the cross-

corrcl ation were adj usted so that the sampling intervals become 120Hz. 
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The star t time has to be corrected for shoot er correction tSH and 

instrument clock correction t 1 so that 

t. ~ t + t + t
1

. 
i s SH 

Compu t ing the cross-·correlation lag between two time s eries i 1 and 2 

gives the numb e r of l ags as ±K. samples . When cross-correlating between 

BP and BP systems or BP a nd A sys tems a sampl e is.1/60 second, between A 

and A syst ems it is 1 /120 second. Then converting K samples to time gives 

tK. The t ime diff e r cnce between the two time series is t
1 

- t
2 

= lit, so 

that we cbta in for the total corrected time lag te = tK - lit . Ou r 

convention is such as to give a positive lag if series 1 is 

moved to the righ t and a ncgative l ag if seriesl is moved ·to the l eft, 

in other words , t
2 

i s the origin. 

1 
1 

_ 1_--t .<._}\___ s eriesl la t e series 1 early 
1 

1 

2 _J\~-- - ___ tA_ 
2. ~ \_ 

The maximum of the cross-correlation function was determin ed and then im-

proved ~on by quadraticline fitting usin g a lso the t wo points on e ither 

side of the maximum . As a result th e computed l ags are given to 1/10 the 

cross-corr e l ation interval or lag . 

To simplify mat t ers the computed lags are given for the 1977 time 

series with respect ta an earlier one . That i s , 1977 is either l ate or early . 

A few wave for.ms used in cross-·correlating aie sho~m in Figures 4a to 4c1. 
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In addition to the 1977 data, all possible cross-correlations were 

determined using all data available . In each case the lag is given of a 

œcenttime series with respect to an olde r time series. In all,with 

44 wave forms, 47 cross-correlations were performed. 

In order to test the stability of the cross-correlations another set was 

calculated in which the windows were shifted by 20 samples, thus instead 

of having 10 noise samples before the start of the signal, there were 30 

noise sarnples. The resulting maximum cross- correlation lag change was 

5 ms. 

There was one case where the change was 10 ms and this can be explained 

by the fact thatadcting noise .started. the tim e series in an earlier second 

where the digilizing interval was very dif f ereat than in the second used 

initially. 

The results for all the possible cross-correlations for the La Pocatière 

shots are given in Table 7 and for the St-Jerôme Mine shots in Table 8. 

Under the heading ST are given the numeri~al station code a nd instrumental 

type. YR contains th e years, DAY are the J~lian days, SHOT contains the 

shot numb ers START TIHE contains Lhe starting t ime s of the time series, 

this is followed by the c lock and BP corrections, and the corrected start 

time. A - B i s the di.fference in correc t ed s t ac t times folJowed by the cross-correlatio 

coefficient. A l arge coefficient n ea r one, indica tes high similarity 

be tween the wave fo rms being corre l ated . The third line contains the sample 

lags necessary to maximize the c:ross-correlation function. This is followed 
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by the lag converted into seconds minus the A-B tirne,which is equa ted 

to the final lag. Finally the shot number and LATE or EARLY refer to 

the chronologically later shot that is either late or early with respect 

to the earlie r shot. 

The cross-correlation l ags are presented graphically in Figures 5 and 6. 

Lines sloping up to the right indicat e increasing t~ne lags and lines 

sloping clown to the right indicat e decreasing time lags. The amount of 

change is indicated by the + or - number of millise conds. 

Errors: 

For the last shots there has been an improvement in the clock errors. Use of an 

oscilloscope permitted reducing the clock errors to about :.t 1.5 ms if linea r 

clock drift can be assumed. 

The individual contributing errors are indicated in Tables 2 and 3. The error 

on the arrival time is rather variable and contributes only to trave l time but not 

to cross-corre la tion . The shooter and instrument clock errors are given as ± 2 ms . 

The instrument de l ay error is assumed to be ± 5 ms. For the BP the digitizing 

error i s ±8 ms, and a ± 5 ms r elay delay erro r is assumed for the shooter box . 

Thus each time series from a BP has an RHS error of ± 11, allowing for ± 2 ms in 

cros s-correlating gives a .combined RHS error of ±16 ms for two BP time series. 

The error on an array time serics sho uld be smal l er than for a BP time series 

becausc of the higher sampling r a t e . However this advantage is partially r cmoved 

by the unccrtElinty in the star!: of the second marks and estim;:ite of th P. sampling 
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frequency . 

Thus all cross-correlation errors will be taken as ± 16 ms. The er rors i n the 

travel times are determined from the RHS error. of the contributing err.ors as 

given in Tables 2 and 3. The final error given refers to the point of the t ime 

scries that was picked to be the arrival of the P phase . However the sampling 

interval of the digita l equipment may produce variations in the apparent arr ival 

time . Then differences in travel ti1ne may be in some extreme cases ±2 samp l ing 

intervals. 

Discussion of the Data : 

The general quality of travel time and cross-correlation data will be discussed with 

the aid of Figures 7-9. Similar. Figures for the two shot points for all stations 

are given at the end of this report. Figure 7 shows the data for station 58 for 

the St-Jer6me shots. The horizontal axis is time in months and years. The 6 

shot time s are indicated by ffiort slashes at the bottom of the Figure. The 

'lower vertical scale is travel time in seconds . The observations are shown 

by an X and the error ba rs are indica ted. The letters refer to t he recording 

system. Ovcr the 38 mon ths period betwee•1 shots an i.ncrcase in trave l timc of 

32 ms has occurred, only a few milliseconds larger than ti1e stated errors . 

The upper scale in Figure 7 is cross-correlation time change in ms. Ovcr the 38 

months period a change of 30 ms i s indica t ed, about twice the error . The cross-

correlation via two diff cren t paths close to within one ms . The agreement be tween 

arrival time changes and c r oss corréla tion changes is goo d . 

Figure 8 shows similar da t a for stati.on 60 . The cros s-correlation and travel-timcs show 

changes of 49 and 33 ms respectively. The cross-correlation and travel time changes 
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arE' larger than the estimated errors . 

Figure 9 shows the data for station 58 for the La Pocatière shots. The travel-

time of the shot 102 is marked by an asterisk . This indicates that the signal 

to noise ratio is l ess than 3 or in general tha t a phase is uncertain. In the 

cross-correlation part of the Figur e cross-correla tions with shot 102 are indicated 

by dashed lines . It has been found that the clock of the BP for this station 

either drif ted non-linear ly or jumped and a reliable correction could not be 

determined . However, the wavetrain for this shot is still useful because it 

r esult s in closure with the wavetrains of the other 3 shots . The r esultant change 

in cross-correlation is 10 ms, which is less than the l evcl of signific~nce . 

The travel t imes show no s ignificant changes either . 

The observed changes in cross-correlation have b een summa rize d in Figure 10 in 

a plot of change in cross-correlation vs . distance. It is evident that 9 out of 15 

observa tion s are outside the error bounds. The maxi:num changes a re -30 and +49 ms . 

Un.der the assumption that paths in the paleozoic sediments under the south shore , 

produce no changes in travel time , the source-to-station dista nce can be shortened . 

The path length in the sediment s can be es t imated from the known s lope of the contact 

and assuming that the maximum depth of pene tration is n/ 3. - 'This · has be-en· done for th:i: ee 

stations for the St. Jer6me shots , and the 3 clata points have been moved to the arrow 

hcads . The only statement th2 t can be made r egarding the St. Jer6me shot s is t hat 

cross-correlation changes increase with distance . 

For the La Pocatièrc shot point only 3 points are outside the error bounds . · The 
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two positive points do not v io l ate the ~emarks regarding the data for the 

St.-Jer8me shot po i nt. The ncgative data point for station 56 is lightly 

anomalous, since it is the only significant nega tive point. The geographic 

distribution of changes in cross-correlation a r e shown in Figure 11. 

To test the correlation of changes in t ravel time by cross- correlat ion 

or travel time observations , Figures 5 and 6 are again shown as Figures 12 

and 13 bu t the changes in trave l time have been added in bracke t s . For station 

60 from bath shot points the correlation is good. The diff erence between 

the two me thods is at most~ ms . For t he r es t of the data the difference is of the 

s ame order . Thus in the instances where changes in travel times could be 

compared to changes in cross-correlation, agreement is fo und. 

The arrival times from smoker systems hacl been shown to be af f ected by large 

errors in IR 77-7. Thus no statement will be ma de here of any appar ent changes 

in traveJ time that are based on smoker records . The only significant change in 

travel time based on phase a r r i va.l is s hown in Figure 14, sta tion 74 for the 

St. J er6me shot point . The change is nearly 50 ms, based on two Tape s ys t em 

r ecords in 1974 on the one sicle and a BP observation in 1977 on the other. 

lnteroretation : 

When attel11pting to intcrpret th e above results it must be kept i.n mind that if 

a change ü1 velocity of 10% occurred ovcr . 5 km of r ay path a change in 

10 ms would occur. Thus a ny cha nges observed here involve only 2 . 5 km of path 

length. Alternatively a much smaller v e lo city anornaly may extend over an 

appropriately larger volume. 
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Because of the size of the ob~erved changes in travel times and the attendant 

errors it is not yet possible to model the changes in velocity. For the St. Jer6me 

Mine shots the anomaly may increase with distance. The positive anomalies 

from the stations for the La Pocatière shot are in agreement with this. 

The negative anomaly at station 56 at a distance of 33 km from La Pocatière 

is unique. Stations 74 and 58 are on very near ly the· same azimuth as station 

56 but at distances of 46 and 25 km respectively . The maximum depth of 

penetration for the three statioc.s is atout 8, 11 and 15 km, this separates 

Lhe ray paths sufficiently so that the path to station 56 samples a unique part 

of the crust . In addition the ray path passes undcrneath the central peak 

of the Charlevoix impact structure , Mont Les Eboulements . 

LMQ Re_gional Station 

The r egional seismic station LMQ is located at the Cha rlevoix Observatory, 

which is identical to station 56 in Figure l. The station began operating in 

Oc~ . 197 6 . In the following a period of 480 days is analyze<l during which 

207 microearthquakes were recorded. 

Figure 1 5 shows a 10 rlay histogYam of nurnber cf earthquakes recorded. During 

the period from day 300 to Jay 530 (day 1 is Jan l 1976), 61 microearthquakes 

wcre r ecorded for an average of 2.5 events per 10 days . In the period from days 

540 to 77~ 146 microcarLhquakes were recorded with an ave rage of 6.3 events 

pcr 10 days . The two averages arc significantly different but fall on eithe r 

side of the averag~ for the 1974 microearthquake s urvey. 
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It can be shown that the increase in the rn.imb er of events is also associated 

with an increase in energy, so that the increased activity is not only an 

increase in small magnitude. events. 

It is commonly recognized that the slope of the cumulative frequency magnitude 

distribution, referred to as b, is diagnostic of different stress conditions. 

Values of b l ess than 1 are commonly obtained in shie ld areas and values 

larger than 1 are obtained in t ectonicly active regions. High b values are also 

prevalent in foreshock sequences and small b values in aftershock sequences. 

The question thus arises if the change in seismicity at LMQ is also associated 

with a change in b. 

-o The cumulative frequency magnitude relation in the form 2:N(M) = aM is knmm as 

the Ishirnoto-Iida relation, where H are the magnitudes of th e earthquakes . In 

the case of the LMQ station where on ly microearthqu3kes are recorded, the events 

are not recorded by the Canadian station net and magnitudes cannot be determined. 

An approximation to magnitude can, however, be made. From explosions and 

earthquakes at very small distances in the Charlevoix region an attenuation l aw 

6. /r 
of the form 10 'was postulated where K = 30, so that for each 30 km distance 

the amplitude decreases by 10. Distance of the events from LMQ was obtained 

from t = (S-F) * 8.2. With these assumptions the magnitudes of the event were 

determincd. 

Suzuki has shown tha t un<ler conditions where the Ishimoto-Iida relation holds the 

magnitude in the relation may be rRplace<l by the amplitude of the events recorded 

at one stalion so that IN (A) = ar A-b, and the b values will be equal. If this 

can be shown to hold near station LMQ it is of i nterest, since an attcn11ation law 
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neeclsno longer be assumed and the distance of an event is of no importance . 

We therefore, computed b balues for the following cases. The data were used in 

three diff e r ent sets: all the data , N 207; the first 240 days with N = 61 , and 

the second 240 days with N = 148. The b values were computed by least squares 

(LSQ) and maximum likelihood es timate (MLE). In addition to the attenuation 

law with k = 30, k = 25 and k = 35 were also used. These b values are listed 

in Table 9. Inspection of the table shows the following : b values computed 

from magnitudes based on k ~ 35 are closest to the b values based.on amplitudes . 

A ùetter correspondence would ha,1e been obtained with a somewhat larger value of 

k, tha t is less severe attenuation. Thus Suzuki's hypothesis holds in the region 

of LMQ. 

The b values obtained by LSQ for the 3 se ts of data based on amplitudes vary from 

-.9 to -1. so that there is no significant difference between them. The b 

values obtained by tU,E vary from - . 72 to -.78 and again there is no significant 

dif fcrence between them. The cumulative frequency magnitudes are plotted in :Figure 

16 for 61 microear thquakes. The LSQ lines are shown, the starred data points were 

del eted becaus e of incompleteness . On the left are the "magnitude" lines , on the 

right is the amplitude line . 

Thus in the r egion of LMQ, chang2s in b values based on amplitudes can be us ed 

to monitor the stress field, provided the number of earthquakes is sufficiently 

large . On a weekly or monthly basis the mcthod will not be useful. On the 

other hand th e method may prove to be of value for the ·determination of b in 

other cases wherc one station is near a source of moderate seismicity . 
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Conclusion: 

The observed small changes in trave l time of at most 49 ± 16 ms are only some-

what beyond the expe rimental errer and demand that conclusions be made with 

great caution. 

Except for a ray path und ernea th the central peak of the Charlevoix impact 

structure , Mont Les Eboulements, the r egion appears to show decreases in velocity . 

The decreas ing experimenta l error s of the n ex t few calibra tion shots and the 

tota l l eng th of observations then, available should confirm the r eality of the 

changes in velocity . 

Recommenda tions : 

1. To further def ine the observed changes in trave l times it is recommended 

that further calibrat i on blasts be se t off in ~~y and October 1978 . 

This is in .agreemen t with our philosophy of b eing dominantly interes t ed in 

damaging earthquakes . 

2_. The uncertainty of ±8 ms in the BP's must be r emoved a nd the s amp ling frequency 

should be incre.ased to 1 20 Hz . (Done April 1978) 

3. The shooter box with its delay should be r ep laced by a so l id s t a t e box with 

insignificant delay . (on order since February 1978 ) 
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Figure captions 

1. Station distribution for the August 1977 shots . ~sare array sites , stars 

are shot points. 

2. BACKPACK program timing. There are eight program int erupts in a sample 

of 1/60 second. MUX is the interupt wh en a seismic channel is digitized . 

3. Arra.y time track digitizing correction t e rm. The start of one second is 

near I = 1, the start of the following second is near I = 118 . "a" correct s 

for the first second not starting at I = 1, and L corrects for the digitizing 

interval not being 120 . 

4a. Wave forms used in cross-correlating. Solidline is described first in 

legend:BP74, shot 5, dat e and start time . Dashed line is describe d second 

in l egend as shot 6. 

4b. 

4c: 

4d . 

In third line the computed lag is given in samples followed by the cross

correla tion factor CC, DT is the corre cted change in cross-correlation . 

6 LATE means shot 6 was late with resp ect to shot 5. Note that shot 5 was 

500 lb s and shot 6 was 2000 lbs. Traces a r e nomalize d to l inch. 

Waveforms similar to Figure 4a. Shot 4 was 5000 lb s and shot 5 was 500 lbs. 

Wavef orms simila r to Figuré 4a. Shot 103 was 2000 lbs and shot 104 was 1500lbs . 

Wave forms similar to Figure 4a. Shot 104 was 1500 lbs a nd shot 101 was 

1000 lb s . Note the dif ference in initial r i se of phases . 

5 . Cros s - correlations for La Pocati~rc shots . Downslop ing to right indicates 

the more recent shot arrived earlicr , upsloping right indicates more r e cent 

sho t arr i ved later. Lines conn ec t sho t s that were cross-corre l a t ed . Number 

indicate change in milliseconds. Right hand column gives s um of change by 

different combinations of cross-correlations. 
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6. Cross-corre lations for St-Jer6me Mine, simil ar to Figure 5. 

7. Data for station 58 from St-Jer6me Mine shots. The arrival times with 

errer bars are shown by an X at the bottom of the Figure. Cross-correla

tion changes in ms, errer bar is ±16 ms, are shown at the top. 

8. Data for station 60 from St-Jerôme Mine sho t s similar to Figure 7. 

9. Data for station 58 from La Pocatière shots . Dashe d lines in the cross

corre l a tion indicate an uncertainty clock correction for shot 102. 

10. Summary of cross-corre lation results vs. distance. Station numb e rs are 

indicated along the bottom . In th e Figure the numbers 1, 2 and 3 refer 

to cross-correlation b e tween respectively the first and second, the second 

and third and the third and f ourth shots. 

11. Geographic distribution of cross-correlation results. The X' s are 

shotpoints. Dots are stations. Top number r e fers to change in f!lS for 

St.-Jerôme Min e shots, bottom number refers to La Pocatière shots. 

12. Cross-correlat ion results for La Pocatière shots to which in bracke ts 

change s from travel time observations have been added. 

13. Similar to Figure 12 for St . .J erôme Mine ·shots . 

14 . Significant change of travel time observed at station 76 for St.-Jerôme 

Mine shot s . No cross-correlation was performed. 

15. Ten day histogram of microearthquakes recorded at LMQ . 

16. Cumulative frequency magnitude relation for 61 microearthquakes. On the left 

for "magnitud e " using the attenuation indicated , ·On the right ·are the 

amplitude s . The starred data were not u.s ed in the solution for the regression 

lines . 
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T.\BL[ 1 

List of Explosjons 

La Pocati~re Shot hole 

47.3500° N 
0 

70.011 2 w 

No. Dat C:' Hour Charge Size (lb) 

101 7 Oct. 75 (280) 15: 16: OO. ()1)1) UT 1000 

102 28 Oct . 76 (302) 16:26:00.000 UT 1000 

103 16 Dec. 76 (351) 17:26:00.00() UT 2000 

104 30 Aug 77 (243) 23:30:00.000 UT 1500 

St-Jerome Mine 

47.53/1° N 70 . 556° w 

l 19 Jun. 74 ( lïO) 12:08 : 09.305 EST 1000 

2 13 Jul. 74 (194 ) 12 :11: 06 . 752 EST 1000 

3 23 Jul. 74 ( 204) 12 : 26 : 08.925 EST 5000 

4 24 Sep . 75 (267) 17:53:00.036 UT ·5000 

5 15 Dec . 76 (350) 20:25:59.989 UT 500 

6 31 Aug 17 (242) 22 : 30:00.000 UT 2000 



r 

Table 2 
1 

La Pocatière 1 

-
SHOT DAY ORIGIN TIME ERRORS CORRECTIONS ALL IN MS 1 

1 3 ~ • OO 2 0 .I ST ERt-<ORS CORRECTIONS TRAVEL TIME +/- ERRORS 
62 • 4? 8 22 -6 0 7. 3 .o 2 

1 56 BP S.842 8 2 4 22 -1 0 5.868 .012 
76 BP 6.567 8 2 4 22 - 6 0 6.588 .012 
74 BP s.ooA 8 2 4 22 -6 0 8.029 .012 
58 4. 1 22 -7 0 4. 37 • 12 
18 BP 4.027 6 2 4 22 -4 0 4.050 .010 

- 52 s o.-99 -4 6. (j6 '2 
60 A 6.871 8 4 0 3 0 0 6.879 .012 
64 A 9.20Fî 4 4 0 3 0 0 .009 
20 A 8.375 12 4 0 3 0 0 .015 
10 A 3 0 
54 A 10 4 0 3 0 0 .013 

Tab le 3 

St . Jerôme Mine 

TRAVEL TIMES FOR LA MALBAIE AREA SHOTS 
SHO T DAY OAIE ORIGIN 11ME ERRORS CORRECTIONS ALL IN MS 

6 243 31. s.1977 20 30 o.ooo 2 s s 4 0 0 

51 INSI Ar<R.1 !ME ERRORS CORRECTIONS TRAVEL 1 !ME +/- ERRORS 
18 BP 8.925 10 2 4 22 -7 0 8 .944 .013 

58 BP 4.4 13 4 2 4 22 - 6 0 4.433 .oo9 ... 
74 BP 2.111 6 2 4 22 -3 0 2.200 • 010 

76 BP 4.508 2 4 22 -6 0 4.528 .012 
56 BP 2.980 2 4 22 -2 0 3.004 .009 

4 -4 0 9.054 .017 
0 0 0 2.134 .013 

4 O. 0 0 

21 A 11.364 8 4 0 0 0 11.378 

11 A 7. 294 8 4 0 ] 0 0 0 7.308 



Shot ::o . 

JJ3te 

11. 
l Stn . 6 km 

' 

32 . 61 

101 

75 Oct . G7 

280 

Sys t em Trave l 
Time s 

s 1. 5 . 845 

102 

TAI;u: 4 
Trave}_ Tj :!'.e Sumrr.a r y 

La Pocatière Hale Shots 

103 

76 Oct. 28 

302 

76 Dec. 16 

351 

Error IÎ Sys t em 
ms ± 

45 Il BP 

Travel Error ~ System 
Time s ms ± 

5_9 53 ,·, 23 BP 

Travel Error 
TiJr,e E: ms ± 

5. 892 1 14 

104 

77 Aug . 30 

242 

System 

BP 

Travel 
Time s 

5 . 868 

Err or 
ms ± 

15 

l 

~58 ri 24 . 72 Aa , 4 . 620 15 BP 4 . 661 -1: 23 S 4.6 60 77 1 l 
d 4.638 15 BP 4. 631 15 BP 4 . 6 37 15 _ 

! 60 38 . 55 Ad 6 . 853 
1 

18 BP 7.0 61 "' 32 S 1 6 . 86 7 89 1 
-----==-o.------i 

, 1 BP 6.857 14 --lJ_ A 6 . 885 * 12 -------F- -~=~ - ,..,,,... r74ru-. 28 r~--
l 76 1 36.92 
' / 1 • 

Il BP 8.G 29 15 

7 1 
BP 8.0 30 >'< 1 22 

s 6. 617 1. 17 BP 6 .588 15 

6.5i6- f 37 s 6. 522 1198 s 
t 8 1 3{. 86l u ~/ 

r
i 19' 111 . 98 j A 1 3 . 492* 14 S 3. 660 1']_3 ____ 1 -S j 3. 4~-;-r, -5-1~- ~~,._1--A 3. 570>'< 26 

../"11 18 . 47 ' 1 1 - 1 

30 ~ A 
1 

1.254 14 / 1 !/" 
1 16 . 13 . 13 S 7. .737 20 · i S 2 .703 ~ 28 ~ BP l 2.701 15 1 

~ 21.84 A 4 . 158" 14 ' ,/1 Il I/ 1 BP 4 . 050 13 ' 

[/I li 1/71 - T A 8 .383* ' 12 1 20/îl 46 . 42 
/'211 46 . 23 

s 8 . 610 17 

A 9.210* 12 : 64 53 . 84 1 

~ 44 . 73 î - r 1 1 1 11 : 1 11 BP 7. 763 15 • 
1 6? ~ , 1 SYMBOLS 

A a r ray 
T t ape 
S smoker 
,., poor a r riv a l s 

BF backpa ck 
a analog 
d digita l 



TA!3LE 5 

Travel Tiffie Summary 

St-Jerôme Mine Shots 

Shot No. l 2 3 

Date 74 June 19 74 Juiy 13 74 July 23 

170 194 204 

! 1 l!. k :o 1 
System Î!:avel !~ro~ Il System Travel F.rro r ]Sys t em Travel 

.- 1 Time s Time s Time s ! ·' ~ri . ms ± I 
. :'•) 12.21 T 2 . 181 _l_ 12 -r----2.164 1 12 T 1 2 .175 1 -
1 1 

1 54 13 ' 77 Aa 2 . 421 
1 

12 Aa 2 . 414 12 
1 

Aa 2. 4.26 
1 d 2.434 15 1 d 2 . 414 15 d 2.429 
i~ 17 . 34 ' s 2 . 983 25 

1 / 1 / 1 
1--. ~ '·' 25 . 87 ' Aa 4 . 406 12 

1 
Aa 4.404 12 

1 

Aa 4 . 421 
1 ·' 

d 4.418 15 d h . 403 15 d 4 . 401 
' 1;0 39 .02 Aa 6 . 509 12 Aa 6 . 5ll 12 Aa 6 . 519 
1 38 . 95 <l 6 . 521 15 <l 6.504 15 d 6 .5 04 
! 62 l1 7 . 7 5 s 7.807 26 . s 7.824 .49 / ~f 1 59 . 66 ! T 9 . 933>'< 12 ~ / ' ' __,-/- 1 
~' 
1 /q 13 . 13 s 2 . 258 33 s 2 . 154 20 s 2.120 

1 76 26.63 T 4 . 488 12 
11 / T 4 . 471 

1 

j 8 13.31 / / / ' 
1+2 . 81 j ;% / l / A 7 . 296 

1 42 . 24 1 

1 JO 51. 39 / il IL A 9 . 010 
1 

116 41 . 82 s 7 . 211 128 / 1 

s 7 . 212 

l 1s 52.18 ,/ / 1 

A 8 . 933'" 

.IX 67.90 1 
T 11 . 385 50 / " 

1 

T ll . 427 
' 67 . 84 ' 1 .. 

Err or 
ms ± 

12 

12 
13 

12 
15 
"12 
15 

3li 

12 

1 
12 

12 

'.3 Q · 

12 

31 

4 

75 Sep t. 24 

267 
fSys,t_em Travel 

! Time s 

i s 2.308 

Aa 2 . 444 
d 2 . 4 34 

1 s 2.959 
1 

Aa 4 . 420 
! d 4 . 412 

1 
A<i 6 . 528 

1 d 6 .5 28 
1 s 7. 848 
1 
1 

Il / 1 

/ 
/ 

1 / 
A 7 . 3œ 

1 

A 9 . 02l1 

s 7.225 

A 8 . 9 30 

s ll . 403 

Er r or 
ms ± 

140 

13 
13 
32 

13 
13 
13 
13 
44 

13 

13 

43 

13 

47 

5 

76 Dec . 15 

350 - - -
System Trave l 

Time s 

s l 2 . J 6 7 
1 

BP 2 . 4~0 

BP 2. 998 

s 4.438 

s 6 . 571 
BP 6 . S25 

,// 
_/ 

BP 2 . 189 

s 4.502 

s 2. 288 

s 7.291 

/ 
~ 
-~ 
/ 

-----~-~--.;;;.b ,--.. -,,_.. ~ . 

6 

77 Aug . ·31 

243 
Error System Trave l Error 
ms ± Time s ms = 

lll i s 2. 134 13 

15 A 2. 4 43 12 

15 BP 3 . 004 13 

73 BP 4 . 433 12 

j/ 

l5 A 6.537 12 

A 9 . 713* 12 

15 BP 2. 200 l 2 

57 BP 4. 5 28 14 

15 

98 A 7. 30E* 12 

BP 9 . 0 54* 18 

BP 8 . 9 44* 15 

.A 11. 3 78 12 

... 



Table 6 

BACK.PACK - SAMPLE TIME CORRECTIONS 

Channel 3 2 1 

Seismic 
component E N z 

PI (pro gram 
+7 +9 +11 Interupts) 

mil li seconds 15 19 22 

error: ±4 PI or ±8ms 



L 

-----------------_ --- ___ TAilLE_7 __ _ 

74AP 76 302 102 7~al6 0 2~ 7,838 .001 
74BP 77 242 104 7.A16 -1 22 70837 

-- ---·-----;-,; -L!~c,S-DT= -:066 -~.oo~:-oos---rD4 _____ ATE 

·----------

60RP 76 302 102 6.616 J 22 6.61+1 .•• 033 cc = t>.75 
~ifP--, 6 351 103 .(;;65 0 2 
______ .. 2 .__!__ _l AG S _ DT ::___-_!__Q_ 3_6 _ ~ 0 3 3::: ~ !.iJ 0 3 

22 6.674 
l 03 EAF<L.y ___ _ ____ ; 

.012 cc- =- .'J7B ____ _ 

---- ----------- ---------- ----------------------

60BP 76 3 02 10_2,___ __ -'6 . • 616 ___ 3 22 6.641 ____ -~12 ___ CC :.:_ o3_6_4 __ 
60A - 77- 242-- 104 6.645 8 0 6.653 

.1 LAGS DT= .001 .Ol_2_= __ r_O_l~3 __ ~10_4 ___ L_A_TE ______________ _ 

6 0 R ~ _ _]__6_ J 5_1_ ___ _lO ~ ---- ~· r, 5 0 ?. ... __? ? ____ 6_ • 6 7 "-_. ____ ~ Q_ 2_1_ CC _=::__°. 6 2 3 __ 
60~ 7~ 242 lC4 ~.6&S 0 0 6,653 

____ _?- ._L_L4GS_ DT= . 03 r -_!_52.~J_:_:__. _Ql.t_ _ l Olt L :1 !_::: ______ _______ _ 

60-,~---~-2!'10 10 ! 6.623 6 0 6.629 cc :'<' .524 
60A 77 242 l.04 f~.6'±_5_.___ _8 ____ Q_ 60652 
-----~.3--LAGS-Dl;- -:-002 .024= .0 26 104 UîE 

SBBP 76 302 J02 4,350 ·28 22 4.344 -.003 
SBBP-- 76 351 103 --,~::3 16 --9-- 2?---4.347 
_______ .. _W _ Lj1G_? _ Dî=_::~U· __ .OQJ.=__".'.•91.1 ___ 101_. _ E_Af-1L ______ _ ---- ---·------- -

--- -- . 
SflBP 76 
58BP 77 

.. • i 

'58BP 76 151 
588P _ 7.1_ 242 

• i; LAuS 

l 0 3 - - - li • 3 l _f> ___ ... q 

104 4.31~ - 2 
DT ::- ~-O-C3 -.01 1=- -.002 

.ooe 

------- ---- ------------- --
2? 4e347 rOll CC - 0 672 
{'.? 4.336 

1 04 
LATE - - --- ... -----

--- ---------------·-·--·----------~--- -----------·-·-· 
_ 588P 76 151 103 4.3H1 · ___ 9_ --~::> ___ 4.3'•7 -~ •_Cl__Q__ CC ::._ __ 1!__7_{!6 

Sl:JA 7 5 ?Al' 101 4.351 0 O 4o3S7 
~1.1_ L~Ç·~ Oh_-QOl3 . OlQ_- _:.or,_g ___ t9~1_ LAl~--- -- ---- ... ---

1 

i 



sr~BP 11 ?42 
_5bt.._ ____ 7_~ ?81) 

- ,o --LAbS 

-
- 56BP--76 - 302---rGê' ___ S.616---- :l9 2? 5 ~ 619 s02 7 cc !'!: .622 

568P 77 ? t~2 104 ;,.566 4 2? 5.592'-___ ----------
- :..--;1- LAGS DT = .. o062-oOZr:.: -.-029--1-04 E:.'\RLY-

--- ------ ----

~~o_e_ _ _16 _3_~1 __ 1JJ3 _5!611? ______ -to 
54A 77 242 104 5.614 8 

-· ____ _!)_2_ __ L~6S _ D!._=_~~--!_oor-.: __ ,,00_3 

2? 5.628 
0 !3a622 

104 LA TE 

Ci S.612 
_ _Q_ _ _ s.622 

} C4 l t. Tr 

2? 3.839 l BBP 7"7 ?tt2 lOt+ 3.81_6 __ _ 
-n-~1,---1-s--2-a o- - 1- 0 i--- 3"-a6 u o - --

0 3.860 
... 1.4 LAGS Oî::: ~.0?3 .021= ~-.002 ·-------------- ---- -- ----- _ _J 0_!~ _ U-1 !_E_ 

------1 
- ~fJOf-i_~· .:_ .811 ___ t 

·~eOJO 

... 021 

cc :.c 

i 
1 
! 

__ f 
.586 ' 

! 
---f 

t 
-- ·------ - 1 

i cr = .B_?~--
--------- --- -

cc- ;_;- :420- -- - \1 

i ---·- --- ------------ ·- ----- --, 
' 

·----- - --------- --

----- - --- -- -·---------------· TABLE 7 (.f_o=n"-'t=i=n=ue=d"-"-) ________ _ 

--- ------ - - ---· 
___________ , _____________ --

- -------· ·--- ------~· -------------· -------

-- -- ---- ---- -- - ·- -------·--·----· ------- - - ----------

--- ----------- --- - ·- --- ----------

------ ------·- -- ------------ --- --
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TABLE 8 

CORI FCTIONS CûRRECT CROSS-rORR. 
ST YR - DAY -- -SHOT·---START ·ru:1r --CLOCKS l:lP - - - - y Ji"1E- --A .. f; ---coE:FF·:- - --

7t}BP 
74GP - -------

.006 CC = u946 

-------------- ---

CC = R31 ----

-60BP - ~-350- --5- 6.300 •Ï4 ___ 22 60308 

60A 7~ ?6~ 4 6.33 A ~22 _ 0 6.3)6 
------:-:6-t.AGS DT:.: - ~.O JO .ÔOA= ~.002 5 LATE 

--- - ---- ----- - -------

_ _90BP ___ J _6 _ :150 ____ 5 ____ !:_~300 ___ -1 L __ 2 2__2_._308 ____ ".'...eJl4-4 __ ç_ç_ :: _~3f! __ 
60~ 71 243 6 6.338 14 O 6.35Z 

____ - __ !_l __ ~~S OT: - • 0 lfl • 044:: ._02~---~ LA TE 

-------- -----
60A 74 ?04 3 15.221 -8911 0 6QJ10 •.042 CC = .655 6oA- --rr - 243--- 6-----6-;J:fè -- - IT --- 0--6:3 1)~--- --------

.e L~C S DT ~ . OG7 .04?= .049 6 LATE - --- - - -- --- ----- --·--- - ---

60/\ 75 ?67 4 6.iJR -22 0 
60A 77 --- --- - - 243 6 6.33R l_!+ _ 

LAGç--cfî; -.:.-:008 - .036·; · fo2s 
0 6.352 

6 LAff: - ------

568P 
--·56BP 

76 ~50 5 52.7)6 10014 2? 2.752 .012 cc ::: ·• u 7 
77 ?43 6·---2:°'rl6-----z 2?. 2.HO 

- _____ 1.:i--1:_f\_ç;s __ DT= _ _!Qr~ -·~._Ol?::: .~-~---6~L_ -----

~BP 76 350 5 ?olJ6 4 
s4A- -75 ?61 - --- 4---- 2 o 143- ---;-, o 

__ ----~L- f AG 5 DT:= - • On 3 ~ _. O o l "-' • • oc 4 

- 5~/\._ 
54A 

76 350 
., 7 ?43 

• 3--L-AGS 

71.,, ?04 
7c; ?6"7 

·~?.u l t.bS 

5 ?.116 
6 ?.131 

D T =-- - • Li 0 5 , 0 1 l ; 

-t+ 
14 

016 

3 u.006 -8899 
4 i~Y43- ----10 

DT::: ~. O_J 7 • Oè 1~:: _._Q_Q3-

22 2. 1 v) _ __. QQ) _ ___ cc ~ .82~_ _ _ 
0----ë.-e) 33 

5 LATE _________ _ 

2? 2 olJ4 .... () ll 
(') ?.1c.,5 

6 -l:ATE- - - -

--------
_____ o_ -~ J QI ... 026 ___ _çc :: ._qoo 

() 2.13.1 
- "-· _ !-~!_ .__ ------- ·- ------



cc :;.'! .878 

54A 75 267 4 ?.143 -10 0 2.133 -. 0 12 
54A 77 ê43 6 ---?.f31 14 0 ?.,,145-· 

CC :: ·~8_8c...S __ _ 

________ .6_ LAGS __QT=:__. 0_05 _~l 2= _• Q.1.7 ____ 6__1.ATE __________________ . 

SëBP 71 ?.43 ___ 6 ___ -- 4-:-Il6---~--- -22·-·--, •• 136 ~021 

_Ji8_A ___ 7_4 ? 0 4 3 l 3 • 0 1 ·!+ - B 8 9 9 0 = -'-4-=-&_,_l ..o.l.c...5 ____ _ 
~, 6 i_ AG S DT= • 0 1 0 - • 0 21:: - • O 3-i 6 L /.\ î E 

-- - -- -- - -- -- ---·- - --· ---------- --------- ---------

5G8P 77 243 6 4.116 -2 2? 4.135 .020 cc = ,749 
- 587.\--75 267 --4 - - L~.: 16_6 ____ TQ ____ 0---,.., ~ 156-

-lo6 U .GS --------· 
0 T = •·,01?7 ~020::: 0 ,007 __ (_-'_L~A_T_E ______ . 

SBA 71• ?o4- - - 3 --13.014-- -oa99 o 4. ~ 15 ëc = .s97 
SBA 75 ?67 4 4.166 -10 0 4,156 

-2.1 LAGç DT= ~;c1fo-;ô41;;-,;-023 ___ 4--CATE __ _ ·-------·--

_308f. __ 7_?___e!!3 ___ 6 s. 766 __ o __ __ ?J'~-~L~B _ --~~ o~3~_c_c _~ -~~--
301i. 75 ?67 ,.., 8,BOl -- -10 O B.791 
----~~-_1.~GS _ _QT::: :_.01 0 __ .__QO): -:_o _9_0'7 ___ § _ LATE ____ _ 

-- ":ÛÏ3P 17 ?.'.+3 6 
3 

DT= 

--p:-;n,6 
17.75 

~. r,01 - .06R~ 

0 2? 8.788 "'. 068 cc :;: ·.,920 --
__ 3 Q_~ __ 1_4_ - ? (14 

-5.tr L.~.Gs-
.. ge.99 __ . _ o ____ fh.856 ___________________ _ 
• 0 ~ 3 6 L A 11:-: 

-----· -----

30A 75 ?67 4 R.801 -10 o e.791 ~.o65 cr. = ,929 
-30A--"'(4 ___ 2t)4 3 17 . 7-55 -389_9 __ 0 B.856 

_____ ~-9~_§__y,~_S _Qi:.: ~_.O_R_Sl~S= w.Ol._5 ___ ,_, _ LAî_E ____ -------------- -~- __ 

- -- -- ---- ------------ ---------

18A 
1!5A 

75 r67 4 8.742 io 
74 204 J 17.625 -qeç9 

0 8.73? ~006 cc ~ .892 
0 8.726 

; l o R - L r~ G s -o T = ~ î) ï ç; ~ o o o -,, = ~ $ o 2 1 ,,. i~AT-E -- ----------------------

lOA 75 ?67 4 7,104 _~JO 
lOA --- f7 ___ ;>l..3 ___ 6_ - --f,;:-91 f 14· 

0 ., • 0 q 4 0 16 3 cc = ._41 () 
0 - - 6-.9'.ù ------ --------

__ ~· 8 LA G S 0 î :: • 0 t~ 0 _..::. o_l _ _€>_3-:: _ .. • i 2 3 6 EARLY - ------ ------------ ---- -

lOA 75 267 4 
lOA 74 ?04 3 

7.1 t t\GS DT:: 
- - - - -· ~---- -

lO A n ?43 ·n 6.917 14 (\ cc - .1~21 



lOA 74 ?04 
----~!] ç 2_ L AG S 

J 15.913 -Ge 99 
D 'Y = _'."' ~ 0 9 3 o Q ~3 ::: _ 2 0_ 1 0 

0 1 . 011. 
----~ - LAT L __ _ ____ t 

---- ---------------

---------------

----- ·-------------------------- --------

----- - ---------- ------------ ---------------~ 

------ --- ---------

------- --------- - ---------- ----

TABLE 8 (cont inued) 

----------------------- ----

------------------------ -------

·--- - ------

--------- - -------

--- -- - - - ---· - - ------- -- - ------- -- --- ---- -· -- ·----------------

-------------------· -------· 

t 
.J 

-------- --- - - -------------- -

---- - ------ -· --- ------ -



Table 9 

b value s for s tation L'~ 

Amplitudes 1/10 in 25km J_/10 in 30km 1/10 in 35km 

N. Eqs LSQ MLE LSQ MLE LSQ MLE LSQ MLE 

213 -1. 0 -. 72 -.76 - • lf4 -.82 - .49 --. 90 -.53 

61 -. 99 -.78 -.62 -.44 -.69 -.50 -.78 -.55 

152 -.90 -. 77 -.97 -.54 -1. 0 -.60 -1.0 -·. 64 
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BP74 5 1 5 DEC 76 20 26 0 2 
BP74 6 3 1 AUG 77 22 30 0 2 

LAG - 1 . 0 cc - -946 DT - . 0 1 1 6 LA TE 
- - -

F,·,5· 4 a 

l . " 

J. 91 1 ~· ;,t J fi li jij 1.. !\ 1 ! ! .~ 
• l 1 • f ' 1 ' 1 1 '1 1: ' 

1 ' ~ j/ j 1 1 1 1 t. 
t I 1 :~ :j 1 1 1 I f< 1 I \ J j ; i ~ 1 , i il 1i A f' ,\ ~-.J i'..':111f: ; /,JMJ\~ ~h1J\,µ. . ,..· /\ M/' .~ µ ! ; " 1 / l~/ V ~- 1 : '1-· I 1 1 Il " 1 ' ' l •• : ,,; t 1 ~ ( ) ( 

1 

1. / V 1 ! ~ t 
1

1 / \ Î \, H v 
1 

1 !1 :\. 1 '' t : 1 
• • / , V 

I l 1: : r 
li r ~ 11 

f f 

BP60 5 15 DEC 76 20 26 0 6 
R 60 4 24 SEP 75 17 53 

0 6 
LFlG - -.6 CC= -841 

DT - ·- . 0 0 2 S LATE 



J, 

\ ~ \ n ' ' , 

\ ~ Ji: ,\ fü. ' ' ! 

Î rÎ , : ~!I f 
BP56 103 16 DEC 76 17 26 

BP5 6 104 30 RUG 77 23 30 

0 

0 

LRG - -.2 CC = .808 DT - - . 028 

BP58 104 30 RUG 77 23 30 0 

A 58 101 7 OCT 75 15 16 0 

5 

5 

LGG = -1.9 cr. = .5s1 DT - -· . 0 1 0 

104 ERRLY 

î=' i~. 4 c. 

4 

4 

104 LRTE 



C r o .S S - é D 1- r \ 0l + ~ ô V\ 5 

L c;I( "?oc0<+;è,~c: 
---..---·------.,------·---...---------~--------.-----------· 

\ ô \ 

5't 

------i 

302- \03 3SI l OL\ 

2 8 .oc-t. 76 l (o. yee-. 7C:::. 30. Av'\· 17 _ _,_ _ _.__--+--- ---------

__ -1-.--·--- -1---· .... ,,. fô 

--------+--------i-·--- ·+-1'2 + r ê 

----i ----+---- + '3 + 1 3 

~? O.? o?I 
-1----_ -_ -_ -_ -l_J ___ - 2 6 - 3) 

-- --261 - 2-Gf 

--
- · - .3 

31'> t?. r 
+8 

--+--- _,_ 2. r 
-- --~~-1--~~- -13 

3? "?.. t> (-\ 

--1------:=t=== -;- 13 --- + 2 ~ 
---- ======:__-1----=------=-=---+------~13 
---- ----,--· -- -t i ~ 

--l--- + 17 
~ 1 --------- - 3 

-~? 

------t----- +5" __ . __ ...., 

+JO 

-+10 

-t r o 
+)0 

-t 2.. 'i 
-+ 2...~ 

1 +30 
-i- 3'0 

·- \'.:\ t-
S IA TH 

1 ________ ,_-- -+ '/ 0 c o 'i< T< 

:~-~ --·----------:-- ~---·-_·-._-_-_, --+-----------1!-----~ "" f 7 ,, -------· 

18 
1 

!----------~-- ------r-- -------~--

-B·'"> 1 

__ ,. __ +-2. 

----L-------·-----·--·------------~---- ·- -- -- ·-·- - ----------·-



i , 

.. 

.. S +-. - :1 e r ëj :"'T'I e 

13 20'+ 4 
i----

7.>t3 I T~ lfol 5 "'3 S'ô 0 

2...3 ."] v\ . î Lt l. \f .s- c- ~A.1s \S . J)ec. Î(::;, 31. Q""l 77~ 
p A B? 

A -t-/(;, "+2Cj 
-f Cf -f-llf + 30 

5lt +2-5 +25 
+17 + 26 

+4 
:;?,? ô '? 

5'"6 -r / 2. 

A A -~? 

-- +3/ + 3/ 
'56 -

~+2.3 - -r 7 +30 

- -
1'.:\ A or> Çl 

+2 1 L-+23 ·+ 4q 
Go -- f L-1'1 4q -+ - + 2.8 + Y.'1 ~==-- =---:--+2 - ·+ 2.b ·t l-+9 -- ----

·~r -a r-

-p+ - - -·-- + Il 

-A \~ 1:+ - --- - 123 - JO 2. ST/'/- rol::2~ - · 

'J /11 - - -f·2 / +!ô ·r JO -CfS 
--

µ A- 3? 

---- + 2.1 2 . ., -t- 2 7 
\6 - - -- + - f 

- -~ -f- 0 -+ 2- 7 -
-- - --

\~ A :31" 

-1- 15 - -t 2-3 +2?. --- -- ------·- --·--·----·---- 1 --· -+ 7 +2 2 ---------~ 

.- ----.- '--

I ( /_-a, J -,,_" 



...."' 
--' _ç 

- , -,..<1 -. ' . . I 
\ ' . 

-/- ; rJ 1 C' 

ç ··, 

C) 
c _, 
C) 

~'\
\.: 

s.~ 
~) 

i -
r; 

1.:- ('-, ,, 
J 

') 

J ·r • 1 •·••• l-- 1J 1 -· ' \.;., ,____) ----..:.r --- 1 : 

.Jl 
4"' r- ·- ~' . -·---1 . . : 

' -r 
ï- .... 

if) . 

f 
-·- -- - · -

i .. : ... ,.. , 

1 .. t 

_<:;_ _I 

~·. 
I~~ 

f .. 
1 1 . r 

.. 
j 

é-( é> .-: _<; 

1 

_ C" r· ~ c I 1 . 
r'i r 1 ('; ! 1 

C.1J 

Q 
tç_:; '? l ~ 1 .. ,. . ! -f • t ·1 . . • : : . J 

1 .. f : _: ___ :-. 
' -·- 7 -:·-: . f t r . . . ' 

. () 1 -~ 
0 

c_ ,1 
0 

: l 
f 

y J _ç 

.i;--... 
() 

; : .. I : : :· . ..... \. ' 
--· ------ -- - - ___ i __ - - - - •··-- ....:~---- - -- - ~ --. . 

-- ~ - . : . ~ 
! r l · ~ . -. : : :· 

--- - -- - ------ ----. -- -- -- -· -

. ' \ · 
J ' -· ' . . . . . 

- • . : • •• f • ·- • • : •.• • : • - : : • • : 
1 1 1 1 ' • ' 

. .. 
c) 

~ ~ c-~~r:~-L ~-- f ~· JJ-.-, _ J--~-~ l•.~-•t-~--+J-t·••••-t• Lt~]'.-~· ·-•. ~t ;<t_~\-- 1 . -~ 
1 ' . , 1 . r·· H· =· = 1 ... : , ·· ··. 1· .. t . .. 1 .. , .. . l. 1 i , : ~ 

(JJ - ----------···--· -- -· -----····-·- -·- --···------ -- --p--. - . -·- - 0 "1 r • ·1 .. ... . . , .. . ' . ' , . 1 . 1 r , _ . . . , 1 
\. I ' - . - . :: . L : • - ~ : : : 1 ·. . i - - t :.- :! . -1 :-· : - - 1 t . - - - _-
~ ...... f--·:: · · ·-·-,---~-- ... 1-:·--·-:· · -:-~ :-:-:.:-=--: - ···· ·- --·;-·-=-:--'..:·--: -=---=-.::.~:- ----::-:.__......:_::-~----_ =.:.. ~-~ f- .. - ; . - 1 0 . . .. 1 . '. 1 . . . 1 .. _, . . . . ... . . 1- - ' - f i·· 1 . -·· . . .t.-

~ -"i.LÎ _ :_ jL~-fL ::;;l_;C 1 ·_i [j~:~: _. _._ .::f •. Lb· J .. ~~i ·· ~s;.·::YL••i''J.~,. i:..l~~ ; ~----~ - ·· .. ·· r·-- i .. r c~ ··· · · .. ··-1 - . .. ~ .. _____ p .. -IT ... , .. ·-------··r·-- ···-·E---· --· -p---·- ,-r=:-·-·g .. t .... , ... ___ IL 

~ 

0:: 
w 
f
w 

fz _ 
w~ 

u-' 

~~ 

r:-= :. ::-·:p. :: !:: . =::f-=:: 1 :::: _:t~: . :; ! ~: ~ = ::~:l·~::: :~:= ~-= : : ·::r·: ::::: [ . ::. y< :· r ·.:· ! .. · :( : : . . = i 

~~- -- t·. >r= ·· 1 ·· · --~- 1 · ____ Jf ..... 1--- -~----J ~------1=-- --t-- ... •-- -----~-----·c--·-- r --··· · -- · . . O r .. ... .. f. .. ... I~- . --- --- . ___ .:::.:J~=::_ ... ----- _____ ,_ - --~·------ .. ..... , .. ______ -·- -- .. . 

ht.fFfit:·~ -~ tIT-~-8-~m~:.: r -~~r~~;g~r=~~i~~~~1;~~~f~~~rf~~~~~Rs+;~. i:~-

~i 1·· _-·••lŒ_[· .·.-1-•-•'f~···· : __ .f ~-~r~.· 1:r~[J~i-CT~·~f~~;~~~~~~ft. _ . ___ . _ 
r- ·· 1 ... ·r · . t··. ·t···' ......... 1--· t . .. ---··t· --t- · ·· [-- -- - ... : .. t •. 1::5 

~ CKJ U} ~ .. ::·J.: . ~~~d;;_ : ~~· ·~-~ •• --- .. 1~2~ r~l.•C';:.._.r;;cc f -·i LÜ.:~1~L·H.~ f ..... t-:-:--~ 1 " 

f-:; 

;::~ 
..J 

..::~ 

- o ~::-: .--: f· -· - - - -· c-- -.-, •• ;•=~~-- -~-- ----•·-- ----~~, .. --=,..-••- .,=d:-. •• ' · - ----~----~c--=--... .,-·-r--··--:1--·-:- -·I 
J) <. '.>d1~:;=J;;: '.'.'. ~; ; .~~F:;; . ~~;~ ·~};: \=;-~\~:~fC~'.::~:;:~~~'.~~~:~!~-:~~~;i~::;~ ~~;:}:;~~~:~~-: -~-~_ : · ·:: .:~ ::_=·: ~ ~- ·---- f ----·-/- - ..... ~:: ::;:=::t::~--- -------f- -- ·· -------- --- _.t ... ---l---- --- ·-- - - -~~·-·-·12··--- .): __ J ______ + ..... ·l·· ... 1 s--Œ···-· ---- ·- ·-t.:....:...•··· 8.:..:::.i..=--- ------ ---··· ·---- ------·· ~---· ... -----·•-----~~E--··· - ··-- t: -- --·-'-·---· ~ .. ... ·- . . . 

T-\ 
~· 

-....J 

~Jr~1:~~K=:t1 r ~rt ~r~t- -~r~ m_r:- ·~ ~-·~i~r~m~~~:m::dl--:~-~~~mc~llim~~{~~i J- ~ ts:t4iliI~L 1 ::::f=-···1-___ f .. ·-- -·--- ----[·{ ---.--- ·--r::·- F·-----r-··----r: ....... c. -·--m:----4---1~---~- · - ~- - ·-· - -t··· . 1 V) - U) t;Gt:~µ~~:1 ·== :~'.:_~ :::::==:,~:=~·. ===~~- -::~~: i =~=:r:~: ~~:~~=r-=:::~=l::::::== ?:='.·~==~~~ ~~::~ _ , ::=: : = =-r:'.: ·· i 
..fl u-· ... ES~~L 1 . ~-' H --1 ---· r/ -- -·---1 --- mu 1 - - 1 - -- - • r·--r-T --
CIJ [~t~Lt2~~-s--: ~~t=;~ , ]l(: : ~~~~~liliL:= -~~~J~=~~~~rr::~~=f~5;;·_ r :~ _J:: · r: ·. ::;:~h--·:~tr: .:~i~~~ ~~:~:.fE:~i;-· ! ~~~ ·1 

_çi ... L·· .... f-: . 1 ... --·· . . . .. ... . 1 .... .. . . -~- - -- ··FE···. r . .... . I' -· .. _ , __ ---··· . . . f . 
1 · c :::=r 1 1:= : · :::i · =:.:~.=~:=..:: · =:::~: : · :::=! :- 1 .. ·:_· · ·=:.:::+: :. : . ~ . : .. :--: , :·: - ·:: =~ ::· ::·::=:: : .: . : -----r--r::- · ···r-- ···-M---- · -----------· --·-- -- ~ --- -·- 1--- ·--- r-----r------r·-------·-··· _ t ____ -------r ----- .. --

:: _-~t~H · = ·; ;· ~·::. =:. f-·:: -~-~ :~ : _::~;.:~ =;=:;::-: :·:T::. ;:;}=+-}~~1 - ::+:::1:::r>~<:=: :.:.:·::; ~rrw:r ?~ :~h ..... _ ~ : j l . . +.C±f .JIT f_ -- _J __ J_ , -- -'- -r - ~ __ }__ µ __ -c -- _, - - • - • L~_:Jll!lili[L(~{ ~::. : 8J~ ·==~:= ~ :~=: 1 ~: 1-.: :::~.:f · : i~~J~<J:::: ~: : :·j =:>~J<::=f ~-- . 1 :=T: r·: ;.~-L~~J;·. L. :..1. , 



1 . 
r - - ~ 
1 

1 
t. 

. .. :j: ... : 
. . ----;---~-:--

:- j·. ::: --· · 1. -· 
" -- -
"'"' . .., 

.... ~ 

:;; ~ d 

" (; 

{ ':If") ..!) 

LU~+ 

0 c.J ~. 

~ 1" r--1 <...J 
lsi 

1 ;::>,A t? ...J I ~ I --



' 
-

1 
1 ! 

:0
 

Î.j 
0 

(
)
 

(
)
 

~
 

.T
 

r
)
 

""' -
' 

--
,-

.. 
: 

1 1 \ 

:_ :...: -
' 

i 
.. 

: 
-

li .. 
l 

: 

(
)
 

() 
r--...i 
1 

l'i 

-
-

... \ 
~) , .. , .. 

.... 
, ...... 



v \... 
/\J 

'-'\ s:: 
• <;) 

{) 
'."\~ 

'-1 ~
 

!.. 
(} 

~\.' 
\,) 

t L 
0 

<. (, 

1.1\ 
ç:-() 
.... 

-~
 

\) 

~
 \) 

l. 
c 
-
~
 

l_, 

--!"' 
-.~ ~ 

(.) 
\.11 

>..:~ 

'><.'"' 
i 

'1· <
') 

~<.--

i 
:-.\ -

"' 
V

 
t 

,, 

C
--· 

/ ... ',.-f 
/../ lw

 

(
'l 

) . 
\ '( 

('· 

1--<
: 

o
' .. ' X

 rr, 

'X
"" 

"
1

 

"
\
 

": '"' 

. 
1· 

-·-.1
0

 
~
.
 

-
, . . .. .., 

! 
) -

•' 
~ 

,, 
_.,., 

( 
.... 

r. 
~
 

~
)
 

-
~
 

\)
 

<.', 
C•~) 

·f--

:· 
... 

() 
C

_
.j

~
 

Ç
) 

J
)
 

\ \ 
L

' --
() 

-
) 

0 -(_~ 



// 
... '>-
a 

0 

12 
- 30 

zs 

Cross - CDrrc::f oi+,· ~'1 
e f.. 6f VI <Je s / n 1'11 .s; 

2 7 s:-r. Jc-rO me- /Y/inc:. 

;:. La '?oca,/-;~rc<: 

• 

2.3 -
li 

)( 

I :2. f? 

lu 2 1 
/7 \ .. 

. ) } 

r::t· <1 . 11 



~ • 1 

S\'1 l ô \ 2-'?D 

\.Oc...--\-. /5 
~ 

5Lf 

SG 

A-

58 

D 

---Go -
1 

- __ _L__ 

ILf 

1 

~ 

1 o I il " 

f+ 

18 

---· 

Cro.ss - Coi-r~lcl +~oV'\ S 

L&e "?o c. 0<+~è<c 

\02. 302. \03 .3S I I , DL\ '2.. 4 2-. 

28-0c-f. 76 1 (ô. J)ec_.. 7(, 30_ A ue"'\. 17 
o? i'.:) 

-r 10 
..+-12 

+ 3 
IO'\ 

~? ;:,? o'? " , 

-
(-2~) --~ - -26 

~- - 2.CJ - .3 

3? '6.? ) ô ï" (- 1) 
+8(- 7 +10 

-!- 2 { 
- -t 2 

( +G) 
- I / 

-13 
37 ô~ 13.-+'I-) A ( + 32.) 

+]. 6 
1- · 13 --r-- -r 1 {;, +17 . 1 ( 1- ?,,.(/) 

--- ·-- 3 1 
\:'> ? :;,. 

\""::> ' ( - 1) 

--· +5" 

(+ 7-~) \=\ 

1 -+ CJo 
- 1 

1 

B '\> 

----•R·---'-- +2 
-

+ 1 ê. 

+ 13 

- 3} 

- 2-1 

-t- JO 

-+ 10 

-{- 1 D 

+)O 

-t 2. 9 
-t 2..~ 

+30 
-t- 30 

-

S. TA TH 
c c>'R R. 

-;:::;,, f 72 

-

-- -- - . -· - ---- - --·· 



\. j • 1 

-'\ 
S-t-. - ~ e r o 1-rî e.. 

S.T\'-- 13 
. l 

20'+ 4 )_(.,l 5 -.:isôl 0 7-'13 

___ l?-3 .J v\. 1 Lt l \f . _ç c ?-t. l~ \ S.»c- c. lb 3\. Q vc.)._ / 7 
.1-

p A (-t5°) 13? A (--+Y} --+ 2q - i- /(;,if) 
-r? -f-'.~ 

(+' +30 

5Lt 
+ 2-.5' -+- 2 5 ---{:>f: 1 

,-y''\ +17 + 2G --f+-61 
+4 {+- 9) 

. 

:p? o? 
(1· ~) 

56 
-r 12-

-- 1 

~ A ·~? (+3?.) 
- -t- 3 f + 3/ 

56 -7+Tî] 
.._------

(-+z.j) 
- -t-23 ·- -+ 7 + 3ô ---

1".\ A (-t i.."t) o?(j-z.1) p . 
- + 2/ '----- +23 

(-1<3'3 -+ 4q 

Go -- - -t- wq + l-f q - --- ___ ____:_-- +?~ --- + t.tCJ 
- -- -- + ;;i\-3) 

<. -t cr 

-·- - -+ 2. b -f 4 °i ' . ·- ' - -- . 
1 

'?>? 13? '-... -, 
(-;--Il) 

IL\-
1 

-1- !/ 

A Ç\ 1 (-\ 

C..-t n _) - , -23 - 102. S TN· (" O j:;?; 

'. 0 /11 -- -r2 / -+ rô + 10 -9.5 

. 

p A- 37 

.. + ;;u +2-7 ? 7 
\6 - 1 ------ -f- C-

---1 - 1 
+0 + 2-7 ---r- -----

i 

~ - r=·A (-~I~ i 
n "" 

-f-~- - -r 2.3 +23 
.,3 0 --- +22 - -1- 7 ---
--- ----------· - --



-
. 

·-
.
.
 

-.. 
-
-

--
---

-
-
-
-
-
-

-
-
-
-
-
-
-
-
-
-

--
-
-
-
-

-
---

-
-
-
·
-
-
·
-

. -
. 

; 
---. --

~ 
. . 

. : . -
. --

. i 
~ _:-

. 
:. 

_
_

_ :_
 ~ 

--
--

1 
-

--
-:·--

-
-~-:. ~: 

-
-~-------~-----

-
-
-
·
 -~~---=-:-

j 
. 

i 
.
.
 ~ 

... 
"J 

: 
. 

. 
. : 

... 
: 

. 
: 

. 
-;-··-~:-::--:---

; 
_____ ! 

___ ·nr:· --
1 

:. ~ f ~T~;f j_~-i~~~2J;î-~·~t~~~-~!-J~5;f~~~~··t±!JLJi]~·~fil.~: ~ 
. 

-
1 . . 

1----· _ L .... 1 .... , -·l··· ... , ·-
·-l ----:Bl--

·····1· · ---j· ·· 
1 

• ·T
··· 1 ·· ~-· · -1 

·· l-j----, ~ ~
-· ~ 

7-
l 

:~-:-~~~'.~~:1:~=;~~;;:l:~:~:~E:·;~:J>~!~~~~i~1~1~~i~~irt~~Y(~ft:(~~--:r :~~/1;~~;;~-.. -~t=J~:1 ~i; ·-+~~ri=i~:~~~-::=:-~~ilr 
7-

-
--

-
-

-· -.. 
_· -

-
-

. -
·--

-
' 

. . 
. -. . 

; 
··---;. ·--

··--: 
0 

V
l 

0 
i 

: 
; 

. ' 
' 

j 
•
•
 

1 
• 

1 
' 

r-
w

 

1. 
1

. 
1 

-
1
-
-
-
~
:
·
-
-
·
-
-
1
 
-
-
-
-
-
~
-
-
-
-
-
-
-
-
-
·
·
·
-
-
1
-
-

--
_____ ! __

_
_

 
... 

-
-
-
-
~
-
-
~
 

-
~
-
-
-
ï
-
_
 --~ -------; --

--_
ll) 

-4
-

--
-
-

-:
·-

~ 
-
-
-
-
-
-
:
 

-
-

----
---

-
-
-
-

_:. _--j --~~-~--~~ ~J_~~J.:~.:~ _ r~---1 
_____ -_·_· ~-~: .. ___ . __ L~-~-

. 
i 

. _
_

_
_

_
_

_
_

_
_ 

·-
·-

1 
' 

; 
j 

·_
. 

• 
• ·1 

; 
i 

-
-
-
·
1
-
~
-
-
-

. ·: 
-

·:··. --
-! ·-

-
. 

! 
.. 

--
-

-
---

-· ·1 -.. 
i ~--

-
' 

.. 
---

-
-

--
--

-=-~-
Ln 

1 
: 

i--
... r· · ·: i---

1 
·1 

i 
: 

0 
0 

(
)
 

!'1
 

N
 

y 
('.1 

·1 J 

0 

: 
; 

.j 
:-

T
 

·: -.-j 
: 

1 
; 

j• 

0 
f<J 
1 

.-
)-

yr;>
.!_

_
;J 

"li) 
i 

-
-

·'1 

' 
. 

-. -· ·-----
-
-
· ---

' 
1 

·-
; 

-
• _J 

i ., (
}
 

. 
1---u

--1 
\. 

L:=L .1--~;-1-1_:~: :l :_: _: L
 :i·_L~-:-: 

1 . :: 
. 

.·~=·: l· ;:~::=-
1 

:_i: ··1·· :;_ ::j ::: 
l 

·---
. , . ·-

1 ------1 . . . . . . .. 
. .. 

• 
·:

· 
: 

.:. 
1 

: 
.. 

' 
: 

·: 
. 

' 
. 

. 

1 

r 
·-'...> 

' ~
 

.J
 

-
:i-

-
...... 
" 

:J
 

,-($"" 



L 1 ' , , 

HISTOGRRM OF NOS OF EVENTS VS TIME LMO 1976-1977 
0 
0 

0 
0 

0 -
0 
0 

m 

0 
0 

OO 

1 

ol 
c..~ -1 

'"~ 1 
1-g l 

z ·1 ~~. 

0 
0 

0 
0 

N 

0 
0 

10 DRY INTE RVRLS 

1 1 
G Il --Y( i -
1 ~ /~ ! 
1 · r i . . . r 
t :: ~ ·1 1 
. '! 1 • 1 
~· r:~ n ~-1 , 

ff·i ~ ~ li 1<"1 r ~ H i . , 
~ 1 1 ~. 3· 1 1: 1 H : . , 
r,: t. ~ f i { ' · ' Î : , t·1· \·1 y, - : l f•l- 1 • ' ~ 

r ; ! r::: , .. i r1 ~ l ·1 i i r- ~ ; '1 : 1 :' · . .,_. "u !. .' f_ l, r j~ , r , , 1 . 1 l . , . 
/ - ~ 7 f ·: i 1 - t • i 1 f 1 ~ l ~- ·; . ', : Il i ! : 

{ 1 1 . ) 1 1 1 t ; 
1 

1 ,1 ! 1 1 ; 
'· . 1 ' 1 1 i i 1 1 1 : . 1. 1 

' l 1 1 1 • 1 : • ; • 1' 1· ' . 
i . ' (-· ~--; 1 1 ; ; ; ~ : 1 ! 1 i 

i i 'i 1 ! i; l: 
1 i i: 

: ; ' ~ î .' ~ l ' . 1 i 
1) , ; 1 l i 1 ·.; 1 

, i; '·' 1. ,' ·.! •• ' r ·~ · . 1 ' 1 \ 

' • 
1 

: , · I 1 1 1 . : , : : 1 ·, 
1 1 1 • ; ' '' • : 1 1

. ·,: l: ' i 1· . . 1 i: : 

' ' •• l 1 1 ! . 1 'l 1 
1 

• ' 

' 1!1, ',· . • : '1 1 , 1; ', . ; 1: 11,. '. ! '1 1 g 1 ' ' . 1 . 1 11 'J 1' 1 •. J' . ---·--L .. ~ ·-··.:.:. ""··\ .. i \ ...... ..- .... ·~:. _J • • LJ - · 1 J ...... ... J .. ..:. .. , -- • 1 
0

21<0 - 0 0 320 . GO ·100 . 0l' •: 3J . OU SbO . CO 64J . Qü 
T l nF.: IN OR YS FfW l·i Ji-i t~ 

NOS OF POINTS = 207 

--,-----
8 fl D . OU 

-\·- \ 0 • \ .5 
...! 

r 
.L... 



... 
' 

.,. ;;-,, 

/ 

--·-
.... J .. 

s ':t 

in 

'" $: 
:::-~J 

... 
0 

1 1 1 

~
 

1 1 

·
-
-

-
. 

,1 
-

-· --
-----

---\-1-
•

.. .! 

0 

l.Ll 
0 :::i 
f-

·' 
. 

:~ 
·---t 

_
J 

(} ... 

>= 
1 
i .,. 
1 

-~
 

cr 
i 

' 

1 , 
.. ) 

.. 
/ 

1 -~· 
1 

·-r 


