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INTRODUCTION 

Ea·cly m:i,.neral prQspect:ing in Koochiching County identi[ied ma ss ive 

$u.lfide (pyrite-pyrrhoti.,te) min~ralizati_oo in the s urvey are n. F t gu r c L 

~hows some of the t:e!Jt p l t:s an.d a shaft in t h is a r ea . Outcr o pp ings of Lowi.:: r 

Prec~mbrian f~ls.ic- lnc:ernlediat~ me t:avplc.1nic roc ks are found mai n l _y un th1.~ 

The s,eneral strike of the~e rocks is N40°E with R dip of 60°-100 t o the 
' ., d 

oo.rthwest (Li~terud, 1976 ; Ojakangas , Meineke and Lis te rud, 1977). 

As p.ert of a. prQgram t o test the application o f basal till ex p lo r ation 

1 geQch~mi.ar r:1· in this re@:'ion in 1972 1 the ~tincra1s Di vision c onduc t ed geo-

physical s ur:veys to loca te extensions of outcropping s1.1l fide s b eneath the 

glacial t;ill . Based o n electromagnetic and magne t ic s urvey s , s ite s i,.: c r e 

selected for baslll till sampling. Drill core sa1nples wer e a l s o obta in ed 

below the basal til l . The.Se core samples contained semi-n1assive pyrite and 

py-rrhotite (Meineke , Gilgosch and Vadis , 1976; !>1eineke , Vadis a cd Ci l gosc h; 

1976). 

Furthe r geophysical surveys were conducted in this are a durin g 1977, 

the subject of t.h is r ep-ort 1 w:ith . the objective of obtaining du ta a rc the . . 
orientation of the rocks and cond.uc t ors i n this area. The out c rop s of 

Lower Prec·ambl""ian rock a r e- _.l;'estrict.c.d to a narrow band ma inly on the down-

ice side (soUth~est: s'ide) of the diabase dike and, theref ore, prov 1.dc littl e 

information on the overall structur e of the area . The g e ophysical s urve ys 

we-re done in conj unction w;ith a . theai,i; :.$tudy by L. \.J. Gladen (in preparation) 

at th';! University of ~[innesota - Duluth. 

The Minerals Division 'Tan hor izontal shootback EM (Crone CEM) , fixed 

transmitter vertical loop (Crone VEM) and broadsi de vertical loop EM 

(Crone CE!-1) , and magnetics (Geometrics Unima g ) fo r t hese geophys i c a.l s urveys . 

The res1.1lting data is presen ted on the following 1naps : 
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One conductor lies inunediately northeast of the diaba s e dike and was 

drilled by IH-10 (Z.fap A) . The IH-10 drill hole int e rsected semi-ma s sive 

sulfide . The 18 30Hz profile and the 390Hz profile do not follow eacJ• 

other exactly . The 1830Hz profile indica ces an e..ast--1'1e& C ~~em~ fo~ t he 

conductor axi~ . , The 390Hz pro file :l ndicates a N7 5°E trend for this con-

due.tor. This conductor was detect ed o n three line s by horizont al s hootbac k 

(l:-tap 1) a nd two lines by fixed transmitter vertical loop EM (}1a p 4). 

Another i ·dcnt;ified conductor exists on th e northeas t side of th e 

di.ab,a,ae dike iti. the SW!c 0 t -· s ectioJ1 9 (Mnp 4). The vert;i,.eal lo op dat a f r om 

this· area indicates a Slightly north of due we$ t t.r e nd of the condu c tor 

axis . The possibility exists of there being o n e o r two c ond ucto rs seve r al 

hundred feet to the north of this identifie d con duc t o r i n s ect ion 9 . The 

zone , hu t 
~ - - -

chis was not confirmed by vertical l oop EM. 

The thj..rd. conducto r !;rac ed by fixed tra n5mitt e r verti c al l o op lies 

soUt:hwest of the diabase dike in sect.ion 17 (Maps 5 and 6) . This c onductor 

was intei;:<;>ected by drill hole IH-12 and contained semi -massive sulfide . 

l'he transm,itter ' was set up .at the test pit east of IH-12 (!>tap 6) . VLF-El-I 

scou~ing from this test pit indicates . a cond uc tor which trends \.rest, th en 

southwest from the test pit (:Meineke, Vadis, a nd Cilg osch , 1976) . The 

1830Hz profile ·is u sed to determin e strike trend of the conductive zon e du e 

to the semi- massi,ve nature of the s ul fides . The vertical loop survey may 

i ndi'cate that th€. conductor trends due \vest from tbe test p it for a distance 

of approximately 300 feet , then breaks to a trend of sso 0 w (Map 6) . The EM 

anomalies in this a r ea a re not well defined and the interpretation given is , 

' therefore , tenuous . It appears that mu ltiple conduc tors. as indicated b y 

the broadside s urvey on Map 5, are complicating t he interp r etation . 
:. 
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T\vo of the three 1na :ln conductors hav e a n as soc ia t ed ma gnetic anomaly 

("Map 2). Th e ma gnetic r e sponse from th e a1 ca indica t es the c ond uctive zones 

!'lave a ne ar- vertic a l r:o a steep no r it\11.• dip . "fhe conductor immcdiace!y l!I'.l!J 1r1:-h'-

cast of cl1e diaba s~ dike has a steeper dip than th e condu ~ t o r 011 the south-

west sid e of the dike. The magnetics rapidly flatt e n s e v e rnl hundr e d feet 

north of the test pit area . The co nduc t or whl c l1 licG in s ec tion 9 has no 

as s oc iat e d magn e t l e t" ~~s ponse . 

1\ m.:;j o r ma g n e tic a no1ualy a::.;::.;ocia t e<l r,.;i tl 1 n1.:i.g nc tic l r o r. foru.<lL ion I i cs 

sl i gh t l y s outh of the test pit are a nncl tr e nd s northe~s t to ~ou th \.;e s t (Mu p 3 ) · 

Olit c rops of ir on f o r ma t ion are shown on Map 3 . The magn e ti c.; f r om ch e 

cas ti.: r n po r tion o f ~ la p 3 in.die.i ce t wo peak~ ove r: the a r ea of the Lr on 

Lhe d i abas e dike c r oss es tl\C line o f traverse in a pp r ox i 1na t c l y t h e samo;,: 

a r ea where t he ma gne tlc s d ec r ea s e (bc t ... ·ccn t h e t wo peaks) s o t he r f!'!l3tiv e ly 

low ri'.agne t ic r es ponse o ( the dlaba:>c d ike lliQ.Y prod uc e th e two p..:uks o f th e 

mag ne tic a n oma ly . Also , the dike a ppe ar s to b e i ntruded int o a p re - existing 

f ault zon e . Th erefo r e, tile two p ea k a nomalies m<ly r esu l t f rom a lateral 

~; li Lf L o f t! 1e i ron f orma tio n a 1ong Lh c fault . Furth e r wo r k j_s r equired t o 

de t e r mine whi c h o f th e s e case s exist . The ge ne ral trend o f the magnetic 

iro n for ma t ion may h e e s tablishe d and is approxi~'1te.l y N40°-S0°E . 

.... ·'). 
\ 

Map l 

N o1tM< !he S1'teot M innesota l'IO( I M Oep.ilil't'lllnt ol N&h•f&I ReloYrce&, l'lO!" wiy 
or th61r employffS, nor lll'ly o! tl\6!r oontractors, •ubc:on1r-=tor1, or their omptoyeoa, 
ma~es any w1111nty, •uPfn.s or Implied, or auumo 1ny l&(lal llablllly OI 
1e~pon$ 1 0i!11y IOf the accurill(;y, compt11oruls.t. or usofulM.U ot 1ny lnlormatiOl'I. 
apparatui, pn;cll.>CI or prOo;e$S dllcioavd, or reptes&n11 !Nil l Ill uM woul(I rw:il 
1t1Jrlnoe prlv111tely owrieO rlQtll1 . 

Atiterence to a Company at' Product f\lllnl!I ~ rio• Imply apprwal or 
recornmendahort ol the prOduct by 1h6 Slate o! Minn•sota or tt'l<1 O&partR16111 of 
Nalural RM.ou1cos to u1e e ~cl11sloo ol othbr s th ilt may meat 1pocrllcation1. 
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Horizontal s hootback EM 

Map 2 - l-1agnetics 

Map 3 - Magnetics 

Ma p 4 - Fixe d transmitter vertical loop D I 

~tap 5 " Fi xed transmitte r vertical looµ and br-oa.dside vertical 

Map 6 - Fi"xed transmitter ver t ical --loop EM 

EM RESULTS 

f" 

" The horizontal. shootback EM ind i ca t es several conductors in the a r ea 

( t-fap 1). Most of the major c onductors lie i n the are1a Of t:h'e teat pits and 

s haf t. The Et-t c onduc tors from near the shaft and . test pits appear to be at 

a r~Latively s h allow depth and have a near vertical to steep ~orth d ip; .. , 

The main c onductor s;i a r e the ones~ whi ~h e:xist in the ---s.rf!a ·of wher e TH...-12 was-' 

drtlled , the on e ,wher e I H-10 was drilled , and a conductor whi ch is north of 

' the '&haft - t est .pit area in sect;ions 8 and 9 , T . 159N ., R . Z5\.J' . There at'e 
' 

s eve ral o ther. l?l-1 re s ponses which appeear' to be of T-ela.tively 

a nd i tap o r tvnce t ll i ndicating condUctive zQnes 'er-~ localized geolo'gi~al 
' . 

str1.1c ture 1 

The ve rt ical loop fi x ed t~ansmitter da ta f~om Maps 4 ~ 5 and 6 ' 

ind1c.ate that fairly c ontinuous. Conduc,to?s ·Bppear to ·exist to., the northeast, 

and sout hwest of the diabase dike . There are three main conductors which 

a r e intersected and respond to the horiz.onta l shoocback in t.he are.a . These 

thr ee conducto r s also respond ta the fixed transmit;,ter vertical 10-0? EM . 

T~o freq uencies ~ere run on Lhe fi.xed tranSl!li~ter vertical loop system: 

:390liz nn C l,830Hz . The two frequenc.y responses do no~ produce the saae data. 

plot. Thi-s i.s p robably due to t h e s eci-mss-sive nature -of t he s:ulf'ides . 

. 
For struc tur a l purposes , the l83 0Hz profile will be used . 
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MINNESOTA DEPARTMENT OF NATURAL RESOURCES 

DIVISION OF MINERALS 

FIXED TRANSMITTER VERTICAL LOOP EM SURVEY OF 
AN AREA SOUTHWEST OF INDUS, 
KOOCHICHING COUNTY, MINNESOTA 

By M. K. Va dis and D. G. Meineke 
D. G. Meineke, Supervisor of Minerals Explorat ion 
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