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LOCATION C4' OSPOSIT 

The l<yanlte-beering gneiss occurs in Iron County. Wisconsin. The region 

is ona ot low reliet ami has a heav1 cover of glacial drUt. Nucercus swemps 

and lakes �e tield work difficult. A dozen or $0 soattered outorops are 

located in sections 28, 29. 32, and 33, T.42H. R.4E. and in section 5, T.41N. 

R�4E. (Maps 1, 2, and 2ft) These outcrops were eer11 described by Allen and 

Barrett (1914), and later in mol'S detail by Oekerman(1938). 

The gneiss 1s part. of an l.ntolded belt of undifterentiated Huronian 

, sediments known as the Manitowish Range. (Map 1) Leith. Lund, 8Ild Leith 

(1935) have given a SUIllmal7 ot probable age relations. The d eposit is inter­

bedde<l with even more ferruginous gneisses and schists. whi.ch M'e indioa.ted 

by magnetic lines. The magnetic bslts are known only from drill coreB made 

tor the 'i'� I. Carpenter Syndicate and described by 'Usn and !:,iarrett (1914)� 

Little is known ot the intrusive granites Which occur 1n and around 

this gneiss. They aI'S p ink to gray, contain both biotite and muscovit.e 1n 

considerable quantity. e.nd are reported to have m10roo11ne. 'lhe granites 

are pre-KeweenawM in age a.ocordlng to work done by Itarsden (1939). 

GNNii:.1l.AL OESCIUPl'ION OF GN!i::ISS 

TInt impol't8llt mlnerals in the gneiss are quart.z. o11goa1&4l1. biotite. 

lQ'anitlt. al.roa1ldite . and staurolite. The latter Illineral 1s ot minor consequence. 

IIJ.thcugh persistent. 'The rock rna:; be termed a sohist in part. but the general 

ohart!.cters ot coarse graln. coarse mineral-bandil'llh e.nd the occurrence of 

qu*z l ent.icles and st ringerll in the plane of foliation mnke gneiss a llIore 

apt term. 
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The general strlke of f.he banding 1. N 10-80"1. Thi s is variable ln 

arq one outcrop. The dlp 1s nearly vertice.l. In the 88sterly outcrops. Out­

orop. 1n section 5, T.41N. R.4E. sho. II; more gentle cI1p--about 20-40oN. 
There liJ altel'nll.tlon of coarse-gralned with tine-grained bands. The 1a\tep 

� trequdnt17 lower in kyanite and higher in feldspar and garn.t than the 

� bands. Th" banding is sometime. expremely contorted end take. the 

tOJ'lll ot minor tolds, whorls , and 11'l'egullU" p&t.t.ern •• 

Lentie1es. bends. and stringers of quartz occur iM"1tgulal'ly throughout 

the gne1aa. TheiP e1ongat�on U.s 1n the plane 01" foliation. The bloUt. 

appear. to curve $J'Ound the quartz masses. but thin-seCtions ehow that it 

bait aeveloped 1n place. There ie If. tendenet for gun size end kyanite con-

tea'l to increase in the vioinity at the quart. lentic1e.� 

" Pegme.Utes OOIlIJI(Ised of quarts. feldspar. and lIIUSC01rite O'ceU1" I!I.S irrego-

la' patchee and lenscs 1n the gnel.... The teldspel" is largely plagioclase, 
I , 

but !QloroeUne Is sometimes present. OceaaionaUy the pegrllAtitelf cu� aorGss 

the g neissose structure. as in outorop 13. where &. dlke one !Illd one-half' 

f'eet wid. cuts sharpl;, across th. structure. It is pJ'Obable that. these re­

presellt the lates1'. period ot' intrudoll" whereas llIQs\ of the other pegmatite • 

..... intruded before ;nov_at had enUrel,:r ceased. AndalusUe and s1l1lms.n-

Ue. though rare, oceur almost exUualvell" 1n the pegmatite •• 

There ls. thus. considerable variation in the detail of' th. gne1slli. but 

i�th. outcrops available tor study the �aJor �ineral assemblage ia surprle-

111817 unit'orm. 

LABORATORY TECHNIQU!! 

Optic properties ot the minerals were determined trom thin-scotions and 
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tram grtLins lIIOU' ted in canada balsem. Refract.lve indices at gralna were .... 

termined aD the universal stage by the double vp�iation method desoribed by 

E!mnens (1929). Grain slides and thin-sections were also mounted 011 the stage 

to determine e;x;sct optio angle� sign., !Uld othel' properties. The X-ray analJ· 

de of garnet was _de by 1II .. 1. Lyons in the JC-rlllF laboratory at the Geology 

gepartment of the University ot Wisconsin. 

Determinetiana ot composition and twin la •• ot the feldspar llIere made 
� .. ith & Bausch and Lonb univenal Stage. Thin-eeeUona were mountad on the 

,,,age and a_positlons determined hy the method described hI limmomt (19M)" 

� lawe IfiIl'e then determined by the Method outl1nad by . mmons and Gat.8 

(1939). a modification of the i"edercv &l'Id Rittman meth\ldh 

, .. Mineral separa:t.ions were made in acetylene tetrabJ'Qlllide. specitic gl' .... 

vU;, 2.96. For lowe .. gravities thla was dllutH with nltrobeftzene. Cent!'! ... 

tugation &1. lIIoderate speeds aide« in separetiona or the tlne-ground powders. 

The rou \_s ground to various sizes and sereene4 through meshes fro. 14 to 

fraotions aided in cono1lntraUon or SOiMl of the minerals. 

The presence ot garnet. and k,yanite in the heavy concentrdea !lIAsh the 

the aCe.eBBories. To do thi. a eepel"atlon waa rne.da ot the rook which had been 

ONshe4 and screened between 20 md 48 mesh. The light portion. which con­

sirtH oZ qUlU't.z. f'eldspe.l'. and biotite, )¥e.tI then reel"Ushed to pa/Hr 100 mash. 

and the quartz-taldspe.r frllOtiona weI'S reorushed separately. It 1s belleve4 

\het. all lIIinerals pneent in the rock e.re l'8pl'esent.e<l 1n the" reerushed 

iIl!UII91ea. In some oases it. was necesslU'1 to boil the heaV1 conoentrates in 

Mel to destroy apatite. 
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It was fou d impraatlcable to _k .• Roslw"l.l counts of thin-sectloD. to 

determine minerel pereentage, due to the lrro!1u1ar distribution of the por­

ph71'oblasts or q81tite and garnet. Ill!d "he orlltnt.ation of the biotite. or 

detet!l)ination of t.he pereentsgcs of thll _jol' mineI'd eonetltuenta. grinding 

.... so regulated as to pred�e &S 11tt1.9 as polldble of sizes lees ths.ft 100 

IIHlsh. but, all the' roek wrut ground to �"" 14 or 20 mesh. This was neoS8s8l"1 

to eoneentrate ill ths coarser sizes. WIIeress qUArtz and feldspar telld to con­

centrate 1n the finer sizes. All the tll'tl.lns finer than 100 mesh weN soreened 

QUt to prevent p&rt1.ele size from grahnr intlllllnoing the rate of set.tling. 

The detailed proooedure for minel'.l peroont.sge sepal'atlonB wa.S as 1'01-

lowl It sample ot approximately 40 gr,,",e of the powdar wae placed ill a cen-

trltug. tube, The tnbe was tUled Wit.h acetylene te1'.rabromide and thIJ oon-
,0<- • 

tents st1l'red well. 'fter standing 10 "'inl.ltelJ the top portiGn was scraped 

tained suspended hiotite. This light ir"cUon contained quartz, teldspar, 

and blo:lt.ite� The k1"nite and "nl"llet h"4 settt-d to the bottom with some at 

the biotite. SiMe the biotite is neu" the grn;vlty ot the liquid 1.t remains 

ill suspension. while the kyanlte and il"l"net ssttle rather rapidly. It was 

possible. by repeated sepl".rations. to j�rgel1 .. l1min. .. te biotite trom the heavy 

traotion. 

ThlJ light end heaVY fmctions wsr. "spar,,1;.elr washed 1n Metene and 

dried. lllotite was separated trom the 'l'-'llrt.� '!Ild (sldep!'r with the aid at 
., \h� .. JI:I1:.� 

all eleotro-magnet. lle@letio separation ot the t;eavy (netion lefi; a concen­
trate of 'Q'anite. Staurolite was sep!il�ted (r-?2J gM"net by VSf'ring the 1nt_ 

e1" of the magnetio field. Sinos "te�Ute t�rms eonsiderably less than 

11 ot the average rock, i t wes disoard... ro� fractions--qu&rtz-feldspar. 
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biotite, kyanite. and ;;srnet--.were then weighed and calculAted to percentnge. 

The specific LcTavity of quartz is 2.65 and that of the a.verage feldsper 

in the Gneiss nhout 2.645. The presence of inclusions of graphite and the 

heavy minerals so offsets the true v"l.ues that gravity separations gave light 

and heavy frn.ctions which had no relation to the two minerals in question. 

Theref'ore. it was necessary to determine the ratio of quartz to feldspar by 

mechanical stage traverse in thIn-section. About 400 mm. of these minerals 

were traversed in each section eYAmined. 

MUlimALOGY 

The minerals whiCh have been identified are listed below in the approxi. 

mate order of' their abu danae. These are then descr'ibed in detall. with ape-

cial attention given to those ot possible eoonomio value or diagnostic impor-

tance. 

Quartz 

Biotit e 

Feldspar 

Kyanlte 

Garnet 

Staurolite 

Muscovite 

Sericite and chlorite 

Opaque mineral.s 
Ic:eziflletite 
Ilmenite 
Gra.phite 

Apatite 

Rutile 

Anatase and leuooxene 

Zircon 

Monazite 

S llliman it e 

J\.ndalusi te 

Toumaline 



C'tlartz. 

Quartz occurs abundantly and is sel.dom without straIn shadows. ,hese 

sha.dows are irregular 1.n outline and quite distinct. Inclusions of all the 

7. 

other minen.ls occur in the quartz. he pegmatit es contain some at the dark 

smoky vnriety. The quartz 1.n the lentioles and stringers is colorless and 

rarely contains zircon, t hough the letter mineral is of frequent occurrence 

in the quartz of the gneiss gr"oun<imass !lnd of the pegroeti.tes. 

Biotite. 

The gree.ter part of the biotite is a. dark reddish-brown variety. It 

1s entirely opaque in thick plates. Thin-sections cut parallel to the base 

transmit light. Color ill these sections varies fro!!! light brown to dark 

reddiSh-brown. Pleochroism is strone in sections no��l to the cleav8Ge. 

with X pale yellow �nd Z dark brown. 

There 1s SOIDe v,'riation in the composition of the mineral, though this 

seems to be fairly constant. In heavy l.iquid sepnrations the greater pert 

of the biotite sinks, indicating a specifi c gravity somewhat higher than 

2.96. Some of the mineral remains 1n sllspension after centrifugf'tion. and 

some ""'all part rises to the top. l'he light fraction gives ind ication of 

being weathered or chloritlzed. The heaviest particles ere clouded with 

heavy inclusions. It is probable that 3.08:.04 covers the gravlty of the 

unaltered mineral. Pyncnometer determlllntion of " biotlte concentrate gave 

Indices of rei"1)ctlon were deteroined on flnkes from different outorops. 

Complete dnta were obtained from only two of these. 

#1. 1.6435>".0002" 
----_ •. _----_._--_ .... __ ._--_._ ...... _ .. _--_._,-----------

",'ll. indices here and below are reported for the D line. 
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w. 1.6�.0002 

H, 1.5950*'.0005 (calculated hom rotation readings) 

Hg-tlp .o48�.OOO5 

av observed (-} 11° 

calculated (-) 15;-

Kg 

It • 1.U15 ... . 000a 

� 1.6013*.001 {oalcu1a\ed fl'OlII I'OtaUon readings} 

;i!1;,' 1Is"""P .043*.001 
IN obatll"'nl<i (-) 13* 

caloulated ( .. ) 200 
averag& ( .. ) 16"3-

DiSpersion tor !fg" ' .. Ct .01'12*.0002 

8. 

lfid1eea determined on cleavags flakes fall in the rilnge from 1.6415 to 1.6435. 

'1'1'1 ... IAdiee. are either Nil or }�. 
'1'1'1. tollowillg values were chosen tor determination of the approximate 

"�' �' , 

��poB1tion of the average blotltu Ifa 1.M30. Na-H, .048. These valuea 

were plotted on Wincheli'll (1933) dlagr!!lll of' the isomorphous bi.otite 8181._. 

'1'1'1. following molecular percentages ars indics.ted. 

Siderophy111tct 

"toftlta 

. AnnUct ,-;t.!'",,-.: 
Phlogoplta 

A)�ta cOlllpoaiUon 1s� 2OHaOolOKaOo35faO.l7MgO.18AlaO:;osaSiOao 

_ __ . The biotite ia replete with Ineluslona. Among those are ziJ'COft, magna-
-:':'9 ' 



f'laooh1'Oie haloa occur around zircon, monaalte. and apatit.e. The largest and 

iDOn delUfe haloa surround monasUe. (Plate 1-4) ApatUe is enoireled by 

olllT a ta1nt dIU'JE ring. Ziroons are abundallt. and most c4 the biot.ite 1a 

peppel'N with minute graiM. DOlH as _11 as one micron OF len. each with 

its dIU'JE halo. (put.. III-l.2.3.4) Its!ll6l11 aa 50 or these weH cOUrt"ed in 

ChloriUzat1on ha& effeeted the bloUt. only ral"el,. lhie 18 a.cc<lIIIpanied 

b1 drop 11l birefringence t.o Ie •• thu .0001t. los. at pleochroism, aud bleaoh-

111& w pale grHltlab-:rellG1lo Mll&net,lte. or soma &th .. ,. opaque mineral. has 

ooneeftUat.ed in oleavage t.l'aee. and around the bord .... ot this altered biotite .. 

, , 
Feld!W, 

The Sf"1I1 feldspar thrQug!1au1. the gneiss is 1'&1.1'11 unit'om In composi-

\1011 tro. outcrop to outcrop. In the feldspars of all1 one thin-sectien, vllrla.-

1.1_ berond the 11",it of el"l'Or of thtl method used. about. 21 An. 1l1I!.1 be &II 

&rea. � 2-3� in a.northite content. In 35 determll'1lUollS from sections tl'O!I'I 

vnlo_ outOl'Op& the anorthite oonten\ teU bet_ the limits 2O-30:t. Thus 

ell the teldspull art in the ol1goalaaa gl'QU;p. Average compceitiOJl 1A al!Out 

_ AI... No potash te!dspaJ" Wd found in the gneiss itselt. 

-:, • large cr1S't.a1 of mlorooli� which was taken trom 2. pegmat.ite mas. ill 

otaa. c4 ca .. 37Jt An content. The andeaine also OCOUl'fJ in narrow se_ pal'-

alIe]. to 001 oleavage. (Plate VI-l.a.a) ThiS enUre f'eldsper 1A a crlstsllo-

graphio unit. It. t.hus resemble. a perthUe. 

Twlnning is more frequent in some thin-sections then ill others. Probably 

... IIIIAJ as 30;'! of the feldspars are untwinned.. Twin laws 'llhloh are repre-. 

a"nt.aci e.re parloUne, albite, !llld aoUne A. Of' these, t.he perlo11ne and al-



bUe are a.bout equally e.bwldant.. They oceaslona1l1 occur together, though 

generally singly. Aeline A occurrence i.e less frequent. Distribution )t 

lamellae within a !;ra!n 10 epor8ciie, 1i!speelallJ' of a.cUna ani perieUne 

twin... The peri41ine lamellae vary ccnsldere.bly in thlokness end ere tre­

quentl, l!f$dge-abaped OJ' terminated. 

lerielt.1za1.1oll ot the feldspars is presen't In ell seotions. ThIs 1. 

1arsel7 coutlnll,Lto the narrower of the perlo11ne lai!lellM. some of whIch &:ra 

CIOJIIPletel, liI81"iC!Uzed. The 001 cleavage 1.n these gralr.s generally sho_ . . . . 

.. sell'loits. AlbUe 1_ella8 Vihlch maJ cocur in the same crystal sre genel"-> 

aUJ tree ot set-Ielte. Where periollna lamellae are broe." the sericite ; ,'; - ' ; 
ooouMt alOJ18 the OOIItposition 1'a.ee5 "nil erin-crosses onl, oertain of these 

l_11.e. (PliLt.eV-3,4, Plate II-l.2.3) The cause of thie sel.ectlve seriel­

Uat!oo 1. no« lm¢wn,. 

lnelUlf!_ in the teldspf'-l"e are abundant, especially ot the ope-que min­

enl;e .. - 3�. 1"!1t118, !llld epetlte are ot common occurrence" 

Klan1t!;, 
--',;; <- ;' 

liMite oocurs In Ol'18te.J.a ranglng from ab� 4 em. to a tew mlcrona 

1II\.1�. Ths l!!l!'ger cryst&la are tllbulal". elongated ln tbs o-direotlona "'.' - . ' , . 
."., hay� well d.v�QP" 010 Md 100 oleaveges and 001 pertins. ;he ends T�_" � �' • . ' • • 

1\ �. g"!lef�1 pals gr_n-gra, or blue-gray. but some crystals have strea1ca 

of duitb,lll. pareJ.lel. to t.he Z direetlOft. ,hese et.ree.ka are colorless in 
" -�" 

sra1na9'�lImI. thick when X 1.s parallel to ths polarizer. Sp.e1tlo gravltJ 
. .  <, " '-. .  ';0 

�_ .. �rut4 b,. the prnenemeter is 3.53 • . _'..... . 7�-,_,,_ 0; �; ,� : .  • ��----. 
O�l. de.u, were obu,ined trom tive grains taken at random from coneen-

'ra,�' t':- _s";eral scat.tered outorops. These are quoted below. ,, " ,"- " 



r 

11. NS 1.'1�6*.OOO2 

NIII 1.7228* .0002 

lip 1. 715QoO .0005 (oalculated from rotat.1on read1ngs) 
!f.-If, .0148-.0005 

:JII observed (-) 88" 

ealoula'ed ( .. ) Illl" 

Dispersion tor Mg' '.01 .0090&.001 

n. Ji'a 1.12950*.0002 

l\r 1.1�.Oooa 

,,' ': if,' 1.116'1*.0005 (oalculated hom rotat1011 readll'l!!s) p Na�Np .0128*.0005 

_ . 2V obae"" (.) 1l'fO 
: �:.y:1-;;�J�,�� ... " 'C-� -

calculated (- ) 88· 
::;i¥*"ig -;"f - -

� {�'!f.�-:(�::�':� 1.'122:5*.0002 

. 
��{t '�, ,��� 1."14a..OOO5 {ealculat.ed from rotatlon readinga' 

; R -N .014�.OOO5 8. P 
ii:iU'�" observed ( - ) 89" 
':' , e, �(mlatlRl ( ... } 8a • 

. �"""'�":,"' aTel'&ge ( .. ) 88"-1" 

«Ha8p;�illOl'l for rigO VooCJ .ooe5>lo.0005 

"$:<;'If. l.'1290-.0002 
s�;:\'; '''II' 1.723()1o.0002 

l �\u It: 1.7152* .0005 (Oal�latecl from rotation readings) 

"e·Np .0146* .OOO§ 
" . '- -

11. 



caloolat" (-) 86" 

,e. ., 1.7293*.oooa 

N. 1.7224*.0002 

lip 1.'1ll)2lll.0005 (calaulat .. frOlD rotation readings, 

II, -HI' .0141·.0005 

ZV obaeJ'Ye4 � 

calcul&t..c (-) er 

na onll noteworthy exception t.c ths dat.a lIbicb bavs b_ reported Oft 

�t. bl other. 1s the high 2V in t.his material. The optio aign m&J b. 

poslt.ive in some �soe. all 1n #2 above. 

Inolusions in kyanite are generalll not veF1 abundant. Soma ot t.he 

large orrsta19 are poikiloblastic and intergrown with quattz. blotite. leld-

apaJ'� garnst, and st.aurolite. (!'late V-l.a) The kyanlte itselt. however, 

oOntains few of the snaller inolusions. (Plate III-2) Zircon. apatite. 

rutile, ilmenite, anatase, magnetite. and graphit.e haYe be� identified. 

§arne', 
Garnet. acoura throughout the gneiss e.nd l.n the pegm&tit.es. Pegmatites 

tontaln mioroscopi. grains wit.h well dsvelop.4 dodecahedral lace. whtch ar. 

1 .. 1usioa-tree. (P1&.t. 1-3) The garnet.s ot t.he grullA are poorll formed. 

I'ar� have ant good IIr,.etal. tacea. &lUi are sometimee .... hlah aa 30t in in--

oluelone. The out ... portlolUt at t.he garnets have tewer lnolus1ons than t.he 

'-nterior. In eo_ grail1ll the lnolusiol1. are arranged in patterns which mar 



t.ake the tom ot arca 01" peeuliar17 curve<! whorls. Thea. have no a.pparent 

relation to c17st.al boundaries or form. (Plate IV-3.4) 

C17stals larget' than 5 1IllII. In diameter are rare, and the _jorlt, a.re 

1 to' 3 QU. In thin-seotion the, are colorlessJ pale pink in graina 0.1 lllIII. 

thlekJ broll!l to dark red in hand speelman. '//hera surtace weathering has 

&tteeted them t.he, B.t'8 brown. due to limonite stain In the fractures. 

Optio data. were obtained on gre.ina from Goneentraiee Croat varloue out-

ROpe. Val'1&t1on In indioes In the garnet. frolll !I. single hend sp8Clm.n _ 

bl'i\4es tht ran&e loUD/! thl"()u!lhout the &nei" 11114 pe&ll8t1te.. Yaria\1on In 

ladlee. within a sinal. grain 0.1 rom. in 4iameter ia near17 ae great .... tha" . . -, 

of the entire group. Thi. indicates that zoning at IIOlIe tIpe 1a pruenll. 

The liquid. st.h,l di .. iodo lU"Sine, wac toun4 to e!llbrae. the index range 
, 

at a eonst.!Il1t temperature br merel, vSl'71na the wave length of the Ugh\ 

ueecf. A diaper.ion eu",e for the liquid __ eonstl'UCl" rl'O!II ref'radtometer 

lIined f'ro .. two grailUl br the same method. It _. on11 !leoeassn t� obtain 

... ". length resding . ..  to constant tempeuture and too plot theee on the aurv •• 

alreadJ determined. 

The garnet 18 oompletell isotropic in thin-seetion. Indioes tall In 

\he l'a.nge 1.8030-1.8171. Minet-al d18pe1'Slon t� F-C 1a .01M" :Index di stri­

bution tor 557 graina 18 plotted in Table 1. The index of the greatest num­

be. is about 1.8110. 

S�8citl0 gravi', determinations b1 the PInonometer method were made of 
• 

tour garnot powder coneentratee. Valuee are shown beloy# 

#1 (Sized bet.ween 100 and 300 ll1eah) 

12 (SIzed below 300 meah} 

Ii3 (Sized beheen ao and 48 mesh} 4.0'7 



, 

, 

- . 

i! , � i 14 to , , , , 

Table 1. 

Ii OJ) $ � Sf ... , , , , 
Number "_of gralnS., 

,. (Sbed below 100 mesh) 

10 � Ob () .. 
,'" ..... ,'" , 

4.13 
'the hlp admixture ot ilmenite _y aocount. tor the higher value ot 14 • 

...... 

Index 
range. 

1. 817;3-

1.8163 

1.8163-

1.8153 

1.8153--

1.8143 

1.8142-

1.8134 

1.8134--

1.8125 

1.8185-

1.8116 

1.8116-

1.8107 

1.8107 

1.8099 

1.8099--

1.8091 

1.8091-

1.8083 

1.8083--

1.8075 

1.8075-

1.8067 

1.8067--

1.8059 

1.8059--

1.805.1 

1.8051-

1.8044 

1.8044-

1. 80;37 

1.8037-

1.8030 

• � values ot specitio gravity have been tound b, Menzel' (1926) end 

S�ll (1921) to be always below the values calculated tl'Qflt chemical com­

PM1Uoa. It is Pl'obable that 4.1 is an average true value •. 
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An X-nQ' picture 1ftUI tum ot one semple ot gllmet powder. (Plat.. VI-4) 

• TIl'" l!11lgth ot the edge ot the unit cube is 1l.SS-.Oa A. The lntenelt.T at 

the< Une 3S2 1a extremely low. These two factors definitely plMe the game" 

S. til- almendite-sp8ssartlte group ot Stockwell (lgS?). Beall testa Oft powder 

� the abeence at manganese, which el1mlnat .. epeesutite. Thel"et'ore. al-

pol1'l_ of the samet ItPPe&rIJ to b. aot almandUe end 20:( pyrope plu8 gross­

ularlWend andradUe. � leU ... moleoule 18 probabl,. verT mineI'. otherwise 

thfiI unt"cNbe would be larger. 

ChMoal analpe. we ... made of two ot the gal'Mt concentrlltes. #1 and 118 

�� ott ;.. 13. £loth _tuned V8F'1 minor 8IIIOUnU of 1lmenite. b.ut the, 

nrC! otJlertrlDe (1''' ot adltixtUJ'u Ntd reladve17 fl'ee ot inoluaiona. Bot.b 

_,AN _�_'ft8h"" briefly in H(l1 to disaoln limonite stain end Itdlll1xed 

Table 2, 

St\lIITi16 111 SempblJ2 
Percgt. . Motu ntlt. __ PercenJ Mole! ut10 

3&.181 &Qa 31.861 541 
21.63 ua 23.35 229 
31.51 43. M t!tIt- A<>C .�V ...... 

-- 3.11 17 3.25 81 :?j'P4;.,�:f:."t �,�:-t �_� 
3.55 63 2.53 4$ 

0.0& 1 0.09 1 

0.35 " 0.50 & not. 
s,;r:-':".;-s,_� ;';_:�.,,_ 

��"i'C"�' 2.00- g.ooa 

98.39% 99.24% 
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The '1'102 \Va. combined .,1t1'l ,ettane eliminah:! frOlll turther oUou1a.Uons. 

Tbf, relations betw.en SiGa and Alg0! are interdependent, and therefore me­

ltOUla.1' ratios ",era determined trom the bases-YeO, MsO, C&O, and liDO. Cor­

,�1l!; IllQlsculee are almandite, P7rope, uossularita. and spellsarUte. 

:; , Qrossularlte (and andradite) 
3 .. :t. :1-;\1' 

, �oulated apeoltio gravit)" 

(Dbaetwcl gravitr) 

CalOulatsd �otiv. index 

(ObIJe"," index) 

Sample Nl 

'15.5� 

13.4 

10.9 

Ofa 

4.0f 
(4.04) 

1.80lJ 

(l.en) 
A'�te QOIBj'IooJ1UOtt 1.. a3FeO'4l1gO'3CaO'lOJ\120�.!os10a. 

SMel. J2 

'18.9% 

13.4 

7.5 

0.2 

4.10 

(4.04) 
1.807 

(l.Sll) 

1h ... ZOlJ6ults «10se17 Check the o\lIJe"" valuEie aM o,",Ue1' estimate4 

..... Utlon. III vioW' ot the highe, obse"ed' rstrscUve index it; is phbable 

aa'Lou1&"Sd 1ndex without at1'ect.ing the speoiflo gravity. It. is apparent. that. 

I.,.., pat.terns are vduabllt tor,determiootion of the eoaJ)Osition of e. g8l'J1et. 

SutU'VUte OC0Ul"8 in both emall, well ol"1stalllzed gr .. 1nlll and large 

Poikiloblastio maIIIse.. Small err.'&ls are elongate 1n the o-d11'&0,,10B and 

ott., haft a rod-like appearance. Others are neul1 equlIl1lftend<:rn41. (P1&\. 

nt4) The mlneral. ia dan brewll 1n }lMd speoimet\'fand pale yelloW' 1n thin-

lteUOR. PleochroiSlll 18 dlstinn, t!'Oll bMlwn-:rellow tal' Z \0 001OP1 ••• or 

ftrT pde yeUow tor X. 

Opt1a data war. not obtained. 



1'1 • 

. lnelusiollll' in st.aurolite are abundant. in the luge masses. but limited {i.;, �" �:' 

� .the 8l!!alJ,er crystals. Zircon. !lp&.tit.e. opaque minerels. rutile, quartz, 

bi;)U\e. and reldapar &.re all represented. n.. latter three are generallJ 

- ) ' 

Muscovite oocura ohiefl, in the pegmat.ites, where cr1stals as long aa 

mallei on .... halt inches are not unusual. n 18 rarely (ound in the gneias 
·�;i; ,� -� _"- ' . 
It,.sit .. The mineral is colorless, and it haS 21r of (-) ,,·o.l", as det.endned 

0Iti tfle, nage. This ident1t1e. it as iron-free muscovite. --
::-�'-'�i1 ,;0::: 

satlolt! aD. chlqr!\ •• 

Sericite oCcurs as en alteration product ill the feldspar, It is rare 

Wll1lhsre. and espaol41lJ abaent in kyanits. Andaluait.e. where it occura, 

�ht$ias serielta. Pe�tltes ara tar more serieltizad than the gr.elss. 

Chlor11.s occurs 1lI aasoolatton with biotite and garnet. It. oocurrencec 

1.,;�r,. lilllit.d� hOl11evsr. Its color 1s pals green-yellow, Bire(ringenoe 1a 

about. equal to t.ha.t of feldspar. 

Magnetite is present and occurs in euhedral C!'1nals and i.rragullU' com-

pact masses. It 1s ee&ttere� throughout the major minerals. 

Ilmenite forma .. large part. 01 the opaque assemblage. It. oocurs moat 

trequenU, 111 MotUe in _s ... WIlioh h!'ve anatase cr,.stals assooiated and 

lntergrown with them. other assooiated colorless. fine-grained. and hl�lJ 

birstringent material is pl'Qhabl1 anatus. but trom lack of Idetrt.lfloe.tioft 

1\ 1. here called leucoxene. LeucoxSDS has been shown b, T7ler and Musden 

(lll38) to be tine-grained anatase or rutils, and in IIOme casu it mq be 
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bt·ooldt.e. thouGh thl.s hf\s not o,,<>n ldeutJiied. The BSilociaUon ot tHallIum 

11!il1el"t11B def1.nl.tal�' diBtine,11i.shes ilmenite fruro the other opaQue :>ll.nerals. 

Grap'!'}i.to OCCiJ!'S in :.Jitn�te six-s2,cad tfJ.bul.er cryst.Bls and in irregular 

Some of l.t is weakly !Ilagnetlc and may cont.ain ncimixt-Q iron. it in ops..que 

to trsnsmittarl light and steel gray in reflected light. The tabul:cr cr'ystals 

ure l�(';c{}Gni.zed in thi,n-seetion as inclusions in quartz, feldspar, pnd bio-

ti te. "speai,; Uy. 

liD o,i.n€H'"ls other than thoS!! noted shove h' ve been recognl>:ed p.lOOng 

the op3.que group, tilOtlgh it 1s J>ossible that some others may be present. 

The complete absence of pyrite in ell of the OOl1centrcctes is worthy of men­

tion. 

Apatlt!!.o. 

;\pat.ite occurs most. cOllllllonly e.S inclusions in the chief mineralS. It 

gener��ly exhibits euhedral form with elongation parallel to the c-axJ.s. 

Ratio of length to width vRries from about 111 to 5:1; it most oOlll!llonly is 

about 2:1. There "re six or twelve prism f[ccee. Termirmtions are formed 

by I'< corr,binstion of pyrfu"lllds, with or without b$ses. The mineral is color­

less to pale grey. 

:10 optie data were obtftined. 

1:>!C1US10r:.S e-,]'�e extremely A.bundant in ouch of the apatite. TheEle are 

Rutile ... 

Rutile occurs 88 inclusions in most of the other mineral.B. it is gen­

er&.l.ly euhedrl!.l, and the crYflte1 faces are a combination of rla!lJ' forms. In 

the majority of ""ses elongation is not pronounoed, COlor vnr·les from nearly 



red through dcrl: brovln to cerk erny. Fleochrc5.m� is c.lst1.!:<!t, fro� Z c�rk 

colored to :. : li�jJt colcroo. In t·hick ...::reina i:.be Tiner�l is epnque. 

Anata"" and leuco:x:ene. 

Anatase is always as"oeiated with OJ! opaqus mineml, unconbtedly llmen-

Ltc, or origlnally so. This is true also of *1e"001< .. ,,e". 1'l-Ie anatase i.s 

largely in rather thin bgsa.l plates, which r",y or !:lay not have fln.t pyrrunids 

devel.oped on thelll. Frequently the basee cnrr,!' georoetl:"lc po.tterns. When 
orystal form is developed the mineral shows "quare outline, but l.n some O""ee 

there are 81eo l.'risfJl faces. It is pale blue, pals yello,,·, or oolorl"ss. In 

heavy conoentrates the bllsel. plates glve good unia..-.:ial figures whioh have a 

negs-f.! va s igr.. 

Birefringence is higher than that of E.JlY of the other "llnerals exeept 

rutile. Heliei' is "bout equal to thnt of rutile W'ld high"r than th"t of any 

other mineral. Many of the minute nleucoxene" ,;rains in the concentrates 

were Oriell"tod on ·the �ta,1.;e. All which were large enongh to wor.k ... J:1.th were 

identified as snsta.sa. 

Zircon. y,ru:. j\:�AlaQQn. 

Zircon always occurs in euhadral "r8.in8 as inolusions in almost ell 

the other minerals. Its special host is biotite, in which it produces dark 

halos, Its color -""rias fro," brown-purple throu,,-"l yellow to colorless. 

The rrmximum obFJarve� length wes 0."12 rr..m. F'r,.,rn this figure the size 

decl'ea.scs to the I €nOlution power of the mi.Ct�Oscof'e. I'lle �jority. bowever, 
-. 

ere about U.06-0.0" m,". long. Ratio of length to width ""rles from lk:l to 

In cros'>-oectit)n the "rains "r'e vel'Y nearly <;quare. Terminations Gre 

b, un-equ.E..lly dc.velo!)cd. pyratlids--.one, two, or thl"ge sets. Bases are 8otnetit:lcs 
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,....lMt though Il101'. ol'ten not.. Thus the end_ haVe II. SOI!!eWh3\ rounded all­

p�e. The surfaoe. are etobed or corl'Gdtd. wh1m give. tbe pr1BmJf in­

dleUDo'l edgee ln !lion of the grains. rrsquent.l:r two Cr;ylltal. occur .,1'0_ 

� .. along the P1'1S111 t!!.OelI. (fllaU VII ) 
neterm1nat1oD oC indlo .. of retraotlon waa found impractIcable. axeepi 

.,.",. I'Oilghl:r. due t. great. vari4tioa MCl 1ndisUlln a.eke l1n... Variat10ll 

• .., Olft1eIder�l. M4 prob8.bl1 rangell hom 1.'18 to 1.83 t01t' E. lFal'ia,tloft 1n 

;. e11l6b 8l'trla 1s pl"Obably gre8tft' 'llhall th1e.. lna.smach aa the O\!llltel' otten 

..... nol"!llal bireNlngenoe.. The outer portion ha.ve b1refringeno. at 010 •• 

�iJi 01' beCODl& OlBpletelT 1ao1l1'O,10. The 1n410.a ha.ve be_ shOWl! 01 Chu­
dOl." (193'1) to deareas. with the birefringence. (FoJ" . discussion ot the 
propert1es of the zireoM at the Lake Superior region. see Marsden (1939». 
;���;�}"t 

A 5(041)' pJ"oportion of the _lMOM have high birefringent cores. 

(plate VII-l .3) III _e ot the ct')'stala the boundaries of the oores are dls­
:/: :; 

lographl0 orientat10n is the same. In othere tn. boundaries are quite i1"r .. 

gullii'. There is net relation between abe at zircon and occurrence of high 

oftee," !'Il"e eoml'letelT low. Pl'cportloll of cored to uncorK varies ill the COIl-

eentrat.s trOllt different outcrops, In some IIlldes moat. of the g.-a1ns sre 

Ilona!lite. 

Monazite hu been identified 1n thin-sect.ion as 1nclusions in biotite 
-' [! � 

. �11. !'\l"Ound which OOcur dense halos. (Plate 1-4) It. -7 occur elsewhere. 

howevel', Cryst.als fire 6.bout 0 ,02 mm. 1n size or "",aller. They appear t o  

" euhed1"al. but. t.he, have so man)' Clr:rstal feeee and f'ono. t.hat. ident1tica-

tion at them i a  impossible. Tha mineral i s  co1.orless in thin-sect.ion and 
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pla 1811- ln gMl,lne . 

Optic propert!e. were determined largely on the universal stage. both 

ill th1n-seetion end 1n el1dea from heavy oOl'lOentratea. Relief" 1s ",bout equal 

tcr thd or the gernet . but. certainly higher tMA that of stlUlrolite. Eir ... 

tl"ingenoa 1s sl1ghtll l ess than that. ot anatase. Ona good oleavag. , ,, pre&-

eAt. and mQst. at the gra.ins :in the sl1<l_ rest. on this cleavage. 'L1>e opt.:io 

, plane 1& nearly norma.l. to the ol.eavage pl.ane. Z and Y 11e almost. in tIli. 

,lane. The opt.i. angle as dstermined by direct. rotation on the ste ge i. 

�.e- abo� the !lOUte blsutrix. Z. Elongation 1a negaUve in thin-sut.ion. 
, ;: 

. �: 

�· lIIineral 1& generally frH or 1noluaions. b� II> maln.eon wa.. not.ed In on. 
'.--.- - .  < 

Sillimanite. val'. ribtol1ts. 

Silllmanite oceurs chiefly in the pegmatlta.. It is aharaoterize4 by 

ita needle-Uke �om and aggrsgatee of bundles and plume.. ( Plate 1 ... 1.:11) 

,�, __ not. recognized 1n thln·sectloM ot the gn.1s9� but en oeoael,Onal ques­

t10nable grain i. found in some of the heavy concentrates. 

The lIiineral is pale colored t o  brown, ha. pare.llel ext.inat.ion and pos!­

,tiv. elongation. It. is elltihtlj' pleoehrolc. nth a dark&r than X .  optio 
" :� ." 

iat& yare not obtained. 

Anddusite. 

Tha only mega.aaopia oaOOJ'J'600. of Ell\de.luaits •• found- in a hand; spec1-

;�'._ of pegmatltllo H<Jav:y ooncentrates show an OCC&8'ional. grain. bu\ none wae 

,;, found in thin-sl,lOt1ons at the gnain i taelt'. The pegmatite oocurrenee Shows 
-�-;," .  

, hav. two good oleavages neer11 at right. angles. The mineral is ,,010rles. 

ln thin-seotion. The grains toun4 in the heavy oanoentrat ee are red-lavender 



ps.rel1.s1 t o  elon5'�B,tion, 'Nh lch is -X ,  and colorl ess for Z �,nd "1- . : xtlnctl l)n 

is p:e r1l11el to elol1C;B, t.ion . Bctll tho nign ��_nc sit:n of el':';;:;'bf tion are negn-

22. 

1.1ve. Opt ic G,r.gle is t\bout r4° t R S  deter.:�ined fr0r:J ;(.::re.it�s on the stau;e. In-

dices \vero not obtain.ed. 

Tourmal,i n..!tt. 

Ti�a occur'renee of tottrmal.ine is limited and BPO!'fldic . I1ha [jineral is 

in lonti; prisms whi.ch hRve netnti"tTe elo]'")g!ltion hnd strong pleochroism. Color 

111 derk Greenish-brown for 0 and pale yellow Lo colorless for E .  ln thick 

graina the O:-direet ion is ne�r11 , or qulte opaque. inclusions aloe rare, but 

apati te "ms notetl in one [r-ein. 

Jlpproximet ely 98"; of the gne i s s  is composed of q""rtz. feldspeI'. 01.0-

tite , kyan it-e,. [: nn �,;( rnet, . Th��s , cl, lculation of chet"Jicel cOl'nposition of the 

average rock w111 not be f0r in eY-rel' if o" sed on these wi.ner'e,ls alone. 'fhe 

tollowing c!et,,�ina t.ions of p ercent "inere.l c OIllposition "ere made by heavy 

liquid sapArr"tlons. 

:£able 3. 

Outcrop no . ;;�Ciuert z  I\I1d 1.Biot lte %Kyanite 

____ ,_ .. ____ ..l.!!1,dsp&-. _____ . _____ ,, ____ _ 

2 82. 5.27: 22.36:� 10.69; 

3 6 5 . 51, 23.45 5.75 " 5 .29 
4 69.45 20.'73 4 . 31 5 . 51 

5 54.44 31.00 7 . 70 6 .86 

6 57 . 94 28 .46 10 .98 



., �"ld 8 56.59 

9 6 5 . 50 

10 55.25 

U ,5:3.44 

.;veraee 60.1 

M .ll 

2,i .25 

32.32 

40.88 

( 23.4 
._--. -

5 .55 :3.70 

4.71 5 . 54 

7 .05 5 . :33 

.� 3,83 

\ 6 . 5  5 .0 

The samples of Y"ble :; are considered representati.ve of their respective 

outerops .  They contfd,n neither the highest nor tho lm'i est V&111GS of B...'fl] 

const ituent in that outorop. 

Determinations of the ratio between quartz and feldspar were made 1n 

thin-section. ,"-esult" are given in Tab1;, 4 .  

Table 4 ... 

Slide no. _O'M __ ", __ -.. -----

<1 

3 

4 
5 

6 
A-4 
A-'l 

B-6 

B-8 

B-12 

8-13 

B-14 

"""rage 

t "1uartz . t .laldepar 

78.9'! 21.11. 

37 .5 62.5 

35 . 5  54.4 

50 . 9  49.1 

4'0.5 49.5  

77.8 22.2 

61 . 5  38 . 5 

23.1. 76.9  

65.7 34.:3 

37.3 62.7 

S8.:3  41.1 

14.0 !§..Q. 

54.3 45 . 7 

23. 

Sp�imens which el- e richest in kye.nite han; qup.rtz predom.l.ne.nt over feldspar, 

&nci where kyanite is l vw feldsper pradominntes over quartz .  
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',.ppliep,tion of the quartz-teldspar ratio of the above tabl.e to the quartz 

plus feldspar perc entage of Table ;; gives : ;;2. o/. quartz and 27 . 5� feldsper. 

w. then have the following c omposition: 

Quartz 

3.2.S:1. 

Garnet ___ , 

Z7 . 5.:: 5 .010 

Since this group represents approxiiZliltely liar: of the entire rock. tL"s" values 

are reduced to : 

quartz _ .... ___ t eldspar 

2.0'; 

lhe ch�lcnl. composition of the gneiss can be cal.cul",ted tvi th the aid 

or the ::ainers l formulae givEln on earlier pHges . These ,,-re repeA.ted below. 

Quartz 310Z ' 

1>'eldapar ( 22% iln )  3911aZO ' :?.2CaO ·SUlZ03 .278Si02 • 

'Jiotite 20HZO.I0KZO· ;;5FeO ·17MgO '18 !\laO;; • 52S102• 

Ky"ru,te Al20;; .SlOa '  

Garnet 23r'eO'4r'gO .;;CeO·1Oi<lZO;;' 30SiG2 • 

Othere Compounds of 1'1°2, 1'2°5' C .  Fe20;; . 2:1'°2, r ' n02t 820;; , 

Although the last. group is merely en approxlmc:ti on ,  it i s  felt that it s  et-

teet. on the nnnlysis :Jf the ma;Jot' rock formi:ng e-l err:ent.s is negligibl e .  This 

4>xide ena.lysis is given in Fllble 5, toeether wI th an&lyses of two other aluro-

1nwn-silicc"te-bearing sChists . and with some pr'c-··Cemhria!l slates of the Lake 
Superior region. 

Compo"ltion of the gn"i as corresponris to that of an average 6],,, 1e . It 

is !lot parttcularly high 1.11 alwnina, but rat.her in iron oxides. Th .. ratio 

ot potash to 5009 .. i s  lower t.han in the other Maly�es quoted. The presence 

ot serlclte in the f'eldsp,u". which was not taken int,o account , would raise 
this ratio in n trlle cheoie"l en"lysis . Thet e loS (1. olose relation between 

the kyanite gneiss end the Huronian and Knife Lake slates. 
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OXide . _____ ..1�. __ ��., ... -='1�_���_,," 3* � __ ,., __ ._ . ..1_- __ �" ___ §.�._._._ .. ""_._ 6-____ ��_ .. __ 1� ___ 

SiCa 62.4:; 59.91 ; 58 .1S�� 

.0.12°3 16 . 8  20 . 3 5  20 .45 

F8203 1 .21 . 98 
I) -::J - .-

FeO 4 . 83 .<3 . 51 

I.!gO 2.3 3 . 33 2.130 

MazO 2.5 " 2.61 1 .34 

KaD 2 . :3  3 . 85 5 .00 

CaO 1 . 4  1.47 . 93 

HaO � 1 . 1  1 .65 2 . 6 5  

HaD � .05 

TiOa p . 1.11 . 93 

P20S p . .06 .15 

UnO tr .08 . 1 5  

CO2 .05 

C ....!2.'- ---�-. -----

98.0% 100 ,4S;! 9 9 . 97% 

GO.1.5:;!, 58.15/� 

18 . "15 .. ,  q .. ,' .... ... • \"'\i 

4 .04 1 .,15 

2 . 90  5 .43 

2 . 32 3.04 

1 .01 1.71 

:3 . ll0 4 . 12 

1 . 41 1 . 33 

3.82 2.27 

.89 .37 

. 76 ,85 

. 1 5  .11 

tr .03 

1.46 

..... • 88 ---

9 9 . 84J: 98.46� 

62.24·h 

16 .:�9 

4 . 98 

2 . 7u 

2 . 94-

1 .65 

4 .23 

1 . 69 

2 .58 

.04 

. 30  

.10 

.06 

.-... 

99 .60t 

(;0 Itun:-� 

1 7 . 79 

1 . 94 

4.07 

3 . 53 

2.55 

3.16 

2.71 

1 . 91 

.13 

, 62 

. 19 

-

�
� ... --

99.02% 

--------_._._-_._. _ _  ._----_ ... _ .. _ .. _. __ .... ---"._-_._--_ ... --_ .. _-

·Sources of analysss; 
1. , .ppro�:i.mc.te composit ion of Iron County, Y.;isoonsin kY8J'lite eneisa. 

calculated f'rolll m l.neral p ercenteges and f ormula.e .  
� .  r.ne-lysis quoted by Su�uki ( 1 930j cf a schist oomposed of quartz, 

feldspar ( 15- 20;� �.n ) ,  biotite, muscovit e ,  garnet, steurolit e .  Il.ndalusite. 
3. i.na.lysis of kyanlte sohist fl'\oies roc:ks in DutoheS9 County . new York; 

from Barth ( 1936 ) .  
4. COClp osi.te 8.:w�ysi.s of 51 Paleozoic "heles l  from Clark& (1924 ) .  
5 .  liverags of three composite analyses of little al.tered upper lluronlan 

Virgi;1:l.a Hb.te from northern tlinnesot"l frolll Grout ( 1933) . 
6 .  Average O f  two oom;;osite analyses Of Rove slnte of northern Idnneao­

h; fr'om Grout ( 1\133 ) .  
7 .  Averl'-!le o f  three compcslte analyses of Knif e Lake s1etes o f  the 

Verm.l.l11.on I,;istrlct . :'inm,sote l froln Grout ( 1 933 ) .  

�. 

/j « 
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PARAGE�NESIS Of MAJOR MINERALS 

The mineral assemblage cf the gnei ss is characteristic at a high grade 
�js'i ;.,'� .. 
Of aetamorphism. Cine is handicapped in this region because of lack of aut-
_;r�S�� :_.;t 

.,...,.. and it is not possible to trace the progress of metamorphism to less 
1i$··/¥· .. {t�·:F. h� altered phases of the same formation. Gnl; by inferenoe can it be 
��1""4>ifi�:. �--': 

lIhOIiJl what mineral aha.nges occurred and what the original rook probebly _so 
;;;:f¥t¥i1.': 

Id�<JmOrphi- WllOl18 the lllOst common minerals takas ths I: allowing ea-

�l "Almandite. staurolite. kyanite, biotite, 
_"",'�:'$; ,��_:t �;��lea are idiomorphic to all ot these. ���:�j? 
,tsAl",· 

, " .- , 

oligcclase. qu�z. The 
",' 

. ",. posUion of sUul'olih ia diftlcuU to inteJ'llrlrt. It. appear. w beo· 

..... - dabl. _\tb lqanlta, but. U ocomonal17 OCQUrrt 111 lmob at about ona-
' ': __ i 

d"'-� with the staurolite are both &.l=sndit.. and kyanite. and: a1_. of course, 

b1fl1t: •• oligoclan. and quartz. The main mae. of the knct forms an opUce,} 

U111� It appee.re that the kyanite and almandite are growing at "he axpense 

IIP_" throughout the gneiss, but one must seel"Oh c .. _"1'::\11 Cor them; 

Ilottt. of th e staurolite occurs 1n mieroecopie euhedral. grains. (Pla.teIII-iS) 
it.)�A��:- : -�: 

Th_ lIome ot the mineral _7 have tormed before or dUl'ing development of t.'l� 

quit., Md soma ot it Tl!a7 have given rise to other minerals . 

, · j' Almandlte has probably tormed through a long range. Ce1't.a1n ot the 

� conh.ill lnoluaiona whiah are arranged in arc-fashion. ia straight. 

u... 01' 1n irregular ourved torma. ( Plate IV-3.4 J Ple:'. III-4) These have 

lW apparent relation to crystal. bounderies. The inclus ions are isrgaly quartz 
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.. opaque minerals ,  wit.h minor amount.s of blotU.. ApatU!f is sCCleUmes 

�t �  It 111 possible that biotite haa contributed to &lmen4U •• a.ooom­
pcn1" 07 rele&se of s111ca and potash. 'This would sccou t fer straight 

..- 01' iMlusionll which would represent t.h. remains of the origina.l b iotite 

�. Whers inolusions are curved 11. 1. possible thst the garnets 'II91'S 

..... * during growth. Harker ( l932) desel"ibe. and illustrate. such garnets. 

SiaO* all evidenoe Gt shenrlng has been oblU_ted. as shown 1:>, unbent blo­

" te' tl4kea. a.lmandlt e Wall apparentl1 still ln the tormati'n stage when thi. 

rotaU_ occurred .  The garnet frequsntly ooeure In mere rims oJ' sheUs whleh 

_010.. quarta. blot.1te. and oUgoOlase. ( PIILt.e IV-l.2) The exterior pop­

\i.- of the cryneJ.e are generall, nearl, or quite tn. of 1noluslone. 

,The presence of zonina iii the &lmandite indioat .. ohange in _position 

0" .... rial available durIng growth. It well � possible to dehrmine what 

UJia zonina Illeana ln relation to ohemioal composition of the garne�. nor eould 
}J'iTt:r:J-:i<: ,0,.: 
It b4I determined whethe!" the Inda:!t risss toward t.he e>cterior 01" t.oward the 

inf.e.riol'. I his stud, lII1ght be profitably pursued. 

r_'l4!mtp-•. 

' : i4 Ol1goelasa: shows evidenoe ot having t'01"llled Bit an earlier stage and of 

1A� changing its CQ!IlpOtlit1QlI. It vet")' frequentlr shows strain shadows or 

uJl4ul&tor1 ext.in<fti_. though not to the sxtnet. found in quartz. A conspi-

ououa hat.ure in all the thin-se<ftioIUJ 1s a frequent rim ot minute kyenite 

&J'f"tals hetwHIl the feldspar gl"aiIlS. ( Plat.. u )  1 hee. are embedded in quartz 

&r1d ,1ve the 1mpres1l1on 01' having come froID the feldspar. Moompe.nled by liber-

etten of silioa. Small crystals of staurolite which are embedded 1n oligo-

clase a�e generally cushioned br a rim of quartz. It 1. possible these foz-med 

ill a sh!llsr m.nner. t.a.Jdng the iron from inclusions in the feldspar. 
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"" HarkeI' (1.932} shows that increase in grade � met.amol'phlsm is &-OcOIIIpanll1d 

'. inor'sase ill the anorthite lllOleoul. of the feldspa.r. Slnoe caloium is 10'" 

W this gneiss, inereaae in the anorthite 1II01eoul. of 'he feldspar could 

.... about. onl.1 by daatruct.ion ot the albite wol-.ule. 'l'hb _y a.o.oOUllt tor 

._ lqanite-qu&rtz rima between feldspar gRine. The releaaed soda m161t' 

',..11 be taken up b7 the biotit.e, if insufticient boron were j}reaent to f_ 

iciUrmallne. Migr'at.iOlt ot sillol1. migbt aleo attol'd .. vahiele for removal ot 

� bue. This reaotion 1s dependent upon chemical compo.Uion of the reek • 

.,aoltical11. II 10. caloium content. 

The oeourreno8 of potash feldspar--m1cl'04l1ne or perthite--b con1'lne4 

.' .. CO 988!11&tites whioh \\'ere formed later than the peek metamorphism of the 
�.- -" ';: � '  � -<:'.C-k:'- � 

... lae.. It probably represents llIIlter1&l whieb haa been contributed by the 
t-;� � ;' . .  

!I\,Ut •• 
wn ki, Blot.ite appears to haYS 8 wid. range 01 tormaUon. 'l'hv. 1s eo eugges-

It. &JpeM'a to � 1 .. aqull1brlue with allll.snditeJ both in and around the letter. 

The l'8uUon bstw_ the t_ ia probab11 conditioned bT the ava1lable pot..,.. 

O\IoulonaUy euhedral staurolite Cl'T8tal •• 8Ul't'Ounded by quarta, ocOU1' 1n 

lIIiBeral.II 1. sharp. Small. euhadral cry&tale of biotite occur in 011goo1as8 

... 'luartz. Where ilmenite is prumt the b10tite seems to have used iron. 

1IIIl=- _,. account tor the growth ot anatase. 

," Ityanlte 1s a growing lIIineral. It does not show evidence of rurn1shin • 

..... 1al tor later reactions. ( run exception i s  discussed under s1111maBite. )  

'l'here are apparent ly two generations at kyanite-·-the lar'ga porphyrob].aata 
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� ohU'Ut.erlze this rook. and the minut.e elongat.e blades which rrequ1lntly 

I'_ tbe feldspars. Growth of the porphyrobl8.sts must have occurred SOt:le t.l.� 

before tn. smell orlste}" eppeal"ed. They are, thus, not. demonst.ra,t ed to have 

aDdalaUa. since this mineral. does occur rarely in the heavy conaentrlltes. 

TIl. '�, o£ the small oryetals between th4 feldspars appears to be the latest. 

_ Of: t� anamorphlo oycle. , 

sliumanu,. aru1 Mdaluslte. 
·:'FT,��·{j; · _ -;�}:: . - , . 

• 't .. &J'&1ns wel'e round in heaVY conoent.ratea frOllll auto1'!ilp. ill section 5. 
it,%'1��,,;>-�i-:� � f.4lJf" Iit.D. A one.lnoh st.l"ingel' coming from a pewnatit.e dIke cuts through 
\�);;-::;���-: 

�" &HUll or outcrop 13, Kfanite. staurollte, and almandite occur in this 
t ���i� _ _ :;Fr�1; 

beIIil .itb s1llJ.1m,.nite. (Plate I-l.a) Kyanlte and staurollte show evidence 
" 1: 

of firi� rise to BOl!Ie ot the plumes arul bundles � slll1me.n1te needle.. The 

al�n1te ia here elso nssociate4 with remnants ot muscov1t e  and biotite ��4 

.... \0 have come. to 110_ extent. from t.hem. Biotite appears all reUcts 

u.. 1I!!QHQ!f\te. lntCl whloh it was probabl), alhred . 

�. andaluslt.lI of t.h& lrreculal'" papatite -.sa in outt)l"Op B -1 ha.ve heil 

... . _� sWlar orlgin to toot. ot the slllJ.manit.e. It. ooeurv InterSJ'O'lla 

'It. llIU80GVlte and qua.--ta .  Borders a.nd Illeavage. haV1t been grea.U .. serlo:l. .. 

'the development. of.' anata.se. it. wglll4 seem. was one ot the 1&t e proceasee 

of ttl. metamorphism c.t the gneiss. It. _)' have occurred dul"1ng the lat. d .. 

Yele,.ent ot the biotite, or it -7 represent. retrogressive change.. III the 

to,...- o!tee the blot-ite oould have used tn. iron .. &rn! lrr. the latter case the 
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� met have been oarried 01� by the solutions which oaused aeriaitizatlon 

.- ohloritizathn. 

;;-"'{-t'�k:' , . . 

gsW1l, i':',f��.��' "�i'< ' . 
�a is. ot course. one ot the earliest and yet the lateat mineral 

:._.3:* .:t�J�;. ���. Its mobility is generall1 recognized. 

�, and ghlorite. 

(� t!.ftr'o8resslve oha.ngea have a.i"(eoted some of the mlnll!'llla of the. guaiu • 

•. o�.t the oligoolase shOw. sericitization t0 a. IlIinor degree. and the te14-

.p.,.;9f the pe.smat.ites a.re wen mere alt ered. (Plate II . pla.te V-3.4) Th. 
_ �-c_ - • 

�'"'-' -" ,.",� �e�p!!lent or sericit.. Chlorite haa occe.sionallJ davaloped trolll. bio-

.lj� _ lita8 frequently it ocours in f'raotUJ;'e8 in t118 gs.rn&t. 

\?���.� ; . Zll!GD and 1ts Significange. 
&#�'�" 4,_ _ 
. ', '17181' and Marsden (1939) MV. found that all igneous roCka 0( the south 

.... �t' the Lake SUp4U"ior region wh1.ch ars knoWn to be oC early pre-Huronian 

... CSZT7 a brown-purple .  high-oirefringent ziroon which e.& been termed th. 
e)!,\\\, . ,  
!lfac1ntl\ tJ'pe. They have shollls that all intrusives knoWn to be late prs-Rur-
jtli>;..'t�t,�;; , . 

.. � tG. pre-KeweenawWl in age carry a. low-birerl'1ngen'L t,pe known as malacon. 

�,�- :�--.: Ian_ roclm o� Keweenawan age 0,," later carry a third type of oolorless. 
:� <1{� 

hl�b1rerringent zircon whioh showe good crystal form. 

� * .  � � 

� sediments carr1 some malacon in addU.ion. Keweena_n eediments mal 

-�-, ,-� all three types. The 1ncidence of roalaeon 1n the se<liment .. is 1_. llIhleb 

nz .;. ,' 
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!fIII.¥ be due to its perishable ooture under conditions of sedimentation. 

Only one type of zircon occurs in this gneiss elld associated pegmatite. 

' �aoon. It we een a ecept the conclusions sUll'llllarlzed above. ood the ev1-

�_. i9 overwhe.l.'lllll5, we must postul.e.te 0 lat.e pre-Huronian to pre-Keweenawan 

-age tor tn. intrusive Imiob �&!lorphoSed this sediment. 

In ell Huronian sediments WhIch have been exa=i.ned bJ T:rler ",,«'. Marsden 

til. hya.oimh t.ype domlne.tea and lIlalaoon i8 quite l!ubordimt.e. From th1a 
. . . ,t.At: the question arises, why 14 the hyacinth tIPs absent 1l'0III the lqani\e­

$aring gneiss 1 
�-�. 

'iioteoule to amorphous s111ca and po.dbl, c!')"Btalllne :1'.r(}2 ' Moordins t.o Ch_ 

< ,';1;.11& (193'1). TM. ia pl-ob6.b11 due to the pre.ence at r&dl_Uvli el_ts 

.. ... in a dreo" wh1c1t Cl'1etall1zed froa OM _/!III&. Mal8001l he-. -u. granites 

la: 0# th1. type. HoweVM't it thli 001"8 at the orystal _. a zlnoR ot the 

r.or.1 type, ar0un4 "'hiob melacon cl'Jl!Iblllzed. one lI/Ou1ll expect such &< _tr­

tOft d oceurlt in this gneise. 

' : ; :  no is advanced flere tflaf; the high bIrei'!"ingent cores represent. detr-ltel 
j�;o:-"'­;;";:6 ; 
!!f&1I1nth type zircons of the orlg1nai peUh troll whioh the gneiss oome. 

� =lellon. eit.her as entire orystal. or se gi'OWths around the origInal ·f-. ,�!:-:;, #'roon.. came from the intrusive granit.e whlch acoompanied I1lGtMlorphism or 
- :,,'5-
the gneiss. U is believed t.hat the larger part of the zircone which oaeur 

1A the gneiss are or pnfltl!!letolytlc origln. 
' ''':': '  -

A nlnlber of' other W!:Irkere have found good evidence fo, the pneumatolyt10 
.�: 

lIIIll Contact. metamorphic origin of zircon. Gllison (1925) oites an instanoe 

lit the Pend Oreille District ot Idaho where zircons hav e  been int.roduced from 
�,r -
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a, lIIOlIZonite into se.ndstones .  shales. and limestone s. He l.ooludea a good bib-

U�phy cf the Uteratura 011 this subject . 'Trueman (1912} f'ou!1d enla,rge-

� of zircons nee!' dlkea outting a. Huronian quartzite- at Rib Hill . ,11800n-

':' The presenes of I/. lIlalacOll within a errsta1 ot _site suggests thet 

• Utilf lIlinersl _1 be of lil{e origin. The relat ivel;r high inoidence of' 8.p8ro 

Ultl1catton ot p neumatol�io aotion. Til. ppsgene. of a green-�rown type of 

�n •• 1Ihich ocean in t.he gneiaa liS well Il8 in the pepatltes. ilt ell 

IIIiII1Uonal. bit of evidence. It. 1s thus believed that this rook wa.S permeetad 
1II';'f.'* mope mobUe elements of the intruding 1!lE',gma. ,-, . ..', 
!�,�,,� IlCcurrenca. of quartz, which is 11'_ ot nearl,. all other' rolnerals. 

1 .. 1jRl .. *. stringers . and irrej61Jlar elongate messss in the plane ot the 

tlIh?,q'Ue.Fta is generall,. quite barren, elthoush the ql1artl!l ill the groundme.a. 

"'[#iii: gnlt1se containa a consi.derab .... quantitT of _lacon. Quartz of the peg-

2fe 1M Illnetpl i�8sembla.g!. '''':'0';*"14 's-

" 'l'he gneiss has been shown t.o oorrespond to on average shal. with hlgh 

�\l� �; -
� Con�8ll�. The rocl{ reaohed a stage in regior.al _�ll1llorphi_ jUB� bu� 
-;,�� ,: :i-f. � 

ttl. IliUHll!IUlite grade. n h&s been shown t.h8.t. the syst.em WILS oossnti&l11 

11l equ111brlum when the higbest grads of metamorphism W&8 c:onBUIIlIIle.ted.. Let. 

U. l101f 'axamine in more detail th� i'aators which account; COl' the mmeTal 

...... lag •• 
' " '�'" 

Ab&ndlt. is a cherac:teristie mineral in roek. of this type. It appa.r-
eatlt torms 001, where shearing stresses are present, except for the spsasaF-



m 

u�n& VlIrietl. It. formation b then oOl'Ki1UOned by the preeenoe ot 

!lilt • •• it. m&1 be found ln thermal. aureole.. Conoernil'l(l ocourrenoe of al­

...u.�. 'flU.,. (1926) Wl"itea, "Th. home ot Bl.me.lIdlne 1a e<l41mellte 1. � 
- , 

48iIlJI1eaU7 .. t.ernorpboeed peUte. and Lt •• w148.preaci realonal OOOUJ'J'e808 111 

..... ",Wlln. soMata lmplla8 e. toaM" eynth .. la under \he lnfiuenee ot 
, '. -

cSf��AoIIOern1n. the genes1e of oligoo1aae 1a eehleu. 'l'U1'nel' (1933) lIl'it .... 
-_:"- � 

... .s� n1&b grade. sue a. prev.U 1a the BOll" ot e.llIIan41ne ud �rbap. 

_�"'hI-\ 1& a4EIOl!Ipllllled a1�r bf deapl, __ lsund �rnblend •• hornl'.ll.end • 
. -. - - ' ,- ' ( : --� 

�M-'� in whiCh 11. ocoure." fle thua tollowa ijarkel' in aooountin& top 
e ,":-_:''-,��.';�' , - ', 

_�o1 ol1l1oclase • 
• j;-:",- .:".<-. -. . 

t�Jtf��." ,..ep .... �n� re<lU4� oarbonaoeou. l!I/I.U8l' pnseQ\ a the orislna1 shale. -
", }-�- '; . �:"�,lJoatea. � ca.ldWII indicak. that. the shea .... relaUftl, tr_ ot 

""� eM �1os1\ • ., 

,�/ cc ".. .. Iltuq of pl'Ollt"e.alve intensity of regional metlllDOl'philllll in Dutche.1l 
ir��i��_��,t ___ ,_�_-'_ c.:;iri York. !lanh (19M} hs.a atTived at. sOme notable oonolusions. In 

�� .. c�.;' ';,;;;< 
'IIdIdc h-.t'lAiJ.odu ... _ tohe "Cya.n1te SchiB\ t'aola.". twelve oxidea are easenUal 
:-�(J�:§.:�--';-'\-tTt, _',,? : ; "> 
to. � 4v.al.G-pmen� t and a �-irtJum: of twelve minerals 08!l exist in equ!l-
�'4�tf';�* -ii��';'J<-_ "; :., � 
11a1'1_" . � ox1d.1l are divide<l 1nt.o two groupe • 

. -����i � -» �  ,"� ' 

" CJioup 11 <lOa_ PaOs' TiOat FeaO;V S102• CaO. HaaO. This group e:rceroiIMS 
-\ i.:.'1&t,.} -�?-< �_, '! 

& P"'1Y. role 1n the formation of such minerals, respectively. as, carbo_tea. 
�>�?;-"i---'f:� - _'_'-;:'_':-; 

apt.\1'\_. tUan1\l!!1 minerals and toeplacement ot other oxides, magnetite and r_ 
,--t" �'"'i:�t-;';'-';i''o .-' . 

Phoc At. ' oj A1a�' quartz, it sil1ca is In excess ,  anorth ite, and alb! te. 
�-'f:'-.;t;t.� ':� _( . ' __ <: oj'" !_ . ;'  

nt.· 1attq. two form a. mix crystal or oomposition dependent on their original 
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,..10. (This la.tte1' Concept. i. oont.1'ar1 to tha1i or Turner and Harker. ) 

Group 21 Alao:,!, FeO, MgO. KzO. and HzO. These oxides l!aIl give rise 

� -1 rive of' the tGllowing eight stable and one probably unstable mine .... 

_. K7Mit.e, muscevhe. biotite, staurolite. gal'n9t. chlorite ,  hornblende. 

�lin.. and chlorit01d {unstable' ) .  The d.".lop!llellt. of the flve minerals , '" 

. 'hls  gJ'Oup depend. upon the ratio of the tlve oldde.. Barth plots "he 

a.11S8B on, a tour oompon� tetrahedron . disregarding _teo The tout' __ 

f�ta sra, thtllu A120S plus 11'.203 (onl7 Al:P3 in exoeas o� thaT. Ulltl.t by 

.k '.ldapar). 11'110 plus !!nOt MgO. e.rut '20. The relation ot at"Ul'oUt. to 
cs;;�r-�:ta is conditioned by oontent, of w..tel'. anil ttd4 eaa be llbowa hI' Plott1n1l 

i� sbWe groupa on another tet.raheclren and ocmblnirl«: IMgneaia wit.1t iron aM 
-��) 
-7"'�, . 

• ,�n& ffrp. Bal'th Sh __ thai potash teldspe:t' c_t. mil' lA equ.illbrlua 

.'.� e1thSl" lq'anu,e OJ" stB.lm>l1t. •• 
_-_:J';,,-�,-::.,,� -"-"-\.'1';t;.-. 
:�'jjl!. � !IllneftJ. aasemblaga Oct the lroa CountJ gneUa i. OOiiljlaUblli ;d.th the 

_;!1�'Wk� �': . : 
., '_al. equ1l1bril.ll!l. e.eeomblages outlined by n..rth. ThflHt minere1a II1'1t d ... 
:(;;::-.:t:: :-o � .. _. ti.Nt. on original. ehemiuJ. oomposition ot 1.h, sediment. Md. second , 

itha t.ype and grade of met.amorphiSl!l rea.hed. 
"s>'� >,,-. 

,;����\.: - ' hr1R'!1tel1. 
'��;�"\l�at. at t.he pegmaUt.es wMob occur in t.he region show the typical d ... 
',,�¥�ffS:" 

"'. P�lr int.1'Uded during the later stages 1n the tormation of the glIelsa ,�f:;��:;'"-:� .' ',.; btfov. \h. stres_ had enUre11 oeesad. This _. tolloweel \:I.J .UU l,a\ar 

..tl1J . ... terlal Which does DOct. show this nresa atr.ct. such a. the andalus1t..e-
w=� .- .. .. 
�� I)I&8It lA out.crop B. hetheJ' or DOc\ the ailU .... nUe-baar11l8 pe@l!9.tlt.e 
of�p 13 1. of' the .. _ generat.lon CAlUIOt ba known. It u least repr ... 



,.....u�. vein of autorop 13 ill !!otuslll inJected !lIIl.terlal, or whether it 1s 

�T leached gneba along eo orl!.Ck whioh allowed passagct ot hot solutionS 

�lng slUca. One would hardly expect kranite and staurolIte In art 1n­

of ..... "Velft'. 'l'h& boundlll'1 witb the gnaiss Is grade.tional and the biotite 

:�. part11 project into the vein. The sil11!llll.nite needles shoot out 

� 1M quart& graina In long curved strings. 

: Ia'Velopment of sillimanite trOlli mica has been postula.ted by Willitams 

,... Nt oc�rr;mo. In New ZealAnd. He sars ( 1934 ) .  "Sillimanite was developed 

i.e .. expenu ot Dllca. slangaide !lIaglllatic quatts veine cuttlna tha sohln. It. 
' ,�. , : ';::�t\'·- · , 

. - � 

.. tptll..,e4 tha.t. the migaUon ot al110a in the veina provided a vahlola tor >j:j:�: ,,�&>; : '. 
u.. ,lIKI<1al ot the alkalies and substaneea ot th. RO group trom the mioas. 
Vi i,� . . 
... 1t i. eubDIitted that this pr�ess .  more att..n than a p&uo1tr of sUlc .. 
,�c � � <. ' . 
t*_�naib1e tor the gsneration ot the alumin1um->8illoate minerals." fbis ,q..%liiJ*�}. .';;f . -. .; - -
",e�QClI! iB to torme.�lon ot the alUlllinum-s1l1.cahs in 1l.nd alona quarts Ve1118 
ii-t :�:>'�J>;';: : , '  .-; 

' . 

... . �. not intelld to aocount. tor their formatiol'l in the bod)" at the gneiss. ,}-'li;�=�: ..... -

, :" ::. Jf\1aoovita and mloraoline in the pegmatitea era genetioalll related t.o ��j>�<a;� ",. .c�-

� &lUlliI!llm-eHioata minerals. All theH minerals. together with the small z:� .{����,'.fi -
el_ 1t1"1l1talGl at alfllMdl t.. and staurOlite. identlfr t.he pegmat.1 tea Il.8 per---�;o. ',:%-r;;i.J4;:,: -' ' :. 

��_ • .  It these veins are not direct oontributiollB. as such. the, ., ,�, .�-:_ !t,,� :��::::> C'._ '; ; .rt.��; tre gneies leached ot its bas .. a. 

-.. : -.>'�-
'''"Pis' "'et'!!!lOl"ph1sm. 

ltitrOgl'eBe1ft chang" are In an InCipient. st�.. Seric1t.iu.tl o11 19 mort 

'piV4a�ft4t thalt chlorit.ization. It 111 probable t.he.\ the solutiona 'llhicb cauGled 

\ttlli�A'ilre.t1oll1t repreaent the tinal l1quid1r f'rolII the cooling lntl'Us1ve lona 

�·Uie gneiss he.4 tamed and when regional stresses hed aubsided and t.emp-

1f.1i ... hq. diminished . Apparentl1 the pegmat ite veina were aV8nUH at _ 

li.4�� ... for th ese solutions, indicated br more abundant serlcitbatian • 

-,if 



3 •• 

.. , ..... nee ot lIticroeline Indll'lat .. inflow ot potash. n 1a not known wha.­

� •• rlcite in the oligoolase is aa example or ex-solut ion ot potash teld­

.".. at. lower t.empentul'es. 01" wh.�r it. repro_te exchange of potasb tor 

'��'. the soda being clU'1'1ed tarther &'fI8.1. In view of the aoid natura of the 

�lve granite the la.Uer se_ the Il101'8 probabla explan.tlon. 

���A=f�>:¥: . &\ Mberala ot PQBsibla econOlB1e value !>l'8 .lqanite. eJ.mandite, and biotite. 

/=:;:;ita forma 5-'1l ot the gnebs. It. is of' good quality and iii rela.tivs-

it>".. ot incluslons when cruslaed through GO lllesh. Ti,e garnet forma s-e;t 

�'�. t'CClt. It is high in inclusions. but these are ma.inll q,uartz. which 

lliiouw ftd lIlftterial11 detract trOlJ. the abrasive quality . It ill a. varlet,. 

. Sa 'IIJI.ta the almandite molecul.e is dominant. lJoa" ot the dOIIIlIero1a1 gamets 
_;� th1s tne, a.coording to Mler& (1926) a.nQ ElU"d1el-fiilmot (l.1l3?). An 
...... ""lee te.n would have to be made to deterllline th. toughnesa ot the 

� .. , :t. U pOIIIS:l.bl. that the ine1ueiolUl mq _use it to Cl'umb14 raadily, 

��e .. oaaa it would be valuel.ess" Bi�it& twas 25-30t ot the depoaitc. 

�\ ,"It aenenllJr unaltel'ed ancl ot good qu.Ut,. It _7 hava 80lIl0 value all 

',.llHdUct. though its m9l'ket 1s lWted. 

�--

_ deposit. oontaina M weatherecl rook. except. �hat. Q the VfiIi7 sUl'ta1J •• 

" ..... 1". glacial. a.ivanoea haVe seoured oft 11.11. residual. 8&1],. Theref'ot"a 1\ 

.u.. � nBeassl\.l'1 t o  crush aU the roelc which ie use4 tar canoentTat!,pn. .u.. 

� IlIUCb of the .KyMite occurs in large crystals-ons-balt to cne an4 orut­

""t� .. in length-it 1s so c1.os�ll asooofated 01' Intergro�'il-ith otl\81' 

..... ,. that. heat. rellUlt. ill COllOIIIlt1"l\tion wiU 0011\8 from crush1ng throu&b 

80 .... 1let'881t 01' finer. 11. 1a poeihl. that. some _bina.\!_ of IIlEl8lullt,la 



n 

3'1. 

I;!I!l electrostatic separation will be most. econOlllieal IUld satisfactory., New 

�s ot cooserclal electrostatio separat1.on have been d eveloped and des­

c� b1 Johnson (l93S ) .  This has not yet been appli ed to a deposit ot tMs 

�. but. it i. beliaved it. might be succeastul . Heavy liquid separatian_ 

. _. t.oo cost.ly. rlotatlon has not been successfu1l1 applied to this 

IiiaU'lll aalleaIDlage. Tabling and jicging ars now in U8tl" but it. a dQUbt.tul­

",tf, p04 ooncentrat.e. cen be. ebtained from ve17 final.\' crushed material .. / 
lIUk&ts, pro1o ... production. and OonBUlllption or k1anite are \'/'flU sum.. 

lII1II'IaecI b1 Keno (1931). Ue quotes !US excellent bibllography or 111:I:t1-OO8 

• ., .... oee. s� (l93f) pt'$tJ4Ilta shillat' lIllilterial ,� tha lItioas. 
"c.:. ' 

.:����li'�;, 
}�i���� " 
i,t��",;:" ocourrence ot �Mite-beari,ng gneiss in Iron CountT. Wllloonsirl is 
-�e;���z: ;� 

."lribect. The gneln contains the tollowing chief minerala ; Quart.l!i. o11go-

... , JqanUe. al_ndite. and staul'l:11ite. The _Jor mineral B.ssesblaga 18 
��k�.1�, ; .� 
0" ot equilibrium and is duo . first. to the chemical cOlllpodt ion of the or!­;i���i#:;t;, 
alll&l rock. IOIld. lIecomi , t.o the stage ot metemorplUsm. whlilh it has reached .. 

� ilet8lllorphio IBtags oorreGpomia to the lQ'lOIllte S(lhist facies as introdUced 

!If' BvUt.. Chemical compOSition ls oharactllJ'izad b1 h� alumina. and trOll sn4 

• lOIJ' o.leiUII content. The 1'Oel!: was originallT a pel1te wtlic� eonu,1ned minor 

1IIIOUIitj, 0$" carbonao$OUs _t.ter. now graphite. 110 closely ClOt-responds tn 

..... Ml CPIIIIpOe1Uoa to the p�iIIlIbrla.n slat. •• ot the Lake Superior region. 

It· W Pl'GIIe.bl, d Huroniaft age and l!IaT represent one of the Huronian elates 

lIbllilt .. tIP .... alone the strike to the northee.at.. Matemorphi_ �1iI accompanied 

"�1."'101l at �e-KeweellB._ 8.4id granites .. 

,c""'� . 'S01uUo,. froll the intrudina l!\8&III6 permeated the sedimel1i M� earrllllOi 



38. 

�4ePOlJited the zircon which is now malacon and which 1s aburodant1y repr ... 

....... In the gneiss. 'l'hese solutions may have brought 1n some ot the ap_ 

,�.'ourrnal1ne . !'-l1c! the montl.lIite. At least two stagea Gt pegmatite 1.rlV&* 
• .,. .represented in the area. A localised velll effeet _a tbe poBSlbl • 

. • ..s 01 some or the bases,- whlch caused further enrichment in UU1ll1na and 

U:;�"'.lc;lm&nt. of sillimsnite and andaludte. St111 later etrect. ot a re-
' <  C _ . - • ,,' '-'-:" u«_�ive nature wer& superpGBad on the gneise.. These aMI indicated by 

..elolt1zat1cn of the feldspar attd slight chloritization ot the blot1te and 

;-;����.�*) ;-
.... ,.jiJh, p<lI!sibl1" also. development or I'.natue 1'l:'0III llmen1't.e. The p� 

,;,j,�-; �Y. ' , . . . '1"'� were. euien avenuea or Moen toP tba late 1I01utiona. 
:-��lU�{;> �.�. ot possible �lIG!IIiO' V8lua lire kyMlt.. a1_4it •• an4 biotite. 

�:I����i�_. - -,: .',�� .,.t quartz hntleles and pegrnatitea it ahould be possible to main­
'i�l>� ' < ,  ,.� of t-W kyanlt.a. e-Vl almaruUt •• and 3O:t biotite. Kle.n1te is 

,.;a::t� tre. of lnolulJione arut 1. or good qualitJ'. Alman61t. 18 hlp in 
"-� 2:�:i-)Tf� 0 

lIIalVilJions. lIlIIinJ.y qUlU'ta. whlob Da1 Oalle. it to b. too triable tor eomm ..... 

... '5111*", hI' .a 001llb!l1AtlOft ot lII&£!!tftl. !!l1G eleet.f'G8tatio aepare.tiOl;l of 
c6;.-�{: _���t> 

tSM1J. oruehed rock .. 

'{!�!���- ; .:;' :::' 

· f�� 
-;��.��,�lLt . 
. ?J?' . 1'lU8 

,
o!tudT was undertaken at the suggestion of lC. ,. Bean. Chief of the 

,,: .. �cn$i �4; ·f 

U10t .. !IJ Geologioa]. Survei. The writer is indebted to the SUM'EI1 tor sp ... 

... f .... preparatiOn of thin-seotions. !naps. !llld in(oI'lmtion concerning the .-;. 

" 

.cai�.'al.uable assistance was given bl Drs. 1'\. W .  1.!arsden and a. A .  'l'1lw 
<�.;.�,� . 

of � 0&0108y Depal'tlllent or the University of W1.sconsin. in both heavy mJ.n.. 
�':1J:t�:r� 

�""arat1ons techni"u8 Md 1n interpretAtion ot the e1gnif1cs.no. ot the 

_ .il; 
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EXPLAliAl'lON cr I'L,mll I 

1;:{Thin-silctlon of an&-inch pegmatite(t)  in outcrop 13. show1ng develOplilent 

" .( of sillimanite (S1 ) troEil kyanit& (1<:). Groundm&.slI is quartz. reldspal' 
, --:;' ; :' J�,'8ruf muscovite. OZ'dine.l7 light,. xlO . 

Jt � a$ 1. showl!'.g h1gher magn1rlaat1OB ot il1111:ne.ni�. plUllla Bnown on 
�""" :"�- . 
;:L rlsbt dele .Gf 1. Ordinal'1 light. xM. 

J.lfhl.n-.�c\1a. of l.Il.rge pegmatit e in outcrop 13. shOWing SIIftll cleal' gar.. '/-;;::s� - . 

�t 1l�' (G). Groun ..... 18 qti8l"ta (el). muscovite (Ill. .a;n4 feldspar (1') • . ''"j.{�" ,.�-; 

;.�;'l'fIt.,.;sec�lon of MotU. conta1nlna ole8l' !!lOrlazita inClusIon. llote la.rga 

. .�: ' black halo. frM1ruJ.l'T light. xM. Jo-,·�_';� 

�I; 
" ',r�· -::-. ": ?�����" 

.'
, -'

{�1- -'-' :-
' 
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1... ntn-section of gneiss showing minute }(yanite (K) blades embedded in 

. quUtz (Q) between t'eldsper (F) orystals. Biotite (E)  and sta.urolite 

(s) are present. on the lett. Hate sericitizat.ion at plII"icline lamellae 
lit upP" fleGspal"'. Ordinary Ught. x34 • 

... ..... .. 1. C"OB8ed n1001s. 

Cl':ral.aJ.8 $!lbedded in quartz bet;wee. tel1iaJllU"s., Large tsldspal" 

.. • liB\- halt thia perlcllne lamelW nric1t1zri� ordinar1 

: �llA."�l� showing denlopm8ft\ at amelI kfanUe blade. bet; .... teld ... 
Ctossed ·nieola. xes. 
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1. Thin" .. ""ction ot gneiss showing halos surroundill£ malaeon lnolusions in 

biotit.a. Ordinary 11&ht. . :dO. 

2. Thin-s ection or porphyroblast. ot k7anlte� showing abs enoe ot inclusions. 

1n biotite. Q.i'dinaFT l1sht. x40. 

.. c hin."secti on  shOWing jlorpti1roble..st ot garnet . Not. po1kUoblasUO t ex­

ture and Btta1&ht �. of lnolualOns. mainll �ua:rtz� . .  ' .uhedJ'&l ' staurout e 
" - -

ooeurs 1.11 t.h.' lowei< MIr. .lllct.1te has pleoeht'ol. l'.al .. oW. Ordinary 
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::XPLANA'I'IOM Of ?L 1'I'I!l IV 

1. Thin-section of gneiss showing growth ot garnet. as a. mere shell. Ordin­

arT 11g111:. xl9. 

a. Similar to 1. Ord11l1U'1 U!$hh :ld9 . 

S. Porpbyroblast. of gl!U'fIe1I. /fot. peoulia.r Cll.Il've4 pattern ot IncluslolllJ. 

whioh lM7 be due � rotation of garMt. during growth. Ordlnl\l'1 light, 

x19. 

,. Slmi1e.r 1\0 3. Ordlnar, Usnt. :ld9. 
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1 .  Thin- section o f  gneiss showing cloae association of kyenl.te,  staurollta. 

almendite and biotite. Ordinsrl light, xlO. 

2. 'I'bln-sectlcn through staurolite 6lmot K •  St6Ul"ollte is  an opt10 unit. 

Noh relict-like appearance and intermingling of garnet. and k:re.nite .  

ord14 light , xlO. 
:;/:" 

3. Thin-section of feldspar in gheisS . shOwing sericitizat ion of ty;O narrow 

pedaline lamellae . Note i"ela.tion to 001 oleavage. Ord1na17 light, 

x85� , 

4 .  Thin-ssction shom.ng IH)rioitl.zed perieUne lamelJ.i,e in i'llepat. Hot • 
. -,' 

rim ot 1<ya.nUe and quartz between teldspe.l'S ill 10wel' pan of picture. 

ethor minerals are biotite ancl apatite (A). Ord1nal7 light. x3l .  

, 
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1 ,  2 ,  end 3 .  �'hln·. "ections of n L riSe rdcrocline ar79tal chowinc typical 

cross ... hat ch I'lppef',t'ance tJ.nd Inter;;rowth ot plllgloclaS8 of 37�� .� n .  S ec-· 

tionlJ bend 2 IJre QUt nearl.y parallel to base. Central bend in 1 is 

pI a5ioc1ase. number :3 is mit normnJ, to the two c.leev,,"ges and shows fine 

:", 
,,:::d o !'  o,rossed niOols,: x19 . ·· 

4 .  X·-n.) p"ttern showing lines o f  gllrnet in upper pert and hl!Ute below_ 
o Spo oj.ng of lines gives length of edge of unit cube as 11 . 52 �. and 

pl"c�s @:'c:-net in the non-calcium group . Low intensity of 332 line dim-
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1 .  Photomicrograph of ;,e",VY coneentr9.te gl'"&iaB mounted in Canada balsam. 

);ote high birefringent core in z,:l.roon ( z) in center. Ordlnsry light . 

:LIOO . 

2 . High birefrinGent. aore in zircon: in <lentor of field. otflel" lIIinerals are 

k,'''l.nite (K) and anat.as, ( An) . ordinary light . :x380. 

;) .  CorOl of' hyacinth t.ype alrecn in ma.laeon. Ol'dlnar, light, x3IJO. 

4. Hl>avy <l one entrate of zircon , h-yanite, alld anatase. NotQ oorae and opaque 

ill<llusiO�'� in 51reoo80 not.. double z1r<!�" in lower centsI' fleld. These 
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