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ABSTRACT

Setsmic refractlon technrques have been employed 1nr;"m

e ! . . . -h - .
‘“crustal Studles of southern Sashatchewan Two rece1ver swtes e
”j';and flve shotpo1nt locatlons ylelded the selsmlc data';froMf'€7

’r}af1ve profiles rahg1ng from 207 to 381 km 1n length Se1sm1cf e

.. data. have been subJected to a number of - pPOCGSSlng steps

ffPower spectral esttmates 1nd1cate tha'fthe body wave energyi;f;
~Tf71s conflned always between 2 and 20 Hz S ’» e | R
e Travel t1me results of the f1rst compress1onal waves'ﬁbp

| ‘fWith analy51s of the computed models lead 5fh¢1;;g
tiyii;follow1ng conclus1ons (1)There 1s support for the ex1stance»¥";

'ibiof one or more maJor crustal faults 1n southern Saskatchewan}fhfl
1 fbrunntng 1n the N S directlon. The vert1cal d1splacementht%§
o ,';-_~:along the Moho dfscontinufty at about 103 W is at least 8- 1o
i"Km (2)0f a s1m1]ar nature a crustal fault seems to ex1st on .

l;!the Leross/Cabr1 proflle at a long1tude of 105 W. (3)The;f”

Q;u«emdepth to the Mbhonovfcfc—~*dlscontfnuth' southern ;\
”‘~thaskatchewan var1es from 40. to more than.50 km. ‘(4)Thebl.
“pattth ;; crustal th1ckness - changes | 1n B southern.:?

' ’iSaskatchewan 1nd1cates the existance of Precambrtan blockn;p;f
';ffaulting with north south trends in the east and possiblyf?‘«‘
icomplex N. E s w trends in the west An 1dentlf1cat1on oftjhtj
'Tsecondary arr1vals was attempted using both the observed and;i- .
”"bfcomputed travel ttmes as well ‘as an- analy51s of the groundr’L.
tf.mot1on and the _apparent velocit1es across the record1ng ?’:

| “?llne The results of preV1ous selsmlc surveys in- the area 'f’}_

are summarrzed and compartsoqﬂof the crustal models 1s made

v
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INTRODUCTION
1 1 Brief Historical Rev1ew of Crusta1 Studies

B I

'”T’some stat1ons located w1th1n the range of several hundred{';g

':ff?;some 6 5 and 3 6 km/s<for P and S waves rgspectlvely

g:wh1ch assume*;yhe ex1stence below a sed1mentary cover oﬁ

'—fff;;underly1ng mantle

':Ffff~; A s1ngle ]ayer model was chal]enged by Conrad (1925tf5ff

g*tfduscont1nutty (Connad op C discontinulty) located at

"iii.-j'..’;ueffreys(1937)) from. a  lower ,°f'? ‘C‘ass‘f’e"

'

oA

Se1sm1c crustal studles go back to the beglnn1ng Off“;f

.”?5V;i th1s cent&ry when Mohorov1c1c (1910) recorded earthquakes atg.i
— G?k1lometers from the ep1centre Th15 led to the f’PSt prof1le{}"
f.:f:ffcrustal 1ayer about 30 Km th1bk with P and S wavesf}f5
htiefbve]oc1t1es of about 5 6 and 3 3 Km/s r%specttvely Th“:
”V]jffd1scont1nu‘ty t 1ts base (Mbho or M discontinuity)
’7*ﬁ5;fwh1ch the’ P wave veloCIty increases to about ‘8. Km/s t nowtffv
“%tifefgenerally consrdered -as the boundary between the crust andf;;i

'75?jfiwho d1v1ded the crust 1nto a two layered system fThe'r}i,

‘1'53depth “of . about two thlrds of the crustal th1cKness.5{Ett

1tﬁi:sepapated an upper layer ( granitfc Iayerrfas suggested byfff;i
'lﬁ“ﬁf’fntermediate’ by deffreys) 1n whtch the veloctb1es rose gtofﬁ;ft

Stnce that t1me a great deal of rellable data fromﬁt?a}

°si°art1f1c1al blasts have been | accumulated allow1ng}3f5

:,ftsetsmploglsts to determ1ne the structure 1n¢ nmch moreg_*?'

/

e 'k». -

..hﬁ't”deta1l In the llght of reoent findtngs deffreys hypothesisf?fff

dt*?{_of varylng crustal comp051t1on from ac1d1c at the top tofffgﬂ



| basmc at the bottom seems to hold however the problem of
| layer1ng ‘is more complex The overwhelm1ng amount of data\
v'supports the 1dea that the crust Js multi-layered The.{
nUmber of layers, the1r compos1tlon and the depths at wh1ch i»
’;they occur appears to be a. local 'phenomenon Only ’}he M
-dlscontlnuity can be correlated 1n all parts of the world ,
}and areas in wh1ch 1t cannot be observed are found: - to be
'lftectonlcally anomalous o RN

The most e:ﬂens1ve crustal studles have been carr1ed

;out 1n Central Eu ope North Amer1ca ,and the USSR Many - R

7‘_local crustal mode 1's have been derlved us1ng travel t1me

curves and amplvtude data. The use of synthet1c se1smograms‘

makes it poss1ble to d1scr1m1nate between d1fferent models
’ v

: whwch on the bas1s of: travel time observat1on' alone were‘,t

con51dered to be eqlvalent

A survey of the reg1ons where more deta1led

- veloc1ty depth funct1ons have been obta1ned was made by*‘"

Heacock (1971) ’ More recently, detalled se1sm1c refract1on

- stud1es in - the USA have been carried out by Bra1le et al.

(1974) ‘and Keller et al. (1975). At the same time in Central
: Europe detalled 1ntepretat1ons o? crustal se1smvc data have
' been ’ attenpted by many authors: (Mueller et al 1973, Edel
et’ al 1975, Me1ssner.et_al., 1976 JProdehl et aI , 1976,t1l
and Mueller, 1977lyl | .
A “typical example of a f1nely layered structural model’
of the crust is presented in Fig.1. It was proposed by

Mueller ;(1971lu and is based pr1mar1ly on data From Céntralﬂx )
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. Muelier, 1977). | o , Lo _
. 1.Cenozoic sediment (near;surface low-velocity layer)..
2.Mesozoic (and'Paleozoic)sediment. A '

Fig.111;~SchEmatic model of thév;continehiél érUst}f(afier5 f

3.Upper crystalline. basement consisting of metamobphicﬁ

rocks such as gneissés and schists (zone of positive
- velocity gradient). ST » | ! ,

- 4.laccolithic - zone of . ‘granitic intrusions (sialic,

low-velocity zone). ) o .
S;Migm.titeSj(middlé‘crustal layer). .
6.Amphibolites (high-velacity tooth).
7.Granulites (lower crustal layer).
8.Ultramafic (uppermost mantle{. '
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1.

‘pEurope. The mosttsignificant features of the model are  as

gRa

~‘follows . vf.T.'\- . B f o?'

The upper . crystf\line basement - has a- much smaTTer

velocity gradtent than haS" been pred1cte? om

’"Taboratory measurements Increas1ng pressure 1n the

1nterst1ces of the low-poros1ty basement ,seems to be

respons1ble for th1s phenomenon (Mue]ler, 1977)

‘fThe swaT1c Tow- velocity Zone at a depth of about 10 Km
- is as5001ated w1th a sem1cont1nuous TaccoT1th1c zone of<"
'tvgranvtwc _1ntrus1on hav1ng | Tower | veloc1t1es 'andp:
lidenswt1es than the surround1ng basement rocks Also - in p,"
’that zone the water content and the pore pressure not'iftvc
»uhtthe temperatuf@, is T1KeTy the most 519n1f1cant factor[:;
‘tn‘ the observed processes (MueTTer, 1977) The Tower’
- }boundary of the zone appears to be reTat1veTy sharp and o
'Vcan»_'be cons1dered be1ng i1dent1caT_ to, thean;.}
-'--j'dfscontinurty mtroduced by Llebscher ("1‘962 : i964)
kWhTCh is eq1valent to the G dlscontinutty quoted in the‘~,’“‘
'j;Russ1an Tlterature (PoTshKov ef al., 1973) ,
 The mlddle and lower crustal layers are character1zedx

‘by a reTat1vely Tow average ’veToc1ty ~in wh1chfthe =

X

Conrad discontlnulty has ‘been reduced _to. a v'few“:_

: Ktlometers-thlck high-veloc1ty:tooth (Muelleri 1977)
‘A Targe» veloc1ty Jump occurs at the crust mantle“

‘trans1t10n zone ‘which seems to be reTat1vely sharp and

well def1ned woerw1de@ a There ~are some .strong

suggest1ons that the tOpmost part‘ of the‘ mantle is

A

\.



lam1nated (Clowes and Kanasewwch l970)‘ Th1s would_;

%5

expla1n the observed normal 1nc1dence reflecttons and ,

‘the P veloctty an1sotropy

'»Se1smlc crustal stud1es in- Canada have been carrled out

f1rst recorded rockburst took place 1n a ‘mine 'at, Ktrkland

f1rst crustal prof1le 1n the country (Hodgson 1947) . Long

v

" for over ' 40 years It was on December 27, '1938, when. the

_Lake, Ontarlo Thls and subsequent events 1n1t1ated the;-’

| Dom1n1on Observatory s rockburst programme wh1ch led to 1the'-'!‘

'range modern stud1es w1th controlled explos1ons};;and~’1f

"thlgh fwdeltty record1ng began however in 1958 w1th the flrstfﬁ

“,J,reversed refractlon proftle 1n the world as. carrled out by

: 'form of SETSmlC crustal stud1es

“’-i*experwments w1th the se1sm1c models that have been derlved'

Columbla explos1on on. Apr1l 5, 1958 Now a nur er of 9"°Up5jlﬁﬁf*

\

SN

f R1chards and Walker (1959) 1n southern Alber%a There was';;fff

| S
. also an unreversed prof1le from the Rlpple R ck | Br1t1sh. L

?,both from the Unlversitles and the Government carry out some”],l

p_The~; results of vartous' refract1on and reflect1onb;h

, provinCes The locat1ons of sewsmlc survey ltnes 1n Canada‘
and - some of the results obta1ned are shown 1n th 1. 2 From ”

1_publtshed papers some general conc]us1ons can be drawn:

the n th layer) at the Moho d1scont1nu1ty varles

o

were summartzed by Kanasew1ch (1966) and Berry (1973) Berryl.- .
:and Ma1r (1977) discussed the val1d1ty of the varlous‘_" o

'b'crustal.gmodels and compared results from three tecton1c_"

1. The/P or compress1onal veloc1ty of the mantle (called P**'-



- 1973},
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qffFi§“1 2 The‘ most . imporfabt" crustal features 'ahd
.upper - mantle P-wave veloc1ty as. determ1ne by seismic
refract1on and reflect M d Berry.u,

fon experiments"(after



'w1dely depend:ng on. the reg1on from a value poss1bly asfr
low as ¢7 7 km/s beneath Vancouver Island to- 8 6 Km/s R

'and h1gher 1n the extreme eastern parts of the sh1eldf

"‘and 1n some areas: of the Atlantlc coast 'd | :

d:2fﬁ' The crustal th1ckness on the cont1nent also var1es.i'
ks w1dely from 30 Km up to over 50 km, Wlth h1gher values_;'i'm

| ttbelow y Vancouver Island south Pra(nl\s, the Lake:fpl

| -,""Super1or and some eastern parts of the sh1eld There is S

‘wkfhno 1nd1cat1on of a contlnental crust be1ng th1nner than
__"ft29 Km | _,.w '._,,A - l .,‘v; o o .'_
:3;;T3The Rlel dlscontlnufty, (Kanasew1ch and Cummlng._ 1965 o
| "fsdhClowes,_: Kanasew1ch and Cummlng,“, 1968) a deep;j;f, :
Thejhlntra crustal reflector ;and-refractor ilphr wldelY”f
'»7fftipreported-'on the Pra1r1e/ It may be present 1n someidpffff
"ff_areas of the eastern sh1eld and the APCth coast e
u;lfphowever,fﬂlt has not been reported the rest of}f;”ﬁf°
wae”t deta1led se1sm1c stud1es 1n North Amer1ca suchh:;*‘tq
the tCOCORP progect (0l1ver et al 1976 Sch1lt et al .

 iT1g7g) and CsCRUST project (Gree et al 1979) have revealed,,r.v

p~'fsome fine ructure w1th1n j‘he crust The exact p1cture,
'réfhowever

| .res more extens ve se1sm1c suryeys,'and
’f_st}ll th€“

,tter of analysis hd d1scu551ons An example of7

“the poss1ble complex1ty of ve oc1ty depth functlons is. shownzg

\,1n F1g 1 3 The results pr sented come from an expep1ment:;';lw

b whlch attempted to determ1ne‘the veloc1ty structure of the

crust ) along three prof1 es located two geolog1cala
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- Fig;1;3.;}%hec,s{x7 P- wave veloc1ty models obtalned for the~ ,

_three reversed profiles of the GrenVIIIe -Superior refraction

"*]exper1ments. " The -solid lines represents. profiles derived

from eastern shotpoints, while the stippled lines ~represent

“profiles’ der1ved from western shotpo1nts (after Berry and :f'“’ '¢

.fFuchs;v1973)



N

';,becom1ng th1cker and deeper under the boundary between thefl"

U

' prov1nces (Grenv1lle and Super1or) and atffthe' boundary;r

between them (Berry and Fuchs,_1973) |
Th fam1ly resemblance of the s1x models suggests that the.
ma1n features are a generally val1d representatton of rthet

real crust in the reglon The veloc1ty of the upper crust is

“;f”-approprtate to gran1te wh1le that of lthe lower crust “i§ = .

'represented best by. 1ncrease w1th depth that 1s notpif

. u

- necessar1ly a smooth functton Furthemore, some small scale
Llateral 1nhomogen1ty appears to ex1st in the lower crust A":lf'

,*low veloc1ty channel seems ~to be present v:,all cases‘ o

3.

ggtwo prov1nces and can be correlated w1th the pronounced;prﬂffﬂ

;:filow QPaVltY anomaly centred along the boundary '

e mhce:{he {smkmg anniniii o e

t veloc1ty depth functtons of th 1 1 and F1g 1 3 Th1s <mtghtr¢fjfi .
:':lh%‘”dicate that at least some of the f1ne features of thef a5

'»h;TCrust may be common on a world w1de scale o

Berry and Matr (1977) l1st four~ factors whtch mostIYZl S

"V:jt]determvne the veloc1ty structure of the CPUSt

'ka;~'il.:]flhe’ tectontc type of area. wh1ch -1ncludes -hej»r;{ftf

";-geochemistry of the rocks and their orogen1c h1story

| 2:1_,The water content both in the form of hydrated mtneralsp7"

- or in a free form as pore flu1d

tt"3.ll:The past and present values of stress

, ;€Tﬂ4;wg”The past and present temperature reg1me ‘
. Thus, | know1ng the factors for a certa1n reglon ‘one mtght_f

A‘v;expect‘ that the\ velocnty depth funct1on will follow.:a_i

IR



.tcertain theoret1cal pattern': However,,fWet‘woqu‘ like to-

1deduce the converse, Ideally the seism1c veloc1ty structure;

should tell us the hlstory of the reg1on. the‘ l1thology at &

ifvar1ous depths,~ as weliw the var1atwon of such phys1calA

ﬂh5parameters ;‘asf” stress. ’\poros1ty,» permeab1l1ty, and

Lf»temperature w1th depth o '“f '.d | "ifT~‘ﬁﬁ“f.

”31 2 The Ma1n GeoTogtc and Geophy@’cal Féaturesivnf the -

tt'fSupertor Churchill Boundary Zone

‘ ,__}E Geolog1cally Canada ;1§k d1v1ded v1nto a' number f;OTTl“'

srfreg1ons(Flg 1 4 ) The area of the 1979 se1sm1c refract1onf'*:v'

’fﬁtprof11e iisf southern Saskatchewan and south western5?ft

Alf%Man1toba ';'ng?* pTaced ent1re1y w1th1n Th Inter10r R

”'*T]Platfofm whwch TS the part of the North Amertcanl craton?f}htfﬁ

that SUbS'Ided shghtly the past and now 15 covered by e

§ 5phanerozo1c sed1mentary rocks To the north and east theekugﬂf,,

4

o craton outcrops' form1ng the Precambrlan Canadtan Sh1e1dffj}ndlb

T:'TirCO“STStlng of a. number of structural prov1nces To the west{T*f*”"
| J't;dff;th Inter1or Platform the craton 1s bordered by thefijuzdﬁ

*-h;ﬁ_Cordtlleran Orogen, a geosync11ne_ composed matnly f“?f t*jT

'y-Phanerozoic and Iate Precambr1an rocks wh1ch have been.f’tt‘z

w '{ttdeformed at var1ous tlmes (Douglas,.1968)

: __;'1'-’2‘»1 The Superior-ChurphiT’l boundary _zone in - northern -



P
e -

2

'_F1g 1 4 Geo]ogn:al regwns of Canada (from Geology and
- Economzc Miner'als of Canada,i1970) o DT
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The boU'nda"ry'betwee'n tﬁé Superior and. the Churchlll»-"

oy
_‘tectonwc prov1nces has been under 1nvest1gat1on since 1939

r however. 1ts extent and nature is s&wll uncertaln Green et .

(1977) pdstulate that the - boundary zone in northen
.Manltoba compr1ses the P1kw1tone1 prov1nce and the Wabowden;'

lsubprov1nce,, however,‘they form two separate 1dent1t1es,vas

5.i»outl1ned?by Bell (1966 1971) The geology and geophys1cs of[l |

~,}anorhern Man1toba 1s outl1ned in F1g 1.5. and FJg.1,6, and |

. \
’g;can be brlefly summar1zed as fdllows

¢

,;*1; fThe Super1or prov1nce 1s dom1nated by E w }pendihg'rgts.”

"ff_gran1te/greenstone and gran1te/gne1ss belts (W1lson,ifi'

6"

’ hyt*f1971) both formatlons betng extens1vely 1ntruded bys“

:1;fhgran1t1c plutons Grav1ty and magnet1c anomalwes as*lﬁ

| wﬁ-well as the ]lthO‘ng' beddlng,_‘fold1ng and faulttng*_;tﬁ' i,

' 'f&bftend to follow the E-'“ pattern of the belts The?dyfliib

"‘f“gﬁaverage radlometrlc age of rocks 1s 2300 to 2800 m y f5;"

}ﬁ”'”ﬂf(Kenoran ages)

F'lfCZLﬁniTh boundary f zone P1kw%tone1; prov1nce..; fbéﬁd{ﬁéEf e

4l*ffN E S W., is dom1nated by‘granulate f301es gne1sses fj;“;}ie;

"7?Zflayered maflc granul1les and hypersthene bear1ngj?f3"f:'

'"}w;;lgran1te (Bell 1971) h

"fanomaly is cowncxdentf

Nelson R1ver grav1ty h1ghzi“g'

1th the P1Kw1tone1 prov1nce The;_[.Jf;"

'A7?vgranul1te fac1es eXlelt character1st1c i’bﬁrd’s eyeflffjﬁﬁaﬁ

. ,{:ilmap,e pattern of small OVOld hlgh and

o [nfanomal1es Rocks yleld rad1ometr1c age'fat least 2300f55"

"'_lto 12800~ m. y ‘ w1th some strong 1nd1cat1ons of be1ng’r_?ﬂf'l’

";l'older ,sif'ybfu
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3. The boundary »zone*Waonden | subprovince has been
referred to 'és 'tThompéon nickel beTt" It is very‘-
1mportant economically because it conta1ns one of the
‘world’s ‘ma jor ncheT depOSTtS. It trends, like the‘
P1kw1tone1 province, in - N. E -S.W, direction‘ W1th
Tayered gné1sses belng the domtnent type of rock They
enclose - T1near _beTts of sed1ment volcan1cs , and 5
peridotite}:bodies from which the nickel . is -extracted.
There is a very prominent grav1ty Tow anomaly of
s1m11ar magn1tude and d??ec11on as the adJacent Ne]som
Rtver grav1ty h1gh anomaly H1gh intensity magnettc
~anoma11es, usually ’ of broad elongated form are

. ‘ s .

o observed acropss the gne1sses The rocks yield Kenoran

Tages(Cranstone andoTurek 1976)

}The boundary between the Wabowden subprOV1nce and the

‘P1kw1tone1 prov1nce is a maJor fault zone (Assean, Laken

.,fault,zone) in the north (Bell 1971) and a metamorph1c~ :

itrans1t1on zone hin, the south and centraT regtons T
| {;(Cranstone and Turek 1976) | R

.4.“},The Church1ll prov1nce ‘1s covered mostTy by gran1t1c

and gne1ss1c“ rocks The' geoTog1cal and geophys1ca1

| trends are varlable - The grav1ty and magnet1c f1eld5'.-‘

, show a s1gn1f1cant decrease in magn1tude The rocks‘u
“'y1eld Hudson1an ages in the range 1600 to 1900 m y. ?n
the east but oner further west., o o N

1 2.2 The SUperior Church111 boundary,_zone in>‘southern
Manitoba and Saskatchewan S . S
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A : G , _
South of latitude 54;35'N the boundary zone disappears

' 'beneath the Phanerozo1c sed1ment and its southward extens1on

:“patterns as compared to these 1n northern Man1toba Moving
south the grav1ty h1gh broadens and eventual]y near latltude
53°N becomes 1mposs1ble to trace Further south there are a .

'number of h1gh anomaly axes that may be related to ‘the

Nelson R1ver high. The ’biPds S eye maple magnet1c pattern

across the P1kw1tone1 prov1nce 1s _not seen south of “the

"ls based pr1mar1ly on gravity and magnet1c data and their

-

Phanerozo1c ‘sed1ment- bUt‘ elongated NJEu-S.W, vmagneticf

Y

anomalies can be

%

and S.E. Saskatchewan (Flg 1.7. ) There are " three d1st1nct

,:\M }

-magnet1c zones on 1t

magnetic anomal1es. are. typical ,of the SuperiOr;

‘;prOVince.

NGE. S.W to N. s

3€:"A Western reg1on of relat1ve]y low amp11tude anomaltes

‘ trend1ng N -S

' observable anomal1es show essenttaty a. s1m1lar pattern 'On

i the bas1ss_of~-the,“new, dataoGreen etyal (1977) postulatej

that:t'

traced to' the  Timit of ' the.
qfederal-provincial aeromagnet1c map coverage near latltude
52°N. Us1ng new]y acqu1red ground and = aero magnet1c data_ '

‘Green et al. (1977) comp1led a magnet1c map of S. W Man1toba
1. An 'Eastern ,reg1on where h1gh ampl1tude E. W trending

20 A Central reg1on where h1gh amp]1tude agomal1es trend ‘

-~ The grav1ty forv that'{areai isf-less obvtous;ffhowever,so



o

Fig.1:7. Compiled aeromagnetic map of S.W. Manitoba and-S.E.
- Saskatchewan.  Contour intervals are 100 nT and black - spots
are the areas with high amplitude anomalies that .cannot:-be
contoured -at this scale, Values correspond to  flight
- elevation of 0.16 km above ground. The thick lines show .

. boundaries between three magnetic regions; the dash-dot line

delineates the western extension of the low magnetic relief
zone  (bz-boundary zone), and the dashed 1ine “outlines the
area of low amplitude, medium to long wavelenght magnetic
. anomalies., , ' o o :

A-Neepawa  anomaly.

B-Oak Lake anomaly. - ST o , .
© . CC, DD, .EE, and FF are a group of positive and ‘negative
anomalies trending N.W.-S.E. (from Green et al., 1877).
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-1 .The Super1or prov1nce lies to the east of eastern solld'
| 'l1ne 1n F1g 1.7. - . e )
2. "The adJacentglow magnetic relief' zone (between solxd‘

and dashed-dotted‘Jlines in Fig.1.7. ) is the boundary<'
’zone between the Superlor and the Churchill. tectonic
N ;rprov1nces ’ _ ,_' ’V; . ) | - _v
,3.' The zone of h1gh amplltude N.E. S W. and N S str1k1ng o
anomalles extend1ng from south of Fl1n Flon to 'the'.
- Canada u. 5 border mlght 1nd1cate the contlnuatlon of
| ﬁthe Flin Flon- Snow Lake gran1te ‘and greenstone beltu
- below the sed1mentary cover | ‘» '
“54. 'dThe‘ sharp truncat1on of these anomal1es to the west
| _ along the western sol1d l1ne Flg 1 7 probably
:}1nd1cates a maJor fault Ay o |
.53 thentral Saskatchewan el,k a’ large area of low magnet1C"
,rel1ef A 51m1lar qu1et magnet1c zone . is' observed

’:facross the Ktsseynew gnelss belt 1n northern Man1toba ff

71 3 Previous Sersmxc Refractlon WOPKS 1n the Area

The southern part of the Interlor Platform has been thefzt“

gr,locatlon for ' number‘ of setsm1c_ experIments Severalel”,

'>533:fsetsmic proftles had been obtalned for southern Brltlsht'fﬁ

5]Columb1a, Alberta and Saskatchewan by the Un1vers1ty /off;j{

.'*valberta Geophys1cs group between 1962 to 1969 Var1ous part31”

:'of these proftles have been 1nterpretated and dtscussed byﬂffﬁ

B Weaver‘ (1962) Maureau (1964) and’Chandra (1966) Cummtnglirh

“;_i_and Kanasew1ch (1966) summarlzed the results of the prof1les’ir

} '-”hinlla* flnal report 'under a contract w1th the PrOJect Velal_ :



By

e .

UnifOrm‘ In general' they obta1ned apprOX1mately 47 Km as}, -

‘the crustal th1ckness in southern Alberta and 8.2-8.3 km/s‘
-\as the upper mantle vel001ty The studles also revealed the
Tfex1stance of sub basement refractor w1th veloc1ty of about
6 5 | Km/s.ﬁ a d an 1ntermed1ate layer reflector _lRféT‘V
discontanIty) below wich. the . veloc1ty was about,f7.2_5km/s
T.(Cummlng and KanaseW1ch 1966) | | | ‘ e

yA general prel1m1nary 1nterpretatlon of the se1sm1c data'

j;from these prof1les was attempted by Kanasew1ch et al. R

Jg-(jgsg)‘ Chandra ~and Cumm1ng (1972), u51ng some add1t1onal--
thnformatlon 'relnterprated all the avallable refract1on data-;]

in pah‘fattempt to der1ve a crustal structured prof1le from: T.~

: Q‘Greenbush "Lake,. Br1t1sh Columb1a ‘-,o'i Swwft Current

,-t

Saskatchewan, along lat1tude 50 30°N The eastern sect1on of'ﬁf'

}the1r model (SuffxeldSw1ft Current) 1s shown in F1g 1.8,

L~5Ih,.add1tlon to fthef, refract1on o stud1es deta1led}ftl3'

:reflect1on techn1ques have been 'used successfully in the' -

‘;area (Kanasew1ch and Cumm1ng, 1965 Clowes et al ' 1968 X o

't;Clowes ‘fand Kanasew1ch 1970) The proflles .show ia:'“

| hh)surpr151ngly complex structure 1nclud1ng steeply d1pp1ngﬁ‘

*H“[ttlhor1zons (up to 20 ) and a large topographwc rel1ef of 8 mn,";_

,':,,over a hor1zontal dlstance of 25 Km (Clowes et al ; 1968)

’5QComb1ned refract1onﬁ and reflectlon data have revealed an;tift'

;"*aaex1stance of a number of maJor steeply d1pp1ng faults 1n theflr"

'fmlddle ',d‘ lower crust wh1ch penetrate the' Moho;}n“;

,‘discontinuity 72:- QT,ffra'T’.-l;bfit_T;}”jtﬂf i'fvf jéalff”

The Chuxéﬂgll Super1or boundary zone 1n rsouthwestern lﬁf_T



Fig.1.8. 'Crustal. models of S.W. Mamtoba and souther‘n_»
Saskatchewan derived from seismic refraction  surveys prior
to 1978. . The .solid lines show values obtained from the

coverage for a ‘givén refractor whlle the dashed lines . -
i ,represent 1nterpolated values ' : . RS
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';;Man1toba and southeastern Saskatchewan was the target of a

',;.cooperat1ve se1sm1c survey 1n duly 1977 Thls was. undertaken

" by fa Inter Unlver51t1es Crustal Studtes Group, ' ana
aSSOCIat10n composed of geophys1c1sts from the Un1ver51t1es.

| f Alberta,» Br1twsh Columbta, Man1toba, Saskatchewan

”"-“Toronto and Western Dntar1o and the Earth Phys1cs Branch off.’

the Department of EnergY. Mines and Resources The prOJect

| ~'_and the prel1m1nary data and results haVe been descr1bed and

-_d1scussed by Green (1977) and Green and’ Stephenson (1978)

’ t-;Some 'aspects of data analys1s have been descr1bed by Mann

. ‘(1979) and a f1na1 report was presented by Green‘ et al.

:](1979) F1g R 8 shows the locale of the two reversed;r

: refract1on/w1de angle reflectlon prof1les, one 1n .the N S

A

{_and the other ‘1n the E W d1rect1ons CPOSSlng each Other*d; o

:”vsouth of Brandon Varwous s1ze shots, from 363 to 1119 kgg

"dEWere detonated at the ends of each pP0f1le ‘The geophones.;:

*;were spaced on average at 7 7 km apart. and a max1mum shotka”'

“L[to rece1ver,dlstance was 245 km The 1nterpertat1on of dataﬂk

fOR led them to some general concLus1ons (F1g 1.8. ik

k“551ftffThere 1s a s1gn1f1cant th1ckn1ng of the crust Wffﬁtn#;gﬁzi

“"*1tthe boundary from about 41 km 1n the Super1or prOV1nce?udfv;

w'h7ffto about 48 km 1n the Church111 prov1nce A maJorffffff

*’%ffcrustal fault mlght be respons1b1e fOP th‘s Phenbme“O” i

ttGreen et al 1979)

'T77;f2,;ﬂfThe crustal model der1ved from the E w prof1le stjf{ff

.itﬂfs1m11ar to these descr1bed for eastern Saskatchewan andﬁ*tfi;

d”7ﬁfisouthern Alberta (F1g . 8 i _which® suggests that fﬁexff”:”



Churchi 1l province might. extendd.westwardv uo_ to ,the B
‘\thms o o |
« 3. The crustal structure der1ved from the N S. proflle is’
A similar to publlshed crustal modelsv of Athe_ Supertorw-
S jproy1nce. o | ', _' | ‘
‘.fs.,ﬁ Veloctttes —fortuNLS. ;and..Eth:‘orotiles nare;broadly ,Sf
Cosimitam. o | ’
-5I‘f'The strongly refracttng hor1zon w1th the' velocity' ofd
' about 7. 0-7. 22 Km/s 1s ev1dent only for the Church1ll
province. R | o ' ’
‘;“An hearly"seismfch survey in sthe'tChurchtllssuoérlor

;boundary zone was conducted in'lQBl Two groups from the

‘”f-Un1vers1ty of Saskatchewan and the Un1vers1ty of Manltoba

E made 'an unreversed refractlon proftle extendtng south fromf'f

-: the shotpo1nt at the North Star M1ne near Fl1n Flon, to the7h‘ .

"h"v1llage of Mafeklng (th 1. 8, ) The crustal structure in theﬁ

"‘:area is character1zed by a pronounced grav1ty anomaly The

.‘:pPOJECt and n1t1al data nterpretatton was descr1bed by:.a

:"7:-Hall and Br1sb1n (1961) In 1964 .some add1t10nal records.‘

vl?w1th 1mproved equ1pment were taken along the same l1ne and;r"yh

fﬁifjus1ng the same shotp01nt By comb1n1ng the retnterpretatedujf"

| ld data w1th new set of data Hall and Br1sb1n (1965) were;lf'h'

“}Vﬁable to use the converted head waves method to determ1ne the,fﬁfdf

ff??}Crustal structure along the proflle (FIQ 1 8) Thetr ma‘"?if

*f”conclus1ons were as follows

wlflf;‘ A Manitoba Conrad discontanIty ranges from a 15 5 Kmf;f‘””

““ depth near Fl1n ‘Flon to -somethlng Just under 10 km5:ffff



.;‘ 'V ‘(;. Ja" | ;hits w vhvf'27d’f
'depth near Mafek1ng The Mbho dlscontinult9 ls located’h
‘at the depth 34 and 31 km respect1ve1y
- The veloc1t1es obta1ned were 6.15 km/s for the upper' 
’f'crustal layer, 6.65 Km/s for the 1ntermed1ate crusta1:~
layer. and 7.90 Km/s for the upper mantle

vThe crusta] mode | der1ved from the prof11e does' hot

!J,sat1sfactor11y exp]aln the observed grav1ty anoma11es -

}Near surface Precambr1an masses, covered by th1na'
1ayer of Paleozo1c rocks. are be11ved to be respons1ble

'.for the d1sagreement D



'_2i TECHNICAL ASPECTS OF THE PROVECT -

2. 1 Descripttonfef Profite - | s L )

'-:‘In “August 1979 the» COCRUST tformeriy Cthe
Inter Unlverstttes Crustal Stud1es Group) carrted out 'ts.c
second cooperattve se1sm1c refractton survey 1n southwestern
jv Manttoba and southern Saskatchewan Its flPSt obJecttve was

.}the cont1nuatton of studtes of the Churchtlt Supertor7

boundary zone to obtatn $hformatton on the crustal structuregpgy

f the Church1lt prov1nce Just west of the boundary zone. . -

There was some hope of f1nd1ng more about a pOSSlb]e maJorEJl‘

crustal fauTt runn1ng in a N S d1rect1on to corretate w1thft -

L as a. promlnent feature on the magnetwc map (th 1:7) :A‘ hgfj'
other factors whlch 1nf1uenced the dec1s1on for conductlfg

survey 1n the southern: part of the trans1t1on ‘zone,}dasit

o opposed to the northern part were the follow1ng

' 5h 1;[/£Easy access for: shoot1ng and recordtng due th*?fk
EF}fcomplete network of avatlable roads d .

rQ}{f}An unconsol1dated surface layer allow1ng easy dr1111ng ;b'

a -

,ffgt3:f»fA great number of bore hole data from 011 compantesf:ifﬁ

b

’"'fSUPDIY1ng 1nformat1on on the Phanerozo1c sedlment ’17'"}

'“5ff§W1th1ﬁ’ the COCRUST group the Un1vers1ty 0f Alberta hadﬁt*egg

a two man crew recordlng the same blasts to the west ofﬂ the&uaajf

“main: COCRUST sBpEs F1g 2 1 shows the 51tes of the1r shortj;ffsf

53'orecard1ng ltne as wel] as Shotpo1nt ]ocat1ons

The techn1cal detalls of the Un1vers1ty of A]berta;zf*"

prof1les are summar1zed 1n Table 1.Thetgeometryjofrthg]ﬁwfﬂ



i,1F1g 2 1; Locat1on of the 1979 COCRUST refract1on survey W1th
- shotp01nts and the Un1ver51ty of A]berta record1ng sites.
- Jhe: Superior- Church1l] boundary zone. and. maJor crustal fault

"7}ﬁare delwneated after Green et al (1979)
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Fig’.2.2. -Geometry of the Eeco’rding' line used by - the
University of Alberta at two recording sites. _
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refraction lines is. shown in Fvg 2 2. The spreads cons1sted,
of 12 seismometers ~spaced 268 m apart - except “ for

.seismometera; No No 2, and No. 3 thCh were placed at the -

same site The tota] length of the record1ng T1ne was. 2414

Geophones 3 to 12 measur1ng the vert1ca1 component of

t~the se1sm1c 51gnal were model 1
','frequency of 2 Hz Se1smomete S 1 (measur1ng the hor1zonta
N.S. component) and 2 (meaguring the- hor1zonta] CEW.
| 'Component) were. HaTI Sears l‘S-t@'typé’thh'the‘natural
frequency of 1 Hz AJT. spreads were Taid"OUt"aTong'_a‘
straight ‘ltne in the E. V. dire t1on The f1rst was located
bESTde a gravel road start1ng (se1smometers 1, 2. and 3)
the crossroad three m1Tes east of M1Testone The sebond was
"located along a m1nor country road start1ng (se1smometers 1,

-y

2, and 3) approx1mate1y 3. 5 m1les south and four m1les westf"‘

. of Cabr1

| The Tat1tudes and long1tudes of rece1vers were obta1nedf7
| ifrom 1 50000 topograph1c maps (Lang Saskatchewan 72H/16 and7
B aShackTeton Saskatchewan 72K/10 6_ M1Testone Andt. Cabri

S- 36 w1th a"natural_.

#v'

_,spreads. respect1vely) A read1ng accuracy of 0 5 mm ytelded-fyb

7vathe Tong1tude w1th an accuracy of 1 28" (about 25 m) andfh"

the lat1tude thh an. accuracy of 0. 82"‘(about 25 m)

"geograph1c coordlnates of se1smometer 12 for Cabr1 and 1 .to'i'd'

3¢_for M1lestoni have been read from the~map5. fOP the PeStd;h;

vltthey have been obta1ned us1ng the geometry of record1ng”,"

line. _‘Ai total of .12 shots were detonated 1n f1ve locat1ons[:‘d

: (F1g 2. 1) The charge sizes var1ed from 200 to 1375 Kg (Table
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«

"1.)§ T1mes of shots,_lat1tudes, longitudes and . other .shot‘
 parameters were supplled-by Dr‘Z’Hajnal who was in charge
| of the project AT shotpo1nt recelver d1stances have ‘been
'_calculatedﬁ us1ng a geodet1c computer program by supply1ng‘

the geographlcal coor%1nates as 1nput data |

$

‘2 2 The Record1ng System ;,*f | / . | ?“,~‘ ' .a"
~ The record1ng system employed ‘was of d1gltal type fOft
- of twenty ava1lable channels, fourteen were used to recordp-
the selsm1c s1gnals and the sougce time. éhannel 7 recorded‘
| WWVB rad1o t1me swgnal and ,channel 14 recorded the toneﬁr
l? break when the shot was detonated Channels 1 to 6 and 8 to -
,13 were uséd to record s1gnals com1ng from §etsmometers 1 to
.6 and 7 to 12, respect1vely In the 1979 survey the absolute;
d:t1me 51gnal from WWVB was of partlcular 1mportance sxnce the'”~
Tkshotpotnts were far beyond the rad1o range of the ,recording. S
“s1tes, | therefore,.a chapnel " 14 ¥ could ,not record ﬁthe F

1itransm1tted shot 1nstants and conta1ned odﬂy -no1se All f:

- these channels have been recorded on both tape recorder andtf
'photograph1c paper In the flPSt case an 800 BPI (bytes per .

o 1nch) 9 tracK un1t w1th tape veloc1ty of 6 25 1ps was used ;//

//.

y1eldxng 5000 character ( byte) per second transfer /ratezyal
.’h(Allsopp et al 1972) In the second case an. analog/type off”

udts lay by means a galvanometer type recordlng camera was‘b“u
'”}uség‘» Desptte 1ts obv1ous drawbacks/ as compared to d1gltalh';'
"f-recordlng, th1s proved to be a useful tool in some 1nstancesi«'

allowing-a_f1rst d1rect exam1natton pf-the recorded 51gnajstgy-




K - -
'It? also mader processing_’thei‘digital 'data on tapesﬂmore
effiCient | »l - | »" -
The main segments of the complete dlg1tal system parel
~ shown '1n fig. 2 3, The tape recorder is a model #7830 9 w1th
R write- only transport manufactured by Per1pheral Equ1pment

7Corporat1on The mult1plexer,n A to-D converter and 5 KHz.

crystal clock along wwth some add1tlonal c1rcu1try, areq

: 5"conta1ned in a mod1f1ed model #120 Data Acqu1s1t10n System

Tv;sconvertor has a resolut1on of 14 b1ts (13 b1ts plus ,51gn)

T’jNyqu1st frequency is 89 3 Hz

(Allsopp et al -'1972) One to gO channels are avatlable for,.
"bvrecord1ng w1th a max1mum of 4096 words per channel and a;
~ block time of 22.94 ef When . a longer-‘record time s
:requ1red lan}ﬁn: long d1stance refractlon case) ‘seVeral d,
.'blocks may be wr1tten 1n sequence w1th an interval of O 096'“'
“‘Esec; -of. lost data between each block The analog to d1g1tal :‘
and a dynam1c range of 84 db The sampltng rate 1s 2500 data”
,words per sec (data words were two 8 b1t bytes long
j;they were wr1tten in 1nteger *2 form)? Thus for 14 channels ,
;tthe sampl1ng rate 1s 14/2500 0 0056 sec Consequently ﬂthef,;

‘.h’F]g 2 4 shows a dlagram of the ampl1f1er c1rcu1t A s1gnal?g;

'fff“at 1ts 1nput passes through an 18 db gawn transformer wh1ch:ff'

inr1ves the f1xed ga1n 40 db preampl1fier The latter feeds}

"q;the ma1n ampl1f1er through h1gh pass two pole Bessel.e

~f1lter' wh1ch ensures a m1n1mum phase Shlft If requ1red L

7.‘however, th1s fllter “can. be bypassed From the ma1n

_”ampltfler output the gatn can be: controled from 0 to 60 db,*l
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- W1th 1ncrements of 10 db, s1gnal passes ‘through a four pole‘,
Bessel al1a51ng f1lter w1th a 50- Hz corner, what ensures:b
h1gh attenuat1on above the Nyqu1st frequency |

j As ‘a power. source a small gasoline- powered generator"

" was used to supply all requ1rements of the complete system

(about 300 W). o o S
F1g 2 5 presents: the_ analog se1sm1c data recordedr

| d1rectly on photograph1c paper (upper part) and the dlg1tal

- pata as plotted on a Calcomp plotter at the comput1ng center o

,; (lower part) For the former, channel 7. (WWVB t1me 51gnal)_'

d1splayed at the top, followed by nowsy channel 14 (t1me

tone) and 12 channels 1n descendlng order (channel at' theff |

o bottom) wh1ch recorded the se1sm1c 51gnals The d1glt1zedvf
. x,data is shown w1thout the two t1me channels It 8 clear |

- that the use of magnet1c tape .record1ng 'offers a b1g;

'I,”advantage over a d1rect record1ng on photograph1c' paper by; =

'fmeans of a camera Iq;the f1eld one can m1n1m1ze the amount, B

"sof f1lter1ng and automat1c galn control If des1red one can'xbi_

‘ﬁfdthen '1ntroduce\ the opt1mum amount of these on playback .

‘:7ZnAnother 1mportant feature espec1ally 1n explorat1on, ls the R

llfiab1l1ty to produce extended record sect1ons wh1ch aref}l-f

'Tf;powerful alds in. the 1nterpretatlon of the data ‘]f” ﬂ o
v,;,,%,,,ry B e e R

2 3 Data PPOCéSSlng

Dur1ng the 1979 refract1on survey all the data wereﬁ"v

wrttten in block lengths of 2048 samples ( 4098 bytes) perft;"

A,achannel Th1s y1elded 28672 words as the total block s1ze5f.:"

-"',‘



- Fig.2.5. The - seismic data a% recorded’ .directly on

”'photognaphjc-Jpaperﬂ(uppervpant) and  the same data set after

‘v_digitizationTplotted:rby computer - “(lower part). The two

.- bottommost *traCes_dispihy}therhérizdntalvcomponents and, the
’ rest are.yertipal,cpmponentfdatag P AN e
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(14 channels *2048= 28672 1nteger *2 words =57344 bytes)

1~Th1s long block length placed rather severe demands on the

-"1ncrease the e‘

Aftape computer system The /f1rst step,n therefore, was toj

/

-rewr1te the fteld recorded data 1n a shorter block format to -

alclency of future data processwng Thls ‘was

f achteved by plac1ng 12 f1les.. each correspond1ng 'toft_f

.‘recorded shot onto a sxngle tape w1th each f1le cons1st1ng

'__of. 336 blocks Setting the ne w block s1ze at. 128 words per

. channel _this y1elded a total of 1792 multlplexed data words‘l

tgﬁ

L I
in each block The total recorded t1me 1nterval for each

\shot was 240 8 sec (128*336*0 0056 sec -240 8 sec ) - Thﬁt,

unf1ltered data from thts tape have been used in a number of B
1nstances for vartous analyses | : o e

In analy51s,lthe 12 se1smometers in each record1ng l1ne e

"c be cons1dered only as k! one recordxng p01nt, so that 5
: d1fferent shotpo1nts and 2. rece1vers locat1ons (see F1g 2 1
vand Table ) ) y1elded only 5 refract1on t1metd1stance data

l

“ifdlhpoints However,:the use of mahy selsmometers alonQ a Sho"t'

ﬂ‘7l1ne,; lnstead of only 3 (1 to measure a vert1cal component

:°2 and 3 to measure hor1zontal compopents) ‘ft one ‘51tey af
ﬁ;doffePS the following advantagps .?Kdﬁhp::{;gi;:{;h,:Ltiiﬁy;;
1. Reduces the poss1b1lxty of recordlng fa1lure because Of

‘-; stngle se1smometer prob]ems _ Jﬁi;gl"*’~

2 //lncreaces the rel1ab1l1ty of data by compartng records

from all se1smometers and ‘averaglng data

S "3, Y1elds some add1t1onal ﬂnformatlon about the nature of :

“.fp the s1gnal (e g the apgarent velocity of the se1sm1c |
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pulse along the 11ne)

oL 1 | SR
The recorded data have been subJected to a number ,of data
process1ng technlques wh1ch are descrIbed ,jn, the nextfp
sect1ons, j‘f ‘ o | | |

ﬁ2;3'1’M6veout"oonrectionvm‘

-‘ -'E.‘\')' :
& .

Generally moveout can be def1ned as the d1fference :inm |
the‘f arrlval time of av parttcular phasev at dlfferent.i
- selsmometer p051t1ons Arr1val t1mes d1ffer because of:
Pm1;ithorma1 moveout wh1ch is the d1fference due to var1ab1e(rb
ﬁ}fisource to rece1ver d1stance L o ‘}“d £
’u2.'?_D1p moveout wh1ch 1s a t1me d1fference due toxreflectorb'f
‘or refractor d1p 'h | b S “‘ | "’ B
V;S; };A static t1me dtfference wh1ch bhe same for at]b';
“ "f{'phases : and 1s due to near surface or; weathertng*f)

“b:fveloc1ty var1at1on i EE - - R

]

':iIn applylng normal moveout correctlon traces 3 to 12 weretfﬂ

N *amoved w1th respect to a base stat1on (sewsmometers 1 2} and:j;

= 7&3) w1th one stack1ng veloc1ty of 8 Km/s Thus the a11gnmentebf

'°Zﬂ‘1,f f1rst arrrvals from the Mbho has been ach1eved for the’bf”

‘*E;Iarge source rece1ver- d1stances The correq§1ons app11edi_fj

Mfa;‘werev not strict]y moveout ones stnce »? rea] velocwtyff;f

e s .

“‘funct1on was not used However _it was much easier tof -
Vibtftdent1fy events on the bas1s of thetr phase corre]atggh and; =
”l;jdto determlne -an- approx1mate apparent veloc1ty f ¢hefb;}

”"*ffse1sm1c' pulse ‘as compared to the standard veloc1ty of 8[Qg

:°r;'km[s; Fig 2. 6 shows a record of 12 traces before and after;fn
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O

removing mdveout.

No elevation corrections have been applied' for two
/reasons, Such correction requires a Knowledge of the
hear—surface velocity which is unknown‘ in detail. On the
other hand’ the 1nfluence of the correctlon would be small
(less than 0 1 seg. ) because the recordlng line was very

short,,and furthermore, was la1d‘out‘in flat areas.

© 2.3.2 Normalization

o . The” original raw data exhibit different.maxlmum values
for the same event on different rece1vers This”was' due to
| lateral 1nhomogene1t1es in the ground,rdjfferentpcoupling
between seismometers and the ground and. different gain.
j'setting of the amplifiers.’ Thus, the next step in the
processing of thed\data' was the normalization of  the
. amplltudes A program was wrltten in which the max1mum value
of each trace was - found and multlpl1cat10ns factors for each
trace _ were calculated Each trace ‘was mult1pl1ed by an

approprlate mult1pllcat10n factor to normalized the data.

~ The result of such an operatlon is that- the max1mum '

‘amplltudes of all traces have a common value A sample of
such data is demonstrated.ln Flg.2,7. which shows the same
: records before and after normal1zatlon, respectlvely ’
Apart from the normallzatlon the ‘mean value' was
| removed from each data set. Th1s was ach1eved by WPltlﬁg a
;v”SImple program which calculated an average value for Ithe '

 data set and next subtracted it from each data po1nf

) .&‘

f
|
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Fig.2.6? The same" records . displayed before and after
removing moveout. The two topmost traces (channel 1 and 2) \
display the horizontal components and the rest are vert1ca]

component data.
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2.3.3 F11tering o
To 1mprove the signal-to-noise ratio | (SNR) of

| seismograms, differences in the ° follow1ng propert1es of

se1sm1c signal and n01se can be used: frequency ‘spectra,

apparent veloc1t1es, wave . polarization and . spat1a]
correlation (Burkhard et al. 3976) Filter methods w1th

,'the1r cr1ter1a and cond1t1ons for se1sm1c appl1cat1on can be

-summarized brlefly as fo]lows |

1. Bandpass frequency smooth1ng is the most common type of

f11ter1ng, 1n which the dlscr1m1nat1on is done on the
. bas1s of frequency content in the s1gnal and noise. ‘It_

is espec1ally effect1ve 1n cases where signal and noise
, spectra do not overlap over a w1de frequency band.

2. Velocity f1}ter1ng can be used for an array 'in, the .
- d1rect1on of wave propagat1on D1scw1m1nat1on of the
Vvs1gnal agalnst the noise -is 'on the bas1s_‘of\ the1r '

dlfferent apparent velocit1es ““ '» -
a3.'_fPolar1zat1on f)lter methods can be: apply to 1mprove the

"'s1gna1 to no1se rat1o when three component record1ngs '

'are used. These type of f11ters are. des1gned usually 1n

‘_order to suppress ell1pt1cally polar1zed surface> wave

fcomponent and to transm1t only l1nearly polar1zed body
fwave se1smic s1gnals | Y '

»4. .F1tters u51ng spa¢1al correlation methods make use of

, deferences' in" the spataal correlatwon ‘of ‘seismic;

signats and ambiant‘noise,v;The method proves' to be :

;particularly :appficable for records w1th SNR>1. For

¢
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records with SNR<1 a very large number of seismometers
is requwred to recover the Signals | |
Only frequency filtering has been: applied to records of
‘the‘ 1979 surve»y-~ The power spectra-oflsome records were
”plotted to find the frequency range of the refracted energy 4
Fig 2. 8A B show typical energy. outputs as a function,of
frequency. The body wave energy' appears to be confined
always? petween 2 and 20 Hz (thh peaKs which_appear around
55-60 Hz\Vare noise caused : mostly ‘.byv power lines
fnterference) 'It'ﬁas decided then, that.a narrow band pass
Filter with lower andwupper cutoff frequen01es of 4 -and 15
Hz, respectivel - would be applied : except for,rthe_
Oungre/Cabri"»event- (the : largest - shdtpoint-receiyerslf
-distance) where the lower cutoff frequency started at 2 Hz B
vFrequency range chosen ensured that the character of seismic .
‘pulses waS» not destroyed Thls reduced nOise conSiderably
}f51nce Signal and n01se power ,spectra_ overlap: only‘_ n.a.
L narrow frequency range withfrtheira_peakffenergy“widely. k
. separated | SR | 't' ' '__7 o S
o Filtering was performed Wlth an eight pole,' zero phase
‘Shlft reo;rs1ve. Butterworth band pass algorithm which was
‘ written by D. Ganley in: 1977 during his graduate studies Gat‘
Fthe University of Alberta A detailed analy51s of this and
other types of filters can be - found in KanaseWich (1975)
As an example of the effectiveness"of the 'filter Fig 2.9

shows a seismic record in original form as well as after

application of the band pass filter The 1mprovement of _the
. . 3 ‘.f‘“‘ v
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- Fig,2.8A-B Power spectra (periodograms) for two events.
a)The Assiniboia/Cabri event. Shotpoint  to receiver
distance was 207 km.Charge size was 250 kg - T
o blThe Leross/Cabri event. Shotpoint to receiver distance .
~-was 351 Km. Charge size was 1249 kg. B | v

e B

¢ . N



50 . -

REFRHCTIDN HUG 21 06. 01 HSSINIBUIH/CHBRI'
1024 PLOTTED POINTS :

9.0 10.0 110 120 ~13.0

'ao

© " CHANNEL 8

RN
o
LIS

 RHPLITUDE
2 8 8

. Ll
.9
S

TIME (T X/8 0) SEC

- ',-vlq;‘

= foléf.»za T80 40 B0 60 90 80

- .

~ FREQUENCY HZ =
PONER SPECTRUH UF THE TRHCE
(A) |



REFRHCTIUN AUG 20 06. 01 LERDSS/CHBRI
1024 PLOTTED POINTS

10,0 1.0 12.0 13.0 . 14.0 ;‘;15.0»,: /// )

TIME (T-X/8.0) SEC.

10,
1& =
e} |

AMPLITUDE:

EEDRT L

B (1] RN

s R FREQUENCY HZ L
PGNER SPECTRUM OF THE TRHCE
5 (Bl BRSO



¥4

<

4

- Fig.2.9. The same seismic record displayed before and- after
- filtering. The two topmost traces (channel 1 and 2) display

~the horizontal components and the “rest are. ‘vertical

- component . data. filtering.  Higher frequencies are
‘efficiently;suppressed.. T S e
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'-quality is- c]early v1s1b1e The h1gh frequency parts of the »

'71,n01$e are effect1vely suppressed

2.3.4 Spat1a1 f11ter1ng by stack1ng

After some pre]1m1nary anaTys1s the need for f11es w1thf

‘processed’ data became obv1ous Thus, a program was wr1tten s

'wh1ch processed the raw data and next transferred them ‘onto

another tape f On]y the parts of records conta1n1ng P- and

S- head wave arr1vals have been processed resu1t1ng in,'.

. compact new ftles The program worked as. fo]lows F1rst the

(Hdata po1nts were demultlplexed and the mean ,value was'
‘!, removed» The second step was band pass f11ter1ng us1ng the:

:tfrequency range 4 0-15. O Hz (2.0- 15 0 Hz for Dungre/Cabrti,,
event) Next the al1gnment of traces was ach1ved .using a

r

: _stack1ng veloc1ty of 8. 0 Km/s for P head wave arr1va1s,},and

4.6 Km/s for S head wave arrtvals | Then,‘ eachfpa1r-ofg[].

'adJacent traces (except/those _WTth hor1zonta1 components):
'vtwere stacked yxeldtng 5 new traces w1th the vert1ca] motlon A

':51nce, at Teast two shots were detonated from the same ~site:

:__f(see TabTe 1. ), a further 1mprovement of SNR was p0551b1e by;h.-

u]correlat1on of records from these common shots, and stack1ng¢-;)i,

them aga1n Thus, the new tape cons1sted of 10 f11es w1th 2fnaﬁ'

'1f1les correspond1ng to the same shotpo1nt rece1ver dtstanceilff

':(one w1th p- and the other w1th S head wave arr1vals) Eacha*J

;&rftle cons1st1ng of 7 blocks The f1rst two ,f1les conta1nedjg,;§~

'“'.f'the N. S B and E W. hor1zontal component and the rema1n1ng;{2f7h

’7r}jf1ve conta1ned the vertlcal components of data Each block;tnf,;



* was 8000 bytés"lbng which yielded 4000 .ihteger *2 words.
’~About 2-3 'seo. (350- 500 po1nts) the precursor was A

. retained 1n the f1les before the f1rst arrivals F1g 2 10
I

- ‘shows two vert1ca1 seismic records belongtng to the samee

';jshot group- in the1r orvg1nal forms and next after process1ng"

o as they are wr1tten on the new tape _'jg -

.o 0
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~ Fig.2:10. Two seismic records for th
stacking . (2° upper records), ~and"

record). T T T

é same . profile before

~after stacking ' (lower

{

Lo
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3. DATA INTERPRETATION

1

3.1 Main Crustal Wave ‘Groups

observed in general (Fig.3.1.),

1.

\

In continental regions (two dominant wave -groups are

N
4

The R-phase  which is primarily:“associated -with

crystalline basement, but in general, is considered as
a wave trave]ltng in the upper crust If a sedtmentary

covér ex1sts the phase displays a compiex natune ~with

\many | secondary arrlvals The R-phase .is usually

) 'observed easily up to distances of 60 100 Km Beyond”

¢

,100 Km dtstance it becomes, in genera], very weak ‘and
3Lundetectable The phase follow1ng %,F somet1mes called

P, has a greater apparent 5&1001ty and can show large.

‘,ampl1tudes as 1t becomes: the f]PSt oarr1val In turn.

: this phase becomes weaker‘ with distance, and may be

' replaced by another one, delayed with respect 'tol the

: procedlng phase\ Such phase sp11tt1ng is frequently/

‘seen in cont1nuous Aprof111ng * where the spac1ng of

. detectors is small"

‘,The fn phase 1st‘a head wave or a refracted wave that’

B penetrates’the upper ‘mantle and

o

recorded as rthe

first arr1val at Iarger d1stances (beyond 130-200 km)

_Its apparent veloc1ty is between 7.7 and 8 5 km/s .The“

;strongest arrivals 1n th1s group are ‘generatey at the

Mahorovicic discontinuity wh1ch is the boundary between

‘the crust “and the, mantle They are charactervzed by a
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Fig.3.1 Schematic travel-time diagram-with reduced time axis
{reduction velocity of 6 km/s) ‘showing two main groups ,
R and B, and the basic parameters Xeri Xy and t' (X=80).

7 Xerm critical'distance ' ) - ’ ‘
2 Xg - crossover distance

© t' - reduced .travel time
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large amplitude, especially\neah\the‘critical point'(a
point at which the reflection and head wave ttmes ire
eqﬁal) which, for an average cont1nenta1‘crust, vakges,
A from 60 to 90 km A 31m11ar feature of\ splitting, )as
Aifog the P phaﬁe can be detected for arrwvals from the
ﬁv', Moho on records with cont1nuous prof1l1ng Th1s s
caused by var1at1ons in the elast&c parameters w1th1n 1
Km vertically of the 'd1scont1nu1ty as  well as. by
velecity or structural variation inhithe hOrjzontal

‘directions.
X

3.2 Record Presentatlon

.

Se1se/7'data are usually presented in the form of
tions\ which d1splay the seismic traces on'a

record sec
‘ t1me d1stance graph. The travel time is presented usua]ly in
one of two\ ways. In the first case it is plotted as true
travel time with the source time marked as the origin for B
each rece1ven. }Thts klnd of presentatlon is especwally
usefgt~ih eontinuoue prof1l1ng In’the second case 1t tsn
‘scaled as a. Peduced travel time (F1g 3.1.). whtch is deﬂﬁned |
as, follows: . . . - (-
g o SR D

t'=tox/v S BN

where: e
_ tf)- reduced travel time
t - true travel time

X - source-receiver distance -



v v = reduction velocity |

This type of - display yields much‘better resolution oh a
~small graph over‘large recording distances and is widely
used in seismic ‘refraction. studies. If we choose the
reduction velocity'close to the apparent veloc1ty of the
phase of interesf, the record sections show the phase“
erréhged more or less horizontaly, which makes the
correlationd.of seismic events much easfer (Fig;3.1.)..Sincea
”most crustal investigetions are made by 1nterpret1ng
P-phases~ the reduction velOCIty should be close to the
average crustal veloc1ty of the compressvonal waves (. e.
about 6.0-6.5 km/s), “or 1tvshogld/correspond to the velocity
of the most promlnent and the most 1nformat1ve, from our
. p01nt of view, refractor | |

In }he 1979 refraction survey ‘the d1stances between’
shotpo1nts and the Unlvers1ty of Alberta recelvers were over
200  km (Table 1.), therefore the flPSt arr1vals and many‘h
conver ted phases were ~behved to come from the‘ Moho
dlscont1nu1ty Thus, a reductlon velocity of 8. 0 km/s wasd}
“_-chosen for the record presentat1on in all- cases - when»ra'

‘reduced t1me scale was used . v e i | |

, ?@ A N | .‘:} . \\“-‘
v' 3;3'Generel Remarks on TrevelvTime‘Data'»
| 'Most of problems. encountered in crustal stud1es have
been solved us1ng the assumpt1on that the med1um under study'

is layered isotrobic and homogeneous in the hor1zontal
direction. This is also. assumed to hold in the followin§~



1.

(9

‘strongly

either positive or negative.

: _diSCUSSiOn. The velocity'gradient‘]dv/dz, which influences

the curvature of = the travel-time curve, can be

1

N : |

A positive velocity.gradient.O<dv/dz<+<DvCanjhave three

possible cases:

a.

dv/dz=0  (constant velocity “layer). Here the

travel-time curve exhibjts a']inear‘character.‘Head

waves are possible at  the top of the layer, and

reflections are generated at both the upper and

| lower boundary .

0<dv/dz<+cn (Pos1tive‘ velocity gradient Withtn a

layer) A smal]‘ veloc1ty"gradient" makes ~the

travel tlme curve have convex curvature (normal'

e

type) whlle a large velocity grad1ent generates a’

cusp  in the trave] t1me curve w1th concave‘}wv
'”curvature (reversed or. retrograde type) .
. fdv/dz-+<n (d1scont1nu1ty g occurs) Recordedj
*reflected waves produce a travel tlme curve of ’

R S
N

:,concave curvature A w1de spectrum of»-veloc1t1es«'

»f ’corresponds “to " the. same depth value z. Many rays

of refracted waves, therefore no 1nformat10n about the ,'

| can bottom at this’ depth wh1ch ytelds many pointsy;fa-ifz

- with different time corresponding to the value z 1n7
‘the travel-time d1agram e e
'lNegat1ve veloctty grad1ent: ‘-ai<dv/d2<0"r(ve1ocity

5s1nver510n) Such a condItton rules out the poss1b111ty

—

f_veloc1ty value can be derived from the travel t1me_ =



diagram * (shadow areas without arrivals on ‘the

travel-time diagram). S | | .

3.4 ﬁrlnolples of éorrelation ‘k. '“ O

The.objectﬁve of correlation is -to time the wavefronts.
~of any. phase that occur and flnd their travel- time branches
'Here it is common practlce to use not the beg1nn1ng of the
event, whtchv is usually dtfftcult to trace but the next}
*pronounced<amplitude mlnlmum -or max1mum It is obv10us that 1
in order to to apply true phase correlation the spa01ng of:h
" detectors should be smaller than one  wave length To
;identify :in':record section the regular slgnal from the
arr1vals caused only by local 1nhomogene1t1es, the” follow1ng
hcr1ter1a must be applled o | |

1. - Ampl1tudes of the correlated events should exceed those
| o

P

f,_of the- n01se o B g *“__‘: S A
dg2.' ’The apparent velocaty should fall 1ntofva‘ reasonablew
| range of values | »I | ': | s
‘,3;."The travel t1me branches should have the same apparenr RS

o veloc1ty for some length

td'Phase correlatIQn s. particulary useful 1n reflect1onh;.l»3‘

"fsexsmology where detector spactng is small and the apparentff.» o

fwavelength Of the reflected pulses is relatlvely large Ihf-»f"

"refractlon studIes. where dlstances between recelvers are P

f,usually much greater than one. wavelength the prtnc1ple of : L

| group correlat1on is w1dely used When' us1ng 1t,_some"

"rrcriter1a mus t also be followed : =...V

1. The group correlated curve is obtalned by Joinlng of



separated phasefcorre]ated ,segments_ and/or arrivals

with clear amplitudes. ‘. |
2. The'; resulting’ apparent velocity should fall into

reasonable range of values. ‘ | o
3. The travel- t1me branch should have the same s lope for

some d1stance

3. 5 Ground Motlon )
"In, the 1979 refract1on survey fwo hor1zonta1 component‘
seismometers were Jncluded in the spread to g1ve an
indication of the type of wave invblved:'i_n.any particular
arrivals A usualrway of analysing»the ground motton-"s‘ito
‘Jplot part1cle motion d1agrams of the d1splacements of the
| traces one against the other as a. funct1on of time. If both
traces have a s1mp1e 51nuso1da1 shape an el]1pse is obta1ned’
"w1th 1ts axes correspond1ng to the ampl1tudes of the traces

‘The phase d1fferance between the traces 1s 1nd1cated by the

t11t of the-axes and the sense of . the mot1on on the f1gure

‘-r:Plotttng part1cle mot1on d1agrams is based on the assumptlon

';~that the output df se1smometer ,{s. proporttonal to» ground"f,

:t3d1splacement for SImple harmon1c mot1on1,Wh11e plott1ng onen

" has to be sure that the vert1ca1 and horizonta] vcomponent?*

‘:-'jd1splacements are -1ntercal1brated and there is no phaseiﬂb

;}d1fferance between 1n phase d1splacements the _verticala'
f"and hortzontal component traces Depending on c1rcumstances{

}:these cond1t1ons are met to varylng degrees 1n f1e1d work"

\”fHowever, even when ‘th l1m1tattons hold part1cle mot1on‘ﬂ U

:gid1agrams can be valuable a1ds in the interpretat1on of many,,]



features of ‘ground motion.
| | Fig.3.2A?F'show_5ecords of three horizontal components
,(N.S.. E W. and radial obta1ned from these two) and vertical
component data for different events and var1ous arr1va1
t1mes For each case LlssaJous figures of the vert1cal
versus the radial hortzontal d1splecements are shown The
plotting time interval was 0.59 :sec; (105 po1nts with a
- sampling rate of 5{6\ms.) The plotted time in Fig. 3. oA ~and’
Fig;3.20>,correspond5' to. that of the first arrival and its

vicinity for these events. It. is clear that the first

arrivals are limited to P-wave type of motion.which is what
we expect. The‘ fanomng'amva‘]s are still P head wave but
they _contain d1fferent amounts of P- and S- wave components
correspondtng to the. vartous converted phases due to local
| 1nhomogene1t1es (Flg 3 2B. and Fig.3.2E). F1nally, Fig.3. 2¢
" and Flg 3.2F present ground motion. atf the t1me when the -
. shear (S) phase is a head wave. Also here due to phase |
converston and local 1nhomogene1t1es, two types of mot1on at.

vary1ng pr0port10ns are present s

3 6 Frequency COntent of Signals

In examining the phy51cal bas1s of se1smic megizd tv‘ﬁiﬂﬂ»'

follow1ng cond1tlons should always be cons1dered

'_:1;“j;The cond1ttons ex1st1ng dur1ng waves generat1on ‘
'?s2};teThe cond1t1ons preval1ng along a 'raypath of the
o propagated waves. | Bt R

: ’35;"The cond1tions under wh1ch the waves are detected



Fig.3.2A-F-  Particle mot1on diagrams showwng part1cle
~ velocity for the vertical and horizontal-radial ‘components.
Units are arbitrary and the same on both axes. The
,hor1zontal radial component was obta1ned from the N S.  and
- E.W. horizontal components. - '

A) and D) Plotted record time 1ncludes the first arrival

B) and E) Plotted record time 1ncludes arruvals com1ng in
few sec. after the first break ' :

-C) ‘and F) Plotted record time 1nc1udes arr1vals wh1ch - are
S headwaves S ‘ .

. .
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In setsmtc crustal sUrveys the waves are almost .always
generated by exblostons. Buried charges form the source
which is most widely used in land-oberation. Elastic waves
are more efficiently produced if a number of 'sdallt charges
(tens or hundreds of ‘Kilograms) are used 1nstead of a s1ngle
 large charge (Kosm1nskaya, 1971) Studtes have. 1ndtcated
that in.a g1ven geolog1cal env1ronment the principal factors
affect1ng shooting efficiency are hole deptﬁ the” size - of
| the 3charge in each hole and the separatlon between holes
{Kosminskaya, 1971) For a given hole depth there is an-
Opt1mum charge wetght wh1ch produces elast1c waves with a
maximum energy in'a des1red range ‘of frequenc1es Another

1mportant factor affecting shoot1ng eff1c1ency, which 1s

part1culary 1mportant for large shots, is the med ium 7ﬁn |

wh1ch a charge is located. In- some'cases‘different locations

" y1eld s1gnal amplltudes different by as much as an order of

magn1tude ,'for- the same ) charge s1ze. There is"no'-.'

cost-effective method by which one .can reasonably pred1ctv
5,the optimum shoot1ng conditions in a medlum w1th arb1trary-
'properttes However. exper1ments have shown that&:shots in
dry rock are less effectlve than shots in wet rock, shots in
shale are more effective than shots in sand, and so forth’

| In. order to maximtze the shoot1ng effic1ency the
spectrum of generated waves shoutd have its peak at the
frequency at whtch the SNR. ¥$ optlmum Spectral stud1es have}
shown that desp1te the fact that detonat1on ls‘almostf

1nstantaneous a number of resonance peaks occur In general,

v
-.
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with increasing charge etze the frequency at -nhich the
spectral peak occurs decreases, however the re1ationship is
'very weak (Kosminekaya. 1971). There is also observed a weak
relationship between charge' weight. and the shape of the
spectrum (Kosmwnskaya, 1971). | | | / , .
| During wave propagatwon through the med1um the spectrum“
bf the s1gna1 changes," marnly because 'of scattering byl
inhomogenéities. Spectral analysis have revealed that: |
1.'. The‘attenUation'inereases7with Reequency .
2. Near a‘large explosion, the thicker the sedimentary
cover, the lower is the' overal] leVel.of‘the recorded
frequencies. This behavior _becomes .nore complex. if
significant.vchanges. in‘}1ith0109yi‘ot th§‘sedimentary
‘cover are dbserved,._ | |
.3._ Tne targer the distance from the eource,hthe'nlower is
: .the‘ doninant frequency on a record and the‘rate'of
decrease is about 1-2 Hz per 100 km for ‘distanees
greater Athan',SO\kn.'Usuatiy. dtfferent tybes of waves
exnibit,similar spectra,,however, at large dietanees ‘
'(greater than 200 Km) ’earty arrivals vof the first
-mantle waves are nearly always of h1gher frequency than
later arriving crustal events |
Table : 2.Wfshows some character1stic parameters of!
’spectra in'the,1979 refraction records. Desp1te_ the- fact_'
that there »Qere\only 11 recbrde’to analyee it is useful to
compare the exper1mental data with theoret1cal pred1ct1ons '

Rel1able conclu51ons can be drawn from the data by comparlng
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the signal amplitudes and the general shape of the spectra h

for the same shotpoint and receiver locattons for d1fferent

charge sizes. It is seen that the amplttude Vlncreases w1th.g‘d

'1ncrea51ng charge welght There are no s1gn1f1cant changes -

i the general shape of spectra for the same d1stances and

d1fferent charge weights (compare F1g 2.8B versus F1g 3.3).
This conclusion gets anothéﬁg support. from the fact that
crosscorrelation ‘functions .for; those-records (Fig;3,4A-B)<
are very h1gh exceed1ng 0.95. Fram:‘an' analysts oof h0th )
records_ and power spectra of later arr1vals it is seen that»

L3

4aterfarr1v1ng events have\ lower frequenc1es than .f1rst”‘

,3 7 Travel Times Analysis o

3 7 1 Introduction

The ftrst arrival t1mes were read from'untiltered*f

: (applied zero phase sh1ft,'recursive Butterworth band- pass;_*.
.f1ltering can 1ntroduce some error by alterlng the onset ofi

the f1rst break) vert1cal component records It was dec1ded’

v

th1s statlon The first and secondary arrivals w1th P head f:"

that station no. 1, “w1th the two hor1zontal and one vert1calh

component seismometers would be the reference stat1on andh

L}

all times and d1stances would correSpond to measurements at.

- wave were: read from plots w1th a time scale 1sec —68mm (1 e. :Q

‘

1mm=0.. 015sec which resulted from plottmng 2001 p01nts on 30'f,

1nches long records) Later arr1vals w1th S head wave were»lx'

[T

';read from plots with a time scale ~1sec. -27 2mm [(t.e:'

G
t
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| Fig 3.3 Power\ spectrum (per1odogram) for the Leross/Cabrl *'a;;7
-, event. Shotpoint- to recelver distance was 351 Km Charge -
s1ze was. 350 kg . - o SR
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~J‘»;Flg 3. 4A B Cross correlatlon funct1ons of -eVehts<for'the_.,
X same profile but with. d1fferént charge s12es el e

- “ra) The Assiniboia/Cabri event .- ,

b) The Leross/Cabr1 ‘event
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1mm=0. 037sec which resulted from plottlng of 5001 points on
30 inches long records) Travel t1me data came from SO
w1dely separated areas that no rel1able conclus1on can be
drawn about the crustal models along prof1les The small
number of records also rules out the poss1b1l1ty of applylng
stat1st1cal methods,e1n_ analys1ng the ‘data. However ;the-_ c
‘data, 'along” with available informatton‘ on ‘the crustal
:'structure,'of_‘the areas from other”sources, allows us to

}'diScrtminate‘against»certain_modelsn‘and' be }tndicative of

. some major crustal features. e

'3 7 2 Conclu510ns from 1977 and 1979 refraction surveys

The main group of the 1979 COCRUST survey carr1ed out }”lf

g
‘measurements along the refract1on profmles Robl1n/Mel1ta.f

Leross/Dungre and Ass1n1bo1a/Carlyle F,g 3 5 - shows }them'

'locat1on of these prof1les as well as crustal models der1ved}'

'5_pfrom the data The. Robl1n/Mel1ta reversed proflle coveredr‘ﬁii'

“Q_the area of the Super1or Church1ll boundary zonef’lhe spread-_f

R

:gcons1sted of 38 rece1vers spaced an average of 6. 8 Km apar _:Qauwf

o ﬁ_The Leross Dungre reversed proflle was ent1rely locatedff;ét

\

'jtw1thin the Church1ll prov1nce Thtrty seven selsmometersfi:h'zﬂ

P
A2

VVYQﬂwere la1d out along a N- 5 lvh withian average spac1ng off»
% : h

"'t? 2 }f Ihetf th1rd i pnof{ﬁe.;f ss1niboaa/Carlyle.p was-i o

L 'unreversed WIth only one shot at Ass1n1bo1a and was thoughtr'”

kfas' .an extens1on to the west of the 1977 E w proflle 'It':d

1,cons1sted of 36 seISmometers spread along a g1ne 287 5 km

{ff‘long w1th an average spacing of about 8 Okkm

i IR W
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"

F1g 3.5 Crustal modeis Of‘ASVW Manltoba and southern  
Saskatchewan deﬁbved from the 1979 se1smic refraction survey

"' .carried out by the main COCRUST group. Values at both ends
. of the profiles are 'depths to interfaces in Km, while walues L

- placed along the profiles are velocities in 1ayers in .km/s. - -
The solid 1ines show values obtained from the coverage for a . .

'~ given -refractor, while the dashed 11nes represent
'A  ,interpo1ated values : . e T



™ -
@ - s
, mupnm”oznozooum ¥ 40 NV ,
~ SNOT1HI07 wzuampozm »* )
Wy 002 ot 0 ,
uwx:P 30 zoapmzmocaxm HITLU3A
n e R
TauL g1 173K
NUW - o
- ' ol -
mv. | B
[
L] e :
R R 19 oﬁo . cnam_znwwm
g &1 .m.w,+ uzopmanz
[\ ] E 3 wo z
- e Ll R e b - pzmzxau hu_xw
B I , o :
cznauz . o ,zmcuw
. - : e : e
a , * ST .
. 1180y e R -
. : ”x 1.y 88083
.8 v e exr -
. T R
: * NHW - ¥SHS T
Es . g / -
ad i . NORS
o - ”\”,.m . :
A ’ . o Q ) .0.




| :7iijompar1ng the results of 1977 and

’“bf,sisﬂrveys one reaches the following conclusions

T . v84’ |
The data from these three prof1les ‘were analysed by

HaJnal (personal ommun1cat10n) and the der1ved crustal

,models lead to the follow1ng conclus1ons |

1. There are no s1gn1ftcant changes both- in a depth to '
myMbho and the upper mantle velocity W1th1n the boundary =

) zone along the N.S. lina (Flg 3. 5) N ;

. t‘é.' 'Aibenta-Riei discontinuity was not observed on 5ny‘ of -

| ‘the 1979 prof1les (F1g 3 5) o

- 8. i“The, depth to the Moho along the Leross/Oungre prof1le'if

. . is surpr1s1ngly Tow (40 5 km) and remains constaqt The,”-f-"

P 94

‘ veloc1ty of the upper mantle has a relat1vely h1gh‘

| value (8 26 km/s) 1ndicat1ng some changes 1n l1th\1ogy'

-

(Fig. 3 5. o *,»f, ‘. 'ﬂ'f.*;ﬂi*j g

RN

'“:fﬁfij?t;7The crustal model f}rﬁ the 3region to the west of?li:7"

1979 refractlons«“;ff

.’;f.Weyburn, derived from the Ass1n1bo1a/Ca@lyle prof1le.7iﬂf}f

, Fi;,tﬂshows some resemblance -to that l:O Suffield/Sw1ft*”;ﬁft

~-fﬁhﬂfCurrent obta1ned by Chandra and Cummlng (1972). asfi"

»:-}flllustrated 1n Fig 1 8 and F1g 3 5 The only d\fference;f;;7f

:fffi that Alberta-Riel discontinuity fijﬂthef{ff-

P ﬁthorizon with a signif1cantly lower veloc1ty

-

"*iff}z;;flrhe depth to the Hoho ongS 3 Km, at the west end of theaf;qf

V”fiﬁ1977 E.W. profile (Flg 1.8 and 40.5 Km along
"fﬂaLeross/Oungre 1979 prof1le (Fig 3 5) 1nd1cate that thej-
7jfyivert1cal change 1s of at least 8 Km over a d1stance of

»
. L ]
T B S T PR Y R a0 N . R ~ .

cod

':_Suffield/Swlft Current model is replaced by a shallowerd?},t*
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';w‘poss1ble location which can be traced on the magnetic map 1sdf{?i§li

85"

X))

/.1lO‘Kﬁ~ The change in depth isl accompanied by al}7

substantial change in values of the upper mantle o

,veloc1ty (8. 06 Km/s versus 8.26 Km/s) Since the data .

do . not - preclude of an abrupt change.}a maJor crustal
(

5 lelSlon might fbe responsible ..er'{ithe .:observedff

phenomena. . o g ,_; fwx‘ .’,y;@f

- 3. PThe"crUStal thickness in southern Saskatchewan variesgli -
wfrom 40 to over 50 Km whereas' the thickness fjh:fa?}

. "1-Manitoba is: between 30 and 42 Km

. 4""

.,eThe ex15tance of a maJor crustal div1Sion or a fault hasf}-., )
Ma_support from magnetic data in this area (Green et al 1979){g7‘_?.

'fas well as from Bouguer gravity anomaly map (th 4 2)

S

”"_w1thin the range\of distances which mark that abrth changeif”f ??El
3 j,in depth to\the Moho (thL fault. as dellneated by G”ee” *efllti;fcia
“al. (1977), cuty the 1977 and 1979 E. Uv profiles albowt B Ky
Dl of weyburn whereas the. depth to the Moho is 48.3 km at . .

g

*7’%110 km E of weyburn and 40 5 km b low weyburnlﬁ;;jzg;n.~-“ |

'ﬁftanalysis of record sections w1th data pointsf omif"'

:WSERoblin/Milestone and Leross/Cabri events (northern region):fifff’i

'3aw1dely separated points, nevertheless 1t}islin

i;f3 7 3 Travel time analysis of data'from 1979 U of A survey

Although not too much detail can be extractedvfrom an‘t'ﬁsijii

ey

’hlplot records on a tnavel time curves t§’ obtain sdhetrfff;ff“

’? areal f*aFlg 3.64 shows he record sections : of thef;fﬁ S

«1mate values characteristic of the crustrin thoseéf;?éf'f“’



. a)  the: -northern ' profiles (Roblin/Milestone and
Leross/Cabri) - o o o [ o

. b)<the southern profiles (Assiniboia/Cabri, Oungre/Cabri .

~and Melita/Milestone) o oo RaR A
..Crosses show the picks of first bregkes (based on unfiltered .

records). ‘Maximum amplitudes on each record have been .

- normalized ‘to a” common value. Reduction velocity on time
- axis is 8 km/s. ‘ S I R -

© Fig.3.6.A-B Record sections of . -

L]
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“whereas F\g 3.68 presents the record section' of . the °
. A551n1bo1a/Cabr1, Oungre/Cabrt 1and Meltta/M1lestone events"

.(southern regton) The most strtktng feature is that »th o

R N

*:reduced 'traVel t1mes of the' f1rst arrtval of the-twOf:.‘
' ';northern prof1les are s1gntf1cantly larger (1 5 to l 8 sec. )_”5'

. than those “from the southern prof1les Assumtng that thrs’;': ,

”‘resulted from ,d1fferent \crustal th1cKnesses jth f1rst

,arrlvals of the northern sect1on yteld 8 1 km/s fasﬁa;

\»"Velocﬁy Of the upper mantle and about 53 3 Km as a depth to

7} the Moho These values found for the southern sectlon (here?df;"'

'}Qonly the Ass1n1b01a/Cabr1 and Oungre/Cabr1. events weretﬁpf‘

. 8.0 Km/s and 41 9 Km respect1vely In;wthe l1ght of thégffl“’
~_lava1lable data the veloc1tyv of 8 1 km/s for the northernlbfy

:; sect1on appears to be very close to an average value of' theﬁ}fr“_‘

southern'-sectton," the vel001ty y sl1ghtly lower than[f

»f»average (about 8 18 Km/s) between Oungre and Capr1

The depth values to the refnactor for both sect1ons],d

 were calculated from the 1ntercepf‘t1me us1ng~a swngle layer .
ST

;model w1th an. average veloc1ty of 6 4 km/s It is very

unl1kely that a crustal thtckness ;:' 53 3 iis"

_character1st1c of large area\between Robltn and Cabr1 It'is

;more probable that 1t 1ndicates an approx1mate depth to “the

Moho on the downthrown‘bl?ck of a crusﬁal fault (or faults)

‘"'Th1s supports Green s et”al (1979) assumption of a northern'rf

* extension of the fautt.

[

“?e‘upper mantle 've1001ty between Robl1n and Cabr1 As to the N

"‘cons1dered for reasons wh1ch w1ll become obv1ous later) weret't,f;i

T

%
-4



i«;uvwhtch an most ltkely subJect to change as compared w1th
;those of th E 1n1t1al model A number of models for each

R 3. 7 " Computed models

:‘f”Oungre/Cabrt delay 1” thetf"Stfa"r’fﬁ
{i 1ts d\rectton to the west 1nstead_of runn1ng to the north as.;ﬁ,

o assumed"by Green et ‘al

ﬁthave another maJor crbstaJVFault whtchuluts the Leross/Cabr1?i39
fjﬁproftle Since the area ycut ‘ |
““fffeatﬁres trendtng N W

t,i_fault may be 001nc1dental»w1th one of them ESpe01ally,..
'?hrelated to the fault

‘hfthe .southern regton us1ng the«tntercept tlme seems to be a'

. i e
R L
: X L,
RSN Vit
Tt

J:if,fﬁihis fau]t could _a]:h>ﬁ'55; respOnstble ’{f/ the\'y

Iittme 1f 1t changes

ﬁ1(1979) hThere is however no support

| ffor such a hypothe51s when*ana1;31ngfehef northern;*dart Of

’"’the -Leross/DunQre crustahilmOdel jHaJnal 1980) Wh1Ch does

'hfre'11ke1y that we

t

of Itnear'

ZAS E (Burwash and Culbert. 1976) the

,7numbenp

vi;observed drav1ty trend at a longttude of about 105 w may be ff

The model depth to the Mbho refractor of 41bg km‘ foryiff

'°€good approxwmation of an averaged U"d‘St“”bed CPUSta]

*fp;thtckness betWeen Oungre and Cabr1 4'ﬁwrr!_f$:”%335?5&t1‘§£'§e§

Another approach to the problem 1s—comput1ng models

,hwhtch yleld travel ttmes comparable to ‘those ‘recorded for

’ fall events Assuming an. 1n1t1al model from avallable data we\

"‘”'try to ftt the computed travel ttme to observed one by

adJusttng the values of a few parameteos (depth veloc1ty)

e .prof1]e have been computed us1ng ‘as . 1n1t1al models the :';i

SN

¥



_\:‘ell as’ computed ones wh1ch f,1t fhe observed travel t1me

;‘,

‘91.;"

closest quoted 1n l1terature. or combtnat1on of them ablevltir

3A E shows the assumed 1n1t1al models for each proftle as fi .

AR

el

Another useful parameter whtch has been calculated 'ls

{'%ffth" cr1t1cal distance for: a gtven crustal model ahd -

VHff?refractor It 1s def1ned here as a half of the offset -at."

:5Lﬂ?whtch the reflectton travel ttme equals -the refractlonoV”'h

5Hifff}travel ttme In case of posstble: crustal features wh1chr:jf"

-f;ﬂfiiaffect th travel t1me the crlttcal d1stance allows one to_

'”7-g?values of crittcal d1stances of each model are also shown 1n

"?'{gTable 3M-E.

"133narrow the range w1th1n wh1ch such a feature can occur Aei'

,A

o

r

The computed models f the Robltn/M1lestone fpandfjpiéf

'*fijLeross/Cabr1 proftles 'also clearly 1nd1cate a sUbstantval;'f'xi

cﬂ”yatncrease 1n the depth to the Mbho By keeptng all parametersh}i"f

;lﬁf;but ﬁﬁg depth to Mbho 1dent1cal as 1n the’ﬁnittal model

fit of both recorded and calculated travel t1mes _for:. thea.f”

'37Robl1n/M1lestone event 1s obtained when*a;deplh,to Mbhoeof*f

”td;50 0 Km (Table 3A) The cr101cal d1stances correspond1ng to7u¢' E

'hpithls modeﬁ on shotpo1nt and recelver 31des are 62. and 63 knu‘na_

| *7stal]s wtth1n the range of the two crittcal dtstances for the

"tiRobl1n/M1lestone event F the Leross/Cabr1; event fthé“"

gfcalculated depth to the Mbho is’ 52 Km whereas the cr1tlcal

.:}“]It 13 worth not1ng at thls po1nt that the possible locattonv,.‘

'ﬁf?fof the crustal fault._as del1neated by Green et al. (1979)

15_,‘d1stances on shotp01nt and recetver s1des are 66 and 75 Km:

/1t(Table 33).
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i

!l
”.5;j)Table 3A E n1t1al and computedvucrustal models and the1rt

; - layer. In1taal crustat’ models bel
|

‘5wl'/models were:constructed to. fit observed travel. times/ This . .
| was done by.chang1ng one parameter (either velocity in layer: .

o - d1stances ara also shown for all models

”52 -or. depth:- to,refractor) of-initial model. "Computed-.Cr1t1calfnfjf

i o R >
i : PN .
Y - L

IERRC SR

,parameters i Veloc1t1es are  thoge of compressional wave :in

: ‘shotpoint: “and . receiver. -
were constructed us1ng avallable data. Rema1ning computed -
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S 1) E— ROBLIN mILESTUNE |
'”_BISTRNCE gx1 . 1;
- BBSERVED FULL TRAVEL TIME (T}

raenucen TRAVEL TIME (T"=T-X/B. 0]

272.6 KM 0%
43.82 'SEC. | .
878 SEC. | .

3 ¥5§5  i

L f,LRYER

INITIAL MODEL FROM

w “ROBLIN.
DEPTH VELOCITY ' DEPTH VELOCITY
| CRM/S KM KN/S

1 : 1 2 3.62 . 1.2 ,3 20
2. ?.'.':4.05 ‘6l09~1" 10.0°- 6.06 . .
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Another poss1ble reason for such large d1fferences 1nff_'

‘(creduced travel tlmes between’ the northerh and southernht""r'

; sect1ons mmght be the ex1stance.-of a Tow veToc1ty Tayertijid

‘ occupynng the substant1a1 port1on of the' crust “;fhegr {f

northern area However the computed mode]s w1th a Towf}fff3

@ T

f:,ve1001ty

Tay r both {fdr~d}th Robl1n/M1lestone f5anaﬁ,gfff5

_-~—0ungre/Cabr1 prof1}es f(Tab]e 3A and Table 3B) Clear]yfTLTTQT

111ustrate that such an approach 1s wrong The reqU1redjf%fj77

:fadJustments ;hT the ve1001ty of such a layer are s1mply tooffjfﬁéi

ld;Targe .3i Tayer i, thlck 29 cand 33 Km for thé.?f;§v€

u:“ftRobT1n/M1Testone ?and 0ungre/Cabr1‘ prof1]es respectlvelyifgfifﬁ

:'L?fshould be 1ntroduced w1th ve1001t1es as Tow as 5 90 and 5 80f;f7f3

v oA

'ff{jkm/s to f1t observed travel t1mes)

e ;ELThe 1n1t1a1 model travel t1me for the Assxn1bo1a/Cabr1jtti.;u

}.Tf)prof1le turned out to be ,about 0 6 greater than;;ﬁﬁfﬁ,

LT e "
'”?{ﬂobserved (Table .3C) Th1s was rather sUrpr1s1ng s1nce ‘the

é%fiﬁva1lable data 1nd1cate rather an und1sturbed and monotonousffsd

'ni}fcrustal struoture 1n th1s reg1on The 1n1t1al modeT oﬁ the:;;gfaf

°nff‘Ass1n1bo1a/Cabr1 prof11e can. be mod1f1ed e1ther by ra1s1ngffiifTi

'T?ffthe Mbho dlscontrnuity to 40 Km 'or by 1ntP°dU°Tﬂ9 an)d;ﬁtff

‘ﬁ‘upper mantle refractor w1th a veloc1ty of 8 70 Km/s (Table;ft;;fd

; 7130) The Tatter*caseu(however..represents a very 1mprobablefij;[n

""imantle veloc1ty Furthermore, ‘the apparent velocu‘.y of athe'*

"'l;f1rst . arr1vals . across j1a_ record1ng l1ne ;fdr‘ujthe_lgfj};

T--:Ass1nlbola/Cabr1 event is def1nately Towen than 8 70 km/s

hs to the Oungre/Cabr1 prof1le' 'fhe 1n1t1al modeT?ff“T"h

VT]}traveT t1me 1s 1n a good agreement w1th observat1ons (Tablea 3;775

o o S

ST e T e TR e e
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3D).° Th1s could’ 9uggest the val1d1ty of the 1n1t1al model'

.‘wh1ch postulates a gradual 1ncrease in the depth to Moho
*\\ f
_from about 40 5 Km below Dungre to 45fﬁm below Cabr1 »

At thts ‘point 1t 1s 1nterest1ng to speculate about the

:_lcauses of so low a’ computed dEpth to the Mbho for the ..

fAss1n1b01a/Cabrt prof1le wh1ch \ moreover,"liesf:in close

;proximtty ,to_ the part | off_l Oungre/Cabrtj proftle“

'characterlzed by a much th1cker crust One possvble answer' o

‘to th1s mtght be the ex1stance in, that area of a burted;

';_Precambr1an rift ~which was traced by Kanasew1ch et al.

3

~‘(1969) up to the Alberta and Saskatchewan border If we g

o assume. its further conttnuatlon to the;east.;thcould be

respon51ble for these dlscrepenCIes

. . “..t .

The: Mel1ta/M1lestone event is much more complex and°"
:dlffl%ult to analyse than the PRevious events At ftrst. .

‘:,glance the reduced travel t1me of the f\rst arr1val for the

MelttaAleestone event, whtch ‘31s w1th1n m1lltseconds

' 1dent1cal to those for the Oungre/Cabr1 and A551n1bo1a/Cabr1

events. is d1fflcult to reconc1le with the. hypothes1s of a

P

crustal fault 1n that area. If the fault were present we

should expect the reduced travel t1me to be of the order of
that for the Robltn/Malestone profile Among reasons ‘which
h»could ‘explain the observed value of the f1rst arrtval t1me

for the Mel1ta7MﬁJestode event are:

31. »Termtnat]on of the fault -or the change of | its

direction  to the S. E. before crossing ~the

ot

&el1ta/M1lestone raypath If so, only,smalltcorrectjons

i

o

v&

v
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are requ1red (e1ther to raise the Mbho about 1 Km or to‘
increase the veloc1ty of the lower layer to about 6.60°
'_Rm/s) to obta1n a goodragreement between computed and
observed' traVet' times tTabte ‘3E)‘ There are however‘
strong‘> arguments agatnSt . this hypothe51s _The
Me]1ta/M1lestone proflle passes through the area of the
1977 and 1979 surveys wh1ch results. set some cnustall
parametérs wh1ch should be 1ncluded 1n any attempted“
~t crustal mode | of that reg1on In the case of the'
/ﬁel1ta/M11estone prof11e. 'as ‘seen from F1g 1 8 and
F1g 3. 5 the crustal th1ckne$s gradually 1ncreases to
lﬂ'at, least 48 km over the d1stance 90 120 Km, nextr
\ sharply decreases to vabout 40 5 Km _(é%‘ lower) ‘d
fwnatly tends to 1ncrease aga1n to about 44 km below
| M11estone Bes1des. _the strongest lsupport from the .
| magnet1c ‘data} for .aﬁ fault comes - for 1ts southern,'
portlon (F1g 1.7). | } ‘ o
d t?ﬁ’. The f1rst arr1val of the‘ Me]1ta/M1lestone event does‘ =
| .‘not» come’ entlrely from the Moho (see__Flg.3.7).”A :
| relat1vely short. dtstance from Melita to the:'bossibte
fault and part1cular crustal conditions cabse‘the waves -
[to travel along a path marked L,ln Fig 3.7 w1th travel
time less than that along path marked 2 This
hypothelts ‘assumes that: ’h " -
‘a;' The Alberta-Rlel dlscontlnuity ex1sts along proftle ;'
'”tor ‘at least»between Melita and the_fault) and is

located very'shalloW”near the shotpoint  and yeryb
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Vo T
.“\\
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SN | &
R (V2 S
.- X, (Moho) |
o -~ - - 'Xcr(RigI) g
. Milestone o i Falt - Melita
- : ' s ' A . - :
ool
b !
N fiel
] 1
I . . . ;.
| - ’ o
] — Moho

- could be responsible for the first,bpeak.*Ther.path,“dehotgd-
no.1. runs in some portion along‘Rﬁei_discontinUIty where

headwave is generated, while headwave in the path. no.2 is

- generated along Moho discontinuity, o : . ,
- Xer (Riel) - critical distance corresponding to given model
- with Riel discontinuity as refractor. R P
Xe(Moho) - critical distance corresponding to given mode]
with Moho discontinuity as refractor, D e e
TT' - throw of the fault for Moho discontinuity =

o
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deep at the" fault on its downthrown block
_(Fig 3. 7): | | R ; ‘

b; The throw of the fault ts such that the downthrown :
~depth to  ‘the’ Riel s ~greater than the upthrown‘
'depth to the.MbhO‘(Fig 3. 7),h so ‘that ' the "trasel’
ttﬂ&’ to ;the rece1ver is pract1ca11y the ‘same for.‘

t‘var1ous sources 1ocated alng fault be]ow the Moho

.on 1ts upthrown block

.Table 4 presents ,some Mel1ta/fau1t crusta] models wh1ch-

clearly 1]1ustrate the p0551b1l1ty that it fts' the Rielf

‘;=dfscontinuity,:i_ the Mbho whlch 1s respons1ble for the

f»_’]f1rst arrlval W1th parameters set as 1n ‘model ho. 1 in. Table' o

"4"both travel t1mes are pract1ca11y equal By lowertng the

| depth to the Rlel and ratstng the-depth lo the Moho at the1r'f

cr1t1ca1 dtstances,‘the travel ttme alo/

o becomes shorter than that valong path 2 Th1s d1fferencei][

“h1ncreases even more\/utth decreas1ng d1stance to the fau]t:'

"(model no. 2 n. Tab]e 4) Th1s hypothes15' ts» supportedfr,

']j add1t10na11y by ,th fact that' records t from ithehfh

Mel1ta/M11estone events exh1b1t - very : character1st1c*h‘
pattern (F1g 3 8) After the f1rst arrlval (about 8. 0 sec Ih*

’}p'on the reduced t1me scale) w1th a moderate amp11tude theref°h7

4

’ gﬂts :ac relattve]y qu1et per1od and the next strong arrtva]s“g

”;appear at about 9. 4 sec mark as t the Robltn/M1lestone;

rf1rst arr1val ttme (9 .75 sec ) wh1ch def1nately came fromf "

’ »Moho Moreover, the apparent veloc1ty of the flrst arr1val

,across the recording line for the Meltta/Mttestone events 1s B

b

g path 1 1n th 3. 7 -_“



- their c uted travel t1mes,,f"‘“~a%~w

“.Tgme* . “Crustal models forvtthe Mehta/fauIt profﬂe and

A
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| f</’ REFRHCTION MELITR/MILESTUNE P HEHDNHVES »
_ STHCKED DRTR FROM HUG 15 06 31 HND AUG:16 8 31 -
HPPLIED FILTER 4 0 15 0 HZ 1000 PLGTTED POINTS

70 80 Y 0 100 “jil;of' ;f12;b7 o

\ TIME (T X/8 0) ssc

", STACKED TRACE 9.

o ATACRED TRACE 47 . . -
" atackeo TRACE S
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' OTACKED TRACE 7 L -

~?7:;V§:, B

©Fig.3.10 Stacked records for Melita/Milestone profi’é -~ e



less than 8 0 km/s /t- : é e h ]1‘

o The hypothes1s presented here requ1res the presence of'u

a RIeI discontlnuity “within . the. crust between Melwta andﬁ."va

M1lestone (or ja. least between- Mel1ta and the fault) u

- Although both‘1979 N S prof1les do not show 1ts ex1stance,'

the 1977 E L profllev conf1rms the presence of a wellf- |

." def1ned Riel discontlnuity (F1g 1. 8) wh1ch ré%dhes a depth;:-*
K of 41 3 Km in the v1c1n1ty~§f the fault Thls value compared'i

WIth 40 5 Km as a depth tq the Moho along the Leross/OUngrej:;t:t

@70prof1le 1nd1cates the poss1b1l1ty of assumpt1on no 2 ';f.:wt;L

| ;3 3. 7 5 Analysis of secondary aerivals f:fh“: ‘

"j: Many later arrlvals wh1ch could be conVerted Waves:ffﬁf"

mU1t1p1e~sneflect1ons; Or. even reflected refract1ons were‘f;n

observed To 1dent1fy them the follow1ng steps were adopted s -

"h’;fl:’;"Calculat1on of theoret1cal arr1val t1me ftrl varlouslpf"’

' ;Ffjassumed hor1zons and d1fferent types of convertedflffl:

fV'fwaves

ff;i2faifHor1zontal versus vert1cal ground mot1on was . analysedj;dvfl

e give an 1nd1catton of the type of wave 1nvolved 1nﬂh’35‘

'1frany particular arriVal 152'},{&,](@‘

'?__3;}'uAnalysis of the apparent veloc1ty of the se1sm1c pulsehdtfff

ftﬂijacross the recording line

5 .4)?}ﬂAnaly51s of travel t1me curves of later arr1vals andfﬂ_f_f

»the1r correlatlon ‘4Q"* “'*}wkjf-" '::,’n'”[-*-s“}k.;;j_I‘”_

B k “, . . a _“_ :. ~ w._ ‘ ) | :
The use of a l1ne of 10 vert;cal selsmometers along with 2;;-

hortzontal seismometers wﬁs found useful It,allowed;for-thet'



-4'*ve1001ty along a .prOfiJe§

' anaTYSis' of the ground mot1on and the apparent velocwty ofi
N |

- the se1sm1c pulse quev

‘.1dent1ficat10n ;of ﬁhtateb'.

t.;‘recordvng ]1ne 'used 1n the survey was: s1mply too short tOv‘aahE o

R

the- fbes_t cmtemon ,:‘fo'r‘,"‘
hhrivalé"'i;e._ the1r apparent@lhi:‘ o

~could not. be applled Theff’-'“

“ Qyweld more than one po1nt on a travelt1me VePSUS' d1stancen:n:;ﬁa-:.

hcurve Consequently, only the PSP phase (S head waves'a S

_WIthe Moho dlscontfhufty was successfully 1dent1f1ed iheufj7h57

Zi}gsogﬁhern~sectjon;;f;;;;-~

the reduced‘ travel t1me5tt5}hj&f:f



o a. CONCLUSIONS I

The' results from the se1sm1c surveys carr1ed out in ; S
.ﬂ southern Saskatchewan and S w - Man1toba have revealed Taa“fV
surprws1ngly complex structure 3ﬁh the crust The crUStal‘a_;:T.

\\\\Jnodels der1ved often show a lack of un1form1ty when the1rf'

. /

analys1s of avallable data lnclude the follow1ng

e

1,.huThe crustal th1ckness 1n southern Saskatchewan varles;fJA
'*fvﬁfrom 40 to “over” 50 km._ whereas the th{:kness ST
;”fffdManltoba 1s between 30 and 42 km There 1s ev1dence for;ﬁJ;;«

'!Tffublock fault1ng 1n southern Saskatchewapfw1th a N S ST

;'7t{fftrend 1n the east \There 1s good ev1den e “for’ (a maJorﬁ;QJ S

the throw of at least 8 10 km. at the M_l_

'xx'uih(F1g 4. 1) The trend 1s determ1ned from magnetlc maps “f/edh

wl;iBouguer gravvty data supports th1s 'conclus1on d!f;*d'

i hﬁr[ilnd1cates that Regina and: Weyburn are s1tuated on the{ﬁif?

-lyht{fiupthrown block (Flg 4 2) Thls zone 1s also marked by a;;'
; ;175bfchange in vétﬁes of the upper mantle VelOCltY fr°m 1ess}iftf

apﬁﬁ?”iiTthan 8 1&Rm/s on the Yorkton Melv1lle downthrown blockfff;fi
B '}-;Tfto 8 26 km/s on the reversed refract1on l1nehon‘thelhp,if>‘

'J[Reg1na Weyburn upthrown block The ex1stance of anotherfdi}{,

'“:fault west of Regina at a- long1tude of about 105“

T:;grav1ty anomal1es (Flg 4 1 and Flg 4. 2)

correlatlon vlsf attempted MaJor oonclus1ons 1nferred from;f

i ThiNorth South fault t? a longltude of aboft 103 w W‘thiffff;f
dlscontlnuftyléggjg

\Q:supported by our refractlon data and the Bouguer *f.°

*.:fét;}prart from the Reg1na Neyburn upthrown block there tsft;j o

o ]f5no ev1dence for an upper mantle compress1onal veloc1tyf.3;“;
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FOPREAS:

Fp.;F1g 4 1 Crustal thtckness and maJor crustal features in S W.
- “Manitoba, - southern Saskatchewan and S.E, Alberta The: ‘thick
© > solid lines’ show profiles -.with' known depth “the Mbho ,
;,afdlscontinuity determined by prev1ous se1sm1c stud1es.o-'
. -whereas the thin. sol1d lines show ‘the 1979 Un1vers1ty of
--Alberta profiles: “Crustal . th1ckness values 1n parenthes1s

" were determined from. th1s study
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fig-4.2  Bouguer ' gravity “anomaly . map of  southern
.Saska)'\tchewan,i S.W. Manitoba "and S.E. Alberta (after Lee,
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':Kanasewlch et al (1969).

»
) )

I-mdch dif erent " from an assumed 8 km/s value used on

2

reduced t1me axis in the se1sm1c proflles

Not aJl}m1d-crustal‘d1scont1nu1t1es can be; COrrelatedﬂ

N . | « .
on a larger scale. In particular, the Alberta-Riel

discontinuity ‘has been  observed Aonly' on . the

{Suff1eld Swgft Current - and E. W 1877 profiles; It was

‘not 1dent1f1ed on the rema1n1ng reversed prof1les“in o

southern Saskatchewan and S. w Manltoba (F1g 1.8 and

~ Fig.3.5). The Alberta- Riel dlscontinuity may exist as a
‘steeply deep1ng hor1zon on the Mel1ta/M1lestone prof1le_

or at least»for its - port1on upl.to ‘the 103 W fault

(F1g 3. 7)

'Changes 1n crustal th1ckness 1n southern Saskatchewan.

as deduced from the observed travel tlmesband 'computed‘

models, " are 'more complex than earller stud1es wouldx

'$1nd1cate The pattern ot changes could be attr1buted to o
~ the ex1stance of the boundary between the Super1or and‘~'

_Church1ll geolog1cal prov1nces in eastern Saskatchewan~""

and the complex N E. S w trends 1n\ western ‘and

}‘northern Saskatchewan wh1ch may be related to lthe;“

,‘bur1ed Precambr1an-,r1ft in Alberta ‘as traced by

v

ol
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. A{Th1s program plots seismic trace and calculates N
. and plots 'its power spectrum ,

*********************************¥#******#******************'

REE

-‘************************************************************ o

THIS ROUTINE PLDTS SEISMIC TRACE AND COMPUTES AND
PLOTS. ITS POWER SPECTRUM :

INTEGER IWK(8)
REAL X(5003) PSX(129) WK (128), FA(129) F(129)
“REAL PSLC(140),PSL(140), xx(soos) -

COMPLEX CWK(258)

.. DIMENSION REC1(20) REC2(20) REC3(20)
- READ(5,1000) RECT

READ(5,1000) REC2

"READ(5,1000) REC3

FORMAT (20A4) ‘ T T e R
'READ(5,1001) LL IND, NN, NTR NB NS R LTRSS
FORMAT(1615) .. : S o
- READ(5,4002) T[L,SCL, csp RP TSR FDIST ‘
FORMAT(10F8 2) '
LL IS PARAMETER WHICH AFFECTS NUMBER OF FREQUENCES
AT WHICH POWER -SPECTRA ‘ARE CALCULATED.
~IND IS INPUT CONTROL PARAMETER -

.+ NN IS NUMBER OF POINTS WE READ.MUST. BE EVENLY

“ DIVISIBLE BY LL:

. . NTR IS TRACE NUMBER WE READ DATA FROM

NB IS STARTING BLOCK TO READ DATA: FROM f: B

.. NS IS STARTING POINT WITHIN BLOCK H;f_N [P

TL IS LENGTH OF TIME AXIS

... SCL IS HEIGHT OF ‘SEISMIC TRApE ON PLOT
..~ CSP IS CHANNEL:- SEPARATION - : |
.. RP 15 FACTOR AFFECTING POLARITY - R
|l TSR IS TIME BETWEEN SHOT AND FIRST RECORDED POINT

FDIST IS DISTANCE BETWEEN SHOT POINT AND RECEIVER,N;E‘

" CALL READTRINTR.NB. NS, NN, xx)
~CALL MEANR(XX,NN,X]

" IF (RP.EQ.1.00)GO TO 1

D02 I:1NN L;—‘;_ o 'g-57-lA71?°7ffv:'N7ffr‘;7N{f?'NN

CONTINUE

;';;CALL MAXMIN(X NN XMAX XMIN BIG)
" CALL PLOTS - :

" GALL FACTOR(0.9)

L CALL PLOT(0.0,

o 0. 4,-3) ' o
. CALL SYMBOL(0.2,0.2,0. 12 REC1 90 0,8 0)
- CALL SYMBOL(0.4,0.2,0.12,REC2,90.0,80) -
" CALL TAXIS2(NB,NS,NN, TSR, FDIST,CSP. TL) .
" CALL PLOTCH(X,NN,TL,SCL,NTR,CSP, BIG)"
CALL’FTFPS(KgY;NN,L ,IND Psx PSY xps wa wK

"’:ff} 8CWK, 1ER)



A

~1003

1004

T T
CALCULATES FREQUENCES AT WHICH POWER SPECTRUM |

- WAS_ FOUND
TDIG=0.0056

. TDG=LL*TDIG "

“II=LL/2+1 B
Do 3 I=1;11 - .
fl1)=(1- 1)/TDG e
- CONTINUE R | |
WRITE(S, 1003) |
FDRMAT(//SX ’FREQUENCY(HZ)"2OXK AMPLITUDE //)
DO 4 K=1,11 :
WRITE(6,1004) F(K);PSX(K)

FORMAT (5X,F10.4, 15X, F20. 4) .
4 CONTINUE = -
€/ PLOTTING POWER SPECTRUM IN LDG SCALE
L vCAL PLOT (5*CSP,CSP, -3) o |
. EB=(B*CSP)/FLOAT(II-1) = -
C.. :\\EB 1S DISTANCE BETWEEN TWO SUCCESIVE POINTS
C....  ON FREQUENCY AXIS |
. FA(1)=0.0 co
DD 6 K= 2 11 : 5
~FA(K)=FA (K- 1)+FB i
.6 CONTINUE SR |
COFA(11+1)=0.0
COFA(II+2)=1.0
CALL PLOT(0.0,6%CSP,2)
CALL PLOT(0.0,0.0,3)
. CALL PLQT((f4)*CSP§0 0,2) .
DO 10 K=1,11- | e
L psL(K)= ALOG10(PSX(K)) T e T T
.10 ‘CONTINUE - ".,.f\_ e

oo

© CALL: MAXMIN(PSL II PS1 P52 PS3)
1PS= IFIX(PS1)+1 . S

" ALS=4%CSP/1PS
- ;"Do 12 1=1,11

12

©8%10)) -

CONTINUE .. o
isLc(11+1) 0.0 |
PSLC(11+2)= IPS/(4 *csp) e
CALL LINE(PSLC,FA,II,1, 10,3)

-~ PLOTS SYMBOLS FOR FREQUENCY szsz,- SR
HZL=(6*CSP) /F(I1). . , L

. 'HZL 'IS LENGTH OF 1 HZ

IFF= IFIX(F(II)/S) e

IFF IFF+1 O r; ‘ '

D0 7 I=1, IFF |

CALL SYMBOL(O o (1- 1)*HZL*5 0. os 16 90 o0, -1)
'CONTINUE - U L R e T
1FG= IFIX(F(II)/10)

’Tf{;IFG IFG+1
DO 20 1=1,1FG .

CALL NUMBER(O 12 (I 1)*HZL*10 0 05 0 08 (I 1)*10

&900‘1) ST L e

'PSLC(I)'-(IFIX(PSL(I))+ALOG1O((PSL(I) IFIX(PSL(I))) ;f};*"



20

]

CONTINUE

ot22

CALL SYMBOL(O 30,0. 4*6*CSP 0 1, 'FREQUENCY HZ’ 90 0 12)

PLOTS SYMBULS FDR LOG AMPLITUDE AXIS L
IPSS=IPS+1 - . I

D08 1:2,IPSS . | .
CALL SYMBOL{[~1)*(I-1)%ALS,0.0,0.05, 15, 0.0, -1)

89

8

CALL NUNBER(( )'; ‘)*ALS+0 04 -0. 95,0 0.08,10.
&90 0,-1

‘CALL" NUNBER((-II (I~ 1)*ALS -0. 08 o 04, FLDAT(I 1)
0.0,-1 : S | .
CONTINUE o I
CALL SYMBOL ( (- o 4)*4*csp o 35 0.1, ’AMPLITUDE’
8180.0,9)

"CALL SYMBOL(0.55] 0.5,0. 12 REC3,90.0, 80)

"ﬂCALL PLOT(0.0, 0.0 999)

~ REAL X1(5003) . 1*'v.f"f;_'~‘*§fff
CUNBBENB-1 . T
CALL SKIP(0,NBB,8)

Ifﬂf102

o 1or

: YNAA NS+NN-1: -,,gg:-___ Sl |
fNA (NAA/!28)+1,-:‘" ) Vo
S0 NACILS NUMBER DF BLDCKS REQUIRED TD READ DATA S
’ ?J‘IDP NA*128 ST e T LR
- M=0 - L J RO T
DO 101 1= NA e ’f»u»n;“';r,;;f3;3??_?,*'m-v,; o
U CALL READ(ID L1,0, LNR 8) e T e
. ..DO102- y= NTR 1792 14 ;_Iu e pE e T T

~STOP ‘ _
: END_VVtI'.'-V T

Tﬁ'SUBROUTINE READTR(NTR NB NS NN X1)

.. _READS RAW-DATA FROM-ONE SPECIFIED CHANNEL AND'f:';
vil : DEMULTIPLEXES 1T e be |

NTEGER *2- 1041792) LI'

SKIPS AT BEGIFNING OF BLOCK wE WANT TO. READ '-jfﬁ'

DATA .FROM -

‘. . .

MM+t o TR e
X1(M)= ID(d)/4 o S ,
‘CONTINUE - e ;
D0 103 1= 1 NN

o UINEIA(NS-1)

"“zx1<1) =XT(IN)

103

CONTINUE
WRITE(S, 1110) NTR NS NB NN

&’ DATA POINTS" READ. IS’ 15)
 NBC=NBB+NA .~

‘CALL- SKIP(O NBC 8)
RETURN R

;,; END'

1110 FORMAT(//' DATA ARE READ FROM CHANNEL' - Ié/”EIh§I5’7*iiffItZiq
"8 "POINT TO READ iS',14,’ IN BLOCK', I4/ NUMBER OF'



1;

) ‘h'ni_ N

S “
* 8 e

SUBROUTINE MAXMIN(X1 NN XMAX XMIN BIG)
- .FINDS MAXIMUM AND MINIMUM VALUES
. REAL X1(5003) .
' XMAX X1

N ——
Z

XMAX) XMAX=X1(1)
T XMIN) XMIN: SITE

vaHAA
I—G)-

BIG XMAX s
“1F(ABS(XMIN) .GT. BIG) BIGwABS(XMIN) -
WRITE(6,1210) NN, XMAX,XMI

210 FORMAT (/ /" MAXIMUM AND MINIMUM VALUES OF' 15, DATA",

& POINTS ARE RESPECTIVELY' 2F15 4) i
RETURN™ S -
T

KNG

SUBROU%INE PLOTCH(X1,NN,TL, SCL,NTR,CSP, BIG)
"PLOTS -DATA FROM ONE SPECIFIED CHANNEL NTR
'START AND- END OF PLOTTING HAVE TO' BE CALLED

IN MAIN ROUTINE = =

_DIMENSION T(5003), x1(5003)

CALL. PLOT(SCL+0.4,0.0,-3) ~ - |

TBP=TL/FLOAT(NN-1)

. T8P 1S DISTANCE BETwEEN Two SUCCESIVE POINTS
“ON TIME AXIS | A |
,r)=owo_._, AR R

1,7, NN, 1,0,0)

(0.15%€sP,0.0,0. 06" CHANNEL" 90, 0, 7)
0. 15%€SP, 0. 5,0.08, FLOAT(NTR) 900 .-1)

RETURN R i

END -

SUBROUTINE MEANR(X1 NN, v1) o
.:; "REMOVES MEAN VALUE FROM DATA

'REAL Y1(5003), x1(5003) A

XSUM=0.0 i

DO 151 I=1,NN- @g;Ux»-‘

XSUM= xsum+x1(1> -

151 CONT INUE -

XSUM= XSUM/NN
DD 152 I=1,NN-
Y1(I) X1(I) XSUM

128

r~



‘00 00 000

T 124
. - /  |

152 CONTINUE - S
WRITE(6,1160) NN,XSUM -~ - | S
116 FORMAT (//' MEAN VALUE DF’ 15, DATA POINTS IS’ ,F10.0)-
}EETURN | R S
END

SUBROUTINE TAXIS2(NB,NS,NN,TSR,FDIST,CSP,TL) . .
~ PLOTS . REDUCED TIME AXIS (T-X/8.0) FOR GIVEN
DISTANCE X=FDIST AND TIME OF SHOT STARTING AT

.. REQUIRED BLOCK AND POINT - o |

- TSF=(NB*128+NS)*0.0056+TSR-FDIST/8.0 ' |
. TSF IS TIME BETWEEN SHOT AND FIRST PLOTTED POINT[

.. ~ON’REDUCED TIME AXIS - . RO :

o I7SE= IFIX(TSFI+1 |

..: ITSF IS TIME BETWEEN SHDT AND FIRST PLDTTED POINT

.. "WITH FULL NUMBER OF ssc B

- TT=ITSF-TSF - -~ ,

~ RDIG=178. 5714 e

. UTL= (RDIG*TL)/FLDAT(NN) -

..+ UTL IS LENGTH OF 15 ON. PLOT

CUTTL=TT#*UTL - |

- NTT= IFIX(TT*RDIG) |
- IKT=(NN- NTT)/IFIX(RDIG) T e
CIKT=IKT+1 © ER TR L

© . ‘CALL PLOT(0.8,0.0, 3)
. .CALL PLOT(0:0,TL, 2)
DO 155 I=1,IKT"

0. 0, UTTL+(I 1)*UTL 05 16, 90 0 -1)

~1155;CA1"“** B 0 15, UTTL-0. 1+(1- 1)*UTL 0.12,

{_-Q&FL 1), 90 0;1)

0. 25 0. 35*TL o 12 TIME (T X/8 0) sec o
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-ThIs program p]ots two traces, calculates their varIances,
cross-covariances and cross-correlations and also

- . plots the cross-correlation functIon

************************************************************f’
by B . .

T o . ‘
_************************************************************"

C... THIS ROUTINE PLOTS TWO FILTERED SEISMIC TRACES
- C... ~ FINDS VARIANCES -AND -
_C.I. CROSS-COVARIANCES AND ALSO CALCULATES AND PLOTS -
C.. CROSS-CORRELATION - i
o INTEGER NC(4)-
REAL -XX(5003), x(5003) xxx(5003
~ REAL -XY (10003}, EMUSIG(4) ACV(1,

" REAL ACL(200),D(8) YX(10003) E
REAL 'YYY (5003}, TLU \200) ACT(1,

" DIMENSION REC1(20) REC2(20) RE
DATA NC/1000 1000 50/ .
'NC5=NC(4) e
. READ(S, 1000)’REC1‘1~-*‘

-:READIS,Iooo) REC2 . , o
READ(5,1000) REC3 .~ .~ .~
. READ(5,:1000) REC4 »'_; e e fn-

0-—*3‘ ~—

. 'READ(5,1000) RECS :
- 1000 FORMAT (20A4) \
- READ(%, 1001)NTR1 NB1 NS1 NN1,NF, NTR2 N82 st NN2
READ(5,1001) 1SW,IA;IB.IC,ID. NCA | fﬁ
- READ(5,1002) RPT, TL1 SCLT. CSP1,RP2,TL2 '
" READ(5.1002) SCL2, CSP2 TSR1 FDIST1 TSR2 FDIST2
READ(5,1002) -F1, F2 DELT .
1001 FORMAT(1615) , o , X
1002 FORMAT(8F1O 2) L ::Q:~H'*f-
| NF "IS FILE: NUMBER OF SECDND RECORD Lt t
.,,;-;NN IS NUMBER OF POINTS WE READ MUST . BE EVENLY
.+ - 'DIVISIBLE BY [L" .
... 'NTR IS TRACE NUMBER wE READ DATA FRDM B
.~ 'NB IS STARTING BLOCK TO READ DATA FROM
.~ NS IS STARTING POINT" WITHIN BLOCK ,~f'
v~ oTL IS LENGTH OF “TIME AXIS SRR E
. SCL ‘IS HEIGHT OF 'SEISMIC: TRACE ON PLOT3 o
.+ - CSP IS CHANNEL 'SEPARATION . ».,~:~.,_ s
.7 RPIS FACTOR AFFECTING - POLARITY “
. TSR IS'TIME BETWEEN SHOT ‘AND FIRST RECORDED PDINT
.« - “FDIST IS DISTANCE .BETWEEN SHOT POINT AND RECEIVER
..'E'-F1 IS LOW CUT-OFF. FREQUENCY: A ,q:,:;;
))Fz 1S HIGHT CUT-OFF FREQUENCY aai-,f‘;,;vi=at~fI,;f g
DELT IS SAMPLING INTERVAL N MS R T DR SR S S
CALL BNDPAS(F1,F2,DELT,D,G)
" CALL. READTR(NTR1 NB1 NS1 NN1 xx)
CALL ‘MEANR(XX,NN1,X) "
~.,,_,-- CALL-MAXMIN{X,NN1, XMAX XMIN BIG1)
'~r;,j CALL FILTER(X NN1 D G 1)

v .

”ndnhﬁbehdobhhb”"f'ff
P gy TN W0 C
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o

"REWIND 8

 NFA=NF-1

, CALL.SKIP(NFA,0,8) .
CALL READTR(NTR2,NB2,NS2, NN2 YY)
 CALL-MEANR(YY,NN2, Y)

~ CALL MAXMIN(Y,NN2;YMAX YMIN, BIGZ)

- CALL FILTER(Y,NN2,D,G, 1) L
NORMALIZES VALIUES BOTH TRACES .

" BIGG=BIGI.
IF(BIG2 .GT.BIGG) BIGG-BIG2

BIGX= BIGG/BIG1
BIGY=BIGG/BIG2

~~CALL NORM(X,BIGX,RP1,NN1, XXX) : _ F -
- CALL NORM(Y BIGY RP2 NN2, YYY) o L
-~ CALL PLOTS S N '
‘ CALL”FACTOR(O 9)

o CALLEPLOT(O(O
CALL SYMBOLg

"~ CALL_PLOTCH(XX
. CALL PLOT(SCL:
. CALLfSYMBOLE

(

- CALL TAX1S2
. CALL PLOTCH(.

" DD 1 I=1,NN1

.EE?;R1011

»r;f{]1o12
-Eé}f?1013

’Tafﬁ]1o14

“»,VCONTINUE

3) ~ |
12 REC1 so 0, 80)
12,REC2,80.0,80)

CALL SyMBOL ,0.

0 . .
NN1 TSR1 FDIST1 CSP1, TL1)
T

0.

0.

CALL TAXIS2
L1, S?L1 NTR1 CSP1 BIGG)
3

12 REC4,90.0,80) = Ce
NN2, TSR2 FDIST2 CcsSP2,TL2)
N2 TL2,SCL2,NTR2, CSP2 BIGG) -
CALCULATES REQUIRED VALUES IN FORWARD DIRECTION

4,0.0
CALL SYMBOL 0!

XY(1)= XXX(I)

4NN3 ,
o XY(T)E YYY(i- NN1) R T
© "2 CONTINUE -
T CALL FTCROS(XY NC ISW, EMUS G ACV 1A, 18, AC 1,10, IER)
.}*"1009
*f.ivio1o

"WRITE(6,1009)

FORMAT (///10X, " FORWARD DIRECTION 11 ,.7¥f~_fi,’f%-I_f.f

WRITE(6,1010) EMUSIG .
FORMAT(//iMEAN VALUE OF FIRST TIME SERIES IS’»F5 0/
&'MEAN VALUE', .

&' OF SECOND TIME ssnxss 15;'F5 0/ VARIANCE DF,V;E. S

&’FIRST TIME SERIES':w

IS' F12; O/’VARIANCE OF SECOND TIME SERIES IS’ F12 0)J5~X”

WRITE(B 1011) NC5 R e
'FORMAT (//" CROSS- COVARIANCES OF ¢ 15 | ~«~fvf'»;a
&' TIME LAG UNITS ARE’ //) S T R S
WRITE(6,1012)" ACV _J-_f-x,;;a,f"ﬂ\ R
FORMAT(5F15,0) ..t%:;o+;;~q»":“:,aﬂv,gc::,
WRITE(6,1013) NC5 e R e
FORMAT(//’ CROS- CORRELATIONS or' I5gf31ﬁﬁwr4f*f”‘i“'
&' 'TIME LAG UNITS ARE //) R
WRITE(6,101 4)AC | ,:3“7
FORMN ( OF ) =;v-_"

52 REC3,90.0,80)  ° E-@;‘E}\ggl“

W
.
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15

,20

21

10

19
1020 FORMAT(//' MEAN VALUE OF FIRST TIME SERIES.IS',F5.0/
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'WRITE(B 1015) IER ,
FORMAT(/AmERROR PARAMETER IS’ 15) '
CALCULATES REQUIRED VALUES IN _REVERSED DIRECTION
DO 20 I=1, NN1
YX(I)=YYY{I)
CONTINUE
~NN5=NN2+1

DO 21 I=NN5,NN3 ". g

YX(I)=XXX(I-NN2) |
CONTINUE ‘

CALL FéCROS(YX NC ISW, EMU Acv1, 1A,18,AC1, IC, ID, IER1)
WRITE(6,1019)

FORMAT(///10X,’ REVERSED DIRECTIDN 710

WRITE (6,1020) EMU’

& MEAN VALUE' ,
&’ OF SECOND TIME SERIES IS' F5 0/ VARIANCE DF’

&' FIRST TIME SERIES', -
&' IS',F12.0/' VARIANCE OF SECOND TIME SERIES IS' F12 06

.1021

1022

" CALL PLOT(0.40%TL1,6. 1TL1,-3) -
CALL PLOT(0. 0.0, 7*TL1, 2)

WRITE(6,1011) NC5 | | k%
WRITE(6,1021) ACV1 S |
FORMAT (5F 15.0)
WRITE(6,1013) NC5
WRITE(6,1022)AC1
FORMAT(10F8.4) L
WRITE(6,1015) IER{" K
PLOTS CROS-CORRELATION FUNCTTON

o

" TDL=(0.7*TL1)/FLOAT(NC4-1)

TDL IS DISTANCE BETWEEN TWO SUCCESIVE
POINTS ON TIME LAG AXIS .

TLU(1)=0.0

16

DO 4 K=2,NC4 o
TLU(K)=TLU(K- 1)+TDL -
?DNIIN%E o0

LU(NC4+1 -
TLU(NC4+2)-T o ~

CALL PLOT((-0 )*TL1 0,3)
CALL PLOT(0.3*TL1 2) .
NC6=NC5+1 L ‘

NC7=NC6+1 - .

DO 16 I=1,NC6 e

11=NC7-1 Ol
ACL(I)=-AC1(1,1, 11) i
CONT INUE

DO.17 1=NC7,NC4

o

11{=1-NC5

17

C%i'

ACL(1)=-AC(1,1,111)

CONTINUE

ACL(NC4+1)=0.0 -

ACL (NC4+2) =1 /(o 3*TL1) ,

CALL LINE(ACL,TLU,NC4,1,5,3)

~-pLoTS SYMBDLS AND NUMBERS ON cnoss CORRELATION

o



C...
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VALUE AXIS' 2 o

DO 12 I=1,5
CALL SYMBOL((-0.3)*TL1*1/5. 0 0,0.05,16,0. 0,-1)
" CALL SYMBOL(0.3*TL1*1/5.,0.0,0.05,16,0.0,-1}
CALL SYMBOL((-0.3)*TL1*1/5.,-0.3,0.04,3,90.0,-1)
CALL SYMBOL(0.3*TL1x1/5.,-0.3,0.04,15,90.0;-1)
CALL N?MBER(( 0. 30)*TL1*I/5 +o 04,-0.24,0.08,1%0.2,
900, 1
. CALL NUMBER(D. 3*TL1*I/5 +0. 04,-0.24,0.08,1%0.2,90.0, 1)
- 12 CONTINUE |
.." PLOTS SYMBOLS AND NUMBERS FOR TIME LAG. AXIS .
‘ILU=NC4/5+1 , L
DO 6 I=1,ILU = | ~
_ CALL SYMBOL (0. 0,5%(1- 1)%TDL, 0. 05 16,90.0,-1)
6 CONTINUE . |
. CALL PLOT(0.0,0.7%TL1/2,-3)
" CALL SYMBOL(0.12,-0.02,0.08," 0’ 90.0,1)
CILW=ILU/A
DO 14 I=1,ILW - -
CALL- SYMBOL (0,08, 10+I*TDL-0.1,0.05, 3, 90 0,-1)
CALL SYMBOL(0.08,(-10)*I*TDL-0.1,0.05,15,90.0,-1)
CALL NUMBER(0.12,10*I*TDL-0.05,0.08,1%10.,90.0,~1)
‘CALL NUMBER(0.12, (-10)*I*TDL -0.05,0.08, 1*10 ,90.0,-1)
14 CONTINUE =
s CSLL SYTBDL(O 30 (0. 2)*TL1 0.1,  TIME LAG UNITS’
.°90.0,14)
~ CALL'SYMBOL (0.31%TL1, (-0. 2)*TL1 0. 12, RECS 90 0, 80)
CALL PLOT(0.0,0.0,998)
. STOP - |
~ END

— .-

. SUBROUTINE NORM(X 1, FN,RPOL, NN, Y1) . |
. NORMALIZES AND REVERSES POLARITY-\
. COEFFICIENT OF NORMALIZATION.SHOULD BE CALCULATED
/~_IN MAIN ROUTINE USING OUTPUT OF SUBROUTINE MAXMIN.
REAL Y1(5003),X1(5003)
FNA=FN+RPOL .
' DO 251 I=1,NN ~ ~ '
CYU(L)=X1(I)*FNA A
251 CONTINUE
IF(RPOL .EQ. 1.00) GO TO 252
WRITE(6,1260) NN,FN & o
1260 FORMAT(// MULTIPLYING FACTOR OF',15,” DATA POINTS 1S’ ,
&F7.4,5X,’ POLARITY IS REVERSED’ ) “
GO TO 253 | | .
252 CONTINUE e
~ WRITE(6,1270)NN,FN ‘
1270 FORMAT(// MULTIPLYING FACTOR OF’ 15, DATA POINTS IS',
&F7.4,5K,’ POLARITY IS NOT CHANGE’)
253 CONTINUE
. RETURN
END
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Th1s program first plots traces of homzontal N S., E.W.
and radial components as well as vertical component of
the ground motion. Next it plots Lissajous figure of .
‘vert1cal versus radial homzontal componen!*s L TN

********************************;‘\K?************************\*

***************************#*#*************i****************

THIS ROUTINE PLOTS HORIZONTAL N.S. E.W.
AND RADIAL COMPONENTS AS WELL AS L
~VERTICAL COMPONENT OF GROUND MOTION.
- RADIAL HORIZONTAL IS CALCULATED FROM
THE OTHER TWO HORIZONTAL.
- PLOTS LISSAJOUS FIGURE OF VERTICAL
_COMPONENT VERSUS HORIZONTAL RADIAL
REAL XX1(1000),XX2(1000), XX3(1000),X1(1000), x2(1000)
'REAL XR(1002),XUP(1002),D(8), X3(1000)
DIMENSION REC1(20), REC2(20) RECS(ZO)_»
- READ(5,1003) REC1 - o |
READ(5,1003) REC2 . . . B
- READ(5,1003) REC3 - .
1003 FORMAT (20A4) 5 D ‘ - : e
. READ(5,1000) NB,NS, NN R P
1000 FORMAT(1615) ‘ T
~ 'READ(5,1001) F1,F2, DELT TL, SCL csp TSR, AZR
1001 FORMAT(1OF8 2)
.~ CALL BNDPAS(F1,F2,DELT, D G)
CALL READTR(1,NB,NS. NN, XX1)
CALL READTR(2,NB, NS NN, xx2)
'CALL READTR(3,
~ CALL MEANR(XX1,
CALL MEANR(XX
XX
X

NeXeoleololeoXeoXe!

CALL MEANR(
" CALL.FILTER(
- CALL FILTER(X

DO 1 I=1,NN
‘XR(I)--X1(I)*CDS(AZR) X2(I)*SIN(AZR)
XUP(1)=-X3(1) |
1 CONTINUE e ,
"CALL MAXMIN(X1,NN,X1B, x1s X1L
CALL MAXMIN(X2NN.X2B.X25.X2()
. CALL: MAXMIN(X3,NN,X3B, X3S, XUPL)
CALL MAXMIN(XR,NN,XRB,XRS, XRL)
SC=X1L
IF(X2L .GT. SC) SC=Xx2L
- IF(XUPL .GT. SC). SC=XUPL
IF(XRL .GT. SC) SC=XRL » . o
SC1=5C/X1L - : - . SR
SC2=SC/X2L ® - Lt
SCUP=SC/XUPL
'SCR= SC/XRL
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BIG=XUPL N L
IF (XRL .GT. BIG) BIG=XRL &
CALL PLOTS "
CALL FACTOR(0.9)

“CALL PLOT(0.0,0.4,-3)" -

- CALL SYMBOL(0.2,0.0,0.12,REC1;90.0,80)

CALL. SYMBOL(0.4,0.0,0.12,REC2,90.0,80)
CALL‘TAXISB(NB,NS,NN,TSR cspP,TL)

CALL PLOT(0.10,0.0,-3) ‘
CALL PLOTCH(XT,NN,TL,SCL,CSP,SC1, Xi)

CALL SYMBOL({0.5%CSP,-0.20,0.06, HORIZ.’,180.0,6) -
CALL .SYMBOL (0.5%CSP,-0.10,0.06,"N.S.” ,180.0.4]

- CALL AROHD(-0.2*CSP,0.0, 0 5*CSP 0.0, 0. 3*CSP

- &0.12*CSP,16)

. CALL SYMBOL(0. 5%CSP,0. 10 0 06, NORTH' ,90.0,5)"
CALL. PLOTCH(X2,NN, TL SCL,CSP, SC2 X2L) .

CALL SYMBOL(O. 5*CSP -0. 20 0. 06 HORIZ. ',180.0,6)
. CALL SYMBOL (0. 5*CSP‘-O 10 0.06,"E.W.",180.0, 4)
~ CALL "AROHD(-0.2%CSP,0.0, 0. 5*CSP 0.0, 0. 3*CSP
&0.12%CSP,16)

CALL SYMBOL (0. 5*CSP 0 10,0.06, " EAST' ,90.0, 4)
- CALL PLOTCH({XR,NN, TL SCL,CSP, SCR XRL) | o
- CALL SYMBOL(O. 5*CSP -0 20 0. 06 HORIZ.’ 180 0, )
“CALL SYMBOL(0.5*CSP,-0.10,0.06,’ RADIAL',180. 0, 6)
~ CALL AROHD(-0. 2*CSP 0. 0 0. 5*CSP 0. O 0 3*CSP '
&0..12%CSP,16)
- CALL SYMBOL(O 5*CSP, 0, 10 0. 06' AWAY!, 90, 0, 4)

_CALL PLOTCH(X3,NN, TL SCL,CSP, SCUP XUPL) !

“CALL SYMBOL (0. 6*CSP <0, 10 0. 06 VERTICAL’ 180. 0 8)
~ CALL AROHD(-0. 2*CSP 0 0, 0 5*CSP 0.0,0. 3*CSP -
~&0.12%CSP, 16)
. CALL SYMBOL(0. 5*CSP, 0 10 0.06, UP’ 90 0 2)

CALL PLOT(0.42%TL,0.1%TL,=-3) "

. CALL PLOT(0.0,0.6%TL,2)

~ “CALL AROHD(0.0,0.6+T(,0.0,0. 6*TL+O 2,0.2, 0.08, 16)
~ CALL PLOT(0.30%TL,0.30*TL 3)

. CALL PLOT(-0.30%TL,0.30+TL.2)

CALL -AROHD( - 0. 30*TL 0. 30*TL 0. 30*TL 0 2 0. 30*TL 0 2,
§0.08,16) ‘

CALL SYMBDL( 0. 31*TL 0 2 0 25*TL 0. 1"VERTICAL(UP)"
§90.0,12) ,

- CALL SYMBDL(O 20 0 6*TL, 0 1 ’HORIZ (AWAY)’ 90 0 12)

_.CALL. PLOT(0.0,0. 30*TL 3)

"XR(NN+1)=0.0 , o |
- XR(NN+2)=BIG/(0.30%TL) o ;_;;/j‘.»
XUP(NN+1)=0.0 A -~

XUP (NN+2)=BIG/(0.30%TL) L
CALL LINE(XUP,XR,NN,1,10,3)
~ CALL SYMBOL(0.35%TL,-0.35%TL,0.1, REC3,90. 0, 80)
(CALL PLOT(0.0,0.0, 999) .
- osTPP '
EN o : \, . v . ‘!i



SUBROUT INE PLOTCH(X1 NN, TL, SCL CSP SCF, A)

PLOTS DATA POINTS WITHOUT LABEL FROM ‘ONE CHANNEL

START AND END OF .PLOTTING HAVE TO BE CALLED
~ IN MAIN-ROUTINE
DI%ENSION T(5003),X1(5003)
CAUL PLOT(CSP,0.0,-3) |
TBP=TL/FLOAT (NN-1) ’
TBP 1S DISTANCE BETWEEN TWO SUCCESIYE—PDINTS
(o? TIME ‘AXIS _. |
1)=0.0

”DO 301 I=2,NN

- 301

T(1)=T(1-1]+T8P  ;’ Y

0 - . o
*SCF)/scL e
1,T,NN, 1,25,3)
ENO o L

PLOTS TIME AXIS. WITH TWD VALUES ON IT
(FIRST AND LAST POINTS) Pt )
TSF (NB*128+NS)*0,0056+TSR =~ = '"‘&” z
TSL= (NB*128+NS+NN)*0 0056+TSR o S
CALL PLOT(0.7,0.0,-3) Vu~-;l i
CALL PLOT(D.0,TL, 2) i:'

CALL -SYMBOL(0.0,0. 0,0.05,16,90.0, -1)
CALLKSYMBOL(O,O.TL.O 05, 16 90 0, -1)

CALL NUMBER(0.15,-0.20,0. 1. TSF,90:0, 2) S
CALL NUMBER(O;15,TL -0. 20 0.1, TSL 90.0,2)

890.0, 21),__*

RETURN
END

vSUBROUTINE TAXIS3(NB NS NN TSR, CSP TL)

131

~CALL SYMBOL (0. 15,0, 35*TL 0. 10 ’PLOTTING TIME IN SEC ’“
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R |

This program calculates trave1t1me of ‘a g1ven phase of
n-layer system given a velocity in each layer, \depth to ,
the bottom of each layer and.a veloc1ty of a haffspace R

************************************************************

BN

************************************************************

~ THIS PROGRAM CALCULATES IN MOST GENERAL CASE
~ TRAVELTIME OF A GIVEN PHASE IN N-LAYER SYSTEM
GIVEN VELOCITY IN EACH-LAYER, DEPTH 7O =
~ BOTTOM OF EACH LAYER AND VELOCITY OF
HALF SPACE B
. INTEGER 1CSP(10), Ichp(10) ,REC(20) ,REC1(20)
.~ REAL VSP(11),VRP(11), HSP(10) HRP(10) R
. READ(5,1000) REC |
* . 1000 FORMAT(20A4) -
. WRITE(6,1000) REC =~
 READ(5,1002) X- R
1002 FORMAT(F10.3) ¢
o WRITE(6,1003) x - . .o
1003 FORMAT(//' DISTANCE' ,F10.3," KM )

) : 4) NL : ’
- 1OQ4 FORMA B

Oy 05) N S
- 1005 FORMAT(//' NUMBER OF LAYERS’ 13," PLUS HALFSPACE'). -

OO0

(/
1
{1
(!
,1
(’

6
Lo 6 :
. 1006 -FORMAT HASE’ 2x 20A4)

o7 UNLT=NL+1 - '

. READ(S, 1007)( ICSP(K) K= § NL)
¥ 1007'FORMAT(1OI1)

. ~READ(5,1007) (ICRP(K) K 1 NL)
" -READ(5,1008) ICHS ,
1008 FORMAT{IT1)

. READ(5,1009) (VSP(K) K 1 NL1)
1009 -FORMAT ( 1 FF5,2)
.. " 'READ(5,1009)" (VRP(K) K= 1 NL1)

00

. READ(5,1010) (HSP(K) K=1, NL) 75;”:f§;*[ff'jfkf,‘;,ai"_}
~ 1010 FORMAT{10F5.2) . B AR

"READ(5,1010) (HRP(K) K 1, NL) e ,s~“.;%f"'”‘
. - WRITE(S,1020) , |
1020 FORMAT (//20X,’ VELOCITY BELow SHDTPOINT’lJOX/ DEPTH’
&' BELOW SHOTPOINT') - |

X 1S DISTANCE BETWEEN SHOTPOINT AND RECEIVER
- NL IS NUMBER OF LAYERS. ABOVE HALF-SPACE
.~ 1CSP IS COD NUMBER FOR PHASES BELOW SHOTPOINT

. BEGINNING WITH UPPERMOST LAYER NUMBER 1 IS -

- [« 2R - .

' ICRP IS COD NUMBER FOR PHASES BELOW RECEIVER .

ICHS IS COD NUMBER FOR HEAD-WAVES IN HALF- SPACE
.+.. ~ VSP ARE VELOCITIES IN SUCCESSIVE LAYERS AND L
. vVHALFSPACE BELOW SHOTPDINT o g0

. - e

000000000

 DESIGNATED FOR P-WAVES; ANY OTHER NUMBER FOR §- WAVESf i



“r

133
© VRP_ARE VELOCITIES IN SUCCESSIVE LAYERS AND.
HALFSPACE BELOW RECEIVER
HSP_ARE DEPTHS TO SUCCESSIVE 'HORIZONS BELOW
- SHOTPOINT
_HRP -ARE DEPTHS 10 SUCCESSIV@*HORIZONS BELOW RECEIVER
TSPS=0.0 | : |
. TCSP=0.0
TXCSP=0.0
CIF(ICHS .EQ. 1) GO TO 4
| VSP2=VSP(NL1)/1.73
GO 7O 5

4 CONTINUE ~~ °

- VSP2= VSP(NL1)

- 5 CONTINUE

S P
1021 FDRMAT(/I2 ! LAYER" 10X

_10 'CONTINUE *

DO .1 1= 1,NL‘ IR |
CTF(ICSP(I) +EQ. 1) 6O TO 2
CVA=VSP(I)/1.73

©oG6T03 o r LR i
2 CONTINUE R T

V1= VSP(I)“

’ 3 CONTINUE

CIR(L '1> Go TO 7

'f.,H HSP(1)

GO TO 8- . :‘
7 ~CONTINUE. . T
“H=HSP(1) - HSP(I 1)
8 CONTINUE =
"TF(VSP2 . GT v1) GO TO 10
GO TO 100 R .
‘WRITE (6, 1021)1 V1 HS 1)
,F15 2 5x F15 2)
- TSP= SQRT(VSP2*VSP2 v1*v1)/(vs *v1)
TSPS=TSPS+TSP*H - -
COS=SQRT(1- ((V1*V1)/(VSP2*VSP2)))
- TCSP=TCSP+H/(V1*C0S) .
“TAN= (V1/VSP2)/COS ‘»~~
 XCSP=XCSP+H*TAN

‘_'1 CONTINUE

WRITE(6,1022) vsP2 ‘*f“k~@f]fﬁf G

1022 FORMAT(/’ HALFSPACE’ 8X F15 2)

WRITE(6,1023)

‘g-.1023 FORMAT (//20X, VELOCITY BELow RECEIVER' X

& DEPTH BELOW RECEIVER' ) .
TRPS=0.0 e N S
TCRP00
XCRP=0.0 » L
“TF(ICHS EQ 1) GO TO 20
VRP2=VRP(NL}}) /1.73 |
GO TO 21 - @7

|20 CONTINUE ,Eﬁﬂff‘ ”f“7ffff}i‘jjj*aE e

“VRP2= VRP(NLJ)

21 CONTINUE

Do 22 TN



28

IF (1CRP|
© V1=VRP(I
.. GO TO 24
23 CONTINUE |
 VISVRP(I)
-24‘CONTINUE
IF(1 .6
o hewreis)
GO 70 28
27 CONTINUE -
~ H=HRP(I)- HRP(I
CONTINUE
* IF(V§P2 GT v
GO T .
25 CONTINUE.
~WRITE (61021
- TRP=SQRT (VRP2

1) EQ
)/I

1) G

)

*

"TRPS=TRPS+TRP*H

C0S=SQRT (1-{ (V
“TCRP=TCRP+H/ (V
TAN=(V1/VRP2)/
. XCRP=XCRP+HxTA
22 CONTINUE -
 WRITE(6,1022)
~ TCT=TCSP+TCRP. .
 XCT=XCSP+XCRP. "
. WRITE(s,1050)"
- 1050 FORMAT(//* CRIT
& KM/ FT. B
&' RECEIVER BRAN
&//"CRITICAL TI
~&/' (" F7.8," AN
~&" RECEIVER BRA

READ(5,1055)" WFSP WFRP

1055 FDRMAT(2F5 2).
WRITE(6,1026)
1026 FORMAT(//FS 2,

&F5.2, " KM/ST LT
D WAVE PATH 1s WITH VELOCITY")'

&/F5.2," OF HEA

| -.1,; &F5.2,7 KM/s

134

1) GO TO 23

0 TO 27

1)
1) GO TO 25“

1Vt HRP(I)u o
VRPo! V1*V1)/(VRP2*V1)
1%

V1)/(VRP2*VRP2)))
1%C0S)

cos
N.

VRP2

XCT, XCSP, XCRP, TCT, TCSP, TCRP Lo
ICAL DISTANCE 'FOR'THIS RAY. IS’ F10.3;
" AND' , F7,

CHES RESPECTIVELY)’ SR

ME FOR THIS RAY-IS' F7.2,0 s/ =

D' ,F7.3," S FOR SHOTPDINT ANDY

NCHES. RESPECTIVELY) ) R B

WF

i

SP, vspz WFRP VRP2 R Ay
0 HEAD' WAVE PATH IS WITH VELOCITY'

3, KM FOR SHOTPOINY, AND"“ R

WFSP_AND WFRP ARE WEIGHTIN
 DISTRIBUTION OF HEAD WAVES
vos WFSP*VSP2+WFRP*VRP2
T=X/V2+TSPS+TRPS
& WRITE(B 1060)T
1060 FDRMAT(//’TRAVELTIME IS'
‘GO TO 10
100 WRITE
1070 FORMAT (// VELO
& IS LOWER THA
101 CONTINUE -
-STOP l T
END _,4.”' i :

F10

CITY OF ASSUME
N THAT IN LAYE

(6, 1070) VsP2, 1, V1 ;V-l"'

G FACTORS FDR VELOCITY

D HEADWAVES"FS 2 ' KM/S"
R’ 13 ‘(" F5,

2, KM/S) ) ;fj”]



