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'and Secondary arrivals were treated under the constralnts é@h‘

' the study area.

"\ ABSTRACT 5

Detailed interpfetation ofdvthe east-west profile of’u .

5.CO-CRUST'JQ79 refraction/Wide angle reflection data has been

1

.carried'}out‘ on the ba51s of horlzohtal layered model WHB
' ‘ ﬁ“‘* L 4)%
1nversaon, T3-X? analy51s and synthetlc‘ modelllng. §

e

cr1t1cal p01nts and relative. amplltudes to reach a su1table ¥

"crustal model : Two low velocity zones vere proposed in the
upper and mlddle crust ‘at depths of 11—14 km ‘and 25 29 km
.whlch could be’ related to ‘high: conduct1v1ty materlals in the

vcrust . The depth of the Moho is approx1mately 44.5 km under

The proﬁlle l1es entlrely w1th1n the Churchlll prov1ncep .

and the model der1ved here appears to be a comp051te of the

--.Sw1ft Current Suffleld model of Chandra and Cummlng (3972)'

and ﬁhe';model ~of  Moon and de Landro (1981) whlch are on:'

'opp051te ends _of the proflle under c051deratlon. A
,north south crustal fault across the eastern sectlon of the‘T

Vproflle at a longltude somewhat east of 1d%iw may separate

the proflle area from the reglons further ‘east.

'A.- - ..» . “ B \
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\geophyszcs'iof,pthel stu

7fh' chapter 2 we\\Ei§CUSS’ background ge°1°9Y Tvand
. ‘\._ <

ly varea._ ‘A deScr1pt1on _f data7'

acqulsltlon -and fleld procedure has been 1ncluded ,ﬁ

;hchapter -3. [ Chapte; 4 descrlbes ‘ba51c theorles used tc

calculate crustal veloc1ty and depth values 1nc1ud1ng the1r

L8 \

o upper and lower bouhds."Chapter 5 deals w1th var1ous stepS"

N

1nvolved 1n the systemat1c data proce551ng. 'In’ chapter 6'

'calculated model parameters arej interpreted in terms of .

| d1fferent theor1ef dlscussed h:eehapter—4f Flnally "ﬁa"

. d1scu551on ’of the derlved crustal model 1n connectlon w1th7

'Ld1fferent phy51cal parameters '-such o asqﬂ} llthology,'r

dconduct1v1ty and por051ty etc is 1ncluded 1n chapter 7

R A
B . S
I
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2. . GEOLOGY AND GEOPHYSICS OF THE STUDY AREA

s

-2 1 General Geology._ _ »
p'The east west proflle of the CO- CRUST 1979 éefract1on'h
m eaperlment 1s located in the southern part of Saskatchewan.
'f»Thé landscape ‘is essentlally plaln and-vconstltutes the,
.‘central part of the greater Interlor Platform Near surfacef
/sed1mentst of Cretaceousvage are essentlally flat lylng and:
' ‘Qhave an av%fage elevatlon of a few huﬁdred meters above seal‘
'flevel ' Older and gently rolllng landscape has been burrledf;
by dep051tsoeof glac1alh tlll :sand andp- gravel ',5Theh;"
'fPhaner0201c sedlmentary ‘sectlon is up to 3 0 km th1ck near_;‘
f-.tsouth east Saskatchewanpi‘The sed1mentS' thln northward '
"p?hET; exposed xcraton fpof northern \Saskatchewan - %hrgn/
lefference Vis_Vaue’;méo.f varled : ba51nvo subsrdence;tlahddg,
vhsedlmentat1on ,‘lnh“ dlfferent | reglons.f>l Sub51dence , isa
V;faccentuated at varlous t1mes throughout the Phaneroz01c“and
'”dba51n sedlmentatlon ,as; locally affected by movements offb
”ﬁstructural reglons or blocks ‘fifth érecambrlan basement;
adellmlted by llneaments' as well as by solutlon of ma551veﬂ”
‘f,hallte beds of - the Mlddle Devonlan Pralre Evaporlte,: whlch;?
'oalso resulted 1n the collapse of overlylng strataJ‘ The base;g
Cof the'bstratlgraphlc columnflisfdat ‘succession ofh early;'
’gypaleozolc aclastlcs_ followed by Ordov1c1an to Mlssl551p1anri~
hpcarbonate‘ and xevaporlves_ and Jura551c"ftor' Ple1stocene‘.

clast1cs (flgure 2. 1% The/xclastlcs of the Cambrlan ‘lie

LA
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7Saskatchewan 1nd1cat1ng order of geologlcal systems

i

2.1

b Seo lewel

‘

e L 3000 .

Reference

\

L_auulcrnarg .

Terrmrg

\

, Cre_ﬂfoce%\!s ‘

.J\‘H‘m‘sic :

Triassic -

Mississippian |

De"vehiaﬂ :

| Silurian

1 Ordovician

] Cambeiag .

| Precambrion |

geologlcal

*31nd1cate major unconformltles)

fcolumn

v,f:<5r, |

(arrows -

X

CRRAn

Southern"f



FL

~:y:

unconformably on: the basement
» .
Geologlc 1nformat10n On .the_ Precambrlan, comes from

‘-studles' of the exposed sh1eld (Bell 197%) and studles from

'dcore samples (Burwash and Culbert,“ 1976) The basement

under "the ‘Phanerozoic appears to be a south-ﬁéstward

contlnuatlon of the exposed Precambrlan of the shleld ‘arear'

Its comp051t10n under _’Qhé .'study area is" ba51cally |

!

'metamorphosed and Wolcan1c plutonlc rocks with weak ., 0r no

[

o trend markedly dlfferlng' from 'that .of' ~other geologﬁc:f\
areg;ons‘ln Canadat‘ In fact geophy51cal data and raﬂlometrlc

vagef;determinations 1nd1cate that the Canadlan Precambrlan
'con51sts of a. number of structural 'prov1nces (flgure 2 2)

T hav1ng dlstlnct geophy51cal 51gnatures of thelr own r'.;

B The Superlor prov1nce 1n the exposed shield" of easterﬁih

'_Manltoba is Kenoran :in -age and is domlnated by east west5~

"]trendlng structures of greenstone and gne1551c belts ~ both

a’

":r0ck , complexes belng exten51ve1y 1ntruded 4?y granltlcV o

‘plutons._""v'_‘;i'_'_'.;;‘ idh;; ;' ," L '&vV'

The Churchlll prov1nce as exposed to the north con51sts

f“malnly of metasedlments and mlgmatltes _ Its rocks ;are” of

Hudsonlan age and show varlable trend d1rect10ns. La;?

;masses of weakly follated gran1t1c rocks are common ~-Am ng[f

the 'reglonal assemblages near the study area Lare the/Flln‘
/

°Flon'h belt } largely ;{ composed .pof”~;, Amlsk M1551

hfmetasedlmentary metavolcanlc un1ts and the Klsseynew belt

gne1551c ferrain (flgure 2 3) |
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The transition zone fqu the Churchill to the Superior

province is known as the Nelson Front and is divided on the

exposed shield into two subprovinces,. Waboden and the

Pikwitonei belts. Gréhulite facies;rock of the Pikwitonei -

"\and,amphibolltérfacies rocks of the Waboﬁ belt.both trendl

_‘northeastssouthwest | The Nelson Front is a geolog1c feature".
‘of tectonlc 51gn1f1cance. It ewtends at hfast 1600 km -from '
Hudson .Bay towards ‘the international border. There is a“
great_dealvof:iontroversy_in"the literature on?'both theh.
- width and locatlon ‘offthe boundary zone. Wldth estimates

JVAry}ffom;1 kmt(Kornih’and,Maclaren l966)'to over 200 km :
‘.(Hajnal \and“Rosefh 1979)” Most of the proposed hypotheses
gare based on surface geology of ‘the exposed shleld ﬂand .on_'

_qualltatlve analy51s of potentlal fleld data.,

The Wollaston fold belt in north Saskatchewan consists

~of 1nterf1ngered pelltlc SChlStS, paragnelsses and granltes.-\

vThlS zone,on the exposed shleld has been- correlated with a
‘zone of very hlgh conduct1v1ty knowh .as the NACP anomaly
-(Camfield gand Gough, 1977)._v5 ThlS‘. long narrowl ;lowh
resiSthlty zone ,is' traceable across‘ our proflle“at_a

‘longltude of about 105° W. (flgures (RRER 3 2-4)“ -Thislwanomalf.

o was related to p0531ble graphlte SChlStS assoc1ated w1th a

vfracture zone at the basement

Another llneament of some tectonlc 51gn1f1cance lies to.

o

the . west betweenv latltudes 50 N and 51° N- (flgure 2 3).
This is a p0551ble crustal r1ft dlscovered by Kanasewnch etk-
"al (1969) wh1ch trends approx1mately east west
' c T T L

i
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,Further west, the Interior Platform is bordered by the
Cordilleran orogen‘ (figure~2 2)* a geosyncline composed, of .
Phaner0201c and Precambrian rocks which has been subject to
deformatlons‘ at various times. Folds and faults of the

Rocky Mountains,trend in a north to northwest direction.

¢

2.2.Gravity and Magnetic information:

: Figure—2 5 (grav1ty map) and figure-2.6 (magnetic map)
1nd1cate that our study area lies within a quiet =zone of
magnetlc and-grav1ty patterns. The sharp'difference between
western and central regions.‘(at longituaef 103°W) may
_represent a rapid change in llthology over a short dlstance
‘probably 1nd1cat1ng a north- south trendlng fault. - Grav1ty
and- magnetlc features iog the Superlor Churchlll boundaryl
Zone have been a matter of 1nvest1gatlon since 1939.: Recent
studles (Green et a1,1979),have shown that there are‘ffve
'distinetfmagnetic zonee in the vicinity'of ourl study larea
‘(figure—2.6).j The important features,are ag follOwa: “
‘(1).south centralﬁ Saskatcheuan‘ is characterized bj nlow
'magnetic‘ relief vaimilar to that exhibited by thevKisseYney.
tbelt'of_thevChurchill province’in the exposed}shield.v |
.(2) southeastisaskatchewan cdntains a ZOne of high amplitude
narrow anomalles strlklng north ThlS ‘zone is thought to be

~an ,extens;on of the Flln Flon belt beneath the sedlmentary“

a
Y

cover

V(3) along the.Saskatchewan¥Manitoba border, an area of low _

[}
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magnetic™elie! occurs, which is interpreted as the southern

extensiony/of the Churchill Superior boundary zone.

(4) In  south-western Manitoba, the magnetic anomalies show
dominant egst-west trends, an fmpurtnnt characteristic  of
the Superior province,

The signature of the gravity pattern shows more or legy

similar trend directions and relief.

2.3 Previous seismic studies:

The central and southern part of the Interior Platform
has ‘been the location of a number of seismic refraction

SU—

experiments /{Steinhart and Meyer,. 1961; Weaver, 1962;
Maureau, 1964; Hall and Brisbin, 1965 Chandra and. Cumming,
i972; Hall and Hajnal, 1973; Moon and del Landro, 1981)
Interpreted results show an average crustal thickness of 47
km“®in southern Alberta and 39 km ;n northern Manitoba with

upper iantle velocities ,between 8.1 to 8.4 km/sec. The

studies also revealed the existence of a sub-basement layer

of velocity 6.% km/sec in - the upper crust and an
intermediate  layer of - wvelocity 7o km/sec (Riel
“discontinuity’ in  Canada) in the lower crust. The

Suffield-Swift Current profile (figure-2.7) which lies just
at the western end of our profile will be an important
reference for comparison.

In addition to ~the refraction studies, detailed

reflection technigues have been, used successfully in _thé
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different crustal regionsi ‘In'the‘east crust is of unlform‘
thickness ”uhile western part con51sts of* a number. of

east- west trendxng blocks.

5

(5) the crust th1ns towards the east ' An anomalous th1nn1ng
of the upper crust occurs 1n the southern part of the Nelsonj”

el
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- 3. mama ACQUISITION & INSTRUMENTATION .
‘The second cOoperative 'seismiC‘frefraction survey of .the
CO-CRUST ‘ group 'inf-southrwestern Manltoba and southerni
fﬁSaskatchewan was carrled out 1n 1979 and wa» de51gned ;to
examlne the structure of the. crust 1n .the Church111 prov1ncef

—~u

las a cont1nuat1on of its: prev1ous ‘studies about the naturew
hdtﬁ the' Superlor Churchlll boundary izone. AThere,was‘some,7
o hope of f1nd1ng out morel about a p0551bLe,‘hajor’Ecrustald
fault runnlng ‘in a north south d1rect10n to correlate w1th a
y‘promrnentvfeature on-the magnetlc emap (flgure 2 6). The
features whlch were of addltlonal advantage for conductlng’a '
:dsurvey 1n southern Saskatchewan were as follows '
(1) easy access for shootlng and recordlng due to a completeV'

‘°rnetwork of avallable roads.

‘f(27 unconsolldated surface layer allowlng easy drllllng

3(3) a number of bore holes from foil- companles supplylng”ny

g;1nfo§matlon about the:-overlylng Phaner0201c sedimentaryjbh
Vrsectlon.vv | -fth R e ri T

SR L O e E e T R I N S
(a) well ~defined  .gravity -and ‘magnetic expressions of the
ﬁ7fboundary,j*- f;%j'.'ﬁ'-;;f”ib‘:ff

'The~‘east%weStﬁtprofilev whrch is the recordlng 51te of,'

1\.

';ﬂﬁour data textends from leerlck (latltude_ 49° 38 4"' ;'d‘ .

- longltude”'106°' 4 4") Carlyle (lat1tude 49° 37 5"' nd .
fflongltude 102° 5 8") shown a5ﬂ'11nejC,~1n_ f1gure—1 _.fThe,

fUnlverslty Cof Alberta team..recorded' the ‘main blasts athb.

ﬂi}oungref} Laross,' Mellta' and Roblln. lehe' Lat1tude'c ané

PR

'Iongitudésflofv_theitrece;vers.~Were obtalned from l 50 000'

w}gf'”'
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l

gopographic maps.' A readlng accuracy of 0.5 mm ylelded he

longitude and latitudes with an accuracy of 1.28" (about 25

meters) . Two shots were detonated from Limerick "~ to record
the eastewestjprofile,‘ Charge sizeswwere 2505kgvand.1375:kg _

respectively- 'Reciever number5'18 to 33 recorded . signals

S 1ol

-',from 1 the smaller charge wh1le se1smometers 1 to”17\recorded‘

the larger shot Tlme of shots, latltude, longitUde ,and

\

'the Department of Geologlcal Sc1ences of the _University_ of

L

Saskatchewan Shot p01nt -tO‘ recelver distances were

.other shot parameters‘ were cpmp:led by Dr Z;‘-Hajnal of.‘

: calculated u51ng a geodetlc computer program by dsupplyingn

o the geograph1ca1 coordlnates as 1nput data ' All refractlon'

data were recorded on. magnetlc tapes. The 'recorder: typesv

‘used were EMR Dlgltal and Analog FM recordersﬁlof_the s

1vUn1ver51ty of Western Ontarlo o Each -systemr'had its'”own=~

(=

37characterlst1c ga1n .and frequency response over a passband:f
rof 1—20§Hertz, Each recelver recorded at least -60 seconds -

vofi'dataf samples ,afterl‘th flrst arr1val : The elevat1on-~'

RN . : -

“kllometers from the llnear proflle on. e1ther 'Slde ;of- it

S d1fference between selsmometer p051t10ns were less than ;LOQ“ i

"'dmeters 'J_The;drecordlng sztes d1d not dev1ate more than 4.5;

’The‘ dlstance between shot p01nt and farthest se1smometerf

‘blocatlon wgs 287 2 kllometers andv thp»-recelver.ispac1ngSf”

-

BEEEN

”»ﬂjred1glt12ed at :a' rate of 60 Hertzi fot. dthe'u d1gltal
j’lnstruments and between 58 to 61 Hertz for the fluctuatlngdf_

vanalog 1nstruments f Data samples were put 1nto 'a' frle of*l

[N

P

";ranged -from o7;,toi{iémakllometerSh'ffAll‘ f1eld data wereh
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.1344 blocks,vrequifing Q_tape‘lquth' of- 58.61 _feét"(GZSO
BPI). Each.':eéord ‘contained _7200'ﬂbamplésvénd the. first
-tﬁteé data words provided ihfopmafion aboﬁt”recéivef numbef,
shot . ?ng;bef éné; '6rientation  ﬂdf‘ the :seisméme;éfs .
hresp%g;ivqu.‘ Thé déta werk'writﬁeﬁ.in form5t (5E16;6).with
a block Iehgth~.0f;‘12@9‘ sample§.":‘Theféfore‘ each*frace
. consiStédfof-é4 blé;ks of daﬁa Oh}the‘magnQSicifape. 4 L

'



4.1 On the. use of some ba51c parameters-

4. THEORETICAL'CONSIDERATIQNS

Appl1ed stress from an: exp1051on results in ‘;the-'
propagatlon ~of (the. condition 'of';the stra1n through the
crustal medlum as elastlc waves.. bepending on the_dlrectlon:

of: movements of “the partlcles of the med1a there may be.-

‘several kinds of elastlc waves.,: In‘ the case where - the
”.part1cles ~of the medlum -move in. the same dlrectlon as the
irdlrection of the wave propagat;onjglt is called‘the P-wave.

‘There  aré three. main. P-wave . groups usually observed -in

seiSmic~vcruStal ‘studies;,ng, PmP‘Fand Pn. . These. are

described'belowﬁ

; ’( 1 )Pg gnoup

o ThlS group represents ‘waves wh1ch penetrate 1nto>theﬂ

"upper part of ‘the basement hav1ng .a veloc1ty between 5 5 and
f6 5 km/sec. From f1e1d examples 1t has been found that the
h»Pg wave may be . complex in” nature show1ng dlfferent subgroups
-from sed1mentary rocks and the crystall1ne basement dfn'aj
ucontlnuous proflle there may be several segments mof travel
t1me- branches up to the p01nt of 1ntersectlon w1th the Pn_ .

~branch and each segment ?s;.delayed w1th respect ’to “the

. precedlng e;n'"Thévvamplltude of the f1rst phase becomes

Q

';'weaker'w1th distanceJ and the next delayed phase 'shows

comparatlvely large ampl1tudes where it, is f;rst observed

o

At greater dlstances the later event becomes a flrst arrlvalf

»

;‘QT
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;‘ ' . ) . . . \3/

and the picture is rapeated. Th1s splltt1ng feature may not
e . -t \ -

be noticed if spacing) of detectors is too large, " The -

°

apparent velocity indreases with distance and may even Show

a value'between 6 5 to‘7'0 km/sec. «In such cases, these

waves w1ll have reached the middle or the lower crust.

"_(2) PmpP gnoup (a Peflectlon)

‘ ThlS ‘group bottoms 'at the crust mantle tran51t10n or‘r
boundary‘with an apparent veloc1ty between 6 8 and ,7 6.
_km/sec.‘ ;If‘rah'more or less strong veloc1ty gradlent or a
1dlscont1nuity GXIStS between the crust ‘and  the mantle, ’a
"hreversed;travel tlmeibranch rs generated ThlS wave appears-
as’distinct”vseoondaries and is characterlzed by largerb
ampiitudes ‘nearh the p01nt ‘of cr1t1cal reflection. jFor,a<:
FCOntinuously observed prof11e~ayphase cOrrelatron forf thlsf

: group may be 1nterrupted and spllt 1nto separated segments
r‘Instead of sharp onsets these reflectlons (or d1v1ng ‘_aves)v
p'vsometlmeslmay'show a long duratlon sweep (O.4—1.0rse;):whichp"

.1nd1cates a broader tran51t10n zone. “Splrtting 'natUre .wa
v']the PmMP may 1nd1cate a. sandwlch l1k§@structure of the crustrrg
(Fuchs, 1969 Clowes and Kanasew1ch 1970; G1ese, 1976) .Tov
joln. ‘theSe separated segments :ind.af 51ngle curve. .the.u
- prlnc1ple of group correlat1on (see chapterQS) bis' applled
’Apparent VelOC1tY‘ obtalned from . the subcrltlcal range 1sh
‘f_usualiy‘ greaterA than ;thatgx;for: supercrltlcal ﬁrrangeg'
'tysometimes.Ithedtwelotfty dat;Supereritlealwrange mayfshow an

‘7apparent'-value‘,egual”“to the'"maXimumgbVeiocity.‘of Wfthe‘

N
&

Pg-waves. .
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/ - .
(3) Pn gnoup .

Th1s wave penetrates the uppermost part of 'the mantle
and has a veloc1ty betwan 7.6 and 8.5 km/sec. This_wave
.group- 1s recorded as a flrst arr1val gatf.largerr distancee'
(beyond 130f220 kms). Recently Vthe'-én. wave hae‘ been-
interpreted ae.a refracted\wave'penetrating-.into~ a medlum‘
~ with weak p051t1ve veloc1t§ grad1ents rather than as a head ;
'wave, This branch dﬁsappears oﬁ 'lsv replaced by; another»g
delayed event after 300 400 kms. fhe amplitude, recordedaforL
this wave is often very small and ., is easlly' perturbed ’bv
'local nolse, | The‘ backward extrapolation of.the'Pnibranchy/
usually‘meets'the, Pmp branch at :the point of"critical
reflectlon v Forl ther cases where Pn branch 1ntersects thei_
‘PmP branch 1t deflnltely means that the mantle wave.dfn is
‘~assoc1ated w1th /a greater depth tgan that of the reflected‘

'ngP and that there ex1sts no. plane 1nterface common to 'both‘

Pn and the PmP- (G1ese,rj976a)

'U4 2 Apparent veloc1ty

e

Near surface local 1nhomogene1t1es cause Small_ scale

*

rregularltles ;in - the travel t1me curves “For an'aVerage

_structure, we 1gnore the var1at1ons and- compute " the least"

~

",gsquares};veloc1t1es_afor_ dlfferent:segments Thés glves an

i R L o _. .o@,‘.\ ‘ .
m-average veloc1ty est1mat10nafor.theztravel_tlme_branch under

fcon51deratlon. S If however, .weﬂ'are‘ intereSted~”in‘"thé

,veloc1t1es correspondlng to each p01nt of the;ntravel;:time
: o R | TR _



_1Where; X [isv _ d1stanée at which the der1vat1ve' is

vs10pe and T(X) is ‘the travel tlme.at offset dlstance,x.

/ . : ’ ] o

curve, an interpolation.method (Giese, 1976) can be used.

\ , .
by a second degree polynomial (Stewart, 1966):

‘dT/dX‘= {(2%-(X,+X, ))/(x -x')(x ;X')}T(X . ({)-

+{(2X- (X, +X, ))/(x, -X, )(xz -X,)}T(X, )

.1+{(2x (X,+X,))/(X,-X )(xa Tz - T

L3

required."The veloc1ty of 1nterest is the rec1procal of the

4.3 Calculatlon of Depth

‘j The exact determlnatlon of the veloc1ty depth functlon

L Y

from the travel trme_ data requires a'_ number ,‘ofi
"preCOnditions Therefore 'thls task can only be solved by

1ntroduc1ng some assumptlons in-order to’ overcome _the lack ’

Having three data points, the derivative dX/dT is determined -

b

of data Consequently the SOlUthﬂ is valld only W1th1n :

. certaln 11m1ts It is useful therefore to have some 51mple

methods whlch allow the determlnatlon of 11m1t1ng values of

parameters such as the p0551ble max1mum and m1n1mum depths

(1) Maxtmum depth

BN .

'rom each_‘point of ,the; trével timeVVCUrve, "three

%5 can be’ determ1ned ry(é) 'distancﬁ X (b)'

,,pondlng travel t1me T and (c) apparent veloc1ty 1/Va =

ﬁ;/dx Assumlng -~ homogeneous overburden stfﬁcture ‘of
§ B o :



v

4;(2) Mlnlmum depth

25

constant thickness Z, a point from the reflection branch

corresponds to a depth

z = 0.5%{va.T/% - 1}°% - o (2)

For inhomogeneoUsﬂmedia;'however,this valle will give the
: : . ] . ! . . .
maximum possible 2 '(Giese, .1976). The maximum possible

) . . -
overburden velocity can be estimated from -

[Vmax v=° {Va.X/T} 0°s _ ‘v i B . ft . ’ (3)

~ The max1mum depth for progre551ve branches 1ncludlng head

~‘waves can be estlmated from F%llchter, 1932; Berry, 1971)

oz =‘(1/n)x.¢osha'CVa.T/x)' | R ()

For a reversed branch with constant gradlent structure

_ the‘mlnrmum depth can be obtained erm]KGlese,h1976)

- 0.5K{(1-sind)/cose} o (s):

where,

¢ = 51n"{V /Va(p)}

°V;.- veloc1ty at the surface. IR , -

Va(p) = veloc1ty at the max1mum depth of penetratlon.'

Depths'.for the p01nts of a progre551ve branch is. calculated

+
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from ( Pavlenkova, 1968):

2z

0.5%x{(va.T/X-1)/(Va.T/X+1)}°® o ~ (6)

where (X,T) are:’the coordinates of ‘the crossover points
betheeh the refracted seghents.
(3) Depth from I inear segments:
| For hhead waves, ‘the " first artivals align in an’

approximate straight line'segmeht A least square estlmate

"~ will give the best apparent/Veloc1ty and intercept time from

whlch the correspondlng depths or thlcknesses of .the layers.
bqan‘beeobtainea._ Thickness’of_the (n-1)th_layer'bf velocity

V(n-1) 'havingh an intercept time T,(n) is given by (Dobrin,

- °1976)
H(n=1) = 0.5T.(n)V(n V() (V(n) Y (nm1) ) T
_ZZ{H(k)V(n—1)/V ) }LV(n) 2=V (k) *)/(V(n) 2-V(n=1)) } 5.
/

LY

:Thisv relation caﬁ e%sily_ be programmed in a' computer to,
sdive; fprr”thickhessesi of 'multiple . hofizontal layers.
'Altefnatively a s1mple strlpplng method can be applled 'In

this process a two layer formula (Dobrln 976)

H = 0.5Tov(1)v(2){v(2)?fV(T)z}ﬂfs" | N | ~(8)
S N

is suff1c1ent to{ calculate ‘dhfcknesses,/fof‘ n multiple .

"1ayers. For the very flrst head wave' branch thlS equatlonf

"o,
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essentially gives the thickness of the surface layer. Next,
!

the first intercept on the time axis is used to reduce the

receiver and the shot location at theybése of the surface

layer; Then using the same formula for the corresponding‘
vgriables of the second head - wave brénch will give the
thickness of the.second layer. 1In thié'way we can“proceed
to determine thicknesses for ‘muitible layers using the

.éimple two layer formula._ . .. .-

L\ .

~

4.4 Exact sdlution:

'

Herglotz (1907) and.Bateman (1910) have independently
given the solution to the problem of inverting'traVei times

into velocity depth Values. Wiecheft‘(]910) simplifiea the

formulav ’andvv'thus the - application . becomes easier.

Independently from ‘the final- form of the theorem the

following conditions must be met:

(1) thé: function T(X) must be continuous between X=0 and

VA

X=x§”£hat.is,:an“interruption is forbidden.

925 the apparent ‘velocity along the curve,ustafting from X=0

///must ;qqreéée monotonically.
(3) the derivative dX/4dT tht'be‘céntiduQus along the travel
E@me,cﬁrve.\ o R | | .
There afe severalldifferén; forms'to,present tﬁé Soiuﬁion‘df
the integral éQuatioh:, | -
. | | - %e . - S
L z(vp) = (1/n)'§ cosh™'{vp/v(X)}ax (9

o]

R
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where,

vp

"

veloéity at maximum depth of’pénetrntion.
Xp = corresponding offset distance.
V(X) = wvelocity at arbitrary distance X.
For low yelocity zones an alternate extended form of this
equation éan be used (Gerver and Markushevich, 1967).

There are several ways to approach the 'integration of
the WHB equation for p;actical p&rposes. The simplest way

is to fit the travel time branch to a polynomial
T(X) = C,+C,X+C,X+C, X+, .., ) (10)

The order of the polynomial is chosen from the condition of

best fit. The  approximate function T(X) is now-
. .
differentiable in any domain of X. Thus the quantities Vp

and V(X) are easily obtained by simple differentiation of
'T(X)fkat distances ZXp ‘and X. The integration may be
performed by simple methods such as the ~Simpsoen or .

Trapezoidal rule..

n
4.5 T:-X? method:

This method is based on thevéssumpfibn of Straighty.pa§.
paths 55 'the ovefburden and Fhevexisfence of a.first~order
discoﬁtinuity as a reflecting hbriéﬁn. For the Subcr{tical

portion -of the reflection branch both conditions are met to

a good‘approximatién. A plot of T? versus X2 ‘dives ‘a
N . . . -'. B (j : . :

e
e



¢

I

‘rt)

straight line with an intercept (M2V) % whereas the slope s
equal to 1/VY, V gpecities the average overbutrdeén velooity
above the discont jnuit Y. ’

When  applying 7' X* method 1o cruntal studies one hax
to confine oneselt to rays refracted as Jittle  as  postsibile
but  which are clearly observed in the records. 1t all the
discontinuities are represented 1n the travel  time  curwve:,
these branches can be used to estimate interval velocities

according to the Dix tormula (Dix, 19%%):

Vi = {(VJITIONVIJT‘\u)//('TIV“"’Ill0)}"" L)
where,

Vi = interval velocity.

V., V, = velodities from the first and second branches

respectively.
Tio, Tso = intercept times for the first and second branches
respectively.
Estimations of»ihterval velocities are useful in that they
can reveal 1information about velocity decrease or low

velocity zones within the interval considered, which are not

readily obtainable from refraction data alone.

~
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| ray transformed response xs converted to the response at the

.

recerver p051t10n by evaluatlng 1tSj 1nversea Fourler :

. I : A o
ﬂ.transform., Only outWard travell;ngr waves are con51dered

#ith avfar fleld approx1mat10n Whiphy_requ1res that 7thejf

°

: pfépéfty_ of‘-théh medla should Changeﬁ'littie _w1th1n qne-ffif*

selsmlc wave length h‘ i

Practlcal» 11m1tatlons of selsmlc 1nterpretat10ns u51ng

w7

< 5 (S
oS . (’l

synthetlc selsmograms are a result ﬂof 11m1tatlons oijtheb;'"

_5f.computatlonal methodf and the complex1t1es of the observed

| records.n For many reglons w1th1n the earth the assumptlons.‘;

g woﬁfhghe}351mpler theoret1cal models, partlcularly*ofblaterai‘
homogenelty and no attenuatlon yaw poor' approxlmatlonsr;b

A

Comparlson fdf‘ synthetlc gw1th observed records requ1res a

e

‘.knowledge"off-thei source waveform._ Moreover & observed
V'seiSmograms requ1re amplltude correctlons, Whlch may be
. 0

1naccurate because of 1nadequate knowledge of the 1nstrument
response and espec1aily the near surface 51te response._y”
f Although ’ several dlfflCUltles 'dein":xlnterpretlng

selsmograms remaen 1nclud1ng 1nsuff1c1ent data, amb1gu1ty of

vj1nterpretat1on and{ 1nadequate ?'mathematlcal ' treatment

~51gn1f1cant 1n51ght to 1nterpretat10n can be galned through

2

: manaly51s of synthetlc selsmograms and comparelsOn -wlth_‘the'

Joe



.{ \ ‘4§7:L6w'velocity.zones- Ll ~;ﬁ(y
Gutenberg 01955). suggested the_heXistence'f'of' “low
-lpveloc1ty layers in the crust Th1s 1dea was agaln plcked up

in the beglnnlng of the 51xt1esA when. detalled data' from

glexplosionv studles became avallable. Landlsman et al (1971){ht

:’have g1ven a detalled dlscu551on of the ex1stence of  low

o -

"veloc1ty zones in’ the upper and m1ddle crust. There are two

‘7p0551b111t1es of detectlng a veloc1ty 1nver51on 'within‘;the*r

,;tproflle under study S

S hav1ng a serles_xofszide'langle branches '3in‘f‘the“

”'Selsmogram,_°average overburden veloc1t1es can be calculated

v

”husingﬁTer?'method Calculatlon of 1nterval veloc1t1es from .

"overbUrden. veloc1t1es -may reveal 1nformatlon about a ld

vu'dveloc1ty layer in the crust f_f}., ',;*‘"ﬁfﬁ,’{fj .
‘h(?)flaccordlng to ,Snell sf-lawh“aﬁ;low;“velOCdty}causes“anrf

'”_1nterruptlon of the travel t1me curve._ A jump 1nvvthed time

o and dlstance ,‘ generated between: two branches whlch 1s

J‘

7~5lspent in. pa551ng through the low veloc1ty reglon.

Som

By careful study\ ~;the‘ observed selsmogram othen
*1nd1rect ev1dence for low veIOC1ty zones may become‘ clear.nf*
' Among these' seoondary d1agnost1c .features are the strong

:late arrlvals after several tens of kllometers (Landlsman et

‘7.val. 1971) vrapld attenuatlon of ,pure head 3waves w1thm;,l fl

dlstance and absenqe of assoc1ated head waves correspondlng

fpto a partlcular reflectlon branch d}r.””" L
Demonsmrat1on of the exrstence of a low Velocity7 zone
U_frequ1rqs: travel tlmes from hlgh quallty refractlon prpflles

“v\
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.

o in »combination‘ with"reflection'-timés‘and'amplitudeVdata.7;

The 51a11c low veloc1ty zone p0551bly caused by 1ntru51onst
~ _has been proposed by Landlsman et al (1971) to havé a lower

iboundary at depths of 10—15 km, Another veloc1ty inversion

apin_ th‘- mlddle‘ crust was proposed at 20- -28 km depth wh1ch o

could bé assoc1ated with a reglon of hlgh conduct1v1ty in
pfthe‘ crust- (Landlsman et al 1971) d Ow1ng ‘to the existence
“of: low veloc1ty zones the task of 1nvert1ng T(X9 data intoﬁ
the V(Z) domaln leads to a nonunlque solutlon However once

" the tlme and dlstance spent 1n the ‘lowb veloc1ty layer_ is -

'h-determlned the' correspondlng portlon _of, the travel tlmeQr‘f

5ibranch can be subtracted from the total t1me and dlstances“

:l'ft re establrsh the cont1nu1ty of the travel t1me curve as¢i

' t:demanded by the WHB method Sllchter (19320; and Gerver & B

g

'ﬁMarkushév1ch (1966) have g1ven solutlons to the low veloc1ty
"“problem j Recently synthetlc‘-modelllng_ has 'been found_f

su1table ffor detectang IoW” veloc1ty layers in the crustaf

"(Bralle and Smlth 1975; when réllable ampllﬁfde 1nformat10nf i

“ex1sts qld: chapter 6 pwe w1ll !u -7 analy51s and

g_synthetlc modelllng technlque to establlsh the presence :offgvr,”

-'low veloc1ty zones under the study area ! {



5. DIGITAL PROCESSING

s
-

.5 1 Presentatloh of selsmlc record5°

The 51mplest method of data presentatlon 1s to plot the“
‘full seismic ‘record u51ng shot instant-and locatlon as thei
zero‘ reference.-‘»Such ‘presentatlon‘ regu1res a large'page‘
size, or a very small scale hoWever, and - it iS':huch‘_moref'
A

<,useful to have ‘a largei scale plot- retainihg_-all the

"necessary 1nformatlon in 1t - Therefore ~a reduced travel

htlme plot ' c'used ,fOr' overall dlspLaY' ahdrprocessipg‘;f
. 3purposes.. A reduced tlme T"lS deflned as’
R ‘ L ’ A

e

“‘X-: offset dlstance i,'»‘g‘ /ﬁjl_rr,jf i" I v'pﬁj oo
u,Vr = reductlon veloc1ty v;ﬁsds

er was chosen to be equal to 6. 5 km/sec for most of the data"

R :*n thlS the51s The'51gn1f1cance of 'is' that -f thls‘*"

h‘veloc1ty isr‘close to the apparent veloc1ty of the waves ofv'
. K : / :

'~1nterest 1t w1ll produce a dlsplay shOW1ng the phases of 6 5dfv‘

.'km/sec veloc1ty arranged in-a horlzontal llne. Thls‘klnd.ofp‘

dlsplay fac111tatesy; the' :correlatlon ﬁ process ;'v(seei'

.sectlon—5 4) : dIf} thej veloc1ty off‘lnterest "h hot”bédi;':‘

i,spec1f1ed an average veloc1ty of the crust 1s>:used>'as~_the;h"

reductlon veloc1ty



The channel separat1oh should be as short. as possible
t;ensurlng clear readab111ty Unlform spac1ng of the traces'
was not p0551b1e due to varlable se1smometer dlstrlbutlon.\
“ No elevatlon correctlon was applled for two reasons.v

(1) such correct1on would requ1re the knowledge ‘off near
,surface veloc1t1es in detall ;h e llj'hw 3 ” |
,ﬁ2) the amount_yof correctlon ‘would be"small"since the
rdifference ‘between stat1on elevatlons was small (less than

100 meters) o .l'; fp,u[h‘ ,‘” : ’hf mT#; ‘
Since weé planned to process only the P wave phases, alld
.record sectlons show only the traces for vertlcal .component~
'se1smometers. The average spac1ng between recelver statlonsn

1were about 12 km._ A t1me scale of 0 5 1nch/sec was used

,_roaccomodate the plot w1th1n the page s1ze A t1me CereCtlQﬂ

'was applled to: dlsplay each record from the Zero' reference‘wf
'tlme whlch ve selected to be theﬁshot p01nt t1me ;
| In the complete record sectlon amplltude 1nformatlons
‘als a very de51rable characterlstlc to retalg but in practlce
it seems to be very dlfflCUlt due to the«followlng reasons
"h(l) quantltat1ve determlnatlon of’”the; amplltude chargeh:
ﬁrelatron 1s very dlfflcult to attempt -
'( 2) frequency characterlst1cs of 1nd1v1dual selsmometers areffﬂ
:dlfferent | o | | |

.»(3l selsmometer coupllng may be varlable

o

" Two d1fferent methods were trled for normal zatlon-Q

' "H(i)‘,correct fresponse of the selsmometers were restored by

d1v1d1ng ‘each. trace by 1ts galnf factor,f‘lslnce'fatf large,obt



distances*the head wavebamplitude varies as 1/X*.all. traces
~ had ‘to,vbe multipliedtby anuinverse_of‘this factor. 'Thenfa
'Tcommon dividing‘factor.was estimated to bring fthe qmafimumf
-'amplltude of the nearest (to shot) record to un1ty |
(2) each trace had -maximum amplltude equal to unity.
In. both cases . ge»hm‘ean value of each- trace was removed from h_
the’ trace beforqgnormallzat1on Nr’u (» _ |
t‘ was ev1dent that' even w1th a varlable selsmometerfi
'response,'methodfl wasu more ‘helpful fot ;correlatlnq 'thé,
Secondaryv events‘ "At‘ least, it.°qave some idea}aboutqthe’
“relatlve amplltudes of. the 51gnals; However, ‘a\ numberb cf'
tdrecords. requ1red ampllflcatlons before approx1mate relatlve

. amplltudes could be ensured Thls_ris presumably due, toq

' var1at1ons ,in: selsmometer coupllng,ialthough other causes

. y r"/
are p0551ble and are. dlscussed later.» ’

o,

" '5 2 Spectral analys1s

3 B ’ i

" As a. consequence of the general avallablllty of large,
',computers the technlque of spectral an§1y51s of selsmlc data_q,
'lhasn come 1nto much = use durlng the’ last few decades. fTheff'

. . #
»vusual selsmlc record dlsplays the amplltude as a functlon ofl

}tlme (1n the tlme domaln) whereas afspectrum shows amplltude
_vas a functlon of frequency (1n the frequency domaln) “The-
fphase"of a selsmlc wave can also be dlsplayed as a. spectrum

'dwhlch is- known as the phase spectrum i Evaluatlon of spectra

- ylelds'vvery 1mportant 1nformat10n about the source and thef



ao

-1 p0551ble

“'Maximum‘signal energy was ‘found

medium traversed by the signals.
‘The'appiication of the Fourier transform converts;lthe
time domain  information to. that in the frequency domain.

For lengthyﬁdata USuallyAa'moving window ‘is used to estimate

the. spectra ‘atv consecutlve -window - 'positiOns;- Slnce_
truncatlon of data by a w1ndow creates 51de lobe effects the

‘wxndow ‘in the frequency doma;n is chosen to be as smooth as

R

Raw spectral estlmatlon was carrled out for a series of

rd

records w1th 1ncrea51ng dlstance (f#gures 5.1 & 5 2) ] The

, “

dlengthv of each record taken for spectral estlmatlon was of

the order of 8 seconds after the fltst arrlvals.', Most ‘of‘

o

.'frequency band of - 3—15 Hertz. The ma1n peak of the spectrum

was observed between 3. 5 6 0 Hertz. A progre551ve 'lowerlng

of frequency w1th dlstance 1s ev1dent ‘ A lower frequency of

H'ngnalsf_'mayf,tbef explalned ‘as- due"tof the‘ shot “hole
fenvironment ‘A small change in the frequency content of the.

‘~'main',peak w1th dlstance ”may"reflect a near homogeneous

struCture.along the,trayellingipath. There" isj,af_spectral
peak at, 10—12"Hertz ’corresponding”to~a distance'of 58 km
from the: shot p01nt.‘ Thls peak gradually dies- out’bat' 104

km;' Smaller peaks v151b1e in’ the spectra can be con51dered

'iother secondary effects.

o~

,the“ useful se15m1c:f1nformatlod /was w1th1n:thls 1nterval,'

/to‘-bef restricted Vtor‘at

hthe maln band compared rto that of 'thef usually obsemved:

| due to. 51gnals generated w1th1n the crust by scatterlng or

R
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5.3 Digitalvfiltefing: . B o | .
Filtering_means separation; that is, we séparatev out
the part ofttheorecerd we want to study.end'eliminete other
51multane0us but unwanted parts '>In _order that filteriné
should be successful -1t. is necessary thatfthe wanted and
- unwanted wave motions differ indsome pfoperty. To. impreve
Athe_‘Signal to noise ratio in thevseismogram,~differenees in
the to;lewing prepefties can be used: frequeneyj spectra,
apparent ~velocity, vwave polarfzétien - and .spatiah
correlation} Frequency fllterlng is a relatlvely common and
simpler technlquev'~used in - the. fleld of refractlonv
eeismoiody. Although the noise and 51gnal hspectra dverlapl
over a w1de band of frequenc1es jwe Selected the {éequency;
filtering. because ' of its s;nplleltyj andh reasonable
effectiveness. ,4Zero‘ phase_ishift eight- pdie ‘recursive
:Buttefworth~ 5 Beseel filters were used for ~ bandpeee
'fllterlng .(fiﬁute45u3),~.A diecussion ebout'the combaratiye
'effectlveness of these filters can be found in Ch1u (1982).
It waSrshown,that; f”. | - | “ o
:.(1) the-Bessel filte:‘hae.very little distortion and 'time
‘shift effect on the-fifstvbreeks'but ddee_not suppress neise
as efficientiy'as the BUtterWorth ftlter ‘with 'the>.Same
general'dhareetertsties, |

B

(2) the Butterworth filter can suppress the unwanted parts

',more eff1c1ent1y than other Slmllar fllters due to the rapld

a 4

falloff..in- responSe out51de, the iacceptance band but itg;

7

- dlstorts the flrst arrlvals 51gn1f1cantly S
P :
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~ RAW DATA (TRACES U-11)
L _aiod 3 OOT—DI“S.'E(/’S‘S YV'SE'SDED 5;.60. 7.00 él.oo .'9.'

o~

FILTERED DATA (PRSS BAND U-13 HZ)

. . .. T-DIST/6.5 (SEC) . i
0.00 . 1.00 . 2.00 . 3.00 4,00-. - 5.00 6.00 7.00 8.00 9
L L — l» i 1 ] - 1 I‘ H

.

Figure 5.3 Example showihg frequency" filtering usirng an

' _eight' pole Buﬁt':te:‘w.orth filter. | e
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We therefore used the Bessel and Butterworth filters

respectively to study the first arrivals and the secondary'

events 'in the seiSmogram; The purpose of the filtering
precess was two fold:
(1) to get rid of the ground noise‘wdtHOut affecting the

first breaks and thus.get a seismogram for overall display
. e

purpose‘(f1gure 5.4)
7(2) to enhance the secondary arrivals (figure-5.5).
For the first case a Bessel filter with a band‘wiath'between

4 to 15- Hertz was found suitable. For the second case a

v

6-13 Hertz Butterworth filterfwas used The later process

@
1mproved the secondary arrlvals 51gn1f1cantly and aided in

correlatlng the later. events.

B4

5.4 Correlation:
Correlation implies fitting';urves or straight lines to
the same “event on different traces' When correlatlng, the

seismologist looks for three 1mportant propertles. ()

: character‘ (2) ampl*tude and  (3). frequency of the waves.-.

Phase correlatlon is dlfflcult 1f recording spreads are 'not

.

‘contlnuous. GeOphbne spac1ngs of less  than 1 km - is

reasonable for thls purpose But if however this .condition
is not met7 ‘one hasﬁ;o rely on group correlation techniques,

v although velo¢iﬁy estimation from this method may )diffef

from  that of  the 'phase correlation (Giese, 1976).

Correlation of the first breaks are facilitated if  the

/

/

/
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Figure.5.4 Vertical componént seismogram of line-C from

CO-CRUST 1979 refraction experiment (Filter 4-15 Hz Bessel).
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Figure 5.5 Seismogram of - line-C showilng correlated

reflection events from CO-CRUST 1879 refraction data (Filter
; :

6~-13 Hertz Butterworth).



)

redUction\'veloclty .is close to the velocity of interest;

-;The ch01ce of channel separatlon is a 'ompromise betweenﬂf

“clear readablllty and smallest p0551ble detector spac1ng;h_

R fpartlcular eVent are correlated'i Then a small correctlon of
' the order of 0.10 sec is applled before calculatlna depths.

- Thlsi,correctlon is also appllcable to the 1ntercept tlmes

&

- e

~

-Thepjmain cr1ter1a “for the correlation ~ptocess are .as.

follows: - ; _,“;'vg
- v o : -

."‘

of the- n01se.

(2) travel t1me branches must be of some length 1f they arex

U AR
il

to be 1dent1f1ed w1th certalnty.

(37 the apparent veloc1ty must show values w1th1n a p0551blei

and reasonable range.

*Vf'v One has to be very carerl 'mhen correlatlng eyentsu

"because:;once the correlatlon has

©

‘the f1nal model are flxed o

W

r

b51ngle proflle 1nterpreted 1n terms of a plane horlzontally"

.,;Usually the f1rst peaks or’ troughs after the beglnnlng of” a

(1) amplltude of events be1ng correlated must ‘exceed thosem

een - made many aspécts ofl“

oy

*Thls 1syespec1ally true gforpfayf,:k

‘layered model since correlatlon here exactly“ deflnes the; ;>

%]

f¥veloc1t1es and ’ultlmately the layer th1cknesses exceptfln

t"caseSV:.fv amb1gu1ty f".

2.

ﬂ',together"

v'ffrequenCIes.‘M Thereforezuwhen. correlat1ng it should be,"

ol . iy

‘Veloc1ty 'zones. - Ampl1tuden; .
1nformat10n 5gs”,also 1mportant.d If relatlve amplltudes are;
'not r'flected exactly,._ ne"maght~ correlate :wrong, events',

Attenuationf_ causes progre551ve 1owering le],‘

3;15remembered that the wave shape mlght change Wlth dlstance as*5



T /
7/

have ‘used ﬁwo differéntA§h¢ts'fdf'”

‘ &éllg ‘ Thei(fact that_@ef
‘réébrdfng a single profilé‘might'cguée amplftude differences °

. due ﬁo_tbQFVériatiog.in‘the éhafge,sizes.’

/



6. RESULTS AND INTERPRETATION :

| ?he‘”interpretation' 0f“the :refraotion datavfrom the
—east -west prof1le 1ncludes the analy51s of results obtained
v from the horlzontal layer model WHB 1nver51on T?—X?vmethod,

'.,applled> to p0551ble reflected phasesi and finally'e the'w

synthetiC'omodelllng ,'T ep f%nag model 1s a comb1nat1on of

all the separate models whlch best flts.»the :observatlons

Although lt '1S not p0551ble to explaln.

the observed selsmograms, an attemptrwas

k:the, max1mum p0551ble numbers of 1mportant features in “the
, . . e

‘{final.modelﬂ,:a, Vf-:f,flg;-

g

L gbe 1dent1f1ed only on. the flrstf;

record.at;11;755'hm_ e’shot p01nt. Due to jthe,;largep

flgpacfngfffbetweené ﬁ;' ;polnt‘aand the- flrst ,Seismometerji
}location N wehprobéifg‘;fﬂlfsedv. detall ‘vand-{ conv1nc1ngfv;
”“1nformatlon :about ith dlréct wave. From : the slope of theqib

Allne~301n1ng the only d1rect phase 'to‘ the' orlgln'aof rthe

plot,'-we estlmated the ‘sedlmentary -veloc1ty to be 3. §4 .f

~

"hf'km/secll We compared thlS Value to'the avallable well data

Vobtained from,?nearby locat1ons. The forma@ﬁons above the'

basement 1nd1cated an average veloc1ty of 3 2 km/sec for theﬂ’

‘1;sed1mentary layer The dlfference is small but we preferred»'37

the value 3 2 km/sec for further ana1y51s because. veloc1ty

E 1est1matlon from a two po1nt Segment 1s rather unrellable.f

“a47
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The next arrival 1s more welliddeflned; . Events were
recorded clearly up to ‘70, km andﬁpermit anfekact bhase,‘
'correlation, The veloc1ty plcked up from the arr1vals up to
35"kmi yield Can average value of 5.97 km/sec ~The rest of.ll
'hethe arrivals ;nd1cate a':sl1ghtly llncreased veloc1ty, ‘the

'least squarebvestimate-'of 'wh1chh‘ls 6{2 ikm/sec. ' It‘is
.ipossible;thatgthese'two;sets of‘va;rivals correspond to a

single‘.baSement layer w1th a: pos1t1ve veloc1ty gradlent 1nf
: R } P

.v’the,lower part,: but def1n1te conclu51on about thlS “was not ey

i

‘possible~&due”_to sparse recelver locatlons "’The~ firSt

‘uarrlvals after 70 km are very weak and delayed by about @'l
_second Careful study of these arrlvals vere' very 1mportantw

‘because of the followlng reasons'l

}’

&u)'x amb1gu1ty. of ‘1nterpret1ng ‘.these-:arriyals: as -a’ .
cont1nuat10n of the 6.2 km/sec phase due”“tO"the' observed

A

';(2) the weak phases could also be 1nterpreted as ‘a- «tht of

”the reflectlon branch from ha_possrblezlnterface_at'11 kmrv]'g

l;depth Lo .r,>\;~ e
; o R . S R 0 . o
(3)_ 51nce"the NACP anomaly crosses our- proflle at about,

105°W longltude, a study of the s1gnéﬂ amplltudes between 501

‘5itand “100 kms from the shot p01nt was partlcularly 1mportant*5”

fito ver1fy the p0551ble effects of the ‘conduct;on.gzone on

“‘these arrlvals.

We therefore took spec1al precautlons to read the exacta‘_fp

o _"amplltudes w1‘h1n 100 k1lometers from , the shot ) Three’

1n_d1fferent norma11z1ng methods were trled

IR

& .



@

’ampl1tude on each trace..'

,varlatlons ‘h9“7 ‘the ‘first. arrival signals of interest

','ﬂpulses are reversed in phase w1th respect to the 6. 2 km/se.'

_ _ - 49
.’_\'_ . e ” B "ﬂw

poss

A(1l<each’traceknas divided by its gain factor to restore the

‘egact_'response.__Theweffect of 1/X* attenuation of the head.

waves at‘large‘distances,was minimized by multiplying eachgvd

4trace:by Xz, ﬁEach.traCe was then nOrmallzed with respect'to

_.the average ground n01se amplltude observed before the flrst

L

arr1vals (flgure 6. 1)

__(2) thlS method was 51m11ar to the first one except that the
traces were normallzed w1th respect to the avefage norse.
: level obta1ned from the far end sectlon of the 'traces, on

‘T'theg assumptlon that shot generated n01se should be of equal

T
. ,'l

'_,(3) ‘thrs 'method trled to m1n1mlze the varlable selsmometerf'
”responses between 70—100 km from the shot p01nt»' Amplltudes

fof the refracted/reflected arrlvals from the next layer were

‘o

adjusted to',a ,constant_ value to"observe lthe,;resul'ani"

(flgure 6 2).

7Deta1led study of the amplltudes revealed that the weak - *

-~

viarrlvals, and can be 1nterpreted as reflectlon arrlvals froml
~an. 1nterface at 1 kmr(obtalned fromsz--x2 method dlscussed"
'idin‘ sectlon 6.3). '\Accordlng to Bralle ‘and Smlth (1975) this

fhowever 1nd1catesia low veloc1ty layer in: the 1ower basement
.?-(f1gure 6.2 ‘d& | 6 3) :vTherefore_’the horlzontal layer
fg1nterpretat1on was no longer' valld for” thrs reglon.v 1We.v"‘
"s therefore used the T’—X2 analy51s and synthetlc modelllng.aﬁl’

S technlque to justlfy thls low veloc1ty in sectlons 6,3 and"‘
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* - prominent phases. constant.
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"Figure'6,3 Synthetic showing ar:i?als (PLR).fromﬁtbp'of " the.

iow“ velodity iayer in the'basement., PC, PCR & PCR1 'specify

the teftacﬁed,wpeileéted and multiple reflected branches

from the subfbaSemént layer (after Braile & Smith, 197%) ..
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\ﬁkﬁ-4- The depth of the basement computed from the average

veiocity of 6.1 km/sec layer and the obserVed intercept time
(using_equation;7 chapter-4) correspondsvto‘3.03 km.  The.
uniqueness» of this value can be jUStlfled from the well log
1nformat10n as‘ well, "We 3computed theoret;cal intercept
times from‘tthe total time spent in eaoh layer and compared
it to the ooserved,intercept time in the seisnogram. . The
two wvalues were 1.45 andA1.34 seoonds’as determined from
well.loo’data,iand as obserVed on the seism;o profile. ; If

we allow a correlation error of 0.11 second (which also.-

T, . _ . g i : . : .
. includes the effect of .a "possible gradient zone),' this:

~implies a fairly good .agreement. We list the computed

parameters from well logs - and the observed data in

table=6.1. Mostﬁof thehwellflogs were.situated,northward; a

few tens of‘kilometerS*away from the ~profile.< Since the
) - o o : S
Williston basin” gets shallower to the north, a shallower

basement to- the north of our profile. was conf@rmed"by' the

rmwell_“data._ .The’ 1ncreased depth of the basement as obserued

southward by selsmlc studles therefore does not- eontradict

_bthe well data obtaﬁned from the north.

‘A secondary phase correspondlng to an apparent veloc1ty

»

of . 4.1 km/sec was 1dent1f1ed in the.obseryed seismogram,

(figure-6.4).  Since this phase 1is absent in the radial

component se&ismogram, it ‘could be interpreted as a P-wave

arrival from the lower sedimentary section, "~ The computed

thickness and depth‘ of this layer ~are 2.0 and 1.5 kms

respeétiuely. S%nce we lacked further ev1dence to- confirm

4
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Butterworth).
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this‘iaYer we ignored this secondarynevent:whiie calculating
the final model. | - | |

The next set of allgned phases are very promlnent from
70 km to 140 km., The apparent refractor veloc1ty‘from least

square analy51s is 6. 49'km/seo : These arrivals are followed

e
4 -

by another onset hav1ng an apparent veloc1ty of 6.7 km/sec
.whlch appear 'as flrst arrlvals between 150 and 230 km from
lthe‘shot point with a comparatlvely.weaker -energy content.
The‘refraction arrivals from the Moho reoion start to appearl
at;zﬁs km from the shot point. The weve pattern has a very
low frequency - eontent and is perturbed severely‘by_the‘
ground noiSe.' However, we were ,qblex to. pick up the Pn
arrivals from four geophope iocations. The corresponding
least’squere velocity is 8.12 km/sec. Continuation'of this
phase touards thea corresponding 'refleotion' branch (PmP)
‘could npt;he,traced.possibiy becsuse'of’its weak. character.
Considering& thev first arrivals from 'all‘fthe‘ evident
refractors wefestimated their vdéoths from the respeotive
4intercept'ntimes. using elther equatlon 7 or equatlon 8 thus
.gettlng our first rough model (model M1, flgure 6. 5) from
the horlzontal_\layer 1nterpretatlon We also computed the
max imum and'minimum bounds of depths‘using.equations*4 ‘é 6
in ‘chapter- 4, The omputed results  are }hcluded “in
’teblefS.?.,.From the table we see that the total_,thiokness
of the crust is 44.5 km under the study area. Thevestimated
'vhorizontal layer model lies,within.the,limits,of'the max imum

and . minimum values. Apart from the observed discrepancy

4,



TABLE:6.1 Comparlson of results from well logs
s ‘ and selsmlc observatlon

parameters well data selsmogram
(1) 2- way 1ntercept 1,45 sec - .1.34 sec
~ time :
(2) average velocity  3.20 km/sec 3.64 km/sec
of sediments : . *
© ¢} depth of basement 2,66 Km 3.03 km




4

TABLE:6.2 Nominal parameters as calculated.
- for the Horizontal layer model,.

Layer Velocity Thickness Depth. Min-Max

km/sec km ~ km depth km

1 3.2 2.5 0.0 0.0- 0.0

2 6.0 2.5 2.5 2.5- 3.4

3 6.2 9.9 5.0 3.9- 5.2 .

4 - 6.5 5.4 14.9 13.0-16.5

5 6.7 24.2 « 20.3 19.0-24.5

6 . 8.1 - 44.5 40.8-54.0
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between theoretlcal and observed cr1tﬁcal p01nts of the PmP‘
branch (132 and 152 kms respectlvely) the results from the‘f'
horlzontal layer model can be con51dered falrlyilconvlnc1qg.~ "

'up to thls p01nt.,

ff6 2 WHE 1nvers1on . _;-Q§V>Ep ' 5,;,'d’”v, ‘“‘_» e

\The plane layered 1nterpretat10n from the flrst arrlval

/

\.pudataj assumed :constantr'veloc1t1es w1th1n each layer. 'Thls 3_//>

‘ assumptlon is: only an approx1mat10n to the more general case / (s
e Lol

gpyhere 'veloc1ty usually Jncreases Wlth depth due gl

Jfoverburden pressure (Blrch 1964) ? Therefore if ‘we' assume"/v_‘

-/

“4’that 'theo hor1zontal layer model (con51der1ng stralght rayyf‘”

| ;paths) qlves only a m1n1mum estzmate of the depths /we' must"_p .

“1ntroduce ‘anotherA method whlch W1ll glve ;ex €t max1mum”}3r

A
depths., ThlS method 1s the WHB 1nver51on and i85

equlvalent

ftoi the method of gettlng approxlmate upper ldm1ts og depthsig

J g : . s
a in chapter 4. ‘1_, ;_d ij'f hj j//,

-fdlscuslf
‘.:h f1rst‘ break t;mes across the selsmlc sectlonf‘

jwere approx1mated by a thlrd order polynomlal curve fltted“

v

’~finp_th least squares sense All data were reduced to theWr

| ’:'obtalned.ffrom thlS ’method 'were 51m11ar to the horlJontal_ﬁ

. v . v
fbase of the‘ sedlmentary rlayer before= f1tt1ng i Then we

'dlfferentlated thls' approx1mate functlon to est1mate dT/dX,
‘ras requ1red by the i1ntegral equatlon 9 h chapter 4 ‘and'
fcomputed-‘the. correspondlng depths.v?-Theﬁulntegrat1on wasf

,apéffagmea fby :u51ng tthe Trape201dal rule.‘erhe results_ff

.
A

. * LY
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"-The model M2 as derlved from the WH!

b_’was applled

&

'layer model except for the reg1on of the lower‘ crust | Theb
-..ﬁdepth of Moho obtalned from: the WHB method was 52 km whereas

ithe one- computed from. horlzontal layer 1nterpretat10n‘vwas

’44,5t_km‘ (table 6 2). h The dlfference is presumably due to

the effect of the gradual 1ncrease of veloc1ty w1th depth in

the WHB method Therefore it 1s clear that the 1ntroductlonf

(3

“fof a veloc1ty gradlent 1n the lower crust Wlll 1ncrease the_'

depth of the Moho to. an amount not exce@dlng 52 kllometers.

v

1nver51on is shown in

flgure 6 6 ‘v, r.h>,_;,l L ., - B R —

'é;3fAnalysisfofireflection5branche51

*One of the pr1nc1pa1 aims of this:pexperiment “was’ ' to
“record w1de_ angle .reflectlons. -:lndeed we recorded very
"promlnent reflectlon"arrlvals. ‘ Both ‘"subcrltlcal r:and,r“_

‘.supercrltlcal branches were observed in the Selsmogram.  The

- jt51mplest T -X* method was used to analysef these 'arr1vals;i

o A | | s

:fAU’fthe ”beg1nn1ng of:vthe- process1ng work the reflectlon.
”*“branches were partly obscured due to hlgh n01se level_'even

_after -a- 4-15 Hertz bandpass fllterlng Wé' dec1ded to

-:dsuppress the low frequenc1es and glve, prefefence‘ to hthe

9

'h.comparatlvely‘hlgh frequency reflectlons W1th a band w1dth

. of 6- 13 Hertz the neflectlon arr1vals became falrly easy

7‘observe (flg;re 5 5 chapter 5) : A group correlatlon methodér

o. p1ck thé' reflectlon branches "dThe_,T?j_

"’method ~eS_abllshed six‘f wide angle ':branches;f.With o

R
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correspondlngjwdepths at‘.f1, l3.7; f19.5; 24;'27 and 43.4
kiloheters; (Fable—6.3). V‘The-plnterval. ,velocitieSV were

5cgmputedfro%’rthe ’Dir'ptOrmula f(equation—11 Cnapter 4).

’HFollowing Giese (1976) a corgection of‘:lQ%"‘& 3% for the
'd.conputedl.depths Qand7:vélbd?ties‘,vere‘applled for thejwide
'angle' brancheS' , Slnce cofrelatlon‘ of,'secondaryé.ethts

inVOlve .thep rlsk of large: errors:'we 'did not;lntend toh'
1nclude these computed values 1n our flnal model _‘Rather'we:'
usedf. them. as :an _ald tto qualltatlve gnterpretatlon'

o

3ust1fy1ng the presence of the reflectors in the crust 'Ther

.reflectors ?at _13 19 5 and 43 4 kllometers correspond to -

'f‘-the refractors ment1oned 1n sectlon 6 2 at“51m11ar depths as .
| determlned by /the; horlzontalblayer model](see;table—§ﬂ2)f
'd~‘The reflector at124, km. . ofvldepthd;does :notd”appeaeras' a'vb
: retractor;fb ThlS 'i53 due‘tto"afvélocity'inversion atfthis'f
.(depth (see computed 1nterval veloc1t1es inn table 6. 3) ‘d"”
.'_henceﬁ5would _no a;be observed in- the head wave data The‘
4'inter£acebat 27 km“phowever should refract selsmlc raYs;:

'{&J ‘since'“ih. apparently represents an 1ncrease in veloc1ty as

determ1ned by 1nterval veloc1ty calculatlon There‘;lsd:no,"

@

: clear explanatlon for the apparent absence of thlS refractedi”’

Y

phase in the observed selsmogram. 5 Moreover the observed

"reflectlon branch fcorrespondlng jto ‘24f kmf depth was_so

A

- promlnent that e could not '1gnore it 'dral take: itd_as‘_a'

multlple_j reflectlon ;fltv”» p0551ble that ‘thev"weak"d
‘refractlon arrlvals from the 27 km 1nterface _Were; obscured’

due to the low s1gnal to n01se ratlo beyond 200 “km. AnOther
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TABLE 6.3 Re5ults from T*+X? analy51s o
aLaye:“' Interval veloc1ty Depth o MlnfMax
s km/sec - o kmoon depth km
1 5.9 f”’x,oo.o, . 00.06-00.0
2 6.4 13.7 . 12.6-16.7
"3 6.6 . - 1-19.5 7 19.5~-24.0 ’
4 5.9, ... . 24,0 = - 23.7-28.7 . -
5 6.7 . 27.4 " 27.0-32.5

43.4 - 42.0-49.0
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p0551ble explanatlon requ1res a gradlent zone between.depths
of 24 and 43 4 kllometers so. that a head wave from 27 kms of.
depth is;vno longer poss1bler instead a retrogade branch is
»generated by the correspondlng d1v1ng wave{;c For the later'
‘case the lay;red model in the lower crust will be only an
vapproximatlon.to the - reﬁUA_sltuatlon. Theb crustal model
obtained from the T’—X’ method .(model M3) is plotted in
figurers 7. _The average veloc1ty of ‘the crust (6.39 km/sec

obtalned from thlS method is 1n good agreement with prev1ous'
results'(Sereda, 19785 p.193) ; ‘We also computed the_ upperv
and lower' bounds['of the depth ‘values for the reflectlonr
:branches using'eQUations—é & 5»from chapter—4' The result
is includedA'in table 6.3. ‘It 1s 1nterest1ng to-note that:

‘the. calculated mlnlmum values are almost equal to the T?-X*

’ fresults. This 1mp11es that these two methods are equlvalent

to each other. This also means thabrthe T2 X? method will .

. ~

'lways‘ give T’a‘_mlmmum est1mat1on of “‘the" depth values.

”Although the computed depth and -1nterval ”velocities were’

. W

used ‘as a dlagnostlc means’ to support the low veloc1ty and';,
the reflectlon branches, the exact values will be fixed by

" the synthet1c modelllng technlque describ¥d below.

’,'6 4 Synthetlc modell1ng

Interpretatlon was carr1ed out byv'model calculatiOn
oot ‘ S ‘ Lo
u51ng 'the ‘synthetlc( selsmogram formulation descrlbzdvby

,Chapman (1978) The first - model obtained 'frOmv the drrect,

. . . - : , , . R

e
Y
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inversion can be wused as an input ‘for the synthetic

" seismogram. Usually the synthetic obtained from the first
‘mode1> does not fit ‘every feature of the observed'deta.
Therefore one then tries to flt between the calculated and
‘the observed travel t1mes by changing the first model 1in a
systematic way. By a trial and‘ errer process one can
| evehtUally reach  a good. agreement 'We‘did not have a sure
strategy for changlng the model in a certain direction‘ rb
reach better and better results, but we did find thatkby
‘applying few chengeseat once end\etertihg from the surface.
downwards ;ene' obtains vreSﬁlts most qﬁickly.- In any casev'
:uhiquenese'will always ‘remain 'Queétionarie. :By  using a
trial and error method in chéngfﬁg the models one finds'ﬁhat
one is always pushéa in  a certaih directign, that 1is,

inaependent rof rhe‘typE-of hodel'ohe starts with, one will ,
end uprwith‘a,particular>class of hodel. This'hpwever' dees \F~
not - ihply that the 'final‘modelAwill truely'representvrhe
,act951 gghdjtions;'it‘wi;l still be afmodgi albeit a fairly
‘vgood,oﬁe.

‘ Densities,bfbr‘ the ihput "model were lcoﬁputed ‘from

(Birch, 1964)

p = 0:252+0.3788Vp
~and .the Shear Wave"velocities were ”caiculated from.the
correspondlng P-wave values by assumlng the Poisson's ratio

equal to 0.25, Attenuatlon factors were not con51dered for
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computing the amplitudes. The synthetic obtained from the
! .
‘ ) ,
input model M1 from horizontal layer calculations is shown

in figure-6.8. It is clear that the first arrivals are

successfully reproduced by the synthetic. The Pn arrivals'”‘v

are veﬁy weak and the maximum amplitude féf PmP lies at 140
km whieh according to our previous cal;ulatioh should be 132
km. Alsovit does not reproduce all the‘reflecfiop branchés
that we iaentifié@’én the’observéGVSeismogram} Consider;ng4
the résults frdm fﬁe T?-X? interpretation we fhen int;bduced_
twomloﬁ-veldcity zones At 1}114 and -24-27 kilometers of
depths. Most of the featufeg were ih>§06d ég;eement except
that the PmP,brahﬁh,Was much eafl%erfthan is :equired by the
:data, Adjusting  £he'1§w Qelocit§ ﬁéne'at 24-27 km allowed
us to fix this veryAeaSily. ‘This led to‘a critital distance
closef' to the shdt.p&int>(figure-6.9)fahq~was an'additibnal
advantaée of the new model, since this agreésb better with
the obsgrvations; ACtﬁaily the poéitidn' of the maximum

amplitude df the PhP‘branch'depends 6dkth§5ffqueﬁcy content

of the <c¢orresponding signals, According to Cerveny (1966)

. the critical point for a 6 Hertz signal reflected from the -

R

" Moho interface wusually lies at about 10-25 km beyond. the
theoretical value.v Therefore observed and - theoretical
,cfitical ,distaqdes of 152 and 132‘ kms fét the PQP afé
clearly admissibie. The new model‘is shown in figure-6.10
0 and will be 'calied the' model M4; hereafter. Tabiéf6.4
contains fhe adjusted parémeters for the modél M4, A ray

diagram corresponding' to model M4 is shown in figure-6.11.
Shaks _ N

a
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TABLE:6.4  Nominal parameters as calculated
' for the flnal model (M4).

Layer Velocity Thlckness Depth
km/sec " km N km
1 3.2 2.8 0.0

2 6.0 2.3 2.8 =

3 6.2 6.0 5.0

4 6.1 3.0 117.0
5 6.5 —— 5.0 14.0
-6 6.7 6.0 19.0
7 6.1 4.0 25.0
-8 6.7 15.5 29.0
9 8.1 i~ 44 .5

——— e e e e = e T s T e T s o e e e = e S e = = el e e
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Figuré 6.8 Synthetic seismogram obtained from model M1 of
horizontal layer interpretation (a dot on the PmP indicates

the position of the maximum amplitude).
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(M4) showing the «crustal stucture
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Dashed curves represent the wave fronts.
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Figure 6.41 Ray diagram correSpdhding
(M4) .
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o Jo L Sy '
xy/’ _/We‘ con51der mOdel‘ M4 as* our~ flnal presentatlon of the
S */

S . .
H thé features remaln qu1te speculatlve. ThlS 1s a 11m1tat10n-‘
o G ' ‘

‘we could not av01d due to ‘the lack of a reversed proflle and'
t}tdthe dliflcultles \ assoc1ated *:thh thqln;ng:famplltudea"

/,7 - s i ql .

e 1nformat10n._,~u. s jﬁ/;_ "§P,7

crustal structure under the study area.’ Of course some [bfg,f”
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'7..{ DISCUSSION
7bIn the last chapter 1nterpretat10n of the ob%erved data were

".ncarrled 'obt 'on the ba51s of flrst angd- reflected arrlvals,

B cr1t1cal p01nts and approx1mate relatlve amplltudes. 'It‘.iS“

‘_also worthwhlle to’ dlscuss“ ~the: derlved crustal mo%el 1n"

‘terms of the tect0n1c hlstory of the regaon _the; llthology

vat varlous depths. and 1f p0551ble the phy51ca1 parameters

'such as pressure, temperature, conduct1v1ty, por051ty etc as‘]

"'fga funct1on of depth

...‘A

Var1at1on of the selsmlc veloc1t1es w1th depth inj'theﬂ

A

s . L v Q\‘A' e ; L
‘qcrust be related to *thez changes.,ln gross chem1ca1
f,comp051tlon ‘ and/or progre551ve rf'metamorphlsm f - Many

b

r_geo—sc1entlstsd'conslder that generally the earth's. crust .

Hrbcon51sts {oﬁ_-aﬁoanper crystalllne basement composed_'Of,

'f,metamorphlc ‘rocks-; such } as' gnelsses andvfschiSts,L an -

";1ntermed1ate zone of mlgmatltes and‘ th lower crust-rof~

"f[’granullte * fac1es ‘vrockstgf;The observed rapld VVelocity

‘_1ncrease from 5 97 to 6.2 km/sec in the basement .rocks~ maY?ﬂﬁ‘

"'correspond to} grad1eﬁl zone W1th 1ncrea51ng closure of
| mlcrofractures due to overburden pressure.ff Beneath th1§

‘fgradlent' zone, the veloc1ty becomes nearly constant at 6 49

A C Y
acﬂdry saturated rocks subjected to 1ncrea51ng conf1nrng

km/sec. veloc1ty a vslmllar- zone w1th a dﬁfﬁerence 1n

” ch3macal composutlonf* and/or - gradatlonal 'gmetamorphlsm.
T SS e N s

’?,km/sec Thls fact lS con51stent w1th the behav1or of elther‘

"fCrmstgﬁ veloc1t1es “of.,-th?.:order of 6.0 ~km/sec - are .

T S

ﬁ':lfpressu%e pore pressure being low._ The next layer hof Gﬁzi



oo

~with nore than4x7;0.dkm/sec-hare assumed to be ofwgabbroiflv

%1 ’ Lo .

o

interpreted as an indication of granitic rocks while those

» composition.‘ A velocity‘of 6,7dkm/sec in the ‘middle 'ana

lower crust therefore,' shouldlbcornespond to a layer of

75

'flntermedlate comp051t10n. ‘The low veloc1ty »" “the lower'-~y

part of. the

asement was suggested by several factors~;

(1) rapld at enuatlon of the Pg branch after 70 kim.

i_(2)l obServe
'ff11~km?depth" . | [
‘(3)5 observed hlgh -amplltude—,offfth refracte /reflectedbf
h(4) observed cr1t1cal p01nt much smaller than the{%bh
'one for the reflectlon branch from.gthe top off

‘dkm/sec ,layer (theoretlcal and observed values’

"Tkms respectlvely)

'3jto a- hlgh tond@ctlve reglon-:ih

;'of the anomally w1th1n,50 105 km from the shot p01nt.” From‘

slgnals from the top of the 6 49 km/sec 1ayer ;ﬂ

,%%7-- .

'A’flowf veloc1ty zone .at”’thebg

"fexplalned as due to. an 1ntru51ve she‘t and p0551bly relates

=

u_jCamfleld and Gough (1977) From f1gure 2 4 1t appears that

BN ©

l‘ilongltudes 104 5% and 105 5 W at. latltude 49 N.__Thls means

“iffthat normally we should expect to see’ any. se1sm1c expre551on

i

:~£huf'observed se1smogram we flnd that a rapld attenuatlon off'

reflectlon.branch from_a;p0551ble interface at

ulatedyv
6.49
109 &°90

-ower basement may be:

vthe crust as proposed by,

o

' the_ NACP ; anomally his”‘ located approx1mately betweenlv o

’;the Pg amplltudes occur between 65 ahd 100 kllometerS’ from” E

"7the; shot g Thls suggests that there may be an 1nhomogeneous .

¥

fﬁ

- /

; . * . B
e o s . b - v : ,,ﬂ

-fstructure present 1n the crust under the basement 7 Fromvtheh_J"
P c . , : L . ‘
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internretation'of these‘attenuated and ‘delayed- phases we
'proposed a low veloc1ty structure under. the 6J2 km/Sec 1ayergd~
(section- 6.1). If we want to relate- thlS veloc1ty low 5to‘
the NACP anomally the follow1ng dlscrepanc1es arlse' |

1) In north Saskatchewan, theA narrow conductlve anomally o
was shown ‘to be. assoc1ated w1th steeply d1pp1ng graphlte
*sheets,l which means a near- vertlcal structure of the'

conductlve body;o' The low veloc1ty zone obtalned from thlS

'rstudy was only a th1n horlzontally layered structure.

bd(Z) ﬂthej NACP body w?s proposed to be at the surface of the

"‘Precambrlan. Thespre ent stud\ 'aﬂllow ,veloc1ty

zone . jUSt ‘below the basement layer." ; r*ﬁ{_“ ﬁg& y .
(3) suggested veloc1ty for the low veloc1ty zone was, o: (the‘

!

order of 6.1 km/sec from thlS study whereas the conduct1ve S
"»materlals of Camfleld and Gough were thought to be‘graphltlc Jg‘
vsheets hav1ng a much lower veloc1ty . ﬁ
However the follow1ng po1nts are. also. 1mportant' ‘-;j

“(i{ _thec low veloc1ty zone was 1nd1cated by the anomally in
the data- jUSt at’the reglon, where,vthe.sNACP anomally 'wasv
expected. oy |

. (2) thewydebthf'ofbsthe' conductiye bbody.»at;ka‘lparticular'

hllocation does:_nOt necessarlly 1mply that it will have the

: f_same depth at other locatlons. _'fx : o -1 S L R

L

' tin fact thes NACP body _was-hshown to have’ dlfferent

. edepths between 3 and 75 kmﬁst dlfferent locatlons .of” North

I

ff'Amerlca..'h Therefore da‘ sllghtly greater de@th f gthey‘

-\

‘conduct1ve bdgy,at the study area 1s clearly adm1551ble yahé“?'

~



we can conclude that the observed low veloc1ty below the 6 2
km/sec layer mlght correspond to the . same conductlve body as
proposed by Camfleld and Gough

The veloc1ty ‘inversion at 25- 29 km‘depth ig more well
developed “and is suggested by the: ;computed‘ 1nterval
.velocltiesh from T’—sz'ana1YSis; fhe'velocity low/ai this
!;depth' could also 'be‘vrelated to ‘high‘.condUCtivity, as
mentloned by Sternberg and Clay (1977), Barry»etdaLa(1977)i"'
and Chalpayungpun and Landisman (1977) ~ The existence of a
'l%y; veloc1ty layer in the mlddle crustfggn be'relatetho

Q

' concentrated waters in the flISt formed granftlc melt@f'

is qumte p0551b1e that thls‘ wet‘zone may have a vé%"

- | - Bt
- lower ‘than the 'material - above .and' even lower ﬁf
T . B N

. . : ,v , ‘ /
dehydratéd materlal‘ belown%kﬁerry, 1972) The releése

- free water anto the surrounj fg pore spaces would provide  a

con51stent<gexplanatlon’ for the lowered Se15mlC veloc1t1es,

"thepln%rease‘ of attenuatlon, 'the; reductlon, bf' cohe51ve
'Str@ﬁgth and also the hlgher electrlcal condUct1v1ty 1n ‘the LR
C[‘USW N 3 | . : | . . ; v - x

'For 51mp11c1ty we took the crust Moho tran51t10n to be

- a first order d15cont1nu1ty, butfme°d§@ rule  ou ~“the

. P

p0551b111ty off- a broader‘ tran51t10n zone at thls reglon,
( _ L
The observed characterlstlcs such as- long duratlon of the

51gnals, ’ hlgh amplltude .,reflect1onu arrlvaks? and the
. N O . . 3 - . L3 :

splqttlng of - the PmP- refléctions may s '"estQka? complex -
layerlng 'of alternate low and hlgh veloc1t1es (Fuchs, 1969;

- Clowes & Kanasewlch 1970 G1ese 1976) Moreover,.numerical;

<



experiments indicated- that the only effective way to

inCrease the apparent t1me duratlon of the reflected energy

is to 1ncrease the tthkness of the tran51t10n zone.

Con51derable effort was spent in attemptlng to find

‘other models that would explain all. the main features of the®

~ observed seismogram All such efforts were unsuccessfpl.
. 558

Therefore we suppose that the model presented in thlS stqu

is a reasonable representatlon of ‘the crust as illuminated

by. a source anﬂ v1ewed along a llne in one d1rectlon from

the source. The result could be more authentlc if we'- had at

our disposal, data from a reversed proflle along ‘the same

Y

line. of ‘dbservation. | Refraction  studies from. adjacent.

profiles indicated that apart from the local deviations the

[ A

'.dipa of“the]crustalflayers hardly’exceeds 36 therefore true‘

\values of depths should not be 51gn1f1cantly dlfferent from .

‘the calculated ones. 1In any event,. the general structure of

the layered crust should remaln more or less the same,

,1wé; aliE _compared 'the derlved vflnal ‘model with the

'Kre5ultsdof other refraction proflles"close ‘to 'the‘.study

arej S Comparlng to the Sw1ft Current and Weyburn models in

. : AN
51malar ‘A‘ refractor having a géQOCity,of 7 1 km/sec and

depths of 36 ‘and 41 kms respecti

_Suffleld and Weyburn‘is not reflected in our data, 1nstead
we found a shallower 1ayer w1th a veloc1ty of 6.7 km/sec.,

It -»p0551ble Cnat .these:AtQOg veloc1t1es haQe_s1mllar

e

comp051t10ns w1th dlfference in dens1t1es. vlt-wasifproposed o

S . . . ) L= .l Y
- . : . . s i |

'vf1 ure- 2 7 we see that. the’ -upper,_crustal' veloc1t1es are, .

ely as’. identified at -
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thatj(éreeh.et al, 1979) a _crustal fault at 103°W is
”respohsible for vthe differences in Moho depths on either
side .of it. Therefore eveh without the ~ knowledge of‘_the
correct positiohuof the fault welcouldvpossibiy explain the
variationdof the woho depths at Weyburn and Limerick as due
'_to,dthas faulti v, The differencevbetween Moho depths at Swift

, currgpt and Limerick .(about 2.0 km) is” small andf can be
L ' R

wPeh "4 small ’dip” It agaln proves that the -

S

aSsociated

)

'thlckness of the crust does n@t vawy‘too much at these"two

""-"’{“i‘

loca11t1es

Figures 7.1 &v7;2.show the inte}preted results from ‘the.
1979 northrsouth‘ and 1977 east~west refraction pfbfiles:
The depths and veiocities'of the refracgors'_obtained_'from
our study is supported by these hresults., The.resurtsv
obtalned from the 1979 north-south;profilesdare similar to
the ones obta;ned .from' this study only for the upper and'
middle crust. An increase of moho depth by 3 kmatowards the
‘south ”cah‘ be related to the Wiliiston Basin tectouicsn

hé¢¥~fractlon results as. a vhole indicated

: this are#. ﬁm&
(3)_’the structure is more or less homogeneous in the
5vert1ca1 d1rect10n.v

The p051t10n of the 103 W fault could not be 1dent1f1edr

from our data since the proflle does not really cover'_the_'
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fault area Gfigure—1.1). However combining the results of
j

this study and the ones from the 1977 east-west profile
| C s . :

(Moon and de Landro, 1981) indicates that the position " of

the fault sPould be somewhat to the east, 6 of longitude 103°W,

" Determination of the exact position of the fault may be

1
possible bf a near vertical reflection experiment in an area
between lo%gitudes 103°W and‘100°W near the international
border. ;

Due t% inadequate control over the seismometer'gains we
had d1ff1%ult1es in 1nterpret1ng tbg dynamlc characéﬁr1st1cs

of the wayes. Therefore we recommend that more care, should

be taken in future to retain the amplltude information. To

A

»ach1eve a' reasonable control over the sedlmentary velocity,

'more detectors should be placed within 15 kilometers of the

v

7 UZ? :
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