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Summary : 

As a continuation of the La Malbaie Experiment a shot was set off at the 

Experi.mental Farm at La Pocatière on 30 May 1978. Two further shots w2re 

set off on 31 May and 1 June 1978 in the mine of St. Jerôme. The first of these 

was for the pur~ose of this experiment. The second shot of only 250 kg was 

essentially set off to continue a line of trave l time and amplitude observations. 

Since some of the same sites were occupied for bath these shots, the second 

shot was very useful as a check on the quality of our method and validity of 

errors. 

The six element portable arra.y was still operatt.ing and in addition six temporary 

backpack systems >orere in operation. 

Absolute P travel times were determined and the data were also analyzed by cross

correlation with all the data from previous shots. Bath methods indicate signifi

_cant changes in travel time at some stations. 

All travel time and cross-correlation data will be presented here again for the 

following reason . In anticipation of having a delayless shooter box all shooter 

box delays have been removed so that the travel times are now àbsolute instead of 

r elative . This, of course, does not change the cross-correlation resul~ in the 

previous r eport. 

Experiment s : 

All calibration shots are listed in Table 1. In February 1978, four new holes were 



,' 

- 3 -

drilled on the Experimental Farm in La Pocati~re, one of these was used for shot 

No. 105. The shot point migration with respect to the first hole is of the 

order of 0 to 2 ms and the appropriate corrections have been applied to the 

data. Thus all data is referred to the first hole. 

Shot No. 7 was set off in the mine in . the same place as all previous shots, it 

was of 750 kg and gave very satisfactory results. Shot No . 8 was set off one 

day later, it was only 250 kg and was not well recorded on the south shore 

stations, although still useful for some cross-correlation pu~poses. It 

was essentially set off for purposes other than this experiment. 

Stations : 

The stations that were occupied are shown in Fig . 1. Stations 58 and 18 were 

not oc cupied . The array operated at stations 56, 60 and 64 on the north shore and 

stations 10, 16 and 20 on the south shore for all shots. For shot 7 station 56 

was also recorded on the array. For shots 105 and 7 station 30 on the sou th shore ·· 

was occupied by a backpack. For these two shots stations 52, 56, 62, 74 and 76 

were ·occupied by packpacks on the north shore. For shot 8 the array was recording 

and of the calibration stations, station 60 was also occupied ~y a backpack. 

Impr~vements and Change s: 

A number of improvements were und ertaken with respect to the previous shots. 

a. The digitizing program of the BP systems was changed to star t digitizing 

on a knovm 1 / 60 of a second, so that the error is now zero . The sampling rate \·Jas 
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increased to 120 hz . 

b. The shooter box relay delay was measured in the field by strip char t and 

oscilloscope . 

c. Shots 101-104, 5 and 6 were set off with box No . 1. The de1ay had been 

determined to be about 26 ms by Dr . A.J. Mair in 1975 . This box was sent t o 

Victoria in early 1978 and was thus not availabl e for the 1978 shots. To ascertain 

that the above mentioned delay is correct Mr.M. Bone in Victoria remeasured it 

and found it to be 25 ms. lt had been p l anned to use a new all electronic shooter 

box for the 1978 shots but it did not arrive in time so our box No. 2 had t o 

be used . The delay was measured to be 35 ± 2 ms . Therefore · shots 105, 7 and 

8 were corrected for 35 ms , shots 101-104 , 5 and 6 for 26 ~s . . Shots l to 4 h2d 

been fi red essentially by a battery and their shot instant determin ed by a geophone 

near the shot point . In the previous report the trave l time of these shots had 

been adjusted by 26 ms to make them look like they had been set off by blasting 

box No. 1. In this report that adjustment has been r emoved so that all shots now 

have the r elay delay removed and a ll travel times are absolute travel times . It 

is furth cr auticipated that future shots will be fired by a box with a delay of 

microseconds, so that for our purposes th~ . ·delay will be zero. 

d. At station 60 the seis~omet er site was moved before the 1977 shots . There is 

therefor e no change in the site for the 1977 and 1978 data . For the older data a 

correction of -12 ms was applied for the mine shots , and a correction of +6 ms for 
•• • •. t:l:i!-; 

the La Pocatière sho t s . ·~hese corrections are based on an estimate of the position 
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change. When the site has been surveyed these corrections may have to be modified. 

Travel times: 

Arrival times and corrected travel times for all shots are given in Table 2. 

The line containing information on each shot gives the shot No., the day number, 

the date and origin time. Following this are three spaces for errors concerning 

the shot time , thes e are followed by up to three corrections . concerning 

the shot time. The sign of the corrections is such that they will be applied to 

the arri val ·- time. 

The lin es giving information on the recording stations contain the following data: 

Station number, recording instrument type and arrival time, which is followed 

by thr ee errors c0ncerning the arrival time. This is followed by ep to three 

corrections , finally the travel time and R.M.S. error · i s, given. 

For the earlier shots the error with the origin time is a combined . error, including 

all sources. 

The errors after the arrival time are the reading error of the phase, the recording 

instrument error and the clock correction errer. 

For shots 6 to 8 and 104 and 105 the three errors given after the origin time 

are the shooter clock error, r ecording instrument error (since they are equal for 

all instruments ) and the shooter box relay dela y error . The errors afte r the 

arrival time are the reading error, record i ng clock error and for the BP the 

digitizing error. 



.· 

- 6 -

The corrections following the origirr time are the shooter clock and relay delay 

correction where applicable . The three corrections for arrival time are as 

follows: 

For BP systems the digitizing correction, the clock correction and where applicable 

followed by a site or source migrat ion correction. For array sites the array 

clo ck correction and where applicable site or source migration corrections a r e 

given. The earlier shots were a lso recorded by S-systems, where t he clock 

correction is given , and in a few cas es also a correction for the time signal 

if it was WWVB . 

Graphie displays will be shovm later . 

Cross-correlations : 

The cross-correlation results for the thrce recent shots are given in Ta"ble 

3. Each sta tion was cross- correlated with the record from the preceeding shot. 

The results for all po s sib le cross-correla tions for all shots are given i n Table 

4. The Tables are self exp lanatory . The cross-correlation method had been 

explained in detail in the las t report (78-4 ). 

The change in cross-correlation for each station always referred to the earliest; 

shot are shown in Tables 5 and 6 . The same data will be displayed graphically later 

on. 

The Table 3 serves also to illustrate an important point regarding the 

repeatability of the shots and timing with its errors . 
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In Table 7 are listed stations at which shots 7 and 8 were bath recorded, or 

were two instruments operated for the same shot. At station 60 shot 7 was 

recorded with the array and shot 8 with the array and BP . The difference in 

cross-correlating is essentially zero . This may be an indication that the 

shots are reasonably well timed and that the array and BP have similar instrumenta l 

phas e de l ay. & sta tion 54 shot 8 is 10 ms l a t e with respect to shot 7. This is 

well within the experimental error. Oœ has the choice of either accepting this 

as a reasonable r esult or to search for some explanation. In the l a tter case it 

may be explained by the rather near distanc e of 13.8 km and the difference in shot 

size. 

For sta tion 56 the t wo shots werc recorded by the array and show a diff erence of 

6 ms, the shot 7 was also r ecorded by an array station and a B·P and shcws .s. 

difference of 8 ms. Again this is well within the es timat ed error . 

For stations 64, 10 and 16 that are ei the r at large distance or on the south 

shore , shot No . 8 is l ate by between 9 to 12 ms. This is still within the estimated 

errors but in contras t to the other stations in the Tab l e th e cross-correlat ion 

functions are lowcr, under 0 . 8 . 

Discussion of t he Data : - . 

As an nid in the discussion of the cross- correl ation data a number of Figures 

have been prcpared . In Figure 2 the data for the St. Jerôme mine sho t s are 

shown. For each station the diagram is as fol lows. Th E: thin horizon tal l ine is a 
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base line, indicating no change in cross-correlation. All cross-correlations 

are done with respect to the chronologically earliest shot, which is indicated 

by a dot. A vertical line above the base line indic.ates the arrival was late 

with respect to the origin and a line below means the arrival was early with 

respect to the origin. For example for station 54 the origin is in 1974 and 

for the four following years there are increases in travel time. (A scale of 

-20 ms is given between stations 58 and 60 in the Figure). A time scale of 500 

days is given at the top. 

For stations 54 and 60 the lag increases and reaches a maximum in 1977 . :For 1978 

a decrease from the maximum is observed. These changes are larger than the 

estimated errors and significant. Station 30 has one fewer data point but otherwise 

shows the same increase to 1977 anù dcop in 1978 . For stations 18 and 58 no dat .'.l 

was obtained in 1978 so that only the increase to 1977 can be seen. For station 

74 a max imum is also seen in 1977 and the decrease f rom it to the advance in 1978 

is 20 ms and therefore still above the level of significance; station 56 shows the 

same pattern but below the level of significance. For stations 20 and 10 there 

ii only one data point each, bath show a decrease from 1977 to 1978, b~only for 

station 20 is it larger than the errer. The last station, 64, shows changes that do not 

correspond to the pattern of station 54, but their magnitude is also smaller than 

the estjmated errer . 

In summary seven stations display the same pat tern with changes l arger than the 

estirnated error. Each shows a maximum in 1977 and a decrease in 1978. Stations 56 

and 10 show the same pattern but belmv th e level af significance. Sta tion 6Li. shows 
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no change of significance. 

Figure 3 shows the changes in cross-corre lation from the La Pocatière shots . 

The experiment at this shot point started only in 19 75, on the other hand there 

were 2 shots in 1976. Station 60 shows the same pattern as for the St . Jer8me 

Mine shots : a maximum in 1977 and a decrease in 1978 . The changes are 

significant. The same can be seen at station 54 but the magnitude is only 14 ms . 

Stations 56 and 58 also show significant changes. At station 58 the maximum 

occurs , howeve~ one year earlier than for stations 60 and 54. At station 56 the 

data only start in 1976, but de creases are seen for 1977 ~nd 1978. Of the 

remaining stations only 20 shows a significant change, a decrease , from 1977 to 

1978. 

Figure 4 is shown to demonstrate the similarity of changes at stations 54 and 60 

from the two shot points. In the Figure the solid vertical bars are the changes 

in cross-correlation lag for the St . Jerôme Mine shots, the open bars are those for 

the La Pocatière shots. 

The base lines for the latter have been raised to coincide with the change from 

the mine shots in 1975. Now it is evident that for both stat~ons the changes 

from 1975 to 1978 parallel closely . 

Interpretation : 

The changes in trave l time obtained by cross-corre1ating wave forms are not 

equal at all stations for a shot point. It can theLefore, be concluded that 
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the changes are not source related. Since stations 54 and 60 exhibit signi-

ficant changes of equal magnitude in travel time as seen from the two shot points 

this may be used to argue that the changes are induced near the stations. The 

s tations show the same pattern of change, with a maximum in 1977, but of different 

amplitude. These stations are separated by 35 km with station 58 n early equally 

distanced between them also showing a maximum in 1977 but laç~ing observations in 1976 

and 1978. Station 56, about 9 km WNW from station 58 as seen from La Pocatière 

shows a decrease from at least 1976 on. That is at least one year earlier 

than at stations 54 and 60. 

The temporal variation of the paak in the cross-correlation changes can b e 

explained in at least two ways, either the : ~effects are independent of one another 

or the peak occurred at least in 1976 at station 56 and migrated away towards 

the SW and NE to reach stations 54 and 60 in 1978. More observations will t ell 

us mor e about the temporal variation in travel times. 

The data as presented in Fig. 4 show an anomaly in travel time with a period of at 

least 1500 days. Because of the historical occurrence of earthquakes makes it 

very probable that another large event will eventually occur it is imperative 

that the data of this report be considered critically and that the experiment 

be continued. 



Tables 

1. Shot information 

2. Travel times for all shots 

3 . Cross-correlation data for shots 105, 7 and 8 with one earli er 

shot. 

4. Cross-correlation data for all shots. 

S. A change in cross-correlation for St. Jerôme stots, always with 

resp ect to the first P wave recorded at the station. 

6 . Same as Table 5 for La Pocati~re data. 

7. Rep eatability of shots 7 and 8 from St. Jerôme Mine . 



TABLE 1 

List of Explosions 

La Pocatière Shot hole 

47.3500° N 70.0112° w 

No. Date Hour Charge Size (lb) 

101 7 Oct. 75 (28()) 15:16:00.()1)/') UT 1000 

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

103 16 Dec. 76 (351) 17:26:00.000 UT 2000 

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

105 30 May 78 (150) 21:30:00.000 UT 1000 
St-Jerome Mine 

47 . 531+ 
0 

N ï0.556° w 

1 19 Jun. 74 (170) 12:08:09.305 EST 1000 

2 13 Jul. 74 (19 4) 1 2:11:06.7 52 EST 1000 

3 23 Jul. 74 (20~) 12:26:08.925 EST 5000 

4 24 Sep. 75 ( 26 7) 17:53:00.()36 UT · 5000 

5 15 Dec . 76 (35n) 7.0:25:59.989 UT 500 

6 31 Aug 77 (242) 22 :30:00.000 UT 2000 

7 31 May 78 (151) 21:30:00.000 UT 1500 

8 1 Jun 78 (152) 21: 30: OO. 000 UT 500 





8 s ?..366 12 5 0 -89 0 0 2.262 ,015 
10 S 7.292 97 5 0 -19 7 O 7.265 .on (Table 2 co~t'd) 

--s~DAY tiAJt. o~IGTN TIME ERnORS COR REC T1"7.ff\f5 ALL ffJ-MS~----
6 243 31. · 8,1977 ~O JO O.UOQ 2 5 5 4 -26 0 

~5~r~I ""'"NSTARR:l1ME - t:.:Rt:::UR""S CORRECl IONS iRAVEL Tlf.1E +/- r-ms 
18 BP 8.925 10 2 4 22 -7 0 8.918 ,013 
S8 BP 4,41 J ~--z-· t+ 22 -6 0 4-;4~ ,009 ----------- ·-

74 BP 2.177 6 2 4 22 -3 0 2.174 ,010 
76 BP 4.50~ 8 2 ~22---~6---~o-4.,---,,S~o~2...--.~0~1~2..--------~----

56 BP 2,980 4 2 4 22 -2 0 2.978 ,009 
~o-BP 9.032 1:3 2 4 22 -4 0 9,028 ,017 

52 S 2.18A 3 10 0 -58 0 0 2.108 ,013 
60 A 6.5J5 6 4 0 10 0 0 6.523 ,OlO 
54 A 2.429 4 4 o 10 o o 2.417 .ou9 
64 A 9,699 4 4 0 10 0 0 9.687 ,009 
21 A ll.364 8 4 0 10 0 0 11.352 ,012 
11 A 7.ê94 8 4 0 10 0 0 7.282 ,012 
SHOT OAY DAlE üRIGIN TlME ERRORS CORRECTIONS ALL IN MS 

7 1 ST 31. 5. ICJ78 d 30 o. uoo 2 s 2 · :i -3s-·-~o~-------

ST INST AHR,T!ME ERHORS CORRECTIONS TRAVEL TIME +/- ERRORS 
60 A 6.508 4 2 0 11 0 0 6,489 ,007 
54 A 2.432 4 2 0 11 0 0 2.413 ,007 
64 A 9,706 4 2 0 11 0 0 9.687 .007 
56 A 2.985 4 2 0 11 0 0 2.966 .007 
I 6 A 1. 23 o o 2 o i 1 o --u--r;-rrr---.~a~o~9-----------

1 o A 7,28A 8 2 0 11 0 0 7.269 ,010 
-,4fjp 2.18~ 4 2 0 2 -6 0 2.149 .001 

s2 BP 2.180 4 2 o 2 -9 o ?..143 .001 
56 BP 3.011 4 2 o 2 -9 o 2.'180 .00,----------· 
30 BP 9.047 16 2 0 2 -26 0 R,993 .• 017 

--SHO 1 0 A Y DA 1 E OR I G lt~ Il ME --rtmORS --coR'~f~Œ~C~T~I~O~N~S~A-L-~l~I~N~M~S--·---

8 152 l. 6.1978 ël 30 o.uoo 2. s 2 4 -35 0 
- ST INSl Af-d~. Tlr·:E Ef~ l'<ORS CO~RECTIONS TRAVEL Ti~lt -.,~-~i:~R~R~u~-. R~'S~------

54 A 2,417 4 2 0 34 0 0 2.420 .007 
60 A 6.491 4 2 0 3'• 0 0 -6-.-4~9~4-. --.~0~0~7-----------

60 HP 6,SJA 4 2 0 2 -6 0 6,503 .007 
SHOT DAY DATE ORIGIN TlME ERRORS CORRECTIONS 
101 2 8 0 1.10.1~75 15 16 o.o oo 8 0 0 0 -26 
ST INSî AkR.TlME ERKù RS CORRECTIONS TRAVEL TIME •/-
56 S S.878 44 5 0 -33 O 0 5.819 ,045 
58 A 40638 8 5 5 0 0 0 4-;612 ,013 · 
60 A 6.847 e 5 5 0 6 0 6,827 .013 

ALL IN HS 
0 

ERR ORS 

10 A 3.492 10 5 5 0 0 0- 3.466 • OIS-_____ _ 
30 A 1,254 4 5 5 0 0 0 1.228 ,011 
16 s 2. 863 18 5 0 -126 0 0 2:7~1~1--.~0=2~0-------------

l 8 A 4.158 10 5 5 0 0 0 4,132 ,015 
20 s 8.703 14----S 0 -93 0 0 8.~84 .017 
SHO T DAY OATE ORIGI N TIME ERRORS CORR~CTIONS ALL IN MS 
io2 Jüë 2d .iô.197 6 16 ?6 o.uoo H - o o o -26 0 ·---------

ST INST A ~~. TlME ER ~OR S CORRECTIONS TRAV EL T!ME +/- fRRORS 
- S68P- s.950 --~-5-- 5 --22 -19 o s.92 =-7--.0~2=3=----·---------

58 HP 4.667 e 5 5 22 28 0 4.63S .013 
60 BP 7.044 30 5 5 22 -3 6 7.043 ,032 
74 OP 8.008 B 5 5 22 0 0 8,004 .013 

8 S 6.49R ! 9 7 -S- O 24 -~o--·~o-~6-."~~-o~,6.,----.-1~~~7~------~------

10 S 3.S64 32 5 0 96 0 0 3.634 .033 
16 S ?.65R 27 5 0 45 0 0 ?.,677 .Oi9 
SHOT 04Y nATE ORIGI N TI ME ERRORS CORRECTIONS ALL IN MS 
103 351 lbol2.197b 17 ?6 o.uoo B 0 o 0 -26 0 
ST INST AMH .TIME ~RkORS CO RRECTIONS TRAVEL TIME +/- ERROHS 
52 S o,983 ___ 2"""2--:;--- 0 12 0 0 A,%9 • 0.:'.!4 ----
54 BP 5.87S 8 5 5 22 9 10 0 S.~61 0 013 

---s6H"P s. 8 9? e 5 5 ê2 - 2? o s. 8 66,..--.-.0=--. l-.3c------·----
5 B s 4.55 1 76 5 0 117 -8 0 4,634 ,077 
58 BP 4.600 8 5 --22- -9--0 - 4 . 05 • 013 
60 S h,96q 88 5 0 -JOO - 8 6 6. 84 1 .OU9 



60 BP 6, 833 13 5 5 2? -4 6 6. 83 1 • 013 
76 s 6.695 l /~ ~ 0 -7 0 -8 0 6.591 • 017 (Table 2 cop.t'd) 

8 5~635 
36_ --:r-___ \J 

-59 0 0 6.550 .037 
10 s 3.436 50 5 0 19 0 0 3.429 .os1 
16 BP 2. 61:!3 5 5 22 -4 0 2.675 • 011 
SHOT DAY DATE ORTGIN TI ME ERRORS CORRECTIONS ALL I N MS 

-m 242 '.\u~f9.,,,- 23 30 o.uoo 2 5 5 5 -?.6 0 
ST I NSl Arü<. T P.1E ERküf~S CO RRE Cil ONS TRAVEL TIM E +/- F.RRORS 
62 BP 7.742 8 2 4 22 -6 0 7.T37 .012 
56 BP 50842 8 2 4 22 -1 0 S.842 .012 
76 SP '. 567-----ii 2 4 22 -6 0 6.562 • () 12 
74 8P 8 10 08 8 2 4 22 -6 0 A,003 .012 
58 BP 4.617 8 2 Li 22 -7 0 4. 6 11 .012 ------

18 BP 4.027 6 2 4 22 -4 0 4. 024 .010 
52 s 6.997 20 0 -42 0 0 6 .934 .0~2 
60 A 6.871 8 4 0 3 0 0 6 . 853 .012 
64 A 9,2QA 4 4 0 3 0 0 9.188 .009 
20 A 8.375 l. ?. 4 0 3 0 0 .A. 357 .015 
10 A 3-;-562 ~---z;:--·-0 3 0 0 3. 54,. • 027 
54 A 5.879 10 4 0 3 0 0 s.861 .013 
SHOT DAY DAlE ORIGIN i ME ERR ORS CORRECTIONS Al.L IN MS 
105 150 3Uo 6.197B ëi 30 o.ooo 2 5 2 -, -35 0 
ST lNST MH< . TIMf. ERKORS CORRECTIONS TRA VEL TIHE '> /- ERR ORS 
16 A 2.713 1, 2 0 1 0 2 2 .688 .007 
11 A 3.582 4 2 - 0 l 0 2 3,557 .001 
21 A 8.369 4 2 0 1 0 2 8.344 . 001 
5 4 A 5.911 Li 2 0 1 0 0 5.886 .0 07 -- -
60 A 6.ssc; 6 2 0 1 0 2 6.830 .oo9 
56 BP- s.a1e: 4 2 0 2 ·- 12 0 5 . 84 0 .001 
76 BP 6.592 4 2 0 2 -13 1 6.554 • 007 

--s-TtrP--6. 9 8 0 c 0 2 -n- - 1 6 . 940 . 001 
30 BP 1.253 4 2 0 2 -15 l 1.218 .001 

----·--·----- - --·---

--------------------·--- -----

----------------------·---



Table 3 

__________ Q.RRECI..LClli5___ _c_()B.RE_c.r___ CRQ.55~coRR.._ 

ST YR DAY SHOT START TIME CLOCKS BP TIME A•B COEFro 

748P 77 243 6 2,000 -25 22 -.003 .031 cc c 0936 
_ _._7l=•B~P~__,7~B-15J __ ~7---~2--• QO 0 .. 36 2 1._9_6_6 _____ _ _ 

e6 LAGS DT= .010 •.031= -.021 7 EARLY 

566.P 71 2 ~ 3 --~~----C~~~"-----=-.=---22- 2,714 " 2.716 •24 ,026 
56BP 78 151 7 2.12s ..,39 2 2.688 

.6 . ....._..c_;::_._,,_..__...,--=-=----"-4..._ __ 7..__~E~Aou.iR .L_._ _____________ _ LA.G..S__ O_J_;;__.aJ) 1 Q ... 026= ... 016 

56BP 77 243 6 2.716 •24 22 2.714 ... 011 cc = ·,537 
_ _56A 78 151 7 2.744 .. 19 0 2. 7.?.-5 

.. 1,9 LAGS DT= ... 032 .011= ... 021 7 EARLY 

---56BP 78 1'>1 7 2...725 oJ9 2 2. 6._a_e __ ~ .. ~·1l..3.L ___ cc_;; _..ns.s __ 
56A 78 151 7 20744 •19 0 2.125 

-5 0 4 1 AGS DT: ~.o~ e037~QB._ 7 !AIL_ _ _____ ____ __ 

30BP 77 243 6 s. 766 -26 22 8,762 .041 cr. lrt • as2 
_ __3j)..B.e__7_a____l_Sl__ 7 8,775 .. 56 2 8~22~1 __ _ 

1.1 LAGS DT= ,019 •1041: co022 7 EARL.Y 

-~6~0 B~P~__,71l_ _ 1_5_2 o 6 o 3 5 0 3 7 ? 6 ~ 3 l '5 
60A 77 24 3 6 6 . ~38 -12 D 6.326 

-----~?._..~4 LAG.S_fil_;:___,..D.2JL--t>~•_Q_J...._ __ ,B__E_AB.-LY~--

60BP 78 152 8 6,350 ff37 2 6.315 .037 cc ~ ·• 86'+ 
__6.flA_ __ __J_B_ 1 51 j' -6 . 297 -U~--~0 __ ~6 _ _.._0 ~2~7~8 __ 

4,4 LAGS DT= .037 Qe037= -.ooo 8 LATE 

__ 6..._0~B~P-___.7~A~__.] _5~2 ___ ~B~---6.J.51l __ --!W_7 ~ ..... 15~------• ,.,_O..,_J~~__cc__ç_A6.9-

60 A 78 152 B 6.273 3 0 6.276 
____ ___,(,,,,__, ..... s...___.f__,A,._._.G,_5_.Ql=~---co>-'"O~'~~_c_iq: - • 0 Q-1-_ __a____t,.A_j_.~-------------

60A 
60A 

77 2 43 6 
70 1 5 1 7 
2o0 LA GS DT= 

60338 ~ 12 Ù 60326 1048 CC M .806 
6. 29 1 .. _u __ ___.c,,__ __ 6,""',._.2'-'1W.e..___ _____ __ 

~Ql 6 • .048= ~. 032 7 EA RLY 

-~6~0=A-_.__1_1..______?_iù 6.o.31a ___ .. l.2.________o 6 e 326 .oso cc m • ·1 a~--
60A 78 152 ü 6,273 3 O 6 0 276 

2 2. l l AG S D J':: s 0 17 ... o 0 5 0 = • 0 3_3._____8__~F_4~R~L.~------------t ------~~~~~~~~~~__,,~~~_.._..-

0 

60A 78 15l 7 6.297 Pl9 0 6~278 ~002 cc ~ ,947 
-~6~0A~-~7~B~--15-2 __ _8 __ __{~0 2 7~h~3 ___ ~3~---~0,____~6~,~2~7~6'-------------

o l LA GS DT: ,001 Q,002= ~.001 8 EARLY 

i ___f:,ü__.,_7___2<u 6 ___ _g_. s <J-1 .,. 1z.. o 9_.._sas .013 cc_i:_:., 81fL_ 
3 64A 7B. 13 1 7 9,591 •• 19 0 9 0 572 
----·-..Q.oJ.----L A.llS__l~-~.JJ!l_fi_"!_+i'J_J"'L...!!'_o...0..l-3-- ___l__[ARL 'r'__ __________________ _ 



64~ 71 243 6 ~.597 ~ 1 2 v 9.585 .002 cc .684 
_ _..._6~4A __ J0_ 52 __ ~EL--9u58 Q__ ____ -. __ ____n 9e58.3 

••3 LAGS DT = ~.002 -.002: •,C04 8 EARLY 

_ __,,,6..:x4.a.A __ _.__..,_ _ __._.._,,._ _ _ _,__ --9..&..5.9_1 .. L'L._ 0 9 • .51..~2 ___ •-'-'o,_.0.._.l ...... l __ _r._~....:i._4 5_ 78 ] 51 7 
64A 9.580 3 0 9.583 78 152 8 

-----~~.___.__._..._..'--_.._,_-=--~~ • . Dll.2___.~-1.l~Jl.0_9__ __ 9-_LAJ:E.._ _____ ______ _ ... 2 l ê GS Dfo 

54A 77 243 6 2.131 wl2 0 2$119 .001 
54A __ ~7~8~~l-S~.1--~7---~2~]3l ~19 a 2oll2 

•e6 LAGS DT= ~ .oo s u ,007 = ~~ 012 7 EARLY 

~_A__Ji----2~4~3 __ ~6 ____ 2,_._i_J • -12 o 2. Ll.9-- -= .. ---· o_i-o_ c.c: _ _ro!-.1193 __ 
54A 78 152 8 2.126 3 0 2~129 

-~·-l--e1o 1 t. G S DT r. .. • 0 l 2 Q 0 l 0 =-~O_Q~2--~8~.-E.A.RlL------

54A 78 151 7 2el3l •1 9 0 2ell2 •eOlT CC H 0 922 
_ _ 5-'-'4~A~-~7~8~_15_2 ___ ,8.._ ?__._l2b.___ __ _J, _ __ Q_ -2...._l_29 ___ __ _ 

! --2JL4 

I _ 20A 

•e9 LAGS OTe "0007 ~017= 0010 8 LATE 

77 243 6 l l .2f,__l__ __ -42.__ O l L._2g,~9 __ ___._Q_L1 _ ___c(';_~-.-V.L 
78 151 7 11.256 ~20 0 11.236 

U-L.~A....,G~S~f._.lT~OJl~JtlJ.;;.~_O_j_9_----1--E.AR"'"'I ~Y-------

1 

1---
l lOA !!, _ __,_2~4~3 __ _,_6 _ __ ,66917 ~12 0 6,905 ,005 CC ~ ~îBB 

10 !\ -f-0- ] 51 6e9-.L9- -,.,19 ___ Q____6_. _9.l)_Q _____ __ , ____ _ 

1 .. 1..i LAGS DT = ... on~ ..- ~ 0 05:-: ., , 014 7 EAR!..Y 

1 
)Oh 
lOA 

1-- -
2 4 J 6 r,. 9 ll 1 2 a 6.S.D-.5--~""--..-ll..L 
152 8 60915 3 0 6.91 8 

__LAGS_ JH ... ~-~-0-11 • O l 3 "~ QJL4.,____...,f:!_ E._,ARLI--

78 151 7 60919 Ql9 0 65900 cc 0 ~658 1 lO A 
1 -.lllti 7a l 'l2 __ _ _g_ 6 • 9 l 5 _,__ __ _n__....,6-. . .9.J. A~---------

164 
l6 A 

• l o O LAG S DT ~ ~ e00 8 0018= ,010 8 LATE 

18---l 5J -7+1-66 .. 19 0 7 ..... 14 J 
78 152 8 ï.1 58 3 0 7.1 61 

..... 01-4-

---·a.-3--~·-Q.1;-2_.llil2 ~ 0 l tv-...___.,_Q-l-2-__ ....,9,_ _ _l,__.,A...,T-"'E--- ----

l -----------------~ ___ ____ __ .Table 3 cont' d 

rL 

1~----- -
--- - ----

-----~----------------- ---- -
f 
~ -
j _ _ ______ _ 

----·----------
----------·---- -·-- _______ ., ______ _ ----- ·--------



2 

1 

0 

- ;j 
·-:,.·~ 

--------------- -----~cnRRECllQMS___c_o_RBEC~T~- __ _c_BQSS~ORR_,. 
ST YR DAY SHOT START TI ME CLOCKS BP TIME A~B COE FF , 

t6BP 76 ~5 1 103 2 ~ soo .30 22 2,492 •cOOB cc u ,71 8 
____L6A__1~B~~' 5 O___lll-5.. 2 ._525___--"-.. ~25~ ___ _,,,0 2-.50~0 ___________ _ 

•1l LAGS DT= ~ .00 2 ,008: ,OC6 105 LATE 

__ 7~6~B~P __ Lf. 24 2 l 0 4 -6..a.35_D • 27 2 2 6,345 
76SP 78 150 105 60350 •39 2 6,313 

_____ J.__._4__LA.fi_S__D~ I~=~-·~02-3 • • 0 32 = .. • 0.119 105 f' .uil_Y~---

56BP 77 242 104 s,566 -22 22 5,566 .... 021 cc :;: ·• 7~3 
56Be 1B 150 105 s,62'5 .. ~ o 2 S, 58 7 

.. 1.a LAGS DT ; .. ,0 3 1 • 02l:i: ... 010 105 EARL Y 

_ _ 3..0BP 18 150 10 5 SQ .. 92 2 ] o.lJ Q ~----•_n_Q_J___CC e • 838_ 
30A 

64A 
64A 

75 ?BO 101 1.133 ... 26 0 i.107 
.6 1 A G_s___o_J :: ,QQS ., • OJ}_J::: . 002 ) 0_5__.f." t. RI Y 

77 242 104 91086 c }8 0 910 68 
--1-8~~1-5~0-~1 ~0 5____,__9_.,~~~----~~~2~'>---~0 __ 9~,0_3_6__ 

21 6 LAGS DT = ,021 -,032~ ~ .011 105 EARLY 

,03 2 

_ _ 6,~0~A __ 7.i__2fi:_2_-"'-'1 tUL __ -6 ~s tl a o ---14_6Z/. __ ___._Q_3 9 ___ cc __ :: 
60A 18 150 lù S ~o~)3 •25 0 6, SBS 

_____ _..J.___LA_GS DT :: cJl.02~ 039:: .. e1l.31- -1-05-E.Af?.._t _._Y __ , _________ _ 

----- ---- --------------
54A 77 242 10 4 5e614 •18 0 5e596 .001 cc = 

--5~~-~2~8-~l_S_O __ lJi5 5~622 •27 o s_.59-_s__ 
•l,7 LAGS DT: ·~ 014 • ebo 1~ • G015 105 EARL Y 

-~2~0=A __ 7~ .. ~1 -~2~4~2~~1~0~'*~ B $ 2 84 .., J8 J 1.__ _ __..B'-"0..._?_,,.6"'"'6, ___ ...._ ...... 0._l .,,_3 _ _,_C . .c._ ~ !18~ 
20A 78 150 105 8e278 •25 0 8,253 

-----..!!..e2-_L AfiS DT : ~ ~.Jl.l_3_ç~QllL-L0-5-El!R.._I ~------------

lO A 77 ~42 104 3.245 •18 0 3Q2?7 ... 41 (1 02 
---l~_A____lil____l5_0 __ __JJL5 3 9 2~4 _!!.2.~5 ___ ~0 ___ 3~·~2~29~-----·-----

•) ~3 LA& S or ~ ~.011 ~002- "e 009 105 EARLY 

Tabl e 3 cont ' d 
- - -----

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



. ----1:a b.l..<0-e~t-1 ------------ 1 of_ 9"-------

-----=-AlL.na~-----------------
C O R~ECTIONS CORRECT CROSS-CO RR . 

DAY SHOT ST_~RT l,IH _ _ E_-_ GL00_KS BP TIHE P.-B COEFF. 

7 6 3 5 J 5 2 • U 0 0 -1 9 ___ 2=-2=---2=--"-· -"-0 -"-Q--'-3-----'-" -"-0 -"-O--'-&---'-C-'-C- -·--'-•-'9_L+_6 __ 77 __ 2_ 4_3 ____ 6 ___ 2-.üo ô - 2 5 2 2 1 • 9 97 

---~1. 0 LA G S 0 T = c 0 1.7 - • O-:..;:ù:..::6:....= _ _:•:..;:J,_,1=-=1=----6=---'L=-t--'-\ T'-E=--------------

74BP 
7-+BP 

76 3SC 5 2 .ùOO -19 22 2.003 • 0 37 cc = ~870 
7 d 151 7 2 . 0 00 -36 2 1.966 ---- ------
1 .7 LAGS DT= ~ C 28 -.037= -. G09 7 EARLY 

7i+BP 
74 8P 

77 2 43 &c__ ___ 2_ . 0 ll 0 -2 5 
1a 1s1 1 2 . coo -36 

---~· 6 LAGS DT= . G10 -.031= -.021 

6ùB P ï6 35.:i 
6 D .B_P __ 7_6~~1 52 

-2.4 LAGS 

5 
8 

DT= -. li<+" 

6. 3 00 - 40 
6. 350 -37 

.033= -.007 

6 a 6 P .~7~o-~3 ~5 ~o ___ 5~--- 6 . 3 ù o -1., ~ 
6üA 74 ?G4 3 15. 221 - ag3 7 
____ -~1_. _5_L.AGS DT= ··.025 . 002:= -. 023 

------------
6ü8P 76 350 5 6. 3 i)Q -40 
fJ Qji. __ u.__ 2 6] ___ 4 __ 6 . 338 -1+8 

- .6 LAGS DT = -. ~ 1 J . 008 = -.0 02 

----·--------
608P 7 6 3 5J 5 6.300 - 4 0 
6JA 77 243 6 6 .338 -1 2 

-~.1 L/\.G~_ O__J= - . 018 .044= . 026 

608P 76 350 5 6 .300 -40 
~O!_ __ _J_i<,___1_~1____ 7 o. 2 97 -19 

-.1 LAG S OT= -. G02 -.OO•= -. 006 

22 -.003 • 0 31 - ------
2 1. 966 

7 EARLY 

22 6.282 
___ ? 6.315 

8 EA RL Y 

22 6.2a2 · 
0 6.281+ 

5 LA TE 

22 6 .282 
0 &.290 

- • (! 33 

-.002 

-.OO d 

GC •• • 93E 

cc= .595 ' 

cc = • 831 

cc = . 84! 

---- --------------
5 LATE 

2 2 6.282 -.o ~~ cc = . 836 0 6. -32_6 ____ ---------

6 LATE 

22 E>.282 • ü ()4 cc - .81+5 
o 6. 21a 

7 EARL'f 

2__ù_8_P_~7~6~~3~5~0 ? 6 .300 -40 -~2~2 ___ ~6~·~2~8~2 ___ . QC 6 cc = ·~~----
ô J A 7d 152 8 é.27 3 3 0 6.276 

___ --~1_l /..GS DT= ·• • 0 0 2~_0 o = - • J 0 8 8 E~~U ________ _ 

b .3 ~0 -37 2 6.315 • 0 31 cc = 0727 
bo 221 -3937 (l ô. 2 84 

1

,, 6G aP--- ia---isz 
· ~ù_}I_·--~-·-~ c .. 

8 
3 

DT= ·--- ------·---
. G15 - . 03 1= - .016 s LA TE 

1
1 1 . 8 LAGS 

1:i6ûBP 78 __ 15 2.~--3~--~f. .35_0 -37 --~?.- & ~ 315 l é~A 7 5 267 4 6.S 38 - 48 0 6.290 
3 • 7 L. AG S D T = • 0 31 - • 0 2? = e1J 0 6 ___ 8 __ E_A_R-'--L'--Y _ _____ _ 

• 0 25 CG = . 769 

ôuBP 78 1s2 e 6 .350 -~7 2 6.315 -.011 cc = .878 
6 0_4 ___ J_]_ _ __?_:+ 3 --- _ y ___ __2J 3 B _::_1 L 

2.4 LAGS DT= . ~2u . ij ll= . JJ1 
--c--0"---~~6~·-~3~2~6 ____ ----- -----

8 EARL Y 

1.__ - ---~- - --~ -~--- ..,. 



60BP 78 152 8 6 .35 0 -37 2 6.315 
6 ùA 78 151 I 6.297 -19 0 6.278 
---~4_L AG s DT =- -'"'-'El'-'3"--'7_ -_ •o_,0'-'3"--''i'_=_ -_.::..;a::...o=--o=------=-8-=L A î E -------

&ùBP 78 152 o 6 .350 -37 2 é. 315 .039 cc :: .. 869 
~6~0 _A ___ 7~8-~1~5=2 __ ~8 ____ 6~.273 3 0 6.276 

4.5 LAG S ùî= .ù38 -.039= -.il01 8 LATE 

60 A 
6 j A 

74 20~'+ ____ 3 ___ ~1~?~· ~2~2~1 ___ - §93_7 ___ ~0-~·-6_.~2_8_4 ___ -_.~0~0_6_ 

6QA 
60 A 

60 A 
61.l A 

75 26 7 4 6 .338 -48 0 6.290 
i.8 LAGS DT= . 01 5 .OO&= .021 4 LATE 

74 2G4 3 15 .221 -8937 0 f;,. 2 84 
77 2~3 ___ 6 ___ 6 . 338 -12 a &.326 

.6 LAGS DT= . 00 7 .042= .0 49 6 LATE 

~7~t+-~2~G-'4 ___ ~3'---_~1=5-'.~2=2~1 -8937 0 6.284 
70 151 7 6.297 -19 0 6.278 

----"-2_. _5_~L~A_G~S __ -=-O_T_= __ .~0~2'-"-1 -.006= .0 1 5 7 LAT E 

GOA 
6ûA 

7 '+ 204 3 
7 8 152 8 
2.7 L.AGS DT= 

15 .221 - 8937 
6 . 27 3 3 

. û22 -.008= . J 14 

cc = .655 

"0 0 6: cc = .752 

.oos cc = .721 

6 0A 75 ~2 -=-é_7 __ __o4 ___ ~6~·-'3~3-'B ____ -_4~8'---·---0=----6~~·2=--'-90=------'-~~0 ~3~6 __ ~C~C_=--'-·~7~0_4 __ _ 
6 JA 17 24J 6 6 .J3 8 -12 0 6.326 
___ . __:_0_L__Af~_D_T_=_-_• 0_0_3 __ ._0_3_6_= __ ._0 2 8 6 LA î E 

&DA 75 26 7 4 o .338 -48 0 6.290 .012 cc = .768 
6j/_A __ J__L_j.~ __ 7 ___ 6 . • 297 -19 

. 8 LAGS Di= . OG ? - -.012= ~.J05 
0 6.278 

7 EA RLY 

où A 15 26 7 '+ 6 .3 38 -48 0 6.290 cc = .730 --- ----- --------
&,J A 78 152 d 6.273 3 0 6.276 
_ _______ • L_~ S DT=: • 0 0 7 - • 01 1+ =_ -_._O_<l_7 ____ 8 __ E_A_R_L_Y _ _ _ . ___________ _ 

&O A 
6u A 

77 2 43 6 
78 151 7 

é .33U -12 C &.326 cc= .806 
6 .297 -19 0 6.278 ------ ------ ---------2 . l. LAGS DT = • O l 6 -.048= -.032 7 EARLY 

' 60A __ 77 _ _ 2 <+3 6 6~3 38 -12~--~o~_~oc~·~3~2~5~---·~0~5~0~_.c~c~-=~· ~l~8~6. 
, 60A 78 1.52 d a . 273 3 o &.27& 
2 ____ ~1 L AGS DT= .ù17 -.050= -.0 3 3 8 EARLY 
1 

0 

' é~A 78 L51 1 6.297 - 19 
l f>OA _ __ 7 !S ___ 152 8 6 .273 3 

. 1 L.AGS- DT= - . Jui ~.aa~:-:-001 

' 5oBP __ 7_6 35C ___ ?_ __ ~~!!°_1 6 1988 
5&8P 77 2~3 6 2 .716 - 2~ 

1_0_~A.Yl_ __ O T =:_ _ _!_Q_2..'.!.-=.!_Q_12 = • v 12 

ô EARLY 

22 2.726 
2 2 é'.. 7 14 

& LATE 

Table li 

.002 cc = • 94 7 

.012 cc = • 7'6'7 

2 of 9 



5o8P 76 3 50 5 52.7H> 9988 22 2.726 .038 cc;:.: .763 
558P 78 151 7 2.725 -39 2 2.688 

2.3 L. AGS DT= .038 -.038= -.aoo 7 EARL Y 

568P 76 3 50 5 52.716 9988 22 2.726 .001 cc .. • 532 
56A 7ô 151 7 2 .741+ -19 0 2.725 

- • 4 AGS DT= -.007 -.001= -.008 7 EARL Y 

568P 77 243 6 2.716 -24 22 2. 714 • 0 26 cc::: .853 
56BP 78 i 51_ 7 2.725 -39 2 2.688 

• 0 L AGS DT= • û l.O -.026= -.016 7 EARL Y 

S&BP 77 2 '+3 9 2.716 - 2 '+ 22 2.714 - • 011 cc =-• 537 
56A 76 151 7 2 .7 44 -19 0 2.725 

-1.g L AGS DT= -.032 .011= - • il 21 7 .EARLY 

56BP 78 151 7 2 .725 -39 2 2.686 -.037 CG= .&1+8 
56A 78 1 Si 7 2.744 -19 0 2.725 

-5. '+ L AGS DT= - • 0 -t3 .037= -.008 7 LATE 

54BP 76 3 50 5 2.116 -3l) 22 2.1oe • 0 27 cc = • 851 
54A 7 t+ 204 3 ii.OJ6 ~8925 0 2.081 

• 8 LAG S OT= • 013 - • 0 27 = -.0 14 5 LA TE 

5it8P 7b 3 Sil 5 2 .110 -30 22 2.108 • Dili cc = .823 
5.+ A ___ 75 2 67 '+ 2.143 -36 · 0 2.101 

-.2 LA.GS DT:: - , tJ fj 3 -.001= -. Oûi+ 5 LArE 

54BP 76 3 50 5 2 .116 -30 22 2.1 0 8 - • 011 cc -· .923 
54A 77 2 43 6 2 .131 -12 0 2.119 

.3 L AGS DT= .o a5 • Oil= .016 6 LATE 

5!+BP 76 3 50 5 2 .11& -30 22 2.108 -.004 cc = • 930 
54A 7d 151 7 2 .131 -19 0 2 .112 

- • t:. L AG S DT= -.1.1 01 . t:iOl+= • 0 0 3 7 LATE 

2_-t_BP l'o 350_ - 5 2 .116 -3 () 22 2.108 -.021 cc ·- .920 
54A 78 152 8 2.126 3 a 2.129 

- • 4- LAGS DT= -.C07 .021= • 011. 8 LATE 

5 '+A 74 z 04 3 11 • .)() 6 ··8 '32:> 0 2. 0 81 - • 0 26 cc = .90C 
54A 7 2_ ___ 2_6 7 _____ 4 2 .1'+3 -3b 0 2.107 

V -2. G L AGS DT= - • cl. 7 .020= • 0 0 g 4 LATE 
12 

11 -
10 :.i!+ A 74 20 '· --- 3 11.0G_o _ -8925 0 2. 0 81 -.038 cc = .878 
9 ?t+ A 77 2 43 é 2.131 -12 0 2 .119 
8 -1~5 _ _bjl~S DT= - .ili3 .038= • ù 25 6 LATE 
7 

6 

5 5t+ A , .. 2 0 '+ 3 11. 0 0 6 -8925 0 2. {) 81 - • 0 31 cc = .869 
4 5i+ A 78 __ 1.5 1 7 2 .131. -19 0 2. 112 
3 -2. c L"AGS DT:: -.C:17 .ù31= • 0 1 lt 7 L/\TE 

Table 4 3 of 9 
s .. A 7 '+ 2 ù.; 3 11.00& -8 9_25 0 2. 0 61 ~.048 cc = .816 



• 54A 78 152 B 2.126 3 0 2.12g 
____ - _2_. _7 __ L_A_G_S __ D_T_=_ -_._G_2_2 __ ._0_4_8_= __ ._0_2_6 ___ 8 __ L_A_·_r E __ ---- ±'-a·ble 4 4 0-~---

54A 
5Lt A 

75 26/ 4 2 . 1~3 -36 0 2.107 
77 243 & ?. .131 -12 0 2.119 

-.012 cc = • 885 

.6 LAGS DT= .O û5 .- 0- 1_2_=--.-Q- 1_ 7 ___ & __ L_A_T~E--------------~ 

Si+ A 
5 '+A 

--~~QL_ _4~---2=--"'-i. 4 3 - 3 6 0 2.10~7 ___ -~·~0~0~5-~C~C-=~· ~8_3_2"----
78 151 7 2.131 -19 0 2.112 

.G LAGS DT= .OQQ .005= .005 7 LATE 

54A 75 267 '+ 2.143 -36 0 2.107 -.022 cc = .783 
S~4~A::___~7~c~'.-~1~.5~2=----8~---=2.!..1_2_6 _____ 3 ____ 0~_-2_.1_2_9 _____________ . 

-.8 LAGS DT= -.O ù6 .022= .01 6 8 LAT E 

5 '-'+~A ___ 7_7 __ 2_Lt_3 ___ 6 2.131 -12 
' S4A 78 151 7 2.131 -19 

-.6 LAGS DT= -.COS -.007= -.012 

5~A 77 243 6 2 .131 -12 
51tA 78 152 8 2 .126 3 
~~---~1-. -1+-=~~A~G~s-~D=T~=---.~o-1~2~.ù1ù= -.002 

0 2.119 
0 2 .112 

7 EARLY 

8 

.007 cc = .931+ 

5 '+A 
54/\ 

7 8 151 7 2 • 131 -1 CJ · 0 _2_._1_1_2 ___ -_•. 0 17 __ C_C_ =_._9_2_2 __ _ 
78 152 8 z.126 J o 2.129 
-.9 LAGS DT= -.007 .01 7_= __ ._0-'1~0 _ ___ 8_-'L-'A_T_E_-___ ~----~-----

58BP 77 2 4 3 & ~.116 -28 
5_8_A ___ 74 204 3 1.3. 0 14 -8925 

-.6 LAGS DT= -.C1 0 -.021: -.031 

22 4.110 
0 lt.069 

6 L1HE 

• 021 cc.;: .7 47 

5 s !!f.___7_7 __ 2 '+ 3 --~6 _ ___ .. ~·~1=1~6 _ ___ ---=2~s __ ---=2o-=2::__ __ 1+'-'.'--'1.""1=--o::__ __ --'•=--o=--2=--'o"--=-cc=----- --=--· .:.__7_;_4-=.9 __ 
58A 75 267 4 4. 1 66 -36 0 4.130 

58A 
58A 

-1 . 6 ~ AGS DT= -.027 .020= -.007 6 LATE 

l i.+ 2 Ol+ 3 13.ù14 -892;) 
.,_ ~ ___ 267 4 ... J,J~6 -36 

- 2 .!. LAGS DT= - . 018 .041= • ù 2 3 4 LATE 

-.041 cc = .897 

3ù 8P 
3u SP 

77_ 2_ '! ~ _ _ 6__ 8 . 7 6 6 - 2-~---~2~2~--~8~·~7~6~2=-----~·~0~4~1=--_C=-C=--"'-=-• 8=--5"-2=----

30 BP 
.3 J l\ 

78 151 7 8.775 -56 2 8.721 
1. 1 _ L_Af;__$_ .Q T :; _ __JJ,_'L_:: .j) Ltl = - • 0 2 2 __ 7_EAR~L~Y ________ _ 

77 
75 
-.b 

21+3 6 8.766 -2 6 
2~_ 4. ô. 8 01 -3& 
LAGS DT= -. ~ 10 .ùù 3= ·.007 

22 8.762 -.003 
__ o~· _ a. 755 

6 LllîE 

cc :: .942 

3 ~Bf__J7 243 6 8 .76 6 -2p 22 6.762 .016 CC - 920 
3 J A 7 4 2 0 4 3 17. 6 71 ~ B 2 5-. ---0---8-.-7-l+--6----~-'----" - •-----· 

- ----·--':! - L __ ÀG __ Q T = - ·--9..JL .::. ._ù_J. ci'_.=_·_-_. ù_2_ ..,_., ____ 6_~L_A_T_E _ _________ _ 

33 BP 76 
1 3111\ 15 
.. -----·-

i 51 7 

~z ~Z-- ~ -~--
e . 715 
:i. 30 t 

-56 
-36 

2 
0 

8.721 
13. 765 

- .. !)4~ cc = .8 39 



- t..;,1 .... -·· -· .-.. 
-3.6 .AGS ::JT = - • c J..., • (; <,- ! ~= • 0 .l. '+ l EARL Y 

Table 4 'i of 9 ------
30 BP 78 l 51 7 13. ?75 -56 2 8. 7 21 -.ù25 cc = • 81+3 
3ùA ___ 7 '• 2 li4 3 jl.671 -8925 0 8.746 

-· 3. 1 L AGS OT= -.026 • 0 25 = -.001 7 LATE 

30 A 75 2 57· t+ 8.80 1 -36 0 s. 7 65 .019 cc :: .931 
~O_A _. 7f.t 2 0 l1 3 17.671 -8925 0 8.746 ... L AGS OT= .O J I+ - .013= ~.015 4 LATE 

J.dBP 77 2 :+3 0 B.71 6 -29 22 8.709 .G03 cc = .81+4 
1ù 75 2 6 7 I+ 1l 0 7 42 -36 0 6.706 

-.2 LAGS 0 T = - • tj 0 3 -.G0 3= -. 006 6 LATE 

id BP 77 243 & 6 .716 -29 22 8.7 09 .oo~ cc = .856 
18 A 7 '+ 2 04 3 1/'.625 -8'325 0 8 .700 

' . - ..L • ..L L AGS DT= -.018 -.003= - • 0 27 6 LATE 

18A 75 2 &7 4 8. 71., 2 -36 0 8.7 06 .006 cc = .892 
18A 7 1+ 204 3 17. 62 5 -8925 0 8.700 

-1.8 L~OT= -.01~- -.OO&= -.021 4 LATE 

10 A 77 267 4 7.104 -36 !l 7. 0 68 .163 cc :: • 410 
1U A 77 2 '+3 6 6. 917 - 12 0 &.905 

'+. 8 L AGS DT= • DI+ ii -.163=- -.123 6 EARL'f 

1 o fL __ z ?____ ?. f, 1 '+ . ___ }.1ù4 - 36 G 7. 0 68 • 0 80 cc = • 948 
lù A 7 '+ 2G4 3 15.913 -8925 0 6.98 8 

7.1 t. AGS DT= • ù r; g - • 0 8iJ:: -.021 4 LATE 

--·---------
10A 7S 2 67 '+ 7. HI+ -36 0 7.068 .166 cc :: .392 
lOA 76 15_1 7 6 . 919 -t9 O· é.900 

.:..7 LAGS DT ::: • 0 3 ü -. 168= -.138 7 EARL'f 
--------------· 
10 A _ _JL.___~67 lt 7.101+ -3& 0 7 .068 .150 cc :: .-2 6 8 
1 .., A 78 l 52 8 6.915 3 0 6.918 

__ 3_._1_j.~G S _ _Q T= , o 2 6_ ':_!>_1 sa = -.121+ 8 EARL Y 

-
lllA 77 2 43 6 6.91 7 -12 0 0. 905 - e 0 83 cc :: .421 
1 0 A - --- 7'± __ 204 ___ J __ 15.913 -8925 0 6. 988 

-il . 2 L. AGS DT= - • 0 93 • () 83 = -.ùH 6 LATE 

J-.ù A 77 ~!: 3 6 o .917 ~12 0 5.905 • !l 0 5 cc :: .788 
1 lli A 78 151 7 S.919 -19 0 6.900 
) -1.1_t.~GS _ or:::. -.Jl Q.9_ .:-.ii!;ij::: - • J1_4 _ __ _] __ EARL Y l . 

1 j' l:.JA - ll 21+3 6 • '31. 7 -12 0 6. 905 -o 013 cc :: .6 79 
1 O_A ___ ~_l_?2 G 6 . 915 3 0 0 .918 

f 1 -2.l LAGS DT= - .u l7 • 013 = - • ù ù 't 8 EARL Y 
------------·-3 . 

j lùA. __ J~_. _jù <+ ___ 3 E.91::1 -8925 0 ~. 0 j,2 • 0 88 cc :: .385 
1 JA 7U 151 7 6 .919 -l9 0 6.900 

------

1 - t !. a : l ~GS DT= • 0 j 2 ~.065:::. .Gù_: __ 7 LA TE _..,.. __ _, ____ 
- _._......_,... ..... ~ --...,,...-~-..-..~".?"'" .... __, . 



r 
2 

-
0 

lüA 71.+ 204 
~ tJ A 78 1. 52 

9.9 L. AGS 

10 A 78 151 
HlA 78 152 

-1. {J L AGS 

6i+A 77 2 43 
6i+A 78 1 51 

- • ..l. L AGS 

6'+ A 77 243 
6i+A 78 l 52 

-.3 L AGS 

6t+A 78 151 
6t+A 78 152 

-.2 L AGS 

20 A 77 243 
2J A 78 151 

-. 6 LAGS 

oA 78 l S1 
E. Â 7 8 i 52 

-.3 LAG~ 

------

3 15.913 -8925 
__ 8 ____ ~_ 915 3 
DT= .082 -.on= .ù12 

7 6.'319 -19 
8 6. 915 3 

DT= -.ù 0 6 .018= .010 

6 9.597 -:12 
7 '3.591 -19 

DT= - • 0 i) 0 -.013= - • 013 

6 9.597 -12 
8 S.580 3 

DT= - • oc 2 -.002= - • 0 0 4 

7 'J. :>'31 -19 
8 9 .5 8 0 3 

Dï= - • û J2 • 011= .J09 

6 11.261 -12 
7 11.256 -20 

DT= -. OJ 6 -.01~__::__: . (l i9 

7 7.1 6 0 -J9 
8 _L_) .58 3 

DT= -. 0) 2 • 0 1 •>= .012 

Table 4 6 of · 9 

0 - • 012 .070 cc = .254 
0 &.918 

8 LATE 

() &.900 -.018 cc = .&58 
0 0. 918 

8 LATE 

0 9. 5 85 • 013 cc = .876 
0 9.572 

7 EARL Y 

c 9. 5 85 .002 cc = e68ft 
0 9.583 

B EARL Y 

0 9.572 - e011 cc = .74'3 
0 9.583 

8 LATE 

0 11. 249 e013 cc = ~732 
0 11. 2 36 

7 EARL Y 

fJ 7.14/ -.01~ cc = • 7 80 
D 7 .161 

8 LATE 





58 BP ?6 3 02 102 ... ; 350 -S t; 22 4.318 .oos cc = .546 
58 BP 77 2 42 1G l+ i.;. , ,316 -28 22 4.310 

-.2 L AGS DT= -.0 0 3 -. 008 = ~ .o 11 104 EARL Y 

Table 4 8 of 9 

588P 76 302 1 02 '..350 - 5't 22 4.318 - • 013 cc :: .707 
58A 75 2 BJ 1C 1 4.357 -26 0 lt.331 

-2.1 L AGS DT= - • 0 3'+ .013= -.021 10 2 LATE 

58BP 76 3 51 10 3 '+ . 316 -17 22 4.321 • 011 cc = .672 
588P 77 2 42 10 l+ ... 316 -28 22 4.310 

• 6 LAGS DT= • 013 -.011= • 0 0 2 104 LATE 

538P 76 351 1G 3 4 .316 -17 22 Lt.321 -.010 cc = .TBf> 
58 A 75 2 8) 1 01 4.J5 7 -26 o. 4.331 

-1.1 _ AGS DT= -.018 • (j 1ll = -.008 10 3 LATE 

538P 77 2 42 10 4 4.316 -28 22 4. 310 - • 0 21 cc = .58i 
58A 75 2 80 101 .. . 357 -26 0 i+.331 

-1.9 LAGS DT= - • a Ji .021= - • 010 10 4 LAl"E 

-·-----
5&8? 76 302 102 5.616 -45 22 5.593 .003 cc .. ,583 
56BP 76 3 51 103 5.616 -48 22 5. 5 90 

. o L AGS DT= .ooo - .003= -.003 10 3 EARL Y 

56BP 76 302 1G2 5.616 - 4-5 22 5. 5 93 • 0 27 cc = .622 
56BP 77 242 L1 <v 5. 566 -22 22 5.566 

- .... L AGS OT= -.002 - .D27= -.J2 S 1:l4 EA RL.Y 

55BP ?b 3ù2 102 5.615 -45 22 5.593 .006 cc = .812 
55 BP 7 8 150 1 C5 5 . 625 - 40 2 5. 5 87 

-2.c L AGS DT= -.033 -.006= - .039 10 5 EA RL Y 

---

568 P 7 b 3 51 103 5.616 -48 22 5. 5 90 .024 cc - • 80 8 
56BP 77 2 42 1 0 4. 5. 566 -22 22 5.566 

-.2 L AGS __ OT ::: - .G '+ -. 02+= -.028 104 Ef\RLY 

5o8P 7b 351 t03 5 .516 -48 22 s.59D .003 cc = .682 
5oBP ?a 15J ~ C5 5.625 - 40 2 5.587 

-2. i: LAGS DT= - • 0 33 -.003= - • J36 10 5 EARL Y 

~ ~68 E_ __ 71 __ 242 1 0 '+ s . _566 -Z2 22 !'.i.566 -.0,1 QC = .743 
r 55 BP 7 8 1 50 l05 5.625 -40 2 5.587 
2 - 1 • !1__h_~G_S DT= - • ù 31 • ü 21 = -.ùiii 10 5 EA RL Y 
1 -
0 -------
3 :;; '(>El p 76 3 51 1 0 3 ?.616 -36 22 5.6C2 • 016 cc = .619 
3 2 i_+(L_ 7_Cj _ 2 8ù __ 1 c l.__ __ _2_._J>_12 -26 0 5.586 
1 ... i.. AG S DT= . 006 -.015= -.()10 !. 0 3 LATE 

1 548E____ I_q ___ 3__5.1 _ _1G3 5.bl6 -36 22 5.602 .006 cc = .Hi 
l 5 't A 77 21+2 lG !+ 5 .611+ -18 0 5.596 

•-Q~G-~_Q__T_=_ . GJ 9 -.D C&= • 0 0 3 104 LA TE 

r 
l 

I · 
1 
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~ 
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i 
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54BP 75 35 1 10 3 5.616 -36 22 S.602 .Oû7 CG = .669 
5t+A 78 15.J 1 .. :-

.-.1; j 5 .622 - 2.7 0 5.595 
-... L AGS DT= -.00 6 -.ù07= - . o 13 105 EA RL Y 

Table 4 9 of 9 

5 t+A 75 2 80 1û1 5.612 -26 0 5.58& -.010 cc -· .586 
5ltA 77 2 '+2 1. 0 4 5 .611+ -18 0 S.5% 

• 3 L AG S 0 T= .0 02 • (i 1() = .1)12 104 LATE 

5t+A 75 2 8i) 101 5. 6l2 -26 0 5.586 -.009 cc = .1+51 
5itA 78 i 5;:, 1G5 5.622 -27 0 s. 5 95 

-1. '+ L AGS DT= - • 011 .o og= - • G 0 2 105 EA RL Y 

5t+A 77 2 '+2 10 4 5. 614 -18 0 5.596 .001 cc = • 777 
51+A 78 15ù :1U 5 S.62 2 - 27 0 5.595 

-1.7 L AGS DT= -.014 - .01) 1= -. 015 10 5 ·EA RL Y 

l&BP 76 3 51 103 2.500 -30 22 2.492 -.uoa cc = • 718 
16A 78 1. S..i 1~ 5 2. 32 5 -25 0 2.500 

- ' . ~ LAGS DT= -. 002 .008= .0 06 105 LATE 

76BP 77 2 '+2 l ü t+ 6 .3 50 -27 22 &.345 .032 cc = • 924 
7oB P 78 150 105 6.350 -39 2 é.313 

l. '+ LAG S ùT= . 02 3 -.Q 32= -. 009 10 5 EA RLY 

18 BP 77 242 1 0 'f 3.816 -25 22 3.813 -.021 cc = .826 
18A 75 2 80 H1 .3. 8 60 -26 0 3.831+ 

-1. 4 L AGS DT= -.G23 .021 = -.002 10 l i LAT E 

30 BP 78 15 0 1 05 1 . 150 -42 2 1.110 .003 cc = .838 
30 A 75 2 8i) .1û1 t.133 -26 0 1 .1 07 

.6 LA GS DT= .0 05 -.003= .002 10 5 EARL Y ------ --------

1ûA 7c;, 2 80 1U 1 3.326 -26 0 j.300 • 0 73 cc = .1+20 
1 0 A 77 21.2 10 4 3.2'+ 5 -18 0 3.227 

2G.~ L AG S DT= .. 166 -.073= • 0 93 10 4 LAT E 

l,.0_8_ ___ 7..2_ ___ ~ 8(1 101 3.326 -26 tl 3.300 • 071 cc .. .t+21 
lOA 7 8 15ù 105 3.251+ -25 0 3.229 

1 B. 9 l. AGS DT= .1S8 -.0 71= • ù 8 7 iO 5 LATE 

10 A 77 2 '+2 10~ S.245 -18 Cl 3.227 -0002 cc = • 81+6 
j LLA__ 7 8 __ l..5_{J __ l._J 5 s. 2 s_i. -22_ 0 3. 229 
.., -1 . 3 L AG S DT= - • 0 11 .U02= -.oog 1 05 EA RL Y 
12 

11 --
l ô&~A ___ 7_7 __ 2..!±.2 __ 1G 1+ g. ;; 86 -1_8 0 9.068 • 0 3 2 cc = • 7S6 
9 f>'f A 78 15 0 1G5 9 . 061 -25 0 9 .036 
8 _____ 2_!__6_ L_i;_§..s_ Di=_. a 21 . -.032= -. ù1i 10 5 EA~LY 
7 

6 

5 20 A 77 242 1ù4 o .2 a1+ -18 û B.266 • 013 cc :: .886 
4 2u A 78 1~ :)__1L:5 b.278 _,_:._25 0 8.253 
3 -.2 L AGS D î::: - ., 0 Q1 -.013= -.fl1'+ 1ll 5 EA RL Y 
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Stn. Shot Ins t. ms --

54 7 A 
8 A 10 l a t e 

56 7 BP la te 
7 A 8 

56 7 A la te 
8 A 6 

60 8 BP 
7 A 0 

60 8 BP l a te 
8 A 1 

60 7 A la te 
8 A 1 

64 7 A 
8 A 9 la te 

10 7 A 
8 A 10 la t e 

16 7 A 
8 A 12 l a t e 



List of Figures 

1 . Station distribution for calibration shot experiment. Stations 

58 and 18 were not occup ied in 1978. "A" ar e array stations, 

others Backpack stations . Stars are the shot points. 

2 . Changes in travel times at the St . Jerôme Mine as determined 

from cross-corre lating 1 second of P wave forms. Horizontal 

scale is Years (1974-1978) 500 àay scale is given at top. Heavy 

circle on left on base line indicates star.t of data at each station. 

Vertical bars indicate change in travel time with resp ec t to start . 

Above base line corresponds to increase in travel time, below base line 

means decrease of trave l timc . 

3. Data for La Pocatière shots similar to Fig. 2. 

4 . Changes in travel time at stations 54 and 60. The solid bars are the 

data from the St. Jerôme Mine from Figure 2, the light bars a re the 

data from La Pocatiere, Figure 3. Since the experiment at La Pocati~re 

started one year later they have. been off set so that cri.g in coincides 

with change to 1975 from St. J erôme . 
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' ..,. 
diht:incy ;igainst thr on:ralliprcsrnrc 

• (tS). '1·1ie chani;c in sha1)c is · prcsum

:ibly duc to ·shcJr stresses as,sociar.:d 
with a rcgion:1I tcct o11ic stra in. 1f the 
por<'\ or ·~racks contain fluid the e!Tccl 

' dilat:1ncy un a satur:it cd rock is to 
c:itly retluce the fluid porr pressure, 

and if the di!Jtancy is fargc cnough a 
sl:ilc is rcachcd when the porc or crack 
volume cxcecds the fluid volume, which 
is defined herc as undcrsaturation. Fluid 
fiow cvcntually returns the rock to its 
saturatcd stnte. Dut whilc the fluid pore 
pressure is below its normal Icvel the 
fracture ~trcngth of the rock is sig 
nificantly increased, an effect termed 
dilatancy hardening (6, 7). The reduc
ti on in pore pressure can occur rapidly, 
whcrcas the return to a saturated con
dition occurs slowly since it is con
trolled by fluid flow processes in a 
permeable medium. If the velocity 
anomaly depended on the maintenance 
of 11ew dry crac ·5 in a saturated me
dium, as Nur (8) suggests, it would be 
diflicult to get a variable anomaly time 
because the average distance from a 
dry crack :o a wet one would generally 
rem a in constant. 

The change in P-wave velocity takes 
place when a crack or void in the rock 
opens eno ugh so that a small amount of 
·nro r is prcscni. Tb ;s grca ~Iy ;cdu::cs 

the bulk modulus, causing a large drop 
in the velocity of P wa ves but Jitt!e 
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Magni tude 

\;jg. 3. The a nomalous vc loc it y prccursor 
iimc intc rv::i l as a tunc tion of carllJC]U aJ... e 
m.1 t::n it udc for the 19"/I S.1 n Fern ando 
car 1hq u:1 kf. (s']uar:: ) a11d pre viou s ù.1t::i 
from Se menov (2 ) (t ri a ngles) and Agga r
wal t'f al. ( 4 ) ( cin: lcs ). 

- · --· ... -.....-- ... _ .. _ __ ....,._ ·:a--·--·· ~ ---· - ... _ ... 

chai~i,:c in tlut cf S wavcs. L:iborato ry 
Jctermin:itions of V 1• a nd V x in \l'l:t 

and dry crystallinc rocks of low po
ro~ ity untkr a rant!c of confini11g pres
sures hnvc bccn publi~h .: d by Nu; and 
Sim111ons (Y). J\ltho·ugh thcsc arc not 
truc mcasurcn1 ,~11ls of th e effcct of dila
tan · y on sa turatcJ rocks (Jry cr;:icks 

arc not nccc!>sa ry for the e fîcct), they 
g ive a good approximation to the vc
locity ch;:ingcs cxpected. The rcsults of 
Nur and Simmons for saturatcd and 
dry Wcstcrly granite arc shown in Fig. 
4. Nur (8) used these data to cxplain 
the changes in the V,nl V 8 ratio, <! l
thou gh SavarC11.<.ky ( !), whosc work he 
rcferrcd to, statcd that the strongcr ef
éect is shown by the vel ocities of the 
transverse (S) waves. This is in dis
agreerncnt w ith the data of Fig. 4b and 
with the results rcported here. Shaliow 
sat~ratcd crustal rocks would be char
actcrized by point A in Fig. 4. If dila
tancy werc tbcn to occur, the ftuid 
pore pressure wou!d drop rapidly until 
the rock bccomes und ersaturatcd, the 
rock would strengthen, and the rock 
velocitics would cha nge toward point 
B. During this drop of V pl V 8 bath 
V P and V s decrcase, but the drop of 
V P domina tes because of the signifi
cantly decrcased bulk . modulus of the 
rock, whir:h rc ~u lts from u nrl c rsatura
ti on. Sul:isequent fluid fl ow would then 
bring the rock to a saturatcd state at 
a rate dcpcndcnt on dil a tancy volume, 
perrneability, and ava ilability of fluids. 
When point C '( shown in Figs. 1 and 4) 
is reached , the rock w eakcns and an 
carthquake occurs. The cha ractcrs and 
amplitudes of the velocity changes be
tween A, B, and C in Figs. 1 and 4 are 
remarkably sirnilar. 

The indcp endeuce of the size of the 
precursory drop of (Vp/ V 8 - . !) with 
magnitude, found by Semen ov {2) and 
Agga rwa l et al. ( 4) a nd confirmcd 
hcrc, is e asi ly u üd crstoo<l . T he ve
locity vari a tions of thi s mode! dcpend 
mainly on the r an r,e of rock v locities 
bctwccn sa tu rat ed a nd u r. e rsa tu ra tcd 
sta tes al low e!Tcctivc co:1fin ing p res
su res, which h as no rel a tion to carth
quakc m:ignitu d c or volume of dilatant 
rock . 

An imp li ca ti on of the r esults is tha t 
som c of th e cru stal rocks bctwcc n PAS 
and RVR, w hi ch :i re more th;i n 35 km 
fro m th e aftc rshock rcgion o f th e Sa n 
F ernando ca r{hq ua kc, w c rc sig nific an tly 
dil :i ta n t be fo re the e.1 r l hq uakc , wh ic h 
h;:i d c h~.rac t cr i s ti c d imensions o f o nly 
ab o ut 20 k m. The fo llowing p ro poscd 
scq11ence i-n ay cx p !ai n t hi~ . Somc part 

of thc rcgion ncar San FernJJ1do, not 
m:ccs~arily the location of the carth
quakc hypccenlcr, rcachcd its strcngth 
.limit ùuc to incrc: asing rcgi ona l tcc

tonic str:1in. Di!Jtancy occurrcd (JO) 

and dilaLlncy hardc11i11g strcngtl1en(' U 
the dilatant volume. I3ccause strcss con-

. centrales around str.:ng th i.1homogcnci

tics, the ncxt tectonic strain incrc
ment dilatcd the surrou nding volume 
and subscqucn t incremcnts continucu 
th e proccss ovcr a larger and largcr 
volume. Mcanwhilc, fluid flow into the 
volume bcgan from a il sidcs. In gcn
cr;;l, the fluid porc pressure first reached 
its saturated value whcrc the pcrm.ca
·bility was greatest. Thus, permcability 
rnay have controlled the location of the 
initial rupture. Pcrmeability may be 
grcater along decp fracture zones, and 
it is significant to note that seismicity 
before the San Fernando earthquakc 

Westerly granite 

Saturated 

0.8 ~ c 
1 
1 

~ 
1 

0.. 1 Cl) > > 
~-~ 

0.6 

6 

1 
1 Undcrsaturated . 

Dry 

(b) 

saturated 

2L--L___JL-_J.__.l_..l...__.. _ _ _,__ 

0 200 403 

Effective confini ng pressure (bar ll 

Fig. 4. (a ) Yelocity d :!ta from Nur 3n .! 
Sim mons (9) rcducnl to the form (Vr ' J', 
- l) for sa turakLl and d1y \Vcstr1 h 

grani te, as a fu nc tio n of effective ç C'<' 

fin ing pressure. See the text for an '' 
pl a n:1 tion of A, D, a nd C. (b) Vel oc itt<' 
V ,. a nd V• for the s:tme d:ita. 
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