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ABSTRACT

Near Masari/Kafur in Kaduna state an intrusion suspected
to be a kinberlite pipe has been investigated using sone
geophysi cal survey nethods. The electrical resistivity
profiling technique delineated the pipe in details, while
electrical resistivity soundings and seisnmic refracti on neasure-
ments established the surficial layer structure of the pipe.
From t hese neasurenments it was deduced that the Masari/ Kafur
ki mberlite pipe is between 560 and 660 mlong with a maxi nrum
width of 140 mand is oriented in a direction east of NE
The surface of the pipe is covered by 6.B mof soil and gravel
with seismc velocity ranging from 500 to 870 ml's and nean
resistivity of 210 ohmm The second |ayer has a seismc
velocity of 2000 to 2.60 m's, a mean apparent resistivity
of about 13 o h m- mand a thickness range af 17 to 34 m
The existence of a third layer was detected. It has n seismic
velocity between 3260 and 3450 mls and average apparent resis-

tivity of over 1000 ohm m

Correlation of these results with previously mnmeasured

gravity and magneti c anonalies over the sanme pipe as well, as



w th geophysical anonalies reported over known kinberlite
pipes in other parts of the world confirmthat the Kafur/

Masari is indeed a kinberlite pipe.



CHAPTER I

INTRODUCTION

kimberlite pipes ara important and much searched fur
because of thair close associstlon with dlamonds wnd oihar
incluelona. piamon is e most desired gemstone the world
over, for personal adornment and decorative purpeose us wall
aé for its unique physical propartiaa; it is the harde:t
subs tance knouwn, haa o single element (carban), ond ia
tdurable with a high refractive index and dispersan (9ntonan
1967). HKimberlites cuniain inclusions of ulirabasic types
belioved to heve originated in the upper méntln, Theae inclusions
are helpful to geochemists und potrulogista who invesiigato the
naturé.df the wpuor mentleand thc origin of basaltss =~ .. |
In Nigerie en intrusive rock beliuver to bhe kimbmrlifu .
pipe hag besn located in Kafur - Mesaseri are:, tadune Steta,
It is situated 1n an slmost level plain at latitude 7°41.9 o
and longitude 11037.6 £, SF of Masart aﬂﬁqavgr 1 k™ 588 of

pafur (fig. 1).



An earlier reconnaissance geophysical work has Soen
carried out over this suspected kimberlite pipe (varheyon and
AJokcive, 1979)e The present work is a8 followeup of the
28rlier work with moro detailed goophysical surveying to
ascertain the exact location, extent and possible physicaol
properties of the suspected intrusion and to find out whether
there ore morc than one pipes in the area. Thus detailed
direct-currert resistivity and seismic refraction mensurec=

ments were carriecd out over the extent of the pipe.
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wHATPTER 1IX

GEOLOGY

“al  CEDLOSY "F_KIMBEALITES

Kimberlites arp inftrusive ultravatic rockse. They bave
boen found to consist malnly of olivine and pyroxineg, the
commor conatituents belng ilmenite, garncs, m gnetlta chrome
digpsld: .o most importantly (but'not wssentislly) diomoncs
(Hatemazn 1967; pawson, 1907 and paterson et al 1977). Puiergon
2t ol Further noted wshat over 10% of known kimborlli-o contoin
considerable ampunts af diawaoni=.

Kimberlites oceur as swmmll pipes our diatremes tnd oylos,
The dykes which are guonerally n.rrow, rarely wors 10 m Lo
width, may be tens of ‘lometer lorg, They often ocour in
puwarms which sppear in parallel. Tho plpes occur in grouns
of two or three, and im vore cases, up to "0 pipes are locuied
close ¢n dykes &0 which they are often connectod. Ynown pipos
hevg hioe, fnund to l:ick unigue shupe and the size (or the

urfane exte..’ ; may vary hetwssen lusa than 50 m to over 1 Ris,

s
1



RFipes are known to decrease .« size wlth dupthe They are
uriglly vertical (Bateman 1967).

1t hua been fount: it kimberlitez are loceted in tho
interior and margine of ¢ 4asle zontinental areas ns wall ag
in oroganic belts <1t ¢ 5 thase intrugiocns in the younger
ogrogens are lergely baesren (Clifford, 1972;.

Three broad kinde of rock typse may be sncountered In @
kimberiite hody. They are, in “le followlng sequence, (1)
the t'yellow groundt as the surface, (£2) "plue ground? and
{3, the "hnrdeﬁank" pDawson, 1967 md Paterson et al, 177,
The yellow Qround is the docomposed or oxidlized kimboxliics
paterson ha- gaid that in a typical kimberlilte (fige "a1) tho
yellow graund ¢ onsiting meinly of clay meterials nontronito
and wonmorilioniie, may be founu uge to a depth from 10 © to
Gundredes of meters. The blus ground shich 1ius below tha
yellow ground is the sam: rock in a better ustate of prescrvation.
The hardebank 1o th. hard unweathored kimberlite. Acbtually the
ddmrtribution af these rock types ia believed to be conteollod
by the depth of sur? sntherlng and percolating ground
wontrre tHimheriite hody hos a fixed amnunt Lf watar which on
the average has been found to ba 7.7%. Many inclugions of

overlying and underlying rocka are contoined in <imberllios.
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Kimberlite (qaffer Paterson et al 1977)




The inclusions from wr derlying rucks, particuloarly sho
ultrobasic rock-types, nre bulieved to have originatud fyom
the upper mantle. Goeochemis®; snd experimental pelrolocisto
attach much importence to those, o connection with investi-
gations or the natu:e of the upor mantic ond she urigin of
hasalts.

Unauﬂtharéh kirtorlites Mive been clagsifiad by Dowson
(1967) into three typce: massive kir o o, intrusive ximbor-
lite breccia, and kimberlite tuffs ar . _if-ureccias. Tao
classification 19 sased on the nature uf rock frogments
enntalned in cach of them which in turn depend on the Mifforent
mooe of emplaceaent. powson has noted that massive kimberlite
containg littlc or no inclusions of country=-rock xenolithse
It occurs in dykes, veins or segmante o/ diotremes ond is
subvolcenice Intrusive kimberlite breccing contain 20=60
fragmants of various rock-~types including xoncllths of country-
rock fragments amounting tu less than 5% of the bulk in
kimberlite tuffs whilr the country-rock i5 v oriabloe 10 Guffe=
breccin, This class of kimberlitus 1+ found in dlat omes o
scgmants of dintremes. The shape of = kimberlite pipe ic
determinud by pre-extisting joint otteon or nearecurfico onk-=

nosggs while utne loecntion of suarms 0 dyke and groupg of pipe



ia eantrollad by lnention of duap.aeated tension fracturcs,

(Dawasan, 1967).

2,2 GENERAL CEQLOGY DF THE HAFURZMATAST AREN

wafur and Meserl are two villages about 1 km, oport.
They are includad in the region (1200 kmz approximetel yd
arpund 2aria which was mappod by MeCurry bBetween 1968 ond 1970,
ﬂuth villmgéé were found to lie within the bnsament cowmplex
of portharn “lpoeria.

Tha baswmznt complex include racks plder thanm the lotn
protorozoic metnsadiments. Oyowoye (1964) grouped the rocks
into (1) the oncient (or older) motnsediments, (2) the gnoisses,
migmatitas and older grenitas and (3) the newser (Oor younger)
metasediments, McCurry (1970) describ..: the older motagedi- g
monis aa the remaipe of an older supracrustel cover, ﬁruhuhlﬁ
of Birrinien agu, to dietinguish ther from the youngoy
motasediments which are the lete protorozoic supra crusied
cadimenta.

Tha nrea under lnvestigation ig loecated in tho bBicowunt

onelases (Fige 2.2)a
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It i3 belisved that.large areas «f the hasement complax
have bean convertaed to migmatite and yranite gnelss hy intensiva
processes of metamorphism and granitizatlon which affectod the
spdimentary s .uance. The youngur mitdgediments wera osaunu:d
depositad on the grenitized bassment and bath were subjocter
to0 two phascy of L Loelinal folding during the Pan=Afriran
nrogeny (McCurry, 1973), T : duformationsl sventa warn
accompanied by polyphaosu nmotamorphism Ag wall aa_migmatisatlun
and granitisation of tho L amBn g gndiaa; féadiiing in imirusion
of a sulte ofgmeto late-Sentonic granltes. McCurry reporicd
that Jointing; fracturing rnd faulting following tha vregany
could be located in the area ashe mappec.

e of the Faulta; n major ME - Gk transcurrent fauld
huas  cen lucqted, close to Hafur-tasari srea, at chout 7 kma
Nw of the suaﬁncted kinberiite jipe. The foult wog Found G0
have displaced the MG trending metascdimentary belt Oy 10 km,,
causing o swing in the structural trends in the me thgadinonts
hy a drﬂg_nh eithar of the fault (fige 2.2.. 3Alnce neaopr~gurfice
weaknesses such as fracture zones ur jolrts arsn believed to
control distribution of kimberlits pipes the location of thaoso
faultm, Jjoints and fractures are important in kimberlido

explorations.



2e3 THE KAFUR/MALARYI KIMAERLITE PIPE

The auspacted Hafur/Maéari kimberlite pipe is an
intrusive body void of surfoce exposure of its pressenca in
the area. It 18 situeted in 20 almost level fermland, 3E of
Masarl and about 1 km. S8E of Kafur village, at latitude
?Dh1.9 N and longltude 11737.6 €. S5Scattered bnsement rocks
outcrop oround the intrusion, |

wright (1976) reported thot the plpe intrudeo a mediume
grained slightly foliated pink-grey basement granite gnulone
This is comsistent with McCuriy's finding thot the countoy
rock 48 granlte-grelss which locally include move wraalva
granite observesn in nesrby rock outcrops (McCurry, 19703 1973).
| The pipe 1s bslisvad to be a bregecia contalplng frugnents
nf granita gneiss ond emall rounded piecos of altered busalt
Yurner (1975). pceoording to iiright, the Northern section of
the pipe contains aburdsnt ilmenlte with eccessory zlroon,
clivine, chrome diupsidde and pyropic garnet; smoll parss of
tha Northern section and alep the Southern ena consist o.
what hg described as fine-grained grey-~black kinberliiec with
ilmeniteo.

Turner found the rock to be thorgughly decomposede N

typical geclogic sequence that he found aver the plpe



waan silt (1 m), pisolitic laterite with ilmenitUuqxxguhla
(1 m), Clay (2 m) and finAlly ireccis. Tt i worth nutlws
howsgver that Turner?'s findinns were based dn two pits kg
which peretrated the intrusion ot depths of 2-3 m nelow the
pits are not known,

Tha Sierra Leone Dlamond frnpany 1s salid to heve first
located the pipe in 79011. MeGuerry renorted that the compuny
dug pits and trenchaes ir Lhe sugpocted isimberlite pipe aros
in 1965 but the results of chelr findings ware not publishad,
™ only ppen pit fourd in the 2rena during the present survey
wos pbeerved to be partly infillec to a_dgpth of 145 me Jut
geaphysizal work carried out in the nrea (Verheijen and
pJakeiye, 1978) 1:icate that the rock 1s deeply weantherots

Thera h- /e bean spoeculations as regords tha age of the
pipe. Wright suggested that the pipe intruded tha bagement
rocka dusing Jurasalc timo, about 150 m.y. 0goe He hagad
hls suggestion on the closeness of the plpe ta Runka basalt
{(whizh 139 belleved to be of Jurassic @ge) in Nerth Westorn
Nigerio. It has 2lso bsen ~orrelated uith cenozolc voleanlos
in Migeria on the basis of pe*rographic afFinitiea {Turner, 19795).

on the cconomic uspectsthore is evidence of substantial

ompunt of ilm.nite ot the site of the pipe. And it is hoped



thi.. pir may be a scurge af dion nda. ol MLZH 4™ 1 )

con'.imet in tF wmthared port of the 1nea.
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CHAPTER 1II

PREVIOUS WORK  IN  THE ARL:

3e ' UFOLOGICAL INVLSTINGATION

po stated in chopter 15, the piamond Corporetion nf
Sierrc Leone used he oy mineral sampling method (panning i
rdvars and soil samplin-) . ucate tha suspected kinberlato
pipe, between 1961 and 19€- (McCurry, 1970; wright, 1976).
The report or the work has not oecn puh!ished. However,
wright (1976) reportirg oo i~formation o, ubtained from on
nngle american jorporation af South nirica Limited ' o dascribed
“Fo pioe o be ansut 600 m long, bestuwesn 30 . 0! 170 m wide
anc oriented slightly east f North-east. fuoc smill dykes
were found extending from t5. woin pipe but ine totul cident
of these dykee from the pipe were not iadicatud.

5ince tha company laft in 1965, several geologlists and
mirap4:r prospectors  (MeCurcy 1970; verneijen and | juk:.yn
1973; 1975; Turner ar Ajokalye 1975) have visited the asit:
and sun< son= pits. Soing of thz results of thelir flodinon

have bsen discussed nlready in saction 2.2. 1 wos pointed
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out in the sam: ection the unly open pit found ct € o Si

during thi. urvey was infillc? vp o about 1,5 m depti.

McCurry (1970) irciuded this si . n ser goologicel survoy

map of Zarle erea. Part orf the map reproduc.d in fige e,

show structural trvenc lines 'd fault zone clnae to tho

suspect o kimberlite intrusion. She uiso annlysed scouore!

grains of ilmenite (which she report ! grlleciocl from around pits
snd) beliov -+ to be derived from the suspacted kimberlito.

Thn 117" contents of these samples vre = much ag &% but with
average value around 3%, as againgt 5 - 12% reparted by Dousan

(1968) for a typicr? Y mbaorlile.

3a2 CTOPHYSTICAL INVESTIGATIONS

The first publish. = -ophysical surviy ir She aren wae
c. rried out in 197F¢ _yeorhel 'zn and fjakeiye, 1976) t. ! :tect
any anomalies associsted with the suspected kimberlity pipes
gravity nd vercicol magnetic field survey wes carricd oul
opver an area of D.6 km.2

For the gravity measuremcits a Worden (W135) gravimcter
Lit' or instrument constant of 0.8823 4 0.0005 geu/division
was U 'e  Thelr Souguer anomely map reproduced (fice Z.71)
indicate an anomaly, elonga.ed in the NE - Sw direction. hoy

axpo.ted 8 maximum total erros of 0.5 r.ue in their cvbuscrvations.
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A two dimensional analyees f;r_tha prufile 0D (Fige 3el;
MLt nttGMpfeﬂ; nd a gradifv ﬁodcl (%ig. 3.2) was obioincd.
Fige. 3.2a sungests that a negative gravity anomaly wes obsarvad
pver the pipe., The pelculated - wply which gavs the hest Fit
to the observeds was obtalned Eu weing A density contrast
(between the surrounding and the intrusion) estimoted ¢
-22h_i 21 kg m—3. This value fells In the range reporsed Dy
| Gerryte (1567). However, grovity mothad hes been found %o
be cften ambiguous when used alore (Paterson et al 19775,
S0 it was fitting that other ceophysical methods wora usorl
during the survey.

In the magne<ic method = torsion magnaetomeier (Askania
BF2) was used to measvre the verticsl comporest o the magnestic
fiegld 8t the gravity stations. The rsduced contour map, Figas
3.3 indicates on outlire of the suspected pipe oricnted in
NE — S diraction, 5 profile alomg AB (1ge 3.4) was inter-
preted and ths causative body found to be a dyke 130 + 5 m
wide, dip..ng at QUD, with the surfaze at 12 4 ¢ w doptha
AN estimnted magnetic susceptibility of ~36#1F-3‘5.1..un1t5
was reportede It wop indicated thot the model (Fige 3.95) did
not produce 2 suitabls fit to the obgerved curves AS o result
it was speculated that the d ke which probahly-extendad_huynnd

the edges of the model might be dipping slightly “nuards.
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aAgoln the magnetic low reported over the dyke compnres
favourably with Gerpyts records for other places whorg
magne*ic method has been Fuund ausLeaful,. However tho
magnetic rogult was not conclusive since it appears o
knowledye of the reglonal magnetic fielde of the =rea ung
not indicated in the report.

The suthors also carrisd ous ope Schlumbergser electrical
resigtivity nuunding with & singlc raﬁéraad salemic rafroction
spreart near an anticipated -entre of the pip: 3lang S0 (Fioe
3e2)e For the resistivity sounding on ingtrument (HEW=2G0Y
wag used which could yield up to 1000 ¢/2000 ma snd could
measure @ potential differenc: of the order of a few millivnlta,
fFor the seiamic refraction me  urements, @ Huniec F5=3 agulpe
ment waas used frowm which a penetration of 15 wm into tho ground
was expecteds Tabl= 3.1 is the results of the combinno “niine

pretation of the =uismls and resistivity sounding dotae



TABLE 37

fégﬁf
'ﬁu,i Layer Beismic ysloclty! Realstivity (ohm—ﬁs -
™) (m/s) |
1] 0 - 0.5 370 | 700 o
2.] 0.5 - 3.6 15 ‘
3 3.6 - ] won 15 -
AT " 4300 ; 750 il

Alsa, raaistivlit\}..‘r-masuramenta using wenner array uag
carried out alaong the same profile P, ©nd & resistivity
low was reported cver the pipe (fig. 3.6). Tho resistivity
and selamlc resulte were encournging but they wers very limlted
in covarags and nothing conclusivi: about the pipe can be deduced
from them. Also, the gravity and magnetic field resulus, though
thay compare well with results reported by Gerryts (1967); vere
plagued with much ambiguity becausa a gnod knowledge of roglonal
gravity and magnotic fields necéaaary for more objective inter-
pretations were lacking., Thus it remains to gccurately delincate
the pips and also to know if therc are more pipes in the ares
since kimberlite pipeg wre known to occur in groupse NMuwapts
have been made in the present report to throw m:.2 linht on
the 1ssues. The methods of attack are discussed in tho next

chepter.
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CHAPTER IV °

THE PREGENT SURVEY CHOICE ODF
METHOD AND FIELD TECHNINUES

el INTRODUCTION

The present survey is & datailed geophysical follow up
of the work of Verheljen and ajakeiye (1976, 19793 using the
marthe resistivity and seismic refraction methoeds. The survay
s considered significant for the resson that a better delinention
of the plpe will serve as a ussful guide to hoth mineral and
ground water exploretionists sinee kimberlites are known to o
ongsociated with mircral depasits of sconomic slgnificunes
and alsc congiderable amount of water. The esrthis resistivity
and selsmi.. refraction methoda wers employed because thupc
“ithods have been used successfully in the location of kinbere
Lite pipes in Bakwsnga, Tanzanio end Sierro Leone (Grrryis,
1967), as well as in {vaotho Central aAfrico (Peterson ot :l
1877). 8oth methods have slso baen successfuily used in mineyal
ond groundwater exploration programmes (Kollert, 1969)e The

choalce of methods iz niscussed further in the next section,
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4e2 CHOICE OF METHODS

It has heen found that geophysical survay methods ﬁpc
raguired (in almost all ceass) to eccurately legate o
kimbuerlite body when careful and proper interpretatior of
heavy minaral anomalies lead a prospector clese to the kimborp-
lite sourca. 1In cases where heavy minersl sampling methods
failled, geophysicu. methods have been found successful in
locating several pipes; for example in the Dekwanga diagmond
finld in 2:ire (Paterson et al, 1977). The choice of geophy-
sical methods depends on physicel characteristics of kimborlita
and the difflculty often encountered is that kimberliie rock
is reported to lack unigue physical cherecteristics. “ounor,
magnetic, gravity, and resistivity anomalies bhave besn ronortod
over known kimberlite pipes (Gerryts, 1967 and paterson ol wl,
1977,

puring this survey the cholce of resistivity and seismic
mathads wes limited by such factors as the time availnbla,
thi- JJectives of the survey and the geophysical methods uireudy
usocd during previous survey over the same body. Tho magnetlc
“nd gravity flald methods were not used, partly because ey
had previcugly heen used in detall over the seme body and partly

because of the repacns discussed below.s
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gEven though the magnetic methad proved effective in the
discuvery of several kimberlites in the 1.5.5.Re, theSafe unil
west Africa as reported by Gerryts, i wug ot equally succegoe
ful in South aAfrica and Tanzania. In an wttempt to explain
the failure of the method, Paterson et al (1977) suggested that
due to the effects of weathe g and oxidation of a typicol
kimberlite, a sufficiently deep yollow grourd (where it exdasts)
could reduce the magnitude of the magnetic anomaly from the
blua ground and the hardebark considerably, to the extent that
the anomaly might not be distinguished from the background.
Tt should be recalled that Turner (1975) and verheijon and
Ajakcive (1976) accepted that the present intrusion ias tharoughly
decomposed. Also magnetic and gravity snomalies have o uniouo
solution but ran be explaoined by infinite number of models wherc
drilling or geologic desto ore lecking (Parish J. 3., 1970).
The author is not aware of ony drilling dato that con boe voed
for the present surveye More over gravity anomoely hoo boen
observed to be controlled by the strroundings - a ponitive
orovity anomalv could be observed over fresh kimberlite oith
omoll negative near the pesk where the body is weathercdes Andf
in volcanic .ock surrounding it is reported that only the

central gravity lou corresponding to weathered or soft kimbaerlite



iy be observed., For this reasons it was fearen “aat oriwvity
and magnetic methods already used ma rove not delineatad thin
intrusion, in duinil. Hence the choice of the resistiviiy und

geismic refr ciic aethods for this porticulnr survey.

helall Raaistivitu_Hathoda

Le2e1 (8) Introduction: Electiize 1 ..stivity mcthods

can bu used for obtaining quickly and economicelly tho detoils
and location, depth and resistivity of subgsurface layers ond

is uvsed ' idely in canjunction with seismic refraction maethod

in prospecting for groundwster (Hasselstrom, 1968; vincou, 19772).
Th2 success of the mgthod in the uccurate n@pping of budrock or
geologic boundaries of an instrusion, for example, depcnds on

a good electrical resistivity contrast between the in*rucion

ond the country rock. Lenox and Carlson (1967) condemn the

usc of this method in the determinntion of bedrock depths whero
sufficient control data (such «o drilling data) are not wviilable,
ng such depths may not be reliablc. In the absence of “ny
borghole contrn’ data in Lhe areo the method was used mainly

to derive a p’ ture .7 the distribution of the geolocic Forwoiions

within the s rficie’ materiels above the bedrocke.



Tn an ar. - shere 2 kimberlite o4y is not . auct ot the
surf.oco, Paterron et ul (1977) have nrtoed that the yollow
ground on top typical kimhurlite ensures o LS fow
lrw over tie kimberlite irrespective of the resistivi:- of
' ev surroun’ing formationue It has been feound that the yoelloo
~ound hag A tcal resistivi. 7 20 - 4D ohm - m as cogninst
()0 - 300 som - o for porous sedimontory rock, 300 -« 500 ohwm « m
for dry alluvium and 500 - 1000 ohm = m for basalte Hence the
resistivity method will be suitable for delineating the pipe
in detoil if thec rock in the Kafur intrusion is a typical
kimberlit pipe. plso the resistivity cata -~ tuble 3.1
suggests that even though reiiokle :pths or thickncas of
1aver may not bte obtained for lack of adequote control doi»
(Lenox and garl on, 1967) a picti-o of the distributi-r. of
genlogic formations in the near-surfoce oart of .- opeet d
pipe may be deturmined.

Generally electricol romisvivity moethod is % o4 on the
foct thot different geplogic fosontions may be charoctoer:
by different reaistivitiorc, so that when electric curreni iu
injected into *hu ground through two (current) electrodcos, . ny
aubsu: fuce var:i stion in conductivity changes the cuy ent flow
‘ithin thz rourue This in turn nffects the distribuilon of

2lectric potent?! 1. The degree to whlch the potential ot the
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surface is affectec cepends upon the size, loco.'nn, shape and
o0 nctivity of the moter. within the grounc (vingoe, 1972),
Tho potentlal cifference is measured betueen anot Joir of
electrodes (potentinl electrodes) nlaced in the line o wean
the current eluctrodes. The ratic of the potenu.. 1l difference
Lo the currunt ic multiplied by o spacin. factor to give the
npporent resistivity, as a furction of the electrode spacing.
The electrical conductivity of any genlogical structure
dopond on the conductivity of the rock formation ito porosity,
the water contained in the pore spoces and the salinity nf
the wnter. (he most important factor o the unter content.
§n the de.erminntion of the resistivity structure of the suhe
stutum moy raveal not only the geolegicol structurc but oloo

the watr . bearing formations (Gront and West 1965; uvincoo 1972),

bele1 (b) Instrumentntion and Measurements: for all

clectrical resistivity meosurements in the present wcerk tho
reohnater mod .. 10, n Gish-Rooncy type of vloctrical res stivity
npparatus wos uvsed, The apparatus consists of the messuring
ingtrumcnt ossembly, ba'fu.v power supply ond assoclated coblas,
raals and copper rods (elictrodes). The measuring insirwient
ncsemdsy containod ~ current measuring circult. potentinl

pcasuring circuit, commut .tor end a reveraing systeme The noaombly



wer . nnected to the power supply through cabl . provided with
pluga == rrovent crang cannectionse. The flow o currents won
deve. . oed by me 09 of o multirange curront milliamo cex wlin

o single gcale ruuding (0 - 50) and a scluctor switc!i, ' .ich
irdicate the multiplication fuctor to be epplied to the wier -
recding.

The potentinl circodit 100020 & nolvanometer, potentlonctor
and eircuit control devices which permitted -2 gelection of
any fraction of the totol voltage for comparison and boloncing
ngainst the potentiol difference being menaured. The potenticl
Jiffervnce was determined by o *“null® method, the instrument
bz2ing vecigned so thut no current flows in the galvanometor
whoen the potentiometer output (in sories opposition to tho
mensured potontial difforence) wns cxactly equal to the input
potential. The powontial difference wos then reed in milliivolts
on the potrntial dinlse,

The instrumcnt could yield as much as 180v/500mA betucen
the current clectrn-~. .and measure potenti:l difference of the
dar nf WGUU miliivoltse Currcont wrs sent into the ground
throurh two metnl ~icsirodes called current glectrodes (81 B?)
©hiile the resulting potentinl differecnce between another o ic
of vlectrodes (rotintinl electrodes P1 P2) located inside the

currcnt electrode is applied to the input temminnls of tho



mensuring instrumont. The rotation of the commutotor driven
by a 12 yolts storag: hattery pericdically reverses the Flan
o’ the currert to the mxtarnal stokes C4 Bge A whecRtnt uag
used to contoel the gpeed of the commutntor.

Two types of ulecfrnde arrangements were wssd Tor appoarant
resistivity measuremants. Thoy ars the yennor orray and
gchlumberger array shown in figs. 4.1,

_ In the wenngr array the spacing var betweoen the four
ulectrodes waa kept constont oa the whole array was moved nlong
a nrofile and series of maasuramants at different locotion wore
token at reguler interval., Apparcnt resistivities obtained in
this way as a functlon of the location of the centre of the
glectrode nrraﬁgement provided an indication of the loteral
vorintions in rosistivity structure at o glven depthe Thio
mathod of apparent resistivity mensurement ls kpown in
litersture &8s Electrical Reslistivity profiling. It wose used
for reconnalgsance survey for ceniacts and trecing of tho
boundary of the suspectod kimberlite pipe.

In order to determlned the spacing, a,tbetuaun the
elactrodes an electricol resistivity depth sounding wos performod
nt 9 refarsnce stoction (described in saction 4,3) to detuemin:ad

the vertical variations in resistivity structure. Vingoo (19772)
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noted that a point of inflection on a resistivity depth
sounding surve indicntes she presence of an interface betwoen
fwo atroato of gdiffarent moistivities. AP electrode spacling
(Y corrasponding to the point of inflection would yield tha
bast infurmatlon for a particular depth under invaestigetion.
dnsed on an Hetype sounding curve - nbtaiﬁed from the resistivity
unundihg -~ thu constent spacings, a =« 5 m and @ = 20 m, vere
uged to mep the lateral rasistivity veriatliong near the top
nnd bottum supfaces of tha suspected kimberlite pipe along
11l the ceven traverswe: (flos 443) with wenner elactrode arvey.
fach trovarse whs over 200 m longe

Iin the Schlumb.rger arpsy the potantial electrodes, P4 Poy
(fige Ha1h) wore fixed at the centre of the lire jolnlins tho
current electrodes, Cq.Co whila the currant clectrados ware
moveo aymmetricolly vt-unrds. The two polrs of clectrodes
wore aymmeoiricnlly disposed about the midpoint or the oreray
which vas aieo tho fixed ohservoation stotion. As the ulecirodes
vxpanded, the currsnt penetrated deeper and the npparent
roaistivities measured at succeasivel:y incremging eluctincdas
agp..ration reflectad the resistivity condlition at larger donths
‘Pumasnis 1966; Kunetz 1966; and vingoe 1972)e This mothad

was ueed to detect resistivity changes and obhtalin informotlons
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woout thickness and opparont resistivities of subsurfoce ¥ overs
here egnough rosistivity contrasis existed between the loyerc,
@ sehlumberger Jectrode array wes preferred becouso
of spesed and the effect of local inhomogeneity, pnly two
vlectrodes ar. rovod so that the field procedurs whs gulcker
than would be the cosg if the Wenncr method was urcede Also
the potenti. clectrodes wers kept ffixed' so that the offect
of locel shallow inhomogeneitibs near them were kept conotont
for all measurements. In actual prectice it was necessary
from time to time to incrense the potential electrode spacing
(P4 Pz) in order to obtain o potential difference largc ~nough
to he measured uitﬁ satisfuctory precision, 91 P2 ( = b uin
i ;ased in sugh & way that its value was 10 - 20% of the
current electrode spocing (p j. The values of b and the
correspondin v.iue of %2 were chosen in order to obloin over-
lopping readings whenever o change gver of b from anc vilue

tc another wns made,
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bele?2 Seliomic Refraciinn Method

he242 (1) Intioduction: gGuismic refraction method hag

heen described ns a reliable and economic method of determining
depth~to-hedrock (HB. Hasselstrom; 1968) and the methnd has been
widely usad in conjunction with rgsistivity metiod in uater and
mineral exploration nnd in enginsering goophysics such ag
foundation studies, It has been useful 1n tha location of

morc or less vertical fiseures, -contact ond fault zonues, some
of which asrve as channel for the tranmgportstion of grounduater
to lower levels; end in the detsrmination of the thickness of
nenr gur’nce waatharing layer end for bedrock surfece m=pping.
1% has often been used to determine subsurface elsrations of
various layers within the overburden (Howking, 1961; Hnpedoorn,
1959; tMorley, 1967; Green, 1973; Dobrin, 1976; ond Telford ut
il 1976). Green pointed out that the method bas baun mouc
succeasful 5n axploration und enginesring spplications whon
ppplied to shellow dopths (of about 100 m) problems 1in Lreag
thot were geclogically not fco complicated. However its
application in the delingation end investigation of kimborlite
pipe elgewhere is not known to the author. Aaevertheglesy this
mathod wan umployud curing the present survey to assist

rasistivity methods in tho location und atudy of the contact
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zones between the intruslon and the country rock. tu doterosing
th thipknegs of waeatharing of tho intrusion and the various
laynrs in the overburden.

The spplicotion of selsmic refraction method is based
«n the prinzinle that differant earth layers (assumed hovizontal)
huve differsnt propagation velogcities for seismic) svlcwic we ag
and that such velocities incrsase with depth, the velociiy of
the lower layer Being higher than that of the loyer above it.
The maethod reguires thot ot every interface or geologic cize
continuity the velocity changes abruptly (Kanpes Ts 1963)e |
This however uas not always thg case met in field proctiouw

(ses naxt chapter).

he2,2 (b) Instrumentation and Measurementa: AN AN =

TRIO seismic rofrection system, type 5352, was used for tho

data acquiqitiun. The inatrument is @ multichannel botiery
driven selsmic refraction system. It measures seismic velocities
by detecting vibrations produced by artificial enargy source,

Two sticks of explosives (gelatine dynamite 80% stremgth) werc
used at each shptpoint as the energy sourco. The explosives
ware buried about 0.5 m bulow ground surfece in band augorsd
hnles sc that wnives gencrated could penetrats doop into the

nroung from where thesy cuuld be reflected or refragtad at
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different rock interfaces. The refracted woves were datected
by n sat of tuelve geophones located on the ground surfacy
nt different distances from the mnargy source. The geophanes
wore conhectsd through a caeble to the seismogreph whors the
arrivals of gelsmic waves at cach geaphone ware recarded on
ti dry-write récnrding paper. The spikes of the gdeophones were
buried so asc to increase the signal to nolse ratio and reduce
thae affect of noise from wind around the seismometer,

Flge 4.2 illustrates the geophone laoyout on asach sproes
of 110 m length, Five shots were fired for each geophonc
sprends. Theae consisted of two end shats, two long shots,
and one centre shot, The end shot locnted at either end of
the spread were each at a distance of 5 m from the and qocphong}
the long shot were located as sbove at distance of 40 m f-om
the end geophone, ond thae centre shot wng lotcated at the cantrs
of the geophono array with six geophones on clther side of the
shot point and displeced 1 m off thae line of gaopboncse. As the
shots were firod one after the nthur,.the recording instrumontg
ramained in Flxed positions soc that conditlons under the
gaophonegs romained unchangeds. Under auch slitustions changus
in the crriving waves are considercd very lmportant. sSancer
snd Ovarton (1965) indicated that such changes imply that the

wavas trovelled along different refroction poths,
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The end shot tnd centre shots mere needed for morc
accurate determination of velocities and thicknesses of noive-
surface layers, while the lonf shots were used to provio.
detoiled informetion about deeper layers, Continous profmiiicg
method wos adopted, with adjucen$ spreads over-lapping ong
geophone station,

The time distence curvge for voch spread were plotted ond
the velocities ond depths of rafractors were getermined using
the "plus-Minus" method and the Reciprocal gime method, ns
vetailed by Hogedoorn (1959) and Hawkins (1961), respectivcly.
Tho curves and their interprgtntion are treated in detoil in

the next chapter.

be3 FIELD TECHNIQUES

The field operntiong were designed to cover as much of
the kimberlite body as prectieable within the limited tino
nvnilable. A totsl of 26 doyy were spent in the fField botueen
rovember 1978 and March 1979, The survey team consisted of
Lhe author, three field assistants - two of whom were employed
lucellye. During the seismic survey the team was expoanded to
include o technicioan end two other assistants,

jefore the field mgagurements were commenced, two trips

were made to Massari in &n attempt to locate the site, On the



bages gf ths cvoilaeble Infprmation on the suspected kimberlito
and the flal topograpbic relief of the aren, a grid pattmm
wos adopted for the fleld notwork. An open pit suspocted to
ba situated on the suspected pipe was chosen as the rafercnce
station in the sbsence of a bore hole or hench mark in the
nreRe The presence of scattered groins of ilmernlte mround the
pit promptad the choice of the pit as the refercncs stotion.
A bage line v, aver 800 m long and running NE - G4 was deiinad
through this reforenca station (Fige 4.3). The G4 section of
the baseline terminates in o settlement, Gide dan Tonkoe

2ix vrogy travorsos each over 200 w long and running [V
3F wera chosan to intersect Ya at 100 m intervals. Thoy wore
labelled XU, X,l, Xz..., )(5 (fige 4e3)a Tha )(,1 trivaTaoe CTOSE0RN
Yq at the pit. For easy location, ench point on the Ny ~ 32
{crose-trrvorund was ldentified by its pasitiom N o 3F of
Y, whiln stations an Vu were ldentiflegd by their locotions
NE or Sw of the pite -

Resistivity profiling measurements using wenmer arrays
ware carried out on 8ll traverses while seismie refrzctlon
survey was conducted on bogeline Yor Xqo and Xg (Fige 4e3),
Continupus prafiling maethod was used with one overlapping

geophone station %o cover distancas ot 500 m on v _, 430 m on
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CEHAPTER \/

INTERPRETATICN

Se1e1 RESISTIVITY PROFILES

The first resistivity profile on the site was tho reconn inge-
ance survey along the Baseline, VD traverse, to detect thu sucpected
kimberlite intrusion. The profile was designed to cross the pit
(fige 4.3) which was the only pointer to the location of tho
intrusion at the beginning =»f the surveye The result ic given
in figs. 5.1, with the pit (the refurence station) locntud ot Yn'
00, nlso resistivity profiles werc measured along eix truversus
which cross Y, at 100 m intervels, The results of these arc
ghown in figs. 5.1 to fig. 5.6. 1In the following sections che
profiles on all traverses are discussed first on the Liges of
their common features after which the profiles along tho oix

parallel traverses ¢nd the one along Yn are treated gseporatulv.

Sele1a Resistivity Profiles - Common Features

A close examinatiuns of all the curves reveal possibli.
contact regions @t, e.g., near ¥a 80 m NE and % 220 m 3W, seo

fige 541) between low resistivity blocks and formations vith
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much higher apparent raesistivities. The contact zonas are
characterised by sharp resistivity gradients and fairly undfoimm
apparent resistivity values on elither slde of the contoct, Tho
contact zones may be steeply dipping in the direction o the low
reslagtivity block.

The apparent rasistivities ohtained wlth both wlacirode
aspecings correlate well in most cases although generally the
width of the low rusistivity blocks on sach profile is blooaer
for a = 20 m than for =z = S me The variation in the widih of
the onomaly may be attributed to verlations irn the thicknues
of tha ovarburden, bhers the top of the low repistivity body
1s shallow apparsnt resistivities from both ppacings are very
tlose, |

Substantinl scatter 1s observed im the a = 5 m curvesa
Such erratic behaviour may be due to near-surface inhonogow
neities or lack of aherp resistivity discontinuity at tho b m
level dus to vartations in overburden thickness or hoth,

The discantinuitiea on both curves cloee to the edges of the
contact zones could be due to the discrete nature of tha four
electrode locations with respect to the cont-ct. Each time
one af tha four electrodes (Wenner array) crossas tha boundary

between formations of different raeistivities§ thie appears



as a discontinuity (Keller and Friaschnecht, 1977).

A cloee look at elevatiun and resiativity curves indicatoes
that the effect of surface topography on the reaiatiuity poafiles
if it aexists, is not aignifiqgnt. it can further be obaervod on
all curves that over the highar.rEBiativitvIragiuna ﬁutaida tha
diatreme the apparent resistivity volues with 8 = 20 m arc
highur than the apparent resistivities for a = 5 m, The
implication is that there the surrdunding bagemént is very noar

to the surfaca;

5«1.1b Apparent Acsistivity Profile along ¥

The rosiotivity profilee olong Y were e glvan in fige Set

on butk Lhe 5 m ond 20 m spoeing curvou, shupp rooistivity

gradients can be observed near v_ 80 m NE, and 100,210 and
520 m5u. Tha sharp gradients indicate locationo of contacts
betwagen low resistivity troughs and the higher reslativity
formations flanking the troughs. ©On closer examinatlion it can
ba observed further that the discontinulties in the 5 m cpacing
curve are sharper than those for the 20 m spacing curve, ai
the contacts.

Three maiﬁ'tfoughs can be identified on the 5 m curve ne
ngainst two on the 20 m gurve. whot oppears like ripples or

nolse on the 5 m curve may he attributed to local near~surface
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inhqmgganaitiaawanq ﬁaaaur:ment fluctuations. The discrepancy
betusen the two cu?&éﬁ may be due to variations in the thickness
af o resistive uuarburden.?nd near-surfaco inhomogeneltics oo
welle, K[hure the thickness of the top layer exceeds about 5 m
high apperent resistivities (ﬁraater than 50 ohm-m) will he
measured. N o

In the heighbourhood af the pit, sbout v 00, the low
apparent resistivities (5«20 chmem) suggest presence of wat
niﬂy/ilmenita; The presence of ilmenite around the pit ond.
the low resistivity ubaerﬁad around the plt suggest that the e
pit was situated on the suspected Intrusion, If the materinll |
with the low resistivity contain glaoy, the clay may be rasoclatad
wiih she intrugion ax should be expocted in a kimberlits pipe
{Guryyts, 19687; Paterson at al 1977).

Ay comparing curves on either side of the resistive »uglon
bhatwaan Yn 120 and 210 su it may be suggested on the Dbesig
of low apparent resistivities (of the order of 10=20 chmea)
.that the low resistivity formations are probably part rf ano
and the same suspected kimberlite pipe.:

The cauge af the rapid fall in the "20 m* gurveo boiwaon -
Y, LO0 and 510 wm S 1s difficult to explain, Apparent rusistivity
as low as 2,0 ohm=-m was measured at 490 m Sue It may be ossociated

with highly saline ground watsr or an increase in watar contoni.
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Seletc Frofiles Aorg X, Kiaw==y Xe Traverass

Thasa s8ix traversos run in Ju-RE direction scross the
baguline Ya at 100 m apary end soch traverse, over 200 w long,
gxtends acrosa tha whole width of the low resistivity blocks.
Aesistivity praofiles along the triverses wers performod o
locate tho boundaries of the low reslstivity Formetlon detoctou
tlong VD- The profiles in figs. 5.2 to 5.7 werc obtalneds
They have besn found to have identicel features with profiloes
along L {Section 5.1,.78) A closar look at tha profiles
raveal few differences, 1n the width of the low resistivity
Llocke and the values of the apparent recsistivities on tho
flanks of ths low resistivity blockss. The width docresscs
sauthwards as shown mars clearly by the contour mapg fige 5.8 "
end fige S.9. ©On the flanks of the sromalous (low resistivity)
kody the hlgh apparent reslstivitios (Pa groatsr than 300 olunen)
cuincide with the locatiorn of bassment outcrops along the
traversos. The apparent resistivities fall in the rangn for
granlite rocks (Table 5.1), and this is consistent wlth the
local geplogy of the aroea.

pn traverse xu the two curvas oo not agres very ucll,
becaues the resistivity lows on the 5 m curve are not well
definad on thc 20 r cirve. The low resistivitles may be duc

to near surface inhowogencitises. At xu, 80 m M, the situntion
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may be Jiffarent., The armamaly at this lacation wmay have -
degper origin and the source may be - thin vertical dykes
probably too thin to be detected with the 20 m electrodo
gpacing. Beyong 100 m Ny .oick vegstotion prauéntad furthaey
profilinge Hance the behaviour of the curves bayond that
location could not be determinodi B _In“u;‘

on each of traverses Xqr ¥gebey Xg the size of thé ﬂngmalla?
nﬁtained with 5 m end 20 m constant slectrode spacings ora _
difforent. NN traverso X3 (flg. 5.5), for instance, the -idth
of the low rosiativity block is smellor on the 20 m curve thon
on 5 r curve. The anomalous body is probably smaller in sizo
nf.én m than at % m daepth.

It could further be observed (in fig. 5.5) that the
npprrant raéiatiuitiea at 20 m spacing between stations on
X3 at 20 m aqd 70 m 54, wre relatively higher thon the vnlues
nbtained at 5 m specing hi:tween the same stations. jiwllor and
Frischknaecht (1977) have noted that such changes indicoto

thanges 1n the water contont or salinity (between the two depths

mapped).
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E:'r: 1.1l Resillts

Tie results of the rEsisfivity profilings on all the
traveraes have been represented in furm of two apparent rosige
tivisy contour maps as in figs 5.8 &nd fig. 5.9 for spacings
a=5maond o = 20 m respectively.

on both maps the outline of the boundary between the
suspectad kimberlite pipe and the country rock has been dufined
by 50 oAm=m contour ling. The pipe is suspected to lie wichin
tho shadad area, wherc apparent resiastivity values legssg than
50 ghm=m were ubtaineq. The results suggest that the plpe is
betwean 560 and 660 m lang, with a geoelectric strike oriented
in a direcction sast of NE. It is widest in the narthern part
betwasn the pit and Xo travarse. The wldth decroasas southuards
from - maximum value of about 140 m hetween X, and X, tu obout
20 m on Xgs 8nd probably lesa than 20 m betwsen X and Gldan
dan Tanko to the South.

9ased on the resistivity zreflling results, five rosice
tivity sounding points were sited on the gecelectric strike at
100 m irterval, as in fige 4.3, to investigate the variations
in the geoelectric sections in the pipe. Four aothsr souncing
points wers located and Y, S0 that recistlvity sounding results
could be compared with sclsmic refraction results. The sciomic

refraction spreads were laid out on the bases of resistivily
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profiling results, with the aim of using the re?ractinh resul ts
to suppiiment the profiling results on the loratlon ancd the

noture of the contacts between the the pipe and the country rockse

5.1.7 Vvertical Elecirical Soundings

with the gehlumbarger srray usad for the elactrieal
reaistivity or vertical electrical (vES) the apparsnt resist1¥
vitiee ware celculated using the relation.

2

a = (;“ -k

D

Keller and Frischknachi (1977)

lhere g = holf current electrode snaclnn
0 = potentlal electrode spacing

¥ = potential difference measuveti batwesn
the pntentlal electrodes

I = the currant put into ths nround,

The results of the aelectrical soundings worn porgsnted in
araphs in which half the current elsctrode spauing wns plotted
an the abacissa cnd tha corresponding apparent resistivity was
plotted on the ordinats. The scales on both airs arn logerithmicd
Dne advantage of the logarithmic scale is that 1% iugilitate

cuomparisan of the fleld curves with theoretical wnster-curves
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pre-constructed on bi-logarithmic scales.

nualitative int »rrotation of fileld curves © © nade to
identify the number of layers and the approxims . . urameters
of - jooelectric section. Except for two lncotion: three
layer H-type of curves were obte*n o at all sounding points,

fFor reasons given later, VESC on ' yCSG coula not by interpreted.
All curves were observed to be characterised by o finul segment
of positive yr~cient which in some cases spprooch 45 degrees,
This indicates a highly rasistive bottom layer, Subotantial
amount of scatters ware obscorved on all curves at lurne spacings
At sounding pointe uhere ¢roes soundings were performed the

sCi  :rs were mere pronounced on the curves with tho electrode
array nriunted at right angles to the gecelectric sirike of the
intrusion. z1ij1 (1959) has noted that such woc vies s nay be
encountered uinen the dimensions of an anomalous Loy is too
ghi... and sounding curves are influenced by the vo " otant (or

cu ductive, country rocks flanking the intrusion.

The field VES curves were visuslly smoothed, s sugoested
by Zohdy (1969), in order to he interpreted in Lturws of horizon-
tally stratified laterally homogeneous medla, Tho smoothed
curves were given preliminary quantitative in . @soéotion by
methad of curve mutching, an the three-layer awoter curves

published by Rijkswstersiaat (1975), and by detucraination of
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the total longitudinal conductance of the geoelectric section
fram the right-hand positive nradient part nf eech sounding
curve, The resistivities and thickri..scrs found in this way
were used as starting values fur further modelling with the
aid of & computer programme which can cselculate the apparent
rosistivity curve for any geoelectric ssection,.

At tuwo different sounding points, VESD and £ (see fig. he3),
cross electriceal soundings ware cerried out. In cross electrical
soundings, two scundings are carried out at 8 point in tweo
mutually perpendicular directions. 72y this arrangements it
could be possible to detect the dip of the intrusion and other
causes of lateral effects such as folde 2nd faults or contacts
zones, the knowledge of which are neccessary for accurate
quantiiative interpretations. papart from greater distortions
on the curves with the electrode arrays acrose the geoelectiric
strie in comp-rison with curves for eluctrodes oriented parallcl
to the gtrike, no recognizable evidence could be found in favour
of substontial dip anglc that may adversely affect interpretetions
hasod on horizontal layer modelse The distortions in <he curves
have been atiributed largely to lateral effects due to locations
of Lhe vlectrodes with respect to the boundaries between the
incrusive body and the country rocks., Recall that leteral electiie

cal dlscontinu’ties werc ohserved across the boundaries during



the vloctricel profiling (see section 5.1.1).
intornretations of H-type sounding curves arc noted for

ams” ity (Jue to problems of egquivalence and supprosion, ylthe
in coriioin 1imits for wnich hszz : §, remain the same, different
gets of 1 lcknesses and resistivities of & : intermediate layer
may nroduce the same sounding curve; these sets of pzrameters
are oald Yo be equivalent. pambiguity due to suppression (or
thir principl of suppression) is related to layers with resis-
tivities intormedinte between the resistivities of the enclosing
layerne 3uch layers if they are not thick enough, cannot be
d tucled bucause they have practiceliy no influence on the
rosio tvity curves (Kunutz, 1966). The shove suppression cannot
be halnerd, but Yo check the limits of equivalence the valuaes of
h. n ‘f:; vore adjusted by multiplying both of them by the came

. wr to obtain a new set of paremeters which could best fit
thu field curvese The value of h2 which produced the best fit
has been conuidercd as the hest oo timate of thickness of the
interncdiate loyer for each sounding curve.

It wns not pogsible to determine the tranasvirse resistivitics

of the loyors over the intrusive bodye As & result it is not
knoun whotner the reslstivity in the vertical direction is differ-

ent from resiativity in the horizontal direction. In effect



L3

anisotropy has not been taken care of in the following interpree-
tationue The layers have been asgumed to be horizontal and

isotropis bhut not necessarily homogeneous.

IEPLE_,%L“ Resistivity Ranges for some Sudiments, Rocks and
TTTTTTT Minerzls (Telrford et al 1976)

i:ff***‘:::;fﬁucE_Tvpa i Aenlstivity range (ohm=m) i
i Unconsolidate Clay , 20

nlays 1-100

Alluvium and Sands 10-800

Sancilones 1=6.bx 10"

Sranite 3x102-106

Basalt 10—1.3x187(dry)

snei o (various) 6.8x10h(wat)-3x106(dry)

Tlwenite 10-3-50

Diamnnd 10-1D1b

fotural watsr (igneous rocks | 0.5-150

flatursl watar (sediments) 1-100




YES A at yo 00 (Pit)

Tz aocunding point was located at the pit at the intar-
section of two selsmic spreads Yo Spread 2 and X4 Spread 2
{fine +a2)e The electrode array was oriented perallel to the
ganelocirie sirike of the suspected kimberlite intrusion.
Tho curv., as shown in fig. 5.10, ia cheracterised by substantial
scattoy ot the large apacingse Some of the scetters could be
idontified with changes in apparent resistivitics dus to changes
in powuniisl wluctrode spacing, for example, at ﬂ% = b, 7 15,8
and 31,0me The rest have bean atiributed to lateral affects
due to lmieral inhomogeneities 1n subsurface layersa

The rising sagmant of the curvo suggests a highly reslstive
subat oium which resistivity has heen estimataed at 100 obhmem
but could bz even highere, The conductive intermediate layer was
fountd @0 b 8 to Y7m thick with 2 resistivity renge of 4 to B
ohir, iie The equivalesnt praoperty of this layer did not permit
any unirue soiution but a thicknesa value of 10.Mm and a corroe.-
ponding resistivity of 6 ohm-m produced the best fit to the field
curvos Tha low realativity valuss suggest that this layer may
conteln clasy with sandstone end 2lso water. Inclidenidlly groina
af ilimunite were identified scattered around the pit; thess may

be a reflectlion of what obtalng at greeter depths in the ground,



45

Tha top ailluvizl soil has 8 rasistivity of 200 ohm-m and
wag {ownid to boe about J.9m thick. 1h% highly reslative base-

ment (130G chm-m) may contaln sandstones, granits and basalt.

VES £ at vyo 100 m 54

i rapld risc in the spparent resistivittes couplad with
the displacementz, as revealsd in the dlsconnecied segnents
in the VES 3 (fig. 5.11) beynno -plg- = 15.8 hag made the reliablo
interpretation of VES B in imrms of horizontally strotified and
laterully homogenmous layers difficul . The displacements with
increasaing pnizntial elestrode spacing indicate the effect of
strong latacal “esterogeneities at depth, (zohdy, 1969)., The
rapld riase i the sapparent resistivity curves, in compsrisnn
wlth norrwal Sehlumberger sounding curve for horizonta? 1ayara,'
shows that tho array has prounbly crossed a buried verticsl cc-tact
into & wodlum in which the underlying layer is more resistant, thol
ig, the iimberlite-~host rock interface.

Neverthelose en interpretation was ettempted as done for VES
Ae Tiw rreoistivity of the top soil l-yer ig im the ranon 27
90100 ahm=m and has 3 mean thickness of about 3m. Tho secaan
layer ung Found to have a mean Tesistlvity of 40 ohwem with s
thicr-hers range between 7 to 13 me  The resiativity of the Legue

maent oock was agaln taken at 1000 ahm—-m,
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J i pantre of the array was loceted on & seismic station
so that tho rusults of the sounding couwld bo compared with
and checked against the seismic rafrwnction resulta, Croes
goundinge wore ¢ “ormed at thisz station in order tu aetammine
tht host orlenistion for the Gohlumberaer array snd also to
determine if possible the dip of the luyer. Both soundings
produced about the same results, the curves having considarable
scatter oF Yorgs spacings, T g. 5413 L, and Dy At ahort
gloctrods spacling the curve 01 for "ho arrey parallel to the
gecelectric atrike (of the intrusion) 1s smpother, The sharp
discontinuity in D4 beypng ﬂg = 40 indicates the presencc of
eome sirong loterel inhomogenelities. The upuward displacement
sugausts thet one of the potenticl electrodes bhas probably crosaed
over inio s wedium of higher reslstivity. The slope of the riesing
sagment of the curve may offer additional indication to support
the obove interprotetion, Hunetz (1966) has suggosted that
when a currant slectrode crosses a contact or interface between
two adjncoent formations of differcnt realstivities, @ discon-
tinuity in the rising segment of the sounding curve such as has
been nbsprved in fig. 5.13 (01) may be encountered, snd purti-

culurly, if the centre of tha array 1s down thrown from the
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contact ~nd the underlying bed has a louor raslistivity the fall
in ©he soundinp curve ohserved in D, (fig. 5.13) betwe.. 53 -
15.C ond 40w may be exnectod.

In vicw of the fact that 2cevr .te guologic controls/drill
hole dat rg lacking for this station, ond actually for the
whole nuevay arga at large, ccu %o quantitative interprotation
of tho curves (0, and DZ) wae n~" pnusible. However, by visual
smooshening of the curves attempt was made to estimate 0.
geocloctrie oarsmaetergs. The suriuce layer was found to be 1.,
thick vith roniotivity of about 12 ohmem. From table 5. it
appanrs Lo be alluvium mixed with sand, The intermediete
layar ue'y he clay, with resistivicy of 8 oPer 4nd an
uncerteinty of 10%. The thickness of the clay layer was
sotivated ot about 3 me Thu apparent resistivity of the bou.
resictive layc™ wag about 120 obm-m, and this frlls in thno

resistivity ronge for (uet) igneouc rocks (tanle 5.1)e

VES = ot X, 45 m Ny

Dross soundings were carried out at this station and the
reaultos are given in fig. 5.1&.E2 was orientaed at ri jht angles
to thu strike and therefore cut the vo. tinal zuotucts of the

diatremoshoatrock transition resulting in hiahly scattered,

unintarnrotable data.
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g characterisgtic features of E, T8 similar with fwatures
obnerved for aounding curves at cther statlons. aAgaln the | inal
sennent (uiith positive slop=) wne found to have sub-i:miial
Fluctuatione The discontinus ties suggest near-surface inhomo-
nenclties roather than latsral varlatlions in resistivities at
e h,

The raslutive surface layer (780 ohm-m) was found to ba
about 2,1 m thick, It is the dry top slluvial/sandy =soil.

The insereadiate layasr containrlng cloy/sand or sandstond has

a acan thicknos: of 23 m, and an appsrent resistivity i “he
range ui 11=12.5 uhm—m.. This low apparent resistlvity value
sugonosh the hed way contaln water ond protan.y ilmenits os well
(spe tohle De1)e Tho bottom loyer was Found to have s resictivioy

of sbout 1000 shm-m,

VET Fa, BT, 35 200 N9

Too moasurements ot this station were mace with the arvay
levad In o direction parallel to the gecclectiric strike of tae
tntrusion und the results are shown in fig. 5.15. The conowtive
intermedicte layor hes a mean thickness of about 10.2 m and
reglativity of 3 'Am-me The iow reslstivity indicatss that

the bad may contain o oh water as well os clay onid sandatone,
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0 ..«0te method of interpretation usc:' o~ the rising

portion ni thi curve sunoests that the resistive basement may

he nt o repth between 9 and 12 ma 72 resistivity of the base-

ment hos been egtimoted at around 150C ohm - m, & value typical
vl ucks like granite and basalts. The thickness of the

ur. op uoil :oyer has been estimated at " m, with e resistivity

of 200 ohmeng

“ine 517 shows the data for VES ., The reslastivity o
thoe 0 sement has been estimated at anout 3000. Asymptote
mathod of interpretation used on the rising segment of tha corve
sugguat the basement is located at o+ depth of 10 to 18 m tnder
the groun surface. The intermodiste conductive layer has a
mean thin - of about 15 m with = resistivity range of 8 to
10 oiun=in, Its enuivalence prou.ri. made it difficult to deter-
minc thounlgue parometers for this bede The resistivity range
sugoects the intermediate layer may ~ontain sandstone, clay,
woter.

Tuo seismic refraction spreads (oni. (long the baseline Yo
and thoe vther on travi:rse x5) covered uhls re=istivity sounding

station,
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VES i ¢ My 0 (or vo 300 =8uY and
VES 5 ut X, 15 m ny e

Thi rugulis of VES © and VES G were as givon 1n fige 5.12
and Tlije Yel16, respectively. The rata are quite scattered end
no Lnterpretation could be done. In vie of the narrow width
of the pipe on traverse X, (fig. 5.6) end slso the lateral
variations in its width along the gtrike (flgs. 5.8 and 5.9)
the irregular hehaviour in the sounding curves is expecteds
At these stations the laturel lnhomogeneities have shown up
83 ulectrodes effects near the potential clectrodes as con be
nhaervad in the disconnecied eegments of the soundlng curvaa;
Each of the segments In the {wp gurves corresponds to ditterant

potentlal plectrode sepearstior.

Sunmary of Resistivity Soyndlng Results

In the group of thg iInterpretobls rosulns thes VES curves
obtained were the H-types, in which the resiativity of the
gurface layor was found to range hetwsen 12 and 400 ohmem itk
e nean value of 210 phm=-m, The thickness of the lsyer voeries
from 0,9 to 362 m with 8 mean wvaluo nf =hput 1.5 mes The conduc-
tive intermediateg layer has e resistiviity ranging from 2 to &40
ohmem, with an average value of 2 ohm-m. The low resistivities

of the intermediste layer suggest presence of clay with sandstonea,
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Thz mean thickness of thae layer is 13 m. The resistive bage-
ment hus » Tesistivity renge of 122 to 3000 obmem with estimated
average of over 1000 obm-ms Because of the sbsence of drill
holas data and raliable geological controls the intrinsic paras
metors of the geoelectric sections were not available for
chucking the accuracy of the YES resulis. A maximum error of
165 in oupocted in the apparent resistivity measuraments on

the baﬁia OFpasiaseess The summary of the results for individunl
soundling points is given in Table 5.2.

Fige 5412 glves a picture of the varlations in the apparent
resistivitics and geologlcal furmatiuné with depth for the mear
surfroe layers of the Kafur/Massarl kimberlite pipe« The resis=-
tivisy sounding polnts (VES's D to H) were situated an a profile
DH on thi geoslaectric strike of tha intrusion (see fig. hLe3).
The geological interpretatinns were obtained by comparing the
mmparent resistivities detarmined from the sounding curves at
indlcated VES pointa with thoge in Tabla 5.4. It has bean
sagumncd in producing this picture that the geoelectric sections
ant hence geological formaticns are continuous between the VES
pointse At 3, the sound curve could not be interproted and
the dashed lines have buen uced to indicate aome uncertalnty

in ihe pleture at this sounding pointe
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TABLE D562: Summary of the results of VES measurements at
TTTTTT pach sounding point,

[’ Acoilstlvities of layers Thicknassca af Iayaré‘fﬁf
VES o (phmem) T h, (m)
point f-e—m-—
equivalent best j equivelent
1 RN E38 Tange 3 h1 Pit range h3
n 200,0 Be0 L O=E41] 100 0.9 10 7e5=1741 -
_ . P
100,01 00,0 : - 1000 31 11.2 T=13 -}
- - v —:— —‘. !
C~!NOT INTERPRETED R S - b
{ {. 3 g  §
D 12,50 B.13 | = 122 . 1.0! 3,0f = |- r
£ 384,0] 11.5 10=1440 1000 | 2.1 22.9) 17.9-26.7 -
F 20040 3.0 2,0=-4,0 1500 1.0 10,2 9=12.] =
R NOT INTERPRETED - - - -
H 200 6.9 S5al=B.4 000,01 1.9 15 Be5=1649 5
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52 INTERPAETATION OF SEISMIC REFRACTION DATA

Interpeotation Muthods ~ A grief Review: In the inter-

Pl B Mok Bk a

pretatlon ul’ e aelsmlic refrection data, the reciprocal method
of routine shallow seismic refraction investigetlons, as detalled
by Hawi:ln® (13°G1), was userd tc determine the depths to the
refracars in rotalls.

The %:thod is based on a term callsd "timu—depth;" Hawklins
describad the *time-~depth® to 8 refractor ss tha time delay
agaociatod vith *the critleal ray in travelling between the
refractor tnn o0 surface. It will be pointed out that "Time-
depth and i lf=-intercept time” ars not exactly the same. Timg-
vepths con e inalated at all geophone stations but half-intercept
times oin be dotormined only at the ghotpoints, wWith time-depths
it is poussible to determine the depth to eny particular refractex
et all nuophonz stotlors as well as shotpoints in ocrder to produce
a detallod Jroflls of gven an irregular refractor. 0On the other
hand, ©ith holf-intercipt times (where the refractor is sssumed
to be pi.ne boteoen shotpoints) depths are obtalrad only st tha
shotpointue fuviiing Reciprocul Method differ from the Delay-
time wethou of Gordner (1939) and nNettleten (1940) in that
the latiny nnauwes the refractor is horizontol below the grophone

gtation whilo the former assumus plans refractor surfece (which
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tg not neaustnrily horizontal) ot the geophone station.
The tlueetdizpts 8t a geophone stotinp 1s ohtainad by tha

progedure il%yﬁtratad in fig., 5.159.

Fige 5¢1Y): Roy paths of criticelly refracted rays used in
daterming time-depth to refractor.

The timo—clopth 19 t6 = % ¢ (548 + B(5,6) ~ £(8,5))

yhers tc316) and t(S,6) aro tha travel times of the
refractod riys botwaeen the recelving polnt G and the colinear
shotpointa locoted on opposite sides of G, t(5152) is the
travel time notuveon shotpoints known as reciprocol time.

writing 4 for the time~depth the thicknass of the first
layer belot 33 ip obteined by using the relation,

Zg =6, Vv, /0081,
and thiekness i the second layer by ucing

[~ . ., Coa} 1
z,, = [ 74 13-i1 Uy /0081,y
U1 <
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In the nanaral farm the thicknags of the nth layer zn is

I = [}n'- n=-1 2K CoSiK, n1] un

e EJ UE . EES in ' r1+1
K=

1Tht: rlf-intercept time and delay time may be used to

replace tho timo-dopth ( tn) ot shotpoints.

Tha velocity of the rafractor {(in this gurvoy) wasg
determinad by using the "Plus-tinus® method of Hagedoorn (19595;
In Hepedanrno nethod the differsnce betuwecn two critically
refracted »oyo from shotpointe S, @nd §, to the guuphane G
(Fige 541%) in dotermined,. The result is celled the *Minuat
value far the »ofroctor at that geophone G The Minus values
at othor neonbondg cnclosad by the two shotpoints 51
are determinoed and plotted against the horizontal distanca.

anrnd 52

The slopc of tho minus groph glves thae true veloclity of the
refractor. Hogedoorn bas polrted out that the 'Minus' graphs
yield mich won: accurete velocity values than the graphs of
travel time agninst dlstenco, bucause any affects (such as
variationu in voloclty and thicknoegs) of the wsathering (surfacs)
layer on the vofractor velocity are eliminasted by the process
of subtroctine polire of travel times from the same rofractor
to cecit :sophnnae  Howkins (1969) cnmmandad.tha accuracy of
the Plus="inus methodd,

|
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Thuso dotoiled analytic methods - the Reciprocal methad
and the pPlui={iinus method < werk considered nacessary in order
to be ©isle fo Interprete the seismic refraction data more
accuretely .. ricpendable geologic controls or drill holes datae

are laciting for the survey area.

5.2.1 Rofrictlon Survey on Yo

On thoe Yo traverse, 5 spreads were shot by the continuous
praofiling meothods The travel time curves were plotted and

the apparont volocities determined as in fig. 5.27%.

SEQ‘-ﬁﬂij3pT“ad 1-3: The three sproads exfpnded from
100 m g to t~tion 170 m SW. (Only spreads 2 and 3 are shown
in fig, D.20)« They werc interpreted together because of
somg gimilirities in thg travel time curves. Spreads 1 and
2 were wi e to overlap 7 gecphone stations for thorough investi-
gations f the discontinuities in the curves between station
10 and 20 m [IEe They suggust the presence of a buried inter-
face with vorticrl contacts between tuo rock types of different
selsmic volocitics located betueen 10-20 m NE (see also fige 5.21).
The displ cre nta in the curves indicate rapid change in the
thicknens of top soll layer across the discontinuitye. The travel

time curves Trom thr end shot points (at 55 m NE and 65 m Su)
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TAALE SeZel: Represantative velocity velues (Mooney, 1977)

Material

velocity Ranags (m/s)

e———

tentherad surface material
Reavel or Sand (dry)

aond (wot)

Clay

Sunatona

T

Rrenite
Metarmorphlec rocka
irains

gsind (Lonses)
Rasult

300 - 600 (300 - 900
450 - 900 '
600 - 1800

900 - 3000

1830 -~ 3970
4580 ~ SB0D
3050 - 7020

3500 - 7500
200 - 2000

5060 - 6400

et O oty il
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represcnt fmuilayar.subaurfaca structures. The appearent
ualbditiaa on the longshot curves sugoest that a doeper highar
valobity ahnlyols sHows that to the lebt of the burled dntop-
face thore exicts a shallow high velocity metotrdal of moewh
selamic vcloclty of 4850 m/e underlying an overburden of
variable thicknesa and velocity. The variations in the surfoce
layar velocity may be attributsd to local inhomogenegities in
the layore To tha right of thu huried interface the situation
is different, The interpreted veloccltiss suggest two different
rafractors hclow the surface layer; one with a veloclty af abhout
2460 m/n und the othur 3260 m/g. pepth analysis indicated that
the 3260 n/s rufractor preobably sandatone/metamorphic rock
formation (Tabla 5,3} ia at an sverage depth of 40 m, The
intermatilote layer (Vy = 2460 m/s) probably the weathered bsd-
rock contninining clay with sand/sandstons is about 26-32 m
thick, The veloclty of the shallow bedrock to the 1left of the
Interfucn rilg in the velocity ranges for granitic/metamorphic
rockse 11 was observed that granlta basemcnt rocks ocuterop
in that runion,

The results of spread 3 show another buried interface
located bebtueen 110 ond 120 m S The travel time curves suggest

a one layer modeles To the luft of the interface tha second layer
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has a mean velocity of abbut 2420 m/s which compare well with
the velocity of the vucend layer in spread 2. These layers
may be the .::tensioh of sach others Te the right of the setond
layer 1s o high velocity formation. The formation has a mean
velocity of about 4000 m/s which indicate the presence of
metamornhic rock or basemont gneiss. Across the contacts the
formations on both sides are probably at different depths.
This may nccount for the fall in the first errivaels in the
curves between stations 110 snd 130 m SlJs The similaritles

in the soronds may be seen in the veloclities of the formations
on both oilies of the buried interfaces and the fect that the
higher volocity formations are shollower than the (weathered)

formation betwecen them.

(b) Vo Spread L: The spread extended from 170 to 280 m

Sw on traverse Yoe For thie spread a single layer model of
interpretation is suggested with a buried vertical interface
to be locrioi helow station vYo 224 m Su.

To ©ho Loft or the interface the velocity of the refractor
range From 3C30 to 4070 m/s while to the right of the interface
the refroctor hos n vizlocity of 2500-3300 m/s. These velocity
rangus sungest that tho wock type to the left may be the exten~

slon ©? Shao metamorphic/h gement gnelss rocks suggested in



spreat 7 (Fig. B.ZID, angd the rocks' tn the right of the
interfoca sy Do identified with the clay and sand/sandstonas
laysr gncountured alsc in gproed 2 and 3 in the last sectlon,

The valociby, 520 m/a, for the surface layer was determined
from tho yonults from the endshot situated at gtation vo 285 m
St alone. This was hecause the resulta from other shota in _
the epro:d did not produce accurate esnough Hete ofi the surface
layer. It is understoad (and ahould be notefl) that the thicks
ness of the surface below each staution ie subject to the |

accuracy of the surfacu layer veloclity, here ond elasswhere.

{c) _Yo Spreada 5:  This spresd overlap epread & at station
280 m i and extendad to 390 m SW (Tigs 5.21)e Ths sndshot
rasults sugpest o three layer model of interpretation snd
the valooity of the third layer was found to he about 2440 m/s.

But 1 veloclity of 3260 m/s obtained from the langshot
grrivals indlcaitea fourth refractur.

Layar one aeu a variable velocity , ebout 400-560 m/s
and & mexdmum thickness of S ma  The volocity suggusts o sendy
goll moterials. The Escond loyer may contaln (wet) sand/clay
with velocity of obout 1280 m/se Thse velocitiea of layer 3
and layer h were found o be 2440 and 3260 m/s respectively.

The third loyer bes an dvercoe thickness of about 30 me The
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velocity supgests that it probzbly centaln clay/sandstone.

Layer 4 1s found at 36 toc 43 m Delow ground surface. The velaocity

again sugpests sendstone/metamorphic rock types or weathered ‘

bedrocks The velocities of layers 3 and &4 correlate well with

the velocitics obtained for layer 2 and 3 in Yo spreads 2 and

G (Flge 5421 ' L _ .
In this interpratatldn a hidden second 1ayer han baaa

suspected below the shotpbint at 275 m SW. THe second layet

is thought %o be either too thin ta produce refracfed arrivals

at the surfece or it mey be sbsent below the atetion. The sub-

stantial mcatiers in the curves may be atiributed to undilation

at the cefractor surfaces or some local changes in composition

of ths Formstions,

Del2s2 Refrooition Survey on x1

In fige. 5422 ars shown the combined travel time purves and

the corresponding interpreted sactions for the three spreads

shot on this traverse. The individua)l sprends are as indicated.
analysls and comparisons of the travel time curves show

that spraod 1 crossed o burled vertical interface near X, 140 m

Md, spyend 3 crossed a simllar irturface near X4 20 m & while

gpread 2 1o right on the top of the pip2. The seismic velocities

on the oppasite sides of the above interfaces compare well with
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those associated with similar intyrfaces found in spreads 2
and 3 on traverse Yo (fig. S5¢22). | : ;.
In figs 5423, the high velocity refractor with seismic
velocity in the range of 4800-5000 m/s (spread 1) and 3850-
5000 m/s (upread 3) is the bagement granite/gneiss which form
part of tha country rock that flahk the pipe. Qver the thréa
gpreads on traverse X, the velocity of ths wurface layer vary
between 500 m/e to 870 m/ss The surfaca layer velocity (500 m/s)
used iH spread 1 was dctually obtelned froh ﬁhe dste of spread
2 basically because in spread 1 there is no adeguate data on
the surface layer and 1t 1s assumed that the veloclty does not
change very much over the two spreads. The thickness of this
leyer vary betwoen about 3 to 10 me |

In spread £, over the pipe, the sscond layer has a velacity
which vary from 2200 to 2760 m/s. A third layver with velocity
of 3450 m/8 was ulao detected. The second layer may contain
clay mixed with sandstone, it is 10-30 m thick. The third
layer 1s probably weathered bedrock.

Spread 3 crossed a basement outcrop between location
80 m stand 90 m 5F on Xqe The Tull in the travel times fo
the right of these statloms muy e attributed to & shallow base-

ment rock which might have outcropped theres



%4 SPREAD 2

X, SPREAD 1

»

60
50
&40
& 20 |/
" h
o _ - Zuo
w _,h_ Ty
= | \/| {
___ _ _ ,.
4_ i m \H 10
‘ T__ ,,v r.__M
A : " sea [ 1..1,,
00 & G I B L N o
STATION  DISTANCE(in metre from Y00) . Sw
| 200w NW 50 00
e — NS == - 100 3 R
™ . o ..m%%-m:._:..l —ag ¥ P . 1%{
— . o PR 250ms lll\.Rwhb
- — —— e, e "
1 .-.ll}hl\ o wm (3846 - 5000)
4800— 5000 mys r L 420mfs
ba t it ) i | e T T : .“. iss)
ne an { p n
\m 20 (basement granite/ gneiss) __ (wet clay Wik sandstonts) , asement granite [ gneiss)
..M\ l x ..-.:mmzc REe———
= wl L _ | ﬂ_ _,,__u purled verlical intebace
o _ \‘\\.\\\\\. ' . : (caltylated) )
o . i Ve 3450 B egension o buried interface
i _ PR .;ﬁm\_.\mm;:mu / metamorphic rocks) - s locit
_ = (312200 m/s = mMEQN seismic VeIl u.*
. ; . 3  ranqe of eismic veloc
FIG 522 TRAVEL-TIME CURVES and the corresponding SEISMIC SECTIONS /_,,v@.wsu s
p 9

for REFRACTION MEASUREMENTS on TRAVERSE
BASFD ON SEISMIC RESULTS AND GENERAL GEOLOGY

x_ ( ULEOLOGICAL INTERPRETION

OF THE AREA)




63

Refractlun Jurvey an Traverse Xg

Ona sprand was shot en thia trauefsa and the travael tims
curvas uere g An Fige S.24.

A clase ntudy of the curves shows evidence of lateral
inhomooancitios in the subsurfece layers. In the second layer,
fur example, @ vertical velocity intsrface may ne located naar
statioft 5 1 ) = purticularly orn the basis of the closenasa
of ﬁhe pointa of change of slopes on the curves for shotpoints
located eset of the X, O (Hawkina, 1961), To the left of the
interfece U, = 2670 m/s was Found while to the right Vy, = 1650
m/s wes obitaineds The veloclty of 1450 m/s suggests that weter
may bt found to the right of tho interfaces
- T_Tha g2i8mic raesults ars ambigous concerning the peremeters
of deenur liyovse The behavipur cf ths third segments of the
turvas Tny shots fired from the My of the spread is not sleer
The fell in thz values of the flrst arrivals betwsen station
20 and 30 m 3¢ indicets velocity increcsse which moy be caused
by ohangn (ducressa) in the depth of layer two or arrivols From
daeper rofroaiore

The valocity of the surfacu layer range betwaen about
385 and 70 m/s, but the averags volue, 530 m/s, was used 1In
depth antlinctionse The maximum thickness of thip layer obtsined

was about & e
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aummaggugﬁhguismic Refractinh Resulte

Twa diffarant valocity zoneg aéparated by buriocd vertical
inferfacuu wore revenled by the seismic reftaction résultsy
The two zones uere found to be avetlaln by a top snil layer
of variaoble thicknaess whoae veloclty range between 500 to about
870 m/t. ODna of the two zones was found to be snclosed by the
interfoces while the other lie on tha outslds of the interfaces.
The zone an the outside wea found to be a shallow high velocity
perrock (with true velocity between 4000 and 5100 m/s) immediately
underlying the thin surface luyer, sbout & m thick. The high

‘velocity hue been interpreted to rapresent basemant rocks incluge
ing gronltce/gneiae and or metamurphic racks.

Enclosed by the burled interfaces a (dyke like) vertical
structurn s found. At the top of this structure the surface
layer txi; wcolotively thicker (6«15 m) than over the high velocity
zone mentloned nbove. Hglow the surfoca layer was a layer with
a veloclity range batween 2000 end about 2760 m/s, indicating
the presonce of clay with sand and sandstones. The thickness
of this had was found to vary hetwcen 17 and 36 m.  The top
gurface a¥ « dasgpar layer of :andstone/metemorphic or weathered
bedrock with velncity hatwesn 2260 and 3450 was moppad with the

gelsmic rofractlon method. The rusults of the inturpretsd ssismic
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gate were as nlven in the composite ;éismib sactinne and the
correaponding travel time curves in flge 5.21 and Tige 5.23
for the sclismic refraction spreads on traverses Vot X4 anﬁ ié.

A vlose lovk at the travol time curves in figs 5.21 and
fige 5027 will roveal that tﬁe andshot and centre shot rasulte
did not produce ndequate data on the surface lave;.uelncity.

" the variations in the velocity srs therefore not known, in
parficulur, thy velocities (of the surface layer) could not

be dotermined sa the author thought it objectionsbls to fit
linea tiiraugh eingle obearvation pointa (for shotpointa
gltuated at stotiona vo 55 m NE and Yo 1685, 175 m S In fig.
521 for ocxomple)s. To determine the thicknesaea of the aurface
layer o mean veloclty for the medium was deduced from tha alopes
of the approprinte segments of the endshot and centre shot travel
timeg curves, whers it wes found reasonable %o fit line through
the dats pointa. Such menn veloclty for oach epraad was used

to calcul:ite the thicknoss af the layer below the geophone
atations.

In the salamic sections the thick (bruken) vertical lines
(8¢8s ut ¥ 15 m NE and VYD 117 m S, Flpe 5.21) indleate the
raglone where the contagts mmy most likely he locsfedes. The thin
(broken) vixiicul linge extending downuwards from the thick ones
anly guagand S probsble continuation of the contacts with

tnocrecsing ducthe
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CHAPTER yI
DISCURSICN

81 THE BEBILTT

(=) Socistivity Profiiing: uUsirg constant slectroda

spacings (WJennor orray) locrnted the pipe and ssteblished the
boundary hetusen the plpe and tha Surrounding, No definite L
geometric nittern could he agsociated with the pipe alithough

it was found to be elongated in one direction. TIts width weg
found to vary zlong the preferred dirsction (east of NE) -~ see
flgse 5.0 and 5,9, vertical electrical soundings (VES) using
Sschlumberpny ey identified the H=type resistiuitg”laygr
models on top of ths pipe except at two stetions where the

VES curves could not be interpreted. whare thaey tould be
interpretad, hotarogenesous conditions in the alactrical_prpparat§
ties of the nour-surface layer which gave riss to dlsplacemants. ..
on the curves aned loteral uariatiunalin the resiotivity at dapth
which rosulter in sharp disecontinuities on the curves at large e
alectrode spccings throw doubts om the rellability of the intar-ru

preted geoclociric porameters af the third layer. 1In addl tion,
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dus to swivelence property snd lack of borohole data, the
accuracy nf the Schlumberger sounding method 1y rather low
in the ‘otormination of the thickness of tho secnnd layer.

The gelomic refraction method wes successful in locating
the contnct botwean the pipe and the surrounding country rocks
but not es chvious as the resistivity method. Thae layer
structure on the top of the pipe wns howsver much better
detaermingd vith this methods Over the country rock a two
layer model was obtained, ¥he veloclty of the surface layer
varies botusen 430 and 870 m/y while the velocity of 36840-5100
m/s waan obinincd for the refractor. The high velocity contrast
1ndlpates Tty an hidden lntermediate layoer (LIf present) was
not detectoed by the gelsmlic refraction method because the layer
was rcither toos thin or absent over the country rock. The firgt
arrival bresli:c wore quite clgar but the second arrivals were:
hard ta pickt in moat cases. As a result nothing could be
done to resolve the problem. On the pther hand over the
kimberlltiec intrusion three layer modele wsre obtainede The sur—
fece 1loyer was observed to be thicker cver tha top of intrusion-
than over the country rock. The summery of the results hos
been given in Tige 521 ang fige 5.23. - DRI ANTY

R - o
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of shallo: structure wit resistivity profiling results has
shown close agreement between *he regions of anomalous (low)
apparent resistivitles with reglon oF low sceismic velocitlas.
Tho resiscivity rasult establlished that the region of low
rasistivitivs corruspond with the location of the pipe. There
i genoral corcoment betueen the seismic secticns and the
electylnl sections from the VES results (although freir respec-
tive valuis Vor the thickness of the surfece layer are different),
Almost irlenticol neclogical formations were deduced for the
corresponding layers obtained Trom the YES and refraction results.
On treverse Yo wvhere VES C results were found to be smbiguous
refraciiun results suggested four-leyer mocdel. The faiiure of
the sounuing uethod to clearly distinguish between the resistivity
layers way be ottriuted to the effect of the problem of supp-
roacion.

41t weourds to the local geclogy of the 2rea, the surface
plan nnt ariontntion of tho intrusive pipe as doduced from the
rosul to vl e oresont survey compare fovourably wth the
infarm: Gion seportaed by Wright (1976) - aseec section 3.1. It has

been found from this survey that the nipe is 560 - 660 m long



69

and about 140 w wide st widest point. This survey sl.o
confimd that the pipe is orientated in direction east of NEW

Th: rosults of this survey compare well with the results
of the work of Yerheijen and pjakaiya (1979) but not in “ne
magnitudes of ©11 the physical parameterss for sxample; the
ragistivity of the dry top soil layer wos four  +o he 700 ohmem
by them, «ua oocinst an average value of 210 ohm=m (obtainad
from rucinuivil of 12400 ohmem) during this survey. Alsc
their grovity nodel doss not correlate with the scliamic models
obtained in thic surveys. Their model assumed a uniform density
for 2 pipe which probebly outcrop at the surface. Tho ainthor
feels thot for san intrusive pipe which is weathercd at "shallow
dapth (. {".ci they accepted) the gravity model should reflect
the fact thot dansity contrasts decrcese with depth end that
the pipc ic not obgervable at the gurface. This is not to say
that bothh the oravity and magnetic ficld anomalies arc not

accep ted by the author.

{(c) Existence of Kimberlite and Ground wstar: The integrated

resulisg of o1l ‘he neophysical surveys are consisient with neo-
physical results obtained over typicel kimberlite nipe in ather
parts of the world as reported by de2rryts (1967) and Paterson

at al [1977,. 77 uas peinted out (chapter 3) that where geology
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mottods feiled, geophysical methods Ymye proved succeggful in
locating kimberlites.

According to McCurry the Diesmond Company of Siereq Lerne
which locoted the pipe sbandoned it. As o result, Turner (1€7%5)
speculticd thot tho pipe does not contain kimberlite. The
outhor does nmi share the opinion nf Turner for the reaso~n
that bioc only tuwo pits at 80 m apart were sheliow (5 m deep)
and probobly did not somple deep encugh into the pipe. 1t may
also be oroued that the Diamond Company which was seerching for
the supurco of soveral dismonds found in Northern Nigerla (McCurry),
1970) probably spandoned the pipe not because it was not a
kimbor? 1T ipe but moy be diamonds (of commerciel quantity) was
not founi® in tho pipe. Recoll that it weo pointed out in Chapter
1 that not 01l kimberlite (pipes) contain diomonds.

ns rogards the locotion of groundwuster rcosaervolr the low
apperant resictivities nbout 13 ohm-m (average) suggest that
much whior mny be contelnad in tne pipee .t is likcly that a
dug well sliwwoted anywhere within the ogutline of thae pipe will
be a sourca of ground water supply, butlthc seianic results
{on X5 spread) indicated the water table is closer to the surfoce

at around stntion vo 389 m Sy.
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() Sitructural Trend-lines and Kimberlitc Emplacemant;-

The mojor 7 = 84 transgurrent fault mappsd by McCuryy (ses
fine 2e72) one: tho Masari/ikafur Kimberllte pipe have neerly
parallal oricntotion. The implicetion im that the tramescurrent
fault any not bo unconnected with thg emplacement of tho Masari/
kafur ljLnrlite pipe. It may be postulatod that during the
matasecinent hnit by upto 10 km McCurry, (1970) some cracks
and or frocteser might have been generated in the crustal
materiel (busoment rock) over soma deep-sentud tcnsion fractures
at the citn of the nafur kimberlite pilpe. Such cracks ar
fracturc zanog constituto sub~surface zmnes of weskness favour-
ghle for the intruzlcn of upper mantle motorial; thus the Kafur
kimbarliic oinoc,

It bug bheon found that kimberlite pipes normally oceur 40
groups of at lonst two (Dawson, 1867)s Thet boing the cese,
the Kcfur pipz may not be thp only kimbpriitie pipe in the ares.
Tha intersections of the major tran-current fault for example,
with the disploced metasediment may he worth detall investigation
wlth both neological end geophysicol methods o Find whot possible
anomnlios aey be nesoclated with them., #Kimberlitoc intrusions
have boun locobod (e.ge in the U.5.48.) 2t the intersection of

. Paults with zonos of parallel structure, Such intergectiors
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are pnints of 2xcessively weakened crust <id probable Yegaiities
for the intru=ion of upper mantle material (Parish, 1978),

2lseo the ntructural trend-lines in fig. 2.2 may be surface
manifestinntion of some lineations in rocks at depthe They may
mark zoncg of structurel discontinuity, intanse shearing as well
as zones of mineralizotion. Such trend-lines may show up as
gravity/mngnetic lingetionse Extensive gravity ond magnetic
field survey could then hulp’ta defing the lincumontse Guried

Intrusions miy  xist at the junctions of the lineamentsa
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6.2 CONCLUSION

in conclusion it may be sald thotg

() [oesistivity method has re~located and delineated
the Kafur/tiseri Kimberlite pipe.

(by The pipe is oriented in a2 dircction east of NE.

At its surfucn it is about 560 - 660 m long with 8 maximum
width of 140 na

(c) The ipe is covercd by sandy soil and grovel material
about 5 to 15 . thick, The scismic velocity of this surface
materinl vorics from obout 500 to 870 m/s and the masn apparent
resistivity i, 210 ohmem,

(d) A Loyer (17=34 m) thick with seismic velocity ranging
betwean 0L ond 2760 m/s and mean apparant resistivity of about
13 ohm=inn foria the top ortion of the pipe. This layer may bc
the decomposod end oxidized kimberlitc - the "yellow ground,"®
contalining clay minmcrals, water and sandstones,

(e) n deeper loyer of “wenthered® bedrock with seismic
velocity about 3360 m/s end apparent resistivity increasing
with depth from 122 to over 1000 ohm-m was detected an the pipe.

(f) The country rock is bacement granitc/gneiss which
has seismic velocity 4n *he range of 4000-5100 m/s. It is
overiain by thin sand, w0ll (as in ¢ above) whieh is less than

5 m thick.
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6.3 RECONEDATIONS

(1) Ffurithar measursments may be made between statlon vo
400 m 34 ond Gids don Tenkp to clearly dafinc the extent of
the onomuly tharoe

{2) nrill wilaes madsuramonts should be carried aut at
apveral noint: an tha pipe including such atations as Xg 4S m
Ny, snyuinore debueent th and X,» 15 m M4, YaQ 490 w SW and
may he pround Yo 380 m 54 with a view to determine more
accurgtoly the otructure and ths intrinsic physical paramstars
of the geolocic layers of the pips. The holes mey serve as
relinble roforence polnts for further work.

(3) It 1u pnagible that other kimbarlite pipes may exist
gt the interscction of lineament ond fracturs zones and also
at the junctlon hatween the major transcurrant fault and the
displccad metascdimont Delt., A thorough mapping of the junction
and the structural trend-limes using ground geclogicel method |
may be carrisd outs. This should be followed up with extensive
reglonal ond detoiled mugnetic and or gravity surveys of the
intersectlion of the faultz and lincuments to see if buriod
intrugions mlght existes The =nocmalcus areas should further
be aurveyed vith electrical rosistivity method which wil). delinate

the anuinildlus in qroeotar detolis.
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(4) 1In order to deiermine the voloclity ond thicknesa of
the top surt oo layer accurately, weatherling spreade would need
to be recomdord ovor the country rock as well as on the kimberlite
pipe. In cuch weathering spreads e geophors intorval of 2-3 m may
ba used viih shotpolnts located At distancos of about 3 m from
the geophuny nunrest the shotpoint.

(5 tiimbarilte plpes nre known to be esavcioted with
consideruble crount of water. 0On the basig of the present
results the Lo apparent resistivities way be an indication
that test dug vlls located ohywhare along the atrike of the
Masari/infur kimberlite pipe and also near station vo 500 m 5w
may ylold woters Howevaer the scismie recsults show that miihin
the pipe tha oround wuater 1s probobly mearer the ground surface

at near stntion Yo 380 m Sue
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