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layer d iii. L n conSistln~ of troct0:it· of v~ryirg 

rO"l o."i tir; 1 .' th some !'>tlortros" 1 sad anorthosi ic ga br . 

Suli~3e heFl.ring areas ~re ln~5ent n t~ con 'l.. ZO on 

thp west rn edge where t p intrusion is 1n cont ~t ith 

0ld~r r"ck. The sulfictes ~r~ thought to he due to mag~·t·c 

textures in so~~ ~reas. A di e- ik~ structure at thp 

:'lort.hern e. d of the intrHs~')n is t ought to be tr e f 'eder 

fliLe t"'rou!:h which th~ intrue-~or vas e"l'VIC1ce. SE'vpral 

incl';sions of ,ornfels snd iron f0rr'l';U.on dt~ili hi (Eke 

It is beyond the scope of this raper to tive A fell 

discuss' 011 of the Sou tn Kawish lwi in trusion. For Hiore 

com~let, information th~ reader ~hould consult tte ~eolo ic 

mal' of the Gabbro Lake 0uadrMIgle which may bl> obtai. cd 

SAHr'LING P aOCio..DURE 

~8~ples wpre t~ken from t~o ~r FS within the intruejon. 

Th lrst arPA lies in t~e northern ar ~f tee ab,itt 

N. E. "uadrangle. Sam']11cs here ",ere collectpd Y 'Ilyse f 

p.nd 'Ij. Bn niChsen ho ~'I'IS m8nping j n the "rea for the 

Minne8ot~ ~eological Survey. The ~ampl s ar GCR·tercd 

over several squart miles and were not taken in a syste-

ma tic f shion. 

The second rea is in the southern part of • Ga r 

La"'e Quadrany,lfl>. Tht:'se s '" les ~ c 1 
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T ip'(j'y nrJ 11.e 8]on hi hway 1 Wi ich cut.s ',cross t~le strike 

of til'? intr'uBion. 

ChiI' /;..<Imrl p Ylp.r , f8l{l~n of the frAshest rOCK avail,:"ble 

at ench site. ~n alte~ l was ~~dp to avoid sulfide bparing 

roc~3 aA tl~ prPG~nc~ of Bc~ttered visible sulfides would 

n rl 0 'ivf' P. ratic resu)Ls. Sam,le locations F.lre shown 

i n P La t .. (~ ] ,1 It d 2. 

TESTING Ph'CJCEDFHE 

Tpsta were run on the acid soluble content and on the 

t t.'31 content of copper in eAch sample. Colorime-tric 
I 

'1,2-
~et OdR pmploving ~hiquinoline ~s en inrlicator were used frr 

Samplp Preparatio~ 

small portion of e~ch sample was crushed in a hardened 

Eli; ·1 1 and crllRh r. They were then transferred to a mortar 

S' rour rl to fine sand si ze. Sieve tests were not made but 

t is 6 tHl t d th~t ap roxilllately 80% passed dO roesh and 

t particles were not more than 0.4 mm in size. 

Acid Soluble Copper Procedure 

A <: m 1,.. If a 1 r x' JI'lab>ly 200 rug i "L hert out "'II:; 

i 11 a ~ '11 t J ret \1 b. (' J1 , 0 

'I 6 r\ i ~11 t f • 8'1' Ie she ,:: .. or " t 

'J colu . b t. 
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• 'mel? ml of' 0 . 0,' Goluti !: 0 , ? ' 1 Q Lin " n 

t n i s ~ :1 r:'l "1 <I 1 C 0 h ,") 1 '" r (> .<!. d f' 'I and the mi x t 11 r ,h ken f 

3~ se eo ~3. The :ol"r n f the i~~isciblp layer is t~en com­

par~d to st~ndard~ of known corppr contpnt. 

Total Coppqr Procedure 

For running tota1 copper cor tent, a 200 f e; f:a.mple is 

fu,,~d uS lllg 1 HS04 as a flux. The melt is cooled on t.he sides 

of the tube Rnd di gested with 3 rnl of 6 N Hel in a hot Ndt r 

bath. After fue melt is broken up the sample is diluted to 

10 ml. A 1 ml aliquot is then te~ted using t Ie same metr.od 

as for Rcid soluble copper. 

Operator's chRrts for both o rocedur~s are included in 

the apnendix. ~o simplify t~ines the buffer solution used 

for both, proceriures was l'!'ade up of sodium E\cetate and sodi .ur 

tArtrate. r he tJubJisi:ed r roc .od 11res used l.otassium sodium 

tartr~t for the fusion method and sodium tartr te for t e 

a.cid method. Hydroxylamine hydrochloride ',1)5 use B6 he 

reducin~ agent but was not incorporated into the b ffer 

solution because it haa a tendency to become in fcct've 

a f ter a tinle . 

RESULTS 

abbit t .' .E. ' .. u~drang]e 

Tn thp 'Q 'itt tre.ver &> i t t 

;jcid R le .n~ the tot 1 co 



foll R ~1te tr nd. It r~F 3180 found that fue co~per 

fro I '"1'" 'e~trrl con act. Alt'1ough the samplps hCld '1 1 r, t> 

t rikp , t here 'las Ii t tIp varia t:1 011 

in 0 'e' content rarall~l to the Atrike ov~r a distancr of 

11 f. () two 11. i 1" r; • 

Tn 1<'il~ur S 2 and 3 t"!e copper co ten t in part rer 

million (ppm) is plotted againFt distauc~ from a ba~e line 

roughly parallel to and coincident with the western contact. 

FOgura 2 Rowe Bci 1 soluble conppr and Figure 3 sho~s total 

copp r. I t can be s~en that the acid and total copner 

pro files "n t hp same trends. 

Gabbro Lake ~uadrangle 

In t~p ~ bbro Lake tr~verse the acid olu Ie copper 

~ontent of ~e sanples is quite erratic. The sample 

i terval in thic traverse is g r eater fuan for tne Babhitt 

tr vers~ or"Je and it was thought that thi~ factor migflt be 

res lonsi b e fOl the lack of n definite trend. 'JJh( n t .... e 

fl ion tests ere run, howt-ver, A rela tively eood trE'nd 

~ 0 • d 'po It ¥as found that the acid an total c0preI 

pro ile o no show the parel] lism hat ap ear_1 ip +he 

tr v r' • poe ~ ~ows the acid olubl. 

1. f' to 'cf"le fo G hbrc L 

r v r 
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DISCUSSION 

The (rofilp.8 of the total copper content for both 

tr~ver~P5 s~o~ A generally similar oat tern. This consists 

of a background areA charActerize~ by low conper content 

and an anomalous ar08 of ~enerally high copper content. 

Several points should be rIoted in comparing t.he two 

traverses. As was mentioned above, the sample interval in 

the Gabbro Lake traverse is conRiderably greater than in the 

Babbitt traverse. For tris reason the Gabbro Lake profile 

does not show the details of the distribution aE well. The 

background va.lues are not lIell establi.sh in the Babbitt 

trav~rse (2 points) , but the assumption that the last 2 ~oiLts 

in the profile repro~ent the bGckbround v~lue is ~upported 

by co~parison with the Gabbro LaKe rrofile . If this is the 

r,~se it cen he seen that both the background areas and the 

anomalous areas of the Gabbro Lake profile contain8 consid­

erably higher values that the Babbitt profile. Presumably 

t~is is due to greater rr-ineralization in this area. 

Individual peaks in copper content were found to exist 

in the anomalous zone. In the Babbitt tr~verse these peeks 

are well defined by several samples in each case. This 

indicRte~ that the peaks are real and not due to random 

vAriationR i.n the rock or in the testing procedure. The 

origin of t~P6e pe~ks anrl their relationship to minerali-

zation is net 'roo 'n . 
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Acid vs Tot81 Copper Content 

The aciel soluble copper content is assumed to consist 

of copner w'1ich iR not incornoratpd in the crystal structure 

of thp. silicAte minerals, ~ut is easily av~ilable for extrac­

tion hy a relatively ~ild rea~ent . Figure 6 shows the 

corrE'l~tion hptween th~ acid soluble cop-per content anrl the 

total ~opper content for both traverses. It can be seen that 

in the Ba~bitt trpverse (Fig. 6A) there is a definite relationship 

betwe~n the two values. The ratio of acid to total copper 

(A/T) is about 0 . 3! 0.04 at a CJ5% confidence level, assuming 

~ normal distribution. The variation in this value is 

probably due to a great extent to inherent ina:curacies. in 

t~e colorimetric method employpd. Figure 6B is the same 

plot for the Ga·bbro Lake traverse. It shows that the correla­

tion botwpen acid and total copper is extremely poor and 

that the 9cid soluble fraction has been relatively impoverished. 

Eviden ce from prelin.inary exploration work seems to 

sho~ that the Gabbro Lake area has 8 higher concentration of 

sulfide minerals near fue contact than the Babbitt area. If 

this is so, the relatively low values of acid soluble copper 

may be re18ted to the sulfide concentrating processes. It 

is pos~ible th ."' t some type of remobilization enriched tne 

cont~ct areas at the expenRe of the easily extraptable 

co~per in he surrounding rnck. 

·''lrrp.n a d Delav~.;H (1959) have stated th t thp.y 

belipv~ tie c~silv extrp~t·ble cop er frAction is more 



'j 

• 

,j 

• • 
• -;, T 

• a -
• • • 

• • 
• 
• 

c) -.... 
o .. -

e:-----::-----::-___ ----'· 
~ ~ C> 
-... \)0 '-D 

. , 

l . 

• 

- j 

.. 
• 

-
~ 

• . ~ 
• 

~--~ __ --~~--------------J~ 
<) 0 ':;) 
~ ::r- C'-J 0::. 

....,~,J"'J 11(""1 r.>S f'1?V 



clos e ly r p ] a t ~ i to minerAlized zone than the total co pper 

content. They believe that the large v~riation in the 

avera ~e totRl copper conten t of igneous rocks m~y mRk e 

totAl c opp er anomalies inoistin,fl'uishable from background 

vpriat ion. Their wor k \I'a& can eerned wi th charH cterizing 

the copper content of an igneous body with a few samplee 

to deter ;'1ine its relative mineralization with respect 

8 

to other similar bodies. They showed good correlation between 

areas of known mineralization and their results. They did 

not report any analysis for total values. 

Table I sho~s some of their'results. The values in 

nonmin~ralized are~s are on the order of 1 to 5 ppm while 

arPAS n e ar minpralization arp considerably higher. It 

would bp vare i.nteresting: to rave tota1 copper ane.lysis of 

these snecimens to determine the relationship of the total 

copper content to min~ralizetion. Also it would be usef~ l 

to !rno;-'n h OI' t!1e copper content I)f rocks associated wit h 

mineralizAtion vAries ~ith distance from the mineralized ~reas. 

In comparinP.' the present study with that of Warren a nd 

Delavault one should keep in mind that tneir work was done 

on diorites and the mineralization was probably metaso­

matic, while this paper is concerned with basic gabpros 

and magmatic segregation deposits. Also the testing 

procedures are different and would probably give different 

results on the same 88mr le. 
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Keeryir.~ his in mind, there are two interesting 

points t~8t can be made. In the Gabhro Lake traverse, 

acid sol ble copper is a Door indicator of the known 

minprali7E1 t inn but the totA..L cOPle r nrofi Ie show:3 a de fini te 

hi~~ n~ar th~ min~ralized cont9ct. The other ~oint is 

that both acid 80lublp copp!:'!" and total copper show consid­

erable vP!,,°Atian deoendin~ on wh~re the samples were taken 

in the s~me i.ntrusive. 'therefore OtlP might come to different 

conclusio!.t; as to the ::nin"'r"J} rotential of th~s intrusi0!1 

de.1ehdlnp- on the Iocaticn of the R8mples. 

Snyder (195~) has done so~e ipteresting work in t~e 

Dulut;'"i Gabbro. He has determined thp total copper conI- r,t 

f al.i -i.r.es I vroxenes. And r,l~{ioclase in toe GabbLo LDk'" 

,rea hy spe~tro~r~phi~ ~na]y6is& The results in general 

sho~ 81 incre9se cf c pper in the various mine131~ near t~e 

minpr81i7a~ c~rtact. It would hp of interest to Know the 

r,= ati0!1s1 if (-p+wpen these v:.lues an~ thosE' for '/whole rOC'r 

oote'!e] by ~oe same meth('(l. 

The results o' tained in thp South Kawishiwi intrusior 

~ en ur o~e inter~sting lOBsibilities for fue use of ~ol 

roe V e'Jche"'<oc~J A.n<) yets of metal contents 313 II g i'J'" t 

z"rE'~. It is rlfar that the tr ~ (> tal . on 

f'''! 

t "is rp p ''"n.,''oO r I) U; r"'''' f r t ' r . t t 



hefo!'e Any .iE'f~nitE' conclusion,,,; can he reached as to the 

pfr~ctivp~esE of the method. 

Gross twa 6~;Own that a systemRtic increase in radio-

10 

activit f and :=;ilicq c ontpnt in Dome Stoc~ , filC!d Lake , Ontario 

is related to concentr?tion of ~old or~ . Fig. 7 is a 

contour m~p of the stock shovin~ this relationship. 

ThAt this type of pattern may exist in the South 

Kawis! i ... ;1 intrus ive with respect to coppe r is 611ggested by 

the dj_ff·~rence jn the leneral level of trart.' co p~r 

bf'twe"'n thp Babbitt Rnd Gabbro Lal~e traverses . If 60 a 

g;riJ s;rstem of sampl .... s should he Cl"'alyzed to 0utline favor­

able areas . 

~hA rro~lem of the exi stence of pea ks in the profiles 

which ere not related to known minnralization waS mentione~ 

in ~n e~rlier section. If it is assumed that these are r.c~ 

dirpctly ralatpd to minerali78tion , it can be speculated 

t~et they prp dup to petrological reasons. Pernars s me 

~inpral sucb as olivine or ~yroxen~ has ~n affin:ty for 

copper And U'p pe aks are due to rhythmic layerin. of these 

rrinerale in R. r.i(1'h coppe>r regi.on . A co~bin8tion of p=tro­

graphical study of the mineral com~osition of the roCks a.a 

~nalY6i' of mineral fractions similar to Snyder's wcr~ 

might tnrow S("lrni'> light on tbc ques ion. 

n q1j case ~ore geo]o~'C81 .or~ is req 'red ao that 

t" , A 1 ! 
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~. Operator's Chert 

Field Test for !cid Soluble Copper 
2-2' - Biquinoline 

Ref.: Canney & r~wkins - Cold hcid Extraction from Soils and Sediments, 1958 
Eco. Geol. Pp. 877-886 

1. Place 0.2 gms. of sample in culture tu0e. 
2. Add 1 ml cold 6N (1:1) HCl and shake 30 sec. 
3. Add 10 ml buffer, and 2 ml biquinoline reagent. 
4. Cap tube, shake vi50rously 30 seconds. 
5. Allow to stand until immiscible isoamyl alcohol layer separates. 
6. Compare wi th standards. 

Standards 

1. Add 0, 0.2, 0.4, 0.3, 1.5, ; and 6 microgr&ms copper to screw cap culture 
tubes. 

2. Add 1 ml 6H Hel ar.d continue .Ii th step 3 above. 

NOTE: Keep standards stoppered to prevent evaporation of the organic solvent 
(and resultant intensification of color). Standards are good for 
several weeks. 

~ Reagents 

Buffer Solution: 
Dissolve - 400 g. sodium acetate 

100 g. s cdi urn tartre. te 
20 g. hydroxylamine hydrochloride 

in 1 liter of demineralized water. Test a 10ml sample with 1 ml of reagent 
(shake 2 min.) to check for contamination. 

Biquinoline Reagent - (0.02%, weight per vol.) 
On a hot plate warm 0.2 gms. of 2,21 biquinoline in 900 ml isoamyl alcohol 
(use well ventilated area away from open flame). 

~: Solution should be colorless; if yellow should be discarded. 

H,Cl. 6N. Add 500 ml cone HCl to 500 ml demineralized water. 

Standard Copper Sqlution - (100 micrograms Cu per mI.) 
Dissolve 0.2 g. Cu S04 SH20 in a small vol. of 0.1 N HC1, dilute to 500 ml 
\-1i th 0.1 N RC1. • 

l'repare more dilute solution as required. 

School of t·~nere.l & ~1eta.l1urgi cal &lg. 
tTniYersity of Hinnesota 



~ Operator's Chart 

Field Determination of copper - biquinoline. 

1. Fuse 0.1 g. sample with 0.5 g. KHS04• Cool melt on side of tube. 

2. Add 3 ml 1+1 HCl, place in ho~~ater b&t~ until melt is broken up. 

3. Dilute to 10 mI. with water; mix. 

4. Transfer 1 mI. aliquot to screw cap culture tube. 
(Use 2.5 mI. where cu. anomaly is low.) 

5. Add about 50 mg. solid NH20H.HCl, and shake occasionally until dissolved. 

6. Add 10 IDl. buffer, 2 ml biquinoline in isoamyl alcohol, screw cap on 
culture tube, then shake for 30 seconds. 

7., Allow to clear, then compare with standards. 

Standards 

1. I 

Add 0, 0.2, 0.4, 0.8, 1.2, 1.6, 2.5, 4.0, 7.0, and 10 micrograms of copper 
to screw cap culture tubes. 

2. Add 1 ml 1+1 hydrochloric acid and 2 mI. water. 

3. Continue with step 5 above through step 7. 

8. Keep slightly stoppered to prevent loss of organic solvent, but do not keep 
screH cap on too tightly as it may not be reopened too easily. 

Reagents 

Buffer solution - Dissolve 400 g. of sodium acetate, 100 g. of potassium 
sodium tartrate and dilute to 1 liter with water. 

Biquinoline solution - On a hot plate warm 0.2 g., of 2, 2' biquinoline 
in about 900 mI. isoamyl alcohol. Cool, and make up to 1 liter with 
isoamyl alcohol. 

Ref: Rapid Field and Laboratory Method for the Determination of Cu. in 
Soil and Rocks - G801. Surv. Bull. 1036-A 

Note - If reading is high, best to use a smaller aliquot (say 0.5 ml) and 
get color into more sensitive range. 
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