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Clcd. !.1 S f t;;,c La d Gr o-u:) v:ere st !O'J ~cd originalJ.y by A'.:l2.s 

EY~ .. lor_ c::'ll-_i 0 11;: T .L d ( [·' 'i )' ) ' t- ' ~ ... , _J v ...., .!.-' l.. • • I • r •. ~ J • l n. .., J1 8 fall of 1967. Si n c e the 

S\.ttnmer of 1968 t~ie Grou:!:J consis t s of 208 c ontiguous claims 

Latitude . Eztensi ve ero und en : airborne ~ surveys lwv e 

revea led the n r escn c o o _ eleven minerali zed shO\'tir:.gs . 'l'he 

thesi s ori ginated c.~ -- a atu C:.y of the min era.l m~ite v;:i_th part-

iculo..!' e :! :·., lw.~i s on de:terf:lining si lver associations . 

The writer s~ cnt a2 proximately four days on the proper -

ty while enployed by Atla~ Ex?lorations i n t he summer of 

co..r.- i.e,. d. c- u.:t 
1968 and1~aDoratory worli:: dur i ng the l ast severa.l months . 

A:pplica.t ion of 'l'rend Surface An alysis c £J_me at the sum::est-

ion of Dr . A. J. Sin clair. 

I wish to acknowledge t h e assistan ce given me by 

Dr. A. J. Sin clair and T. J. Adamson , of Atlas Explor ations 

Ltd. 
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The m:l.n er .:::;ls i n or ,:. '?:::· of 

d 0 ':) t0Sl· t"ion '-'''P ""J • .,;;- ,., "''c'"'l"'·,-, ._, "'<)lo::1 l "'rl· i· e \'tit}l exso_,_,.rco' ..... ~ l '- - ~ o~ _.. --~ __ .., ...._. , ..:.,.C:.'- ...,.~ - ) -- .. .... .._ ... _ 

l i , I 

chal c o pyri te , c . . t:t lcop:frit c , t etr£l.(,edr i te , ~1yr a.r g:yrite and 

tetre.hedri te . 

resi du nl s nc 0 ' !1_Jo:: cd t o l! i g !1 or \lcr trend s ur f a c es . 1'!: e r c -

for exnlorc tion ~ark and were f ound to corres,ond q~ ite c l os 0ly 

to known dat a . Trend s urface analysis is bel~eveJ to b e a . 

very i mDorta nt t e chni qu e for exnloration ?Ur~o ses , 
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I ntroctu. c t i o n 

6'J05 ,' I i\ - ' · i-'- ·1 c . 0 •·, L a 'C_t,U U C • Lore S .) e cifi c ally i t i s on t iH~ ~:o v. t l' c £.s t 

slo:p e o f 1-l t. . Selo u s . ThE:' -~n· ·- 11C'::·ty 'ii e .G st d : ed ori :_:;it:al.iy in t t: e 

fall 0:' 1 CJ6'{ t o CO V t.·r t l!1.'Ce ::: i.;!O r S Ul Dh ide OCCU Y' l ' 8ll C €:S Q_l , d_ ,•,;:~ S 

exrJanded tu i t .--=; ? r esent size L 1 J. ')68 . Fro m July 23 to 0e~ t -

ember 23 , l~ G8 b et ~ cen five end f ifteen men workod o ut o f th e 

c runp involve d uith l i n e-cutting , g eological ~a)~ing and pro-

specting, Geoc h e .1ic a l a n d g eo _:1!: ysical (ground c:m d airbor nE: ) 

surveying, h o.n d trenching and a s say sam~Jling . · Geolo _sic .:;1.l 

ma.p:ping WRS done on a ~ria at a scale o f 1 11 = 400 1 • The 

grid consist i n g of app~oximat ely 80 miles of line , ws s s oil 

sampled every 100 1 a n d it is fro m these s ample results t nat 

data was t a.k.en for the Trend S n~ face Analysis "!_Jro t_; r o.,m. 

MineralO GY of the area will be di .s cussed with res p ect t o p ara-

genesis, mineral association a nd origin. 

Regional Geolo g y 

Lad Group is loc ated sli <_; l! tly N.E. of a .N . W. - S . E . tr end-

ing lineament coicid en t wi t h tt· e S. Ha.cNillan River v olley . 

This zone bears re sembla nce t o t he 'l'intina F aul t . 'l' i·. e areo. is 

und er lain by I. W. t l~ end.ing roc .-:s , t h at ar e open to t i F;r. t l y 



L· r 

r <:<n ~; o f r c :·.'l :;r .:=t .od.i orit.e t o :H c.r"'"z diorite in co lHpos::_tion . 

'TlLc Cv r:~JlG :~ c.-<Lso trc1.ds ~ : . \'.: .- ~ ~ . ;: . ,r1.~1d. J'. "'c:-.. -.\ . E . o -" t i1 e ~ro') "'l'ty ~ • - .!. '.'. • "' • 

Two ::;c,i n o tr ,,·:~ i;;l-apilic units , Proterozoi c a nd Devoni an -

c om_._Josed of q_u2.rtz i te s, 1_)hyl l i tcs and limeston e s ; ti: e younger 

is prir:W :!.' i l y r;le tc~ sccl.irncn t s ·::it!: z;rRph !bt ic cher t.s, shc>,les and 

slat e s , a n d c !~ e.:."t peohle c ;.;;:-:~lo .. :er·2.tes being t h e m.ocin r ock 

t ypes. A st r z..tigr a~) lli c c olUl:tn is li sted in Ta bl e l. 

Grid Geology 

Exposur e s wi thin the Le.d g:coup are r estrict ed ::;> r i mar:i.ly 

to cr.eek b e ds . As previously mention ed the ar ee. is und erlain 

• 0 0 0 . 
by Proterozoic roc&s vii th attitu de s 120 - 150 I 1.~9 - 90 N. E. 

with rare S . W. dip s. Unit la of the stratigra:r:1hic c c lumn 

predominates and c;r .... des v ertic v.l l y U::?Wa.r d fro m a cl ean blo cky 

quar tzit e to a v1ell be dd ed f e l dspa.thic mic2..e::>us qu 2rt zite to a 

quartzose s ericite chert. i-:inor occurrenc es of limestone and 

phyllite of this age are p r esent . 

Devonian - Hissi ::>Gi ~)pi an roclts previ ously menU.oned he.ve 

b e en infolded (?) i nto t he Proterozoi c materials . A s~al l 

pluton and dike of orthoclase . orphyry composition are a J::>o 

exposed . Althou gh no dcto.il ed c;eol oey lw.s been :~er for .:.cu on 

t he east ern portion~ reconnaiGsanc e work indic ~~es thGt it 
. 

is simila r. (S ee Appendi x T , }'i ~· . il.). 



Cre ~;:· c:oou s 

l:!. 

Tc.' le I ----·----

GrRnit i c ~ntrusiv es 

----------In t ruzi vc Co· ttact ----------

Devoniau- i-::!.ssi ::: si :f.J·:_-;i::.•.n (?) 
3 jh Chert; fj_ ncl ::,· · la.minDt eel , sreen rm d •;;hi te 

3f 

3e 

3d 

ch ert ond assccialed slates , ~reen cn ert 
( U ~ ~Jer Devc :. i o 1 ?) 

Red an d graen slates 

Grey oed~~Gd c!1o '"· t ( Upper Devonian?) 

•\ l lr ~ l i c i C.• c · :· J r ( ? ) .r - .. c . -· · . .._.v _. _. • 

Ch2rt - 0co' le c o nglo~erate , 

( Upp er Devonian ?) 
ti! i nor 

3 c Phyllite , erey to green , indurated slates 

3b Calcc:1reous ro cks ; limestone , crysta.lline 
and argj_lla.ceous ; calcareous arc;i l lite, 
chert-~ebbl e li~estone , minor d6lomite. 

3a Carbon a ceous rocks ; graphiti c slates ; 
black chert" ; f.Sraphitic argillite ; poorly 
sort e d feldspathic quartzites ( 5raphitic 
greywncke ) Mississippian (?) i n pnrt ; 
clastic unit). 

-------Unconformity or Fault Contact----------

5 

Proterozoic 
1 le Chlor it ic s c hists , biotite quartzite, 'l}hyllite 

with int erbeds of buff s andstone ru1d qu~rtzite. 

'' Yukon 
Grou:P " 

*Bostock 

ld Conglomerate; massive , quartz 9ebbles. 

lc 

lb 

Phyllit e and sereci tic schists ; occasi ~ tal ly 
gri tty . 

Lit11estone; i'J.n e ly crystalline, b a 11 deci to 
mas sive ; minor quartz- pebble li~cstone . 

l a. Quart zite , f ol ds11athic quartzite , ':: i nor 
serici te schi~t , 9hyllite and s late . 

Note: Alphabetical desi c nat i ons ascribed to t he v ~~ious 
rock-units have no ti;:te or sequential si c; nifj_ c ~nc e . 
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I!i rtcre.l o.:;~.- of" indivic~'.<o.l fie :t d· occv.r rences, of v(nic h 

eleven l~ D.v e :_, ee~ f uund. t o de.:.e , ··ii:! .. l be des crib ed brie f'l:;· in 

Ta.bl e 2. If' _:::lO }i .s>!ed se c b .. oi: .s ttH.lies rev eal separa'· e parr;enet ic 

sequences io·· t h e shuv:in3s ind:i .. vi duo.l ciescriptions •;:ill a.l so 

be :nadc on a. cnicros copic .:>ca.l e . Ot h er-,•:i se a c ondense d de-

scriotion will be :;..i..ven . 

Hine~<:"tlogy 

As menU.oned i n the previous section the n<inerc:.lo s :y of 

the Lad Group is r cl o. t ively si:l ple and beca.use the :90lished 
-~\ ----section studies revealed a sirr:ilo.r ~J argen etic sequence o.n d 
' . __ .... -- . 

mineralogy for all of t h e showing s on t he property the results 

will be discussed as a whole r ather than for the individual 

occurrences . 1;ot a.ll the minerals previously discus :;. ecl. were 

found in t h e polisliAds e ctio n v:or i~, but the majority v;ere . In 

order of overall ai:ri.tnd o.n c e , ti1ey a re pyrite, galena, ~a.leri te 

with chalcopyrite exsolved., chalc o:1yr ite, tetrah edrite, ---------
pyrargyri te and nc:tti ve silver. Ex;:;u:d.nation reveal e d t r. "· t 

sulphides are most abundan t i n t:: e skarns. Furthermol' e, su.l-

phides are rare ncar the wa.lJ. s of v e ins. Vlithi.n the centr a l 

portion of the veins the minerelization is massive o.n d gvn~uc , 

either c a rbon a te or qu a.r t z , i s _ re~~ e n t in n egliiji"L•l c r~u ant i ties. 

Individual rnin cral.s \'Jill b e ciL .. c tu: sed i .n order o f th eir overall 

abundance for t h e t:1.re a wi t h no \'if' i !~htin.s on th e basis of the size 



A 

B 

c 

D 

E 

F 

G 

H 

I. 

J 

·::.;;.lL'ock --·----

r:u ~~ tz sel ... i ­
c·i ).. a s roj 1i st ,30i2os -- J 

o_u .artz seri­
ci t e s c l-.is t 

au a.rtzi te 
.,-·,:c::;i -:lQ~ ' 
J.._,l_,l 1... i:) 

ou a rtzi te 

quortz ser~i . ­

cite s c his~, .. 

qu ar t z i te 
wi th 35' 
wide zone 
o f lime­
s t one 

s i milar t o 
F 

ska:::::;ny. , 
limesto n e 

s iliceous 
argilJ.it e 

::; }: c ar < 1 1 
., 0 

'Hi c'i e 1 5 57 21. :; 

sl-- "''-' ·~ 3- 5 ' 
·- _, - ""~. J I 01 .. 0 
I 01"' _) t _: / 

2Cfu ::; :i.ner< :. ­
izo.. tion 
01.l.or::.:; foot ­
,,'/D-11 

v e2.n :!.. 50i 
2cr.s 

3 1 v.ri. de 
0 30/90° 

2 v eins 
c onformablE; 
to '.'/al l­
rock 

2 c losely 
s pac cci v eins 
in s karn 5 1 

ave . v;id t hy 
o nen t o 
vtest c l os er: 
t o enst 

skc,rn ad­
joins 
v ei n s 

·1 1 uide 
t erm:i.rw.tcC:. 
by f oults 

n arrow di :. ­
continuou ~· 

v ein , coo <: 
s ilver 

f i ll inG 
si tu o. t :Lo n 

Gangue 

quart z 

quar t z 

·. 

quar tz 

qu artz 
c alci te 

Sulnh-i d c s 

;52.len2, 
s ph a lerite 
pyr ite 

ch .:lco9yrit E: 
galen a 
s phaler i te 
pyrrhotite 
pyr ite 

c h:?.lco:.Jyri i. · 
gaJ.ena 

:_;yrite , min< 1· 
pyrrhotite 
and arsen o­
pyrite 

pyri t e 

chalcopyrite 
se c o n dc-ry 
c opp er mi n . 
gal ena. 
S!)haleri te, 
to e2.st 
chal c o pyr i tE: 
i n qu ortz 

as a1Jove 

c h al c o :;lj·ri t s 
c;a.lena 
s p hal erite 

galena 

massive 
galena 

,.., 
( 



fJi ~Cl0. 2 c o n t inl!ed - ---- ---------
S~r · .. 1 c~ t i. ! ' e 

cross c1.~t .:. 
"'-in c" (?\ \, __ _ .., ._, • I 

sf: Gc: . .r 

Snl nhi :_: cs 

chalco ~.:.-r i te 
galeE a. 
S:?ha:Le.ri_te 
p~rri te 
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s e ct ioJ s s t~~~E d but is ~r octi c ~llJ . abs ~nt in sections fr o~ 

It i s c eners!ly pr esent as subhedrnl 

sep o.rc.t c d fr om ot!1cr ""v. lphidcs by r;angue or s urrounoed. by or 

adjcining galc~a . Crystal s ta J e a n d mineral association 

seems t o i:-~dic<:1te t }'.~ .. t this u i neral ::as deposit e d first. 

Gal ena. is }Jr csen ':; t n reaso nable qu o.nt i ty in virtu8.lly all 

showings. Generally it occurxs as euhedral mass es but c lso 

is pres ent o.s Sl••c.l l v e i nlets cu'~ t in(; tl:rouGh t he ge nc;uo. 

TexturallJ i t oc cu p i es indent ~~ions in pyrite cryst a ls a nd 

general ly is as s o c iated dir e c tly with pyrite. Vlli er e not 

associat eC. ~·dth ~)yrite , g <=l.l e n e is i n terfingere C. v:ith c h c-1-

copyrite and sphalerite. In several sections th~ c halc o~yrite 

replac ed srr.all portions of the galena and in 

ga.lena has been re':lla c e d b,y t et rahedri te ancl. rarely nc:ti ve 

silver. Showing of massive galena contained microsc o~)ic 

euhedral ~ieces of pyrite. Lec cu ~ e of the textural conditions 

galena is believed to have f rc l J.o:!ed pyrite in the pa.ru ::cr. e tlc 

sequence. 

Snhalerite almost alw .:::yG containing exsolve d 1)lebs of 

chalcopyrite occurs c:ts anhc oral :n asses interstiti a l to :.:;c-l t-r.a 

and chalcopyrite gra.ins, · C'ltd inter crown with chalcc pyr :L t e and 

galena. Exsolved chalcopyrite in s nhalerite accotn ts fo r 

approximately 50% of all c hoJ cu •)yrite or escnt in s , e c i: e ns 

examined and is consi J orcd j_r r0 co v erablc bec ause of it ~ VEry 

small size . 1'extural r c l c-,t:i .on .sit ips indicote th c.• t t h e r:mhnlerite 
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~ith exs~~ v c ci c h a lcoJyrit e 7r~b3bly w~s cicposited appr oxim~tely 

cont c~~or a n cously wit h s al en a end chalcopyrite. 

is a.sso cic·.tc_:_ vt:i.th s ever al ct 11cr :ninerals. On sever<?-1 cec a -

sions it r enl a ccd v e r y s mall ?ortions of the gal ena but most 

col:il:w n l y CJ. d -·oine :i 6ctl e~ a or s _;_Jh a.l e r i t e fi l ling any int er stices 

in the grain boundari es . Ei nar alteration of the c halco pyrite 

to azurite and mr.:.lachite has oc curred a.nd one i ns t a nce of 

chal c o pyrite r e p l aced by pyr 2r~yrit e was observed . Chalcony-

rite is c o n sider e d t o ;iaV 2 bee~ deposi t ed between g a l en.s. and 

s phalC;rit e in the _:)i:ll' a :;enetic c c-:quen c e a.lthough all thre e 

a ppear to over }.c:.p . 

erite or Gal ena and has ext ensively r ep lac e d ~alena i n so~e 

c a.ses . It j_s ·also -rres ent as anhedral mao~- es f i :L ling voids 

betwe en s phal erit e grains and gnngue. In showing I it re-

placed galena_ u p to 50%, while in s'howings F and B it occurred 

as inter s titi a l mass es. Tetrahedri te is believed t o i:. ave 

follo wed the s phal erit e in the sequen ce but after a deno sition-

al hia.tus . 

Few occurrences of pyrprgyrite and native_ silv er were ob -

served. The only occurrenc e of _pyrargyrite ap p ear ed t o '.)e a 

replac ement of c halcopyrit e and tho se of ~ative silver ap? e2red 

to b e th e replac ement of g a l en a . 

The parag enetic s e quence i ndic ated by t extural r elation-

ships is t houch t t o be pyri t c t o galena, chal co r~~/ri t e , a nd 
t o Lc.. h -o../,.,_d_ ,. , te. 

s phalerite v1ith exsolved chF,lconyriteAto pyrarc;y r ite and n.--..t iv e 
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silver and i:-~ shown i n F; r<.',',l- e 1. 'T'he "n Y•es""ncc of s ·1'r l erl· t ~-'-- - - - >'! - ~ i -- 2. e 

with exs~lv ~d c~alco~yrite sucsests that the tem~eraturc ~u~t 

h b t , '· -· r:: r·"' 10r 0 ,., • ' h' · . .. av e een "' ..t.C<::. s '- .:' -:JJ - + . .1 ..., ano "t .ls lS 

presen c e of the skarn \';h i ch CJ.d '0 i n s ti1e :;1in eraliz<'!.tion in :n o.s t 

c ases . A ~os.sib l e .source of t he miner ali zin G flui ds is the 

Ht. Selous - h.l' rii Sti~on~ co r:i-;?le:: \':i1 ich l i e s to the N. E . of the 

area. 

Before t !,. e are« c ould be con s i dered ec-on01ai c a l o ne must 

r emember thvt less th:,n 50~~ of ti1 e chCJ.lco ')yri te :oresent a :)n8~rs 

to be r e cover abl e due to th 8 fo.c t tha.t most of it is locl:od in 

a mv.trix of SJ.: h::>.l eri te . Hovrev .r , si lver v a l ues D.i:Jpe 0..r t o be 

associ c>.t e d w:Lth the t et rCJ.hedrit e and native silver <::md 2.r e in 

g eneral r e c overable . Texturfl.l features are sho1.·m i n Fi gure 2 . 

Trend Sur f a ces 

Data used in trend sur f a ce analysis wer e ta..~en f r om 

sampl es co llect e d during th e su:itmer from the gr id present o n 

t h e Lad proy erty . It was n e c e~sary to divide t h e property in t o 

three s eparat e area s be c a use of geo3raphi c distribution of d a ta . 

Then , because of dimensiou li111 i tations in t he ~1ro r;ra:n u sed , 

( m8.x i mum of 50 0 stations ) ai o ut o n e quar ter of ti'.E- dat a. •;oints 

in each area were ua ed . ( 2, 19 66 ). As a result o f the t r emend-

ous qu ant i ty of compu ter ou t - r,ut for ea ch a.reo. i t '.'.'2cS ltt: ci lle d 

that on e of the areas \'/Oul ri he cho.scn as a c e.se stu dy o f th e 

techn ique CJnd t he re:nai ninc er<.;n s \'lould b e cJ.iscuss c O. i n the 

light of any conclusio n~ dr c~n fr om the stu dy . The choi c e o f 
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gcoyl.y s :i.. cfl.l Vr' .:: ia'c l os . ( Se c . u ') .- ""l -· ~ X I I 1i'l' r. 1 ) ~ .... _ .J .... 1 \..L:...... , • C • • • 

l.'iit! ; i r~. t ~. e ~re::~. selected :: i .~h ( sixth) orcier tr c n 6 surfaces 

were co:,mar erJ. for sL-: j_ l a.ri ti es o.nd l o v1 ( qu<=tO.r&.t ic) ur <.ler resid-

ua.ls ·::ere tre c:.tecl si ::!ilari ly . Al s o the above were co •.1pa..red Y: i th 

hand contoured data to d ecici e w~ich method bes t defin Gd a nd 

l o c ated known ano,::o.lous area s &nd !<:.nown sho·.ving s. I ,o ·::er order 

trend sul'fnc c s r; ex·e .s.l s o studi ~d to see if 300d defi!,ition 

c oul d be obt a i ned with surfa c e ~ less than sixth orcier . The 

co n clusions reached \';e re t h en bric::fl y a::_1plied t o the t\'iO rer:1 in-

ing regi ons . 

Com:9ari son o f Sixth Order Trend Surfac es - Te s t Area 

A marl-;:ed r esemblan ce is nota:Jle ailone; the trend surfaces 

d eveloped by t h e c cm~uter for the geo chemi c a l surveys of 

c o pper , lead, and zinc. (Se e Ap~endix III, Fig . l - 3 .). The 

most o bvious s i:':1ilariti es Rre t he presence o f the c en tral h i e;h 

and t he surroun di ng lows . Asi d~ fr o m these, t here are 3 CV eral 

areas of intor~ediate v a l ue i n t e rsper sed with the a bove anC it is 

b e caus e of th:i.s s L .:1 ilar i t y i n r ::gional trends tlw.t this •: a::-- t i c -

ular ar e a vtas chose n f or the ca '- e study . In e~per ent cc~tr~c t 

to t he geoch emi c al dat a is t he surfac e develo ped fo r t ~: c s r uund 

magnetome t er survey . ( See A~pendix I I I, Fig . 4 .). However if 

e xamined c ar efu lly one v!il l note a co inciden c e of l ocati Dl for 

geoch emi cal hi[.';hs a.nd mac;net omC:t~,.; r J o v;s . This is pr o: ... c?b l. :,- a 
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r .esult of' tlLt' lD.c> of pyrr l!ot ltc:: in a.ny of the minerc;,liz eO. zone s 

this coin cic'.cn c e tl:.e r,:a0n 2t o :-::0t ::r s urvey will be exc.!:lined for 

lovt v~•. l u. c s ·:!hon ::::o .. :1)~,red t o i.:l:e .; eocher.1ic a l d.:<ta . 

Co rc1par i son o f Seco nd Or d er Resi duals - Test Area 

As with t t e h i gh orJer s urf a c es d escribed above there is 

present ' . . . .._ . l + d ~ re.~uiu.<>-1 ~ l a colr:cl ce!l ~... r et;lono._ ·Jren r or "sur r ace s deve oped fo r 

the geochemic a l surveys . Unfo r tunat e ly when studyins the residuals 

of a. qua c1. r o.tic S'J.rface the ext re;ni t ies of t he CJ.rea CB.nnot a l wrcy s 
0 

' • 0 ' 1 • 1 ' b OTt. . ' .1:' oe cons l er ea v a lc. T!lis prorJlem a rises e c ause" ne :3;1 a~J e 0.1 

t he s u rface d evelop ed , which is generally a do me . Bec~u se of 

this s hape the out e r fringe of t he tr e nd surfac ~ is c ertain to be 

less t han equal to the orig ina l data o.nd thus will c;i ve ri se to 

relatively str on g 9osit i ve ano!n a lies in t he r e s2.duals . Tj ~ e r!1aps 

for t hi s s e c tio n h a ve been contoured in terms of the s t an d ar d 

deviation fo r t he second order s urfaces and only positive 

anomalies have b e e n c ontour ed . It was c onsidered i neffective to 

contour negative zones as t hese would corr espond to area.s of 

b a ckgr o und or less and wou l d serve o n l y to complicate th e map . 

In g eneral there are t h ree anomalous ly hi e;h zones that c oj_nc i de 

in thi s a.ro a for t he copp er, J.e t\ c3 , a nd zinc s u rveys an rJ tf; e 

stro ngest o f t he s e li es i n t1 1E c entral position of tte r.: v.p . The 

high residu.aJ.s of th e tc.nc;ncto!,Jc ter surv ey t e n d to lie in tl: e l ow 

or b a ckgr ound a.reo s of t he s·::Jils s urveys as th e:f ci i d ir~ the hie;h 

order surfa.cos . ( s A · · .. -, I l .F'J..' a- 5 ° ) On e i nr:J<;d i Rte ee }?;?en , l .. _ , (.) • - u •• 



advanta ~~; of t :: i ;:; te chni que :_s ;,.; ···,o.scd to the hi[!;h or cer sur­

fac es a ' l ) '8"'l.'S L~ be t i'l e o c tto;: clefi-;-;ition of sl-c,;.pe ano. locatio n 

of t h e anom~ l=us =on Gs p r esen t o n the residual maps . 

High Or cl. e::: · '.i'ren d. Surfaces vs . Hond Contoured Surfaces 

Test Area 

I n order to ma intain continuity , surfaces develo?ed bJ the 

above tv10 methods wi ll b e i ncl.i vi cually c c ::1 ~ar e cl f or ee.ch of the 

16 

v arie.b les a n d t h e se c tion nill c onclude \':i ·ch a su.:1mc..r j· o f re s ults. 

Each of t he surf~ces ~ill be discussed with r espec t to t ~e ac -

curacy in locatin g and d efininG anomalous zon e s . Although the 

hand contour ed surr'ace mc\Y 'ue b i ased , it is consi dered the best 

interpretation of the situation as it was c ompil~d ~ith the use 

o f four times a s much data . A map of knovm shoviine;s vtas olso 

compared . ( See Appendix III, Fig.g. ) . 

The trend surfnce for cop:?er is characterized ty a la.r Ge 

central an~ma.ly which extends in a southerly dir e cti o n . Com-

parison with the hand contoured result s r eveals that virtually 

all arens in excess of the threshold v alue o f 55 p . p . m. cop 9 er 

ore located \'ti thin this zone . Eo 'lever, only the perinhery of 

the zones is defined and none of the indivi dnal E,1.re2.s c,!"e out-

lined. (S ee Appen dix III, Fic .l and 10.). 

The hand contour e d dntg for l ead has four major zo~ e s 

developed and the trend snrf.::,ce is charact eri zed bJ thr ee e.rc.<ts . 

The definition w:L th r es1)e ct t c -:JOsi t i on is more ~{c cu.r a t c tL D.n 

for copper and in this co.::: e ne:z; ·1 ti vc surfaces area.s on the trend 
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surface cot·rcs ~ond to c r ecs of l e ss th an t he thresho l d value 

of 75 '? · ~1 , :r . • sur:-.. ounded by zo~:r; s above t he t' .. r esho l d o n t!1c 

h and cc ~cu :c · od f;lO..""/l . One c:;:coss i n a ccur acy a ppears t o e xist on 

t his : :1a~? o::-,6. this inv o _ ves tLe l' :J l ati ve ~a13ni t udes of a.nomalol'.S 

o.r ees . 'f it e c entr a.l a !1o::wly '::it •. a me.gni t u de o f 7500 :p . p . m. 

i s me.dc to c..±-: g ear l ess than t !1e e..r ea of 4150 p .:p . m. l ying t o 

its e ast . 'l'!·d.s i s a. !' e su l t o f the sa;r!pl.ing t e chnique , be c aus e 

o f which ti!e h i e;h0st s0-::ml e fr c>:".l th e c entral anoinEl l y \'J.:~ s not 

i n c luded . ( See App endix 3 , ? i s . 2 an d 11.). 

As i n tne c ns e of co ;) ~!e :c o ~ ly o n e n a ""o l~ arwmaJ..:;.· i s c.eveJ.. -

oped f or zin c by th e c omput e~. Th e ma j o r i ty of the areas above 

t h e t h r es!wlcl. ar e r::a.sked by t he 1)r e s en ce o f the exc e ss~vely 

h i gh area in t he c enter o f t h e ma.p . As a re su.lt o f this , 

a r eCl. s ab ove t he t h r e sho l d val ue are fo u nd to J .. i c i n z o n es co n -

s id.ered n e!jat i v e oy th e C Oia~w t er. ( Se e Appendi x II I , Fig . 3 

1 

and 12 .). 

The surf a ce dev e l oped by th e c ompu t e r f or the c r ound magne-

t omet er s u rvey is p e r h3p S the mo s t a ccur a t e o f a l l d i s c uss ed . 

Present on the han d conto ur ed d D .. te. sh e et are many hir;h s a nd l ows 

and a l thou gh t hes e ar e not e xac t ly loc a ted b y t h e co l?:pu t e r the 

r elative magni t ud e s are quit e well s hown. ( S ee A~~en dix II I , 

Fi g. 4 e.nd 13. ). 

I n gen er a l thi s t e ch~ique c An be c on s idered r easo~ably 

a c c urate provide d e x c essiv e differenc e s in v alue are not 9re~cnt 

on the map . If th e above i s true , fm r l y good definiti o n v:ith 

respec t to ma.gni tu J e and loc a t i on may b e a.c h i evcd . I f t: ,e 

abov e situo.tion does n ot exis t tl:e r esu l ts o.re j_nv nl i c.l because 
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to .,•. ,.... r o1 ~ 

. . . .._ ·~ ...:..! \.. all th~ ot hers w~i c~ ~ay l:. c 

. . 
!-1 r cssrn: . 

Lo~·; Or 0. cr ~: esidu:.:-,ls \-.s . Har!ci. Contour ed Su!·fe.c e s 

Th e s a l:-1c cri ter i a o f c::' :.::HJ.::.'iso n e.nd m0tLo d of e.p::)L'Oe.ch 

v:il l be ~~pJ oyed tere as ~as ~~ed i n t he 

As mentioned before the re;:;i d ·- ~;:-_ =:_s o f t he se cond or ci.er Gt 1. r f.:-~ c e 

have been cor. to'.<r"d i n te1·::;s of th e st a nd c.rd dev:Lation fo r 

the surfc.ce . 

The CO.t'r8S'')CJn dence ootr.:.il l0 ·:;. for c opper ;et·;.' <;· en r e s iduD.l S 

o.nd h an d c ontouri:-Jt:; is ou tst 2n. ding . He l a.ti ve l!l o.[ni tude s of al l 

anruaalou.s areas a l'e corl' ect and in g eneral al l areas of t hr es-

hold valu e are enco;;rpv ::::--::e d by zon e s c f ma2;ni tude ~red .. er th 8.n 

o ne quarter st andard dev iation . Definition of loc a t ion a nd 

shape o f anomalies is sood an d had more data been employ ed 

areal extent would ha.vc been better defined f or each anc:;,aly . 

( See Appendix III , Fi g . 5 an d 10 . ) . 

Results of le.:1.d a.r e c o ;:>na r a0 lc , ho\'tever , the delir, e ~ tion 

o f areas exc eeding t h e thresho l d vi a s not as eooci. as for c opl)e r . 

Shape a nd location ar e aGain ac cur a te but some of the maeni -

t udes are reversed bct·nc en nno.:! a li es . This error i s a r C:: E: ~ t 

o f sampling but c an be acc Dt::"tcd for if original dat a i t·t t rH~ 

v i c inity of the anomalies i s e Y. ~'m ined . ( See A~~en dix I I I , 

Fig . 6 and ·11 • ) • 

Coinciden c e of o.re0s .i'o1· ~_:; (: v orial:le zi n c are ~)r· c: tc,oJy 
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+' v Cl 8 !

\ .. ~ t"'l ""\ ,... -- ..... ...... _._, ·::c:-- e t h e resi du ols until t~ey 

!!ov:-

ever, l oc: -:.U.c: n e t c . of the zol! ~ t:i ·d eline 3.t cd \\'as qui te accur n te . 

The sn·ool e::: of 1 :::~ :.')!.i t ttLI.e s re :re.:-r t· d to above a l s o exist ed h ere . 

(S ee Appen tii~ III , ?1 ~ . 7 ~ n d 1 2 .). 

Resi r:i u;:; ls for t:C z n: asn e to :·,lc: ~: cr s~..:rvey revealed ver y go o d 

cor re3-oondence r:i-~ h l'e s -~-:; e ct to l.o c nt i on , shape and ma3ni tude s . 

Lo w ru1d hiGh cr ocs ~ere very wel l defi ned and the results ~ere 

pro1ably ~s sig1 ific~nt as t hoEs for c o~} er . ( See A.·pcnci.i x III , 

Fig • 8 and 1 3 • ) • 

In GcnerEJ.l t!1 e c or. toured r c~ id.u al v a lues displ<_;yed a ~ mch 

better corr elation \':it ll k.rlO\'.'n G.no ;:lalies n ncl. mincra.l o c culTences 

than did the hi glt o r d er s ur f a c es . They tended ~o l ocate an d 

d efine are a.s ra .lch o etter .9.nd also the rela.t ive 1n a.g:~i tudes of 

anomalies \': e r e seen :Ymc ~: •ilore r eadily. 

Lo~er Or d er Surfaces nnd Con clu s i ons 

Althou~h ex:ce :p ti o n~.J.ly r;ocd corr espon dence h.::s l:, c c:--J oc} iev ed 

by using lo w order , ~a.nd contc1:.r :od residual v c, l ues , :i. t \'! ::-•s te-

l iev ed possi l.le t h 2t reDsonab l;,: nc cur 2.te results ui:::;l! t be ob -

t <Ai lled by usj_nG trcncl surf a c es o:~ less than s ixth o r cl -sr . i-~ o ·;:-

ever n study o f such sur L !c c s ·'·o r eac h o f the four v c,r i o.b l c s 

r eveal e d t l·1at no dc fin i tton c ·: u1ct be o1)to.in e ci ,· ·ith tl!Y ~~ 1:. rf ::: ce 

l ess than f ifth or ;3 e r . .S i ne ·: tl'..U:· i t~ not s i cnific .:-) r, :.:J.j· l c::::: , 

t he i dea 'll i. I G disc c: rcled •·nd -.Li: .:-s '~ ccided tlwt r c:stl l b > ·::r; nJ. (' .e 

dis c usse d only with r en :1 ect 1. , , ~~ c- c o n ci or d er r e si rlu c,l :~ . 
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~L-. -· ·i (l- l! .<tl - \'· ,-,,-- ,· -:-.o I "' C·c· E' C-L o•;r.. ·,-- 1; ·i c·h - u_ . _. _._;:;;, . t: . ...... .._ - -~· \i ._ _ · ~ -u··. order 

First 0:-:' CJ.ll definitior.!. of J..ocati.on .s.nd 

shape is :··.:u.ch ~ ·.1 l' e acc1.1.r &t e s.!:d. ::. econd the relative 1:1 acn i t u.des of 

'l'he c re c.tE.'.St 2'J . .J D.l' ent erro r a:) )C: CL e d on the l eod and zi n c :::aus 

with res >JC:! c t t o the c Emtr·e:l CJ.nd e.:~.stern anomalies , of which the 

masni tu c:~ s 8:J '() 02.r reversed r;he , , CI1 Ccked asainst the hand c on-

to LJ.red d2t a . This is o resnlt of the sa:npl ing for co m::;Juter 

da.ta a.11ci. t!iC :1v.::;n i tt~ c.i. ss e.re i r. 1 ~ct correct fo1~ the de.te. vthj.ch 

t h e co rn nutcr received. ~he only do~nfall of the r esidu~ls is 

concerne d. '::i ·~h th o size 0.1. the c.no:nalous oTeas develo~)ec, .• 

'l'his aga:i..n is d.ue to se.;:1·-J_ling ami would correspond :wre closely 

to the ori~in&l data tad more c~ ~ple values been used in the 

')'he final r e ason for th e choice is cost , f o r J!;u ch 

computer tbie may be sav e d if it is necessary only to c o1xnu te 

up to second order. The t\'io re!:Dining e.re a s of t h EO I.ac'. \'rill 

now b e discussed , bearin s in mind what has been le2:·ncd to 

date . Only lo ~ order residuals ~i ll be considered . 

Application of ~ esul ts to Remaining Areas 

For thi s part o f the stuciy t h ree v ariabl e s or t :• e :..; e .r en 

consi dorecl. in the two r r:·:n o.i, ,j_l, .':', arEOc:;s of the ;)roper ty r;:i ~ _ Lc 

discussed. 

l ead of the c entral gri d . 

As discu s~·. ed in t he :1 rcVJ./11 .. s. cections t li8 v n:cious ,: -:- .s 

fra n·, the cn. se sb. dy Dl' CD \':hicl. · U' · exent:Lnec.~ 1· c v c:o l e d t :. !.' t t he 
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bc:;:; t fi t to : : :~ c· ·::n .rc::::;l ~:~~ ... s :'._:: s~nt?raJ. obtained fro !:! t ltc 

seco n d o1·r.~ ·::· rc :.; i du?.l :!:~ms . 2 cc -.u~; e of t his the d.ato. r eie! ·::.·ed 

mine wh ict ar~as should rec e ive attention . As a conclusio n t o 

the sccti0n ttc result- ~i l l be c o mpared to t} e oriBino.l data 

and c;. l so a L':e:: :J Ol~ - ~:norm sho::in.:.'; locnt..ions . ~esi c.i.u al VD.L.e 

presence of c ever&l :.: njo l' cu1o::t.:.l ics , the .sreu.tcst of ·::hid~ J : <t~ 

the sout:i o f P. . L.1 s l oa :i. ci l~ e c ei vc;: further ottcntion. 

Zi;·1c v .s.lu es fr o:n t his area s!:T;i ed Gt ~ - o ng 

cor-r el :::.ti.on to tho:3e f'•1' l caci and a g2.in the st r 'Jnsec t <:!.re o s 

Resi dual lea d v alues fo r the c entr al grid i ndicated th e nres- . 

ence or· t v;o a.nomali es . Ho•.•:ever , the limit e d ext ent of t!1ese 

zon es s eems to render them uninteresting. 

Fig.?.). 

Cont our e d residuals for lea.d o f the ee.stcrn .:_::rici s !to·::ed 

a close corr esponden c e t o h and c o ntou~ ed data for lc~d un t h is 

• 1 grlc, . Ho\'/ev er , in some c a ses t he aLso l ut e peL•k s 0f tl: e com-

puter anowal ies were di s~1laccd fro :·,! their :r)OSitiunG or th e 

h and contoured maps bu t in cen era l the areas tend ed t o 

correspond overall. ( Se c An~ cndix IV , Fi ~ .l- 3 .). The r ec~ lt s 

were not as c;ood as those obt r.·.i i .·:- d in the c ase study l •i;. t tL ~ c 

wa s felt the result of Go.: tt plin ~: , t hat is , tendin 0 t ··· o ::~ it llic_~h 

v alue s am!1les and t hus sr~iftj : :: t .hc position or u t ; to t :16 c~- o~~ 

Zinc valu e s ~E re 
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g ener al]y ~ ore ~~cur ate as s~ o~ e~ , locations and magnitu~cs 

( See Appen dix IV, 

"'-:1 . . 1 ' ..... '" ~.. ('" ) .r l f.> a ) --; .. ~~ L ,.__ :,1 . • Th e r e s u l t s f o r le~d on t he c entral grid 

a.no:ne.ly in t!;E' aC"::.~a r:«s r.e ;:: lec ted and t.1e other are:::-:s '!Je-:::e 

o n ly v aguely outl i n ed. (S_ e A~p endix IV , Fig . 6- 3 .). This wns 

consi d er ed due t o eith er of t t e nro blems discuss ed above . T~e 

grea te r:.:t d i f f i c n l ty i r.. c or:,;'1::trin s the r ~sul ts arises du e to tile 

sar:tp lin.::; , t n.::.. t i s , t he.t c e1·· t 2.i n s amples c;.r e o mitted , T!1is 

omittan ce t en cl.s to eit !! ~:-r shi :f: ~ tl:e nosition or o.ist or t th e 

sh ape of t h e a.nc::.w.J. iez v:h ich r e ~:l u. l t. However , if this fact 

is borne i l min d t h c .:~ o si ti e r.. 0 f this technioue as .:m r)xplor-

a t ion to o l is not ~e~~ ened. 

Con clu s ions 

The c ase study has served t o r eveal t hat very c l o se 

corr espondence to 11and contour e d data may b e obtained t h r ou5h 

the use of se cond order residuals fro m th e trend surface 

a nalysis p ro [;ra.m , and tlwt o::1ly one qu orter the a.rnount of cl c..ta 

was n ecessary . A tectniqu. e s u c !l as this is d e emed mer e e con-

omi c al with resyect to ti~ ~ a nd finances t han conv enti ~ n al 

metho ds . The economy li e~ in th e f a ct th a t fewer s eoc l c s n ~ ed 

be coll ected ond c:.n~l:; z c· d 0.n '~:. t J:0 t once anCJ.lyze d , c o,~ t o';l' C:C: 

r e su.l ts \VOttld be al ::1o st ir: ! ! r! c rl :L 2~·.c J.~l nvailable . l1 erf: c:.~:.t:. t !~ c 

only \'/eol>:nes s of t ! e me thod i :J that a c a se study s ho u J. d 1. e .H r -

formed in ev or y or e a to w!•i c }: :: ;e 1r. e t hod mi c ht b e o::11)li c· d to 
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:io ·.;cv e r , i t is my o !Ji:'1ion t h o.t 

ti1 c t cc:~;~ i,.: :..t c ·::U.l ev c;n-:: t:.~•.J ly }:old a very re l evan t ·')o sition in 
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