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INTRODUCTION 

LOCATION AND ACCESS 
The R,\I Lake map-an.'<l h," IWlwecn hHIIIIlI,>, 5h"O(l' and 5(,°15' norlh and 

Inngllude' l)l)"~()' .Ind 100"00' "'e'l (h!!ure I), It is 'ipproxlillalel) 7~ lillI.:, l'nUll 
I>"lh II\\Imp"'1I alld L~ lin 1..11.1: .1Il.! I' r,·.ldil~ a,'':c'''lhk h) air 1'1\1111 Ih~,~ c:clllrc" 
.-\ \\1.'11 Ira\dkd w.lll'r l"l'UII.' ,','nlll'C:h Ral L.II.I.' 1<' Ihe 'cllio:menl or Nel"ln It.'ml.'. 
,lppn'\llllall'l\ ~o nil II." I,' Ih,' ,,'ulhe.I'!. 

PREVIOUS WORK 
The Rat I al.e an'a wa, mappe" 1111 .1 rec:onnal"ance ~cale of four mile, to the 

inl'h h) \\ ng.llI (19:'3). 'I Ill' .111.',1' .ld)"lI1in!! tho: R.II L.I\..e ;In.'.II'' Iho: WI.',I. Ih,rth and 
':.1,1 \\l'fl.' pfC\ I,'u,h mapped I"'f Ih\.' M.III1I<'h.1 Mine, Br.lndl .11 "III.' illch III III1\.' 

nllle hy B,Iff~ ,Illd (i.1l1 (1966), P<:MW (1%4), Mlili~'11l (1964), .llld ('ar",'11 (1962). 

AVAILABLE MAPS AND AERIAL PHOTOGRAPHS 

Th.: t 'hlman Lake Illap (NalHlJIal r"p"graphic Seric'i 64B) co\,er, Ihis arca al 
a 'C,It.: "r 1.2:,o.nOIl .Ind h ,1\.1I1,lbll.' 1'1,"11 Ihl.' M,II' ()"trIbUIlllll Olliee, Ollaw,1 or 
fr"1ll Ihe Slln \.'\, Bf,me'll "I tho: !'-1.III1I<,I1,1 Ikp.lllllll·nl "I' M 1111.", Rc",ur,o:, and 
1 ll\ If,'umenl," :\1.II1,lgcIlH.'nl. 

Federal-Pnwin,lal aefl'magnetio: map' 2:lR7G, 2~RRG, 2~g~(; and 23g6(; al 
line 11111.: Il' Ihe 111<:1\ .:,\\,'r th ... R.II I..I\" .... lIld Pl.'lllldll!!.lIl1,1lI I.a\.. .... 11'0:.1', An .Iirh<>rn<.' 
m •• gn ... tl': alld 1:"l'l' 1 eh.'dl<>Ill.lgn ... lll: 'ur\o:~ "I' •• 111,I.I"r P,1I1 "I' Ih ... S"lllh,rl1 
Indl.tIl I..I\..<.' pr".I<.'':1 ,lr<.'.I. IIldlldlllg R.II LII...:. \\'.1' 11<>\'11 I<'r th ... M.llllt"h,1 \1111,', 
Hr.ll1.:h h\ QUL',h'f SUf\<.'\' LIIllllL'd III Iglll' I h<.' r""lIl" ,'flhi, 'lIrv!:' \\<:f": ro:l.:.I, ... d 
In Ju,1<'. 'f9h<) (\I.lnlh,h.l· \1 I ilL" Br.lI1.:h. 19(9) . 

Vertical :lenal phllt"/!raph< 1'1' Ihe ar,'a wert' lakel1 in Ihe fall "I' 1'l()9 al a ,calc 
"I' D20 flo':l II' Ih.: IIH.h, I h..: "'llIf":' "I' Ih..:,c rh"lngr.lrh, .Ir.: ,11I\WI1 oil (i ... "logl(.1I 
!l.t.lp,71 2 2 and 71 ~ 3, ,Ind 71 2 h, \''''1'11.: •• 1 pl1<>l<'~faph, .It ,'no: Illik II' Ih.: lIldl 
,II,' .11", ;1\.1I1..hl<: r"r Ihh art'.\. B.>lh ,.:ale, "I' I'h""'gLIl'lh ,'.111 ho: rllr,h .• , ... d Ihll11 
th.: ',llllln.1I '\Ir I'lli'll> I.lhr.lf~, OIl.m.L 

PRESENT WORK AND ACKNOWLEDGEMENTS 

Th..: pre<enl ".'r\.. I<'fI1h 1',Irt ,'I the :-'oulh ... rn IlIdl.11I I..,\..e pr"lecI (Figure I). 
!\fapplllg \\ •• ' ,·,'fn,'d om .,1 a ,.:.Ik ,,1' olH:-h.t1f lillie I" Ih,' lI1.:h. u,ing. h,I" 111,.1" cn-
1.lfg.<.'d tn'lll I 40.000 \.h ,111\'<.' Inf"rl11.III,'n Prin" 'lIl'pli,'d h\ Ihl.' Ikpartll1l.'nl "I' 
I no:rg\, \1 III 1." .1I1d R"",'"r,·," III Ott.I\\.1 JIll' 1111,11 gt'"h'gl,.IIIl1.qh (\1.qh 71 2 2, 
71 2 ,'. 71 ~ 6 ,lilt! 71 2 7) "hid •. 1<:""1111'.11\\ (hi' r"'p"ll .If': IHlhlt,hl.'t! .11 a ,,:ali: 
"I' I:SO.OOIl. ;\cij"II1I1lg. .lft'a' ".:r, 1ll.lpl'<.'d b\ (.lIl1phdl (1972.1 .tl1d h). 1·lplll,\.. 
(1972). SIl.'!:'<." ,Ind I .1I11h (1<)721. itll.! K .. ndri,l (1'J72). 

·\11 \'u(n,'p' on Ihe ,h,'r ... , "I' Ral I.ake and Iho: Ra( River "ere ",.ullincd in 
deTail. Inl.lIld "'\p,,,ur,, \\<.'rt.' Illarp ... d h\ ':"1\\<.'11111'11,111""'" .ll1d ':"1111'.1" 11'.1\ <.'r' ... " 
1.lId ollt "n Ihe h.I'" "f .lIr ph"", .'Ild .II.'fPIll.'g.nl.'ll': 111.,1' 1I11<.'rpr<.'I.IIII'I1' I \,<.'Ilelll 
l'(lrfl'l~llHln \\.1'" fllund hct\\~c.:11 dl.:'nl1l1.lunL'th .. d.lt~l .lnd h('dnll:k !,!l,'~ll(~!!\. In .In .. "a' ld' 
~"l11pk\ .I\.'ftlmil!!n<.'lll.' r.III,'m,. Ir.I\~r~ ... , \, ... fO: 'pal~d .11 "nC:-4'lI'lrl<:~' ,'I .1 nllk "I' 
k". t>tl! Chl'\\hl're ILI\<'r,,' 111Il'n.lI, \, ... r~ gll'.lln SI.III"11 h'.:.IIII'lh "<."l' pl"1Il'd 
.. lIr<.' .. 'I" "11 ,,:rll,·.11 ill.'n<11 phol,,!!r.lph, .lIlll 1I.1Il,fl'rrl'd h' Iran'p.II','nt md.tr h.I'O: 
1ll.lp' 
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SOUTHERN INDIAN LAKE 

PROJECT AREA 

I.(lcalion or map-area: Southern Indian Lake project. 
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SOUTHERN INDIAN LAKE 

PROJECT AREA 

l"igllre I: t(,lcali()o of map-area: Southem rnd'ian Lake pn~iec,. 
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SOUTHERN INDIAN LAKE 

PROJECT AREA 

l"igllre I: t(,lcali()o of map-area: Southem rnd'ian Lake pn~iec,. 
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Figure 2: 

Pelitic gneiss (1) 

Gneisses of unknown affinity (3a,b; 4) 

Magnetic contour 
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Distribution of Wasekwan-derived gneisses (I) and gneisses of un­
known affinity (3a. b: 4). superimposed on simplified aeromagnetic 
map. 
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Thl.' \\ pll:al minl.'f,Il,'!!kal "Oll1l''''ltinl1 nf the 1'elitic gl1ci,~. h;l';ed Oil thin -1.'(:. 
unn 1.-\.\1\111\,111<'[\, I': pl,lgl<ld.I'c (-Ill', ~, 'I\lartl ('O',~; hl<llll~ (~O 2~',~: Il1ln"dll1c 
('p'''''ld",\. !,!,nn~t (~', t • .Illd I\1I1l\lr ''''fdll.'ntl.'. '1IIIIll,lIliIC, 11111"'IllltC and gr.lpllltc, 
QU,Irll .1I1d pl.l!!I<ld.l,e f,'rlll a gral1ohl.l,u\.' 1l1l",11\.· \.','nlalnll1~ p,'rl'h~ I'"hl.l'" ,If 
m,lUII.' \" fl.'d e:arn\.'t, I hl' n:ddi,h hr"1111 hl,'llle ,h,'I" pl\.'kn,·,t ,HICI1I.IUOI1 p.lr,tlh:1 
1" h"lh tho: 1ll,II11 lavCfll1g, ,ll1d hI a '':C0l1d.11'\ LT",,-">llaUPIl I hc 'CCPIHI.Ir\ 1.'1'0'" 
1~lhr'" I' '''\lall: pal:.llkl'h1 Ih ... ,l'l(i,tl plal1\.·, ,;1' I11ICf"ClCl1ul.IIIPI1', MII1I>r Illll"Il1I1C 
.md !;r,'ph't, .tll.' .1''''1.'1.111.'.1 \\llh th.: bh.llle. (iraphltc ,iI,,' ,I"ur,." Ihin ,,',Iill' of 
\1.'1': till,' !;T,lilh p.If.I1kl l\) Ih.: 1,1\l'rIll;!, MI~n.,lIl1c vanc, rl\'ill 'Illall IIltCI'IiIi,tl 
!,!r.lil" II) 'h!;hll\ \.'1011 g.1 I\.' idh,bl,I,III.' 1','rl'l\\l'I,hl.I''', I h~ 1.lller.lrc IlIghi.' '11.'11.'.1 
\\ lIh ahund,lllt grall1' .. I' 'IU.lIl/, hl,llitc .ll1d pl,lghl\.'la,c, Th\.',c '11II11;!' p .. rplll 1'0, 

111.1'\' h.l\c In crgll'\\ II tIll: 111.1111 11111111\.' r,lhnl." .tllh,'u~h ill pI.ICC' IhcI al,,' \.'I'lll,tin 
thl.' ,cl.',.nd hinlll" ':fI",-t,tl>rtl.'. ("."dll.'ril,' ..... ,'ur, 'p .. r,ldl<:.tll: .k' ", • .trw gralll' .lIld 
p,'rpl1\ l .. hl,I''', It \""\lln\<lnl~ inl'lud," tinc 11<:,'dk, .. I' ,,111111al1llc II hldl .tl, .. 1ll.1~ 
,I,',ur 111 1'011'\1\ r"hl.I,li,' dl"l.:r" 

WASEKWAN ANDIOR SltKLE GROUP AMPHI80LlTES AND 
BASIC GNEISSES (2) 

AMPHIBOLITE (2al 

A well lowered 'Imphih"lite (2al (Plate IRluccur, at nr near the majnr lithol"gi.: 
"'reak t>C!\\CCIl Ihe 1'1.'''11, gn":I" (I ~ (\\'.I,d,\\an (lr(llIpl and the 'liitc "f'luart/II. 
fdJ'p.lIll1' gIlCI"" (Sld,k (jr('lIpl, I h..: amphihllltl';: ""I.'ur, cllhcr ,I' a t~lirl: CO\1-
1I1ll1l'U' markc.:r I,'nc.: ,tl 1111' ,h.trph ddlllcd hr""k III "Ih\ll,'g~, \II In 1'1.1\.'," II "\.'I.'lH' 
", JIW,lIIl1lllll'U' I.I\cr, III the I'd II II.' gnci" ( I) "I' III (\n, "ilt,mcln: (If nlllrc frnl11 thc 
\\',I,..:I.."<ln-S,,'l..k ""l1la,'1. J hc'" "1\<'1' \,lIlgc III Ihkl..m'" 1'1(1111 JO 1\1 'Oil feCI (I) 

150 ml ;lIld hC<.:lIIllC ll111rC nUIll,'\lllI' lo,\ard, Ih\.' ,'ont,ll.'t. 

Tho: amphihnhtc (2a 1 1l1"~ ho: elthcr \'"kanl.: .'r 'cdim':l1larv in IIrigin, It is 
hbl'!., tn gn:.:nl'h hla.:1.. \\'lth thill, pak (111\ C grccn lal \?r" III plal.''':'' len""d pal,he, 
or grccOI'h hrown ~r,lIlll"lr pl.l~II''''''C lI11p.lrt ,I ,Irc.lk\ .tppC.tr.tIll:C h' Ihc d.lr" 
hnrnhkndll; 1.I\o:r" Sulphldc, (11I.lInl\ plfrhotltc "llh 11I111<'r ,h,t\"'PlfIIC) MC 
'r,)r,ldil.'.tll~ Jh,cmirl.ltcd Ihr,'lIgllllut thc .1I11phlh,)ltte, J hc d.lrl.. I.\ler- .1[, tine 
gr.lln.:d Clllllgr,ll1ul,lr ,Ind gr.llhlhl,l'tIC. "hc: <.:l'nl.lIn h() tn 65 pcr ,cnt ,tllhh\ Iwrn· 
hkndc (pk().:iu('1C "' grecl1l,h I1r'I\\I1): :\1) II> .15 pcr ,enl pl.lglIl,I.I'C (,lI1de'lIlc-
1,lhr.ld.,ntc): ,Ind :; rcr cenl '1uartJ, The pale green laver~ arc c'l"lgr,lIll1lar wJlh tin\?­
gralll"" d'"p"dc .Ind trenll,h", (~o to ~5', t c\,C:I1I~ dhlnhlllcd througl1<'lIt ,I mcdlum­
gr,lincd 11\(".11<: ('1' .,nde'lIh:-I,lhr.ldof\II.', J hI.' I.lttl.'l" ,111'\" p,trtl.tI ,IIlcr,lt .. 'n te. ,,'n­
~ltC. <'Pld"lC ,lIld o;,lknc. 

If~ pcr,thcnc-he,mng ph,,,c, (lc("ur spMadicallv within the amphih,'lilC a~ 

grecnhh hflllln. hnc-gr.lll1cd, cqlllgr,tllular len"'11.I /llnc' 1'1"<1111 It) I" 2() teet (3 (111) 

in Ic:ngth, l hCIr ,,'mp"'III"1l I' 5(1 pcr ,'clII .IIl,Ie'lllc-l.lhr.ld"nll.', ~() p.:r ,'.:nt hllm­
hknde: (, per ,ent '1U.lrtt: 5 pcr ~cnl "fllP'ldc, J 1" 50 p.:r lcnl h\p.:r'lh.:n.:, J III 5 
pcr I..:nl hll.tIlC,:! pcr 'Tilt trclIHlltt, .111.1 I1llllllr t11"CIIl1I1.ll<:d p\,r1WI,IC, B"th Illlrn­
hlendc blfl.ngl~ 1'1c,>.:hr'lIl: II' d,lr(.. gr':clIl,h hnm n) ,llId 11\ per"h.:nc 1(11111 ,tuhh\ 
rounded gr,lIn, 1:X,llIll'k, IIf Ih" r,,,,1.. 1:1'" (\,'nor ,II ,t,III"II, ~4 0 l'i 17 (\.11. 1)1) 55' 
H)": Ion!!, 56"OT4~"). and 24 () 11<% (Lat. 5({ t)()'15"; It'"!! 1)1)"51'5""1 III Ihe 
~,'uth",,<i C(.rner of Mal' 71 2" 2. 110.: tilll'-gr"incd gran"bl,~,ti.: texturc and Ihc 
rrc'':II<:': "I' h: p.:r"h.:nc 1Il.1: h.: II1dll'all\': ,,1' IIlcl,lI11nrpil"m II> the hvper,thcne 
gr,tOuhte fanc" III1"c,,'r, It h Ulll'.:rt.lin whcther till' 11\ pcr,thcnc-hl.',lI'Ing lellW' 
rcprc,cnl h,t'II.' inlrtl'IIHh inll' Ih.: .lIlll'hlholttc pnur 1(1 1II1.'I,lIn." phhlll, ()r \\ hl.'lh.:r 
the~ ar.: In.:al dc\cI"prnel1h .lr rclte, ,If a 11\pcr"hcnc grallulJlc r,IClC', 
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Thl.' \\ pll:al minl.'f,Il,'!!kal "Oll1l''''ltinl1 nf the 1'elitic gl1ci,~. h;l';ed Oil thin -1.'(:. 
unn 1.-\.\1\111\,111<'[\, I': pl,lgl<ld.I'c (-Ill', ~, 'I\lartl ('O',~; hl<llll~ (~O 2~',~: Il1ln"dll1c 
('p'''''ld",\. !,!,nn~t (~', t • .Illd I\1I1l\lr ''''fdll.'ntl.'. '1IIIIll,lIliIC, 11111"'IllltC and gr.lpllltc, 
QU,Irll .1I1d pl.l!!I<ld.l,e f,'rlll a gral1ohl.l,u\.' 1l1l",11\.· \.','nlalnll1~ p,'rl'h~ I'"hl.l'" ,If 
m,lUII.' \" fl.'d e:arn\.'t, I hl' n:ddi,h hr"1111 hl,'llle ,h,'I" pl\.'kn,·,t ,HICI1I.IUOI1 p.lr,tlh:1 
1" h"lh tho: 1ll,II11 lavCfll1g, ,ll1d hI a '':C0l1d.11'\ LT",,-">llaUPIl I hc 'CCPIHI.Ir\ 1.'1'0'" 
1~lhr'" I' '''\lall: pal:.llkl'h1 Ih ... ,l'l(i,tl plal1\.·, ,;1' I11ICf"ClCl1ul.IIIPI1', MII1I>r Illll"Il1I1C 
.md !;r,'ph't, .tll.' .1''''1.'1.111.'.1 \\llh th.: bh.llle. (iraphltc ,iI,,' ,I"ur,." Ihin ,,',Iill' of 
\1.'1': till,' !;T,lilh p.If.I1kl l\) Ih.: 1,1\l'rIll;!, MI~n.,lIl1c vanc, rl\'ill 'Illall IIltCI'IiIi,tl 
!,!r.lil" II) 'h!;hll\ \.'1011 g.1 I\.' idh,bl,I,III.' 1','rl'l\\l'I,hl.I''', I h~ 1.lller.lrc IlIghi.' '11.'11.'.1 
\\ lIh ahund,lllt grall1' .. I' 'IU.lIl/, hl,llitc .ll1d pl,lghl\.'la,c, Th\.',c '11II11;!' p .. rplll 1'0, 

111.1'\' h.l\c In crgll'\\ II tIll: 111.1111 11111111\.' r,lhnl." .tllh,'u~h ill pI.ICC' IhcI al,,' \.'I'lll,tin 
thl.' ,cl.',.nd hinlll" ':fI",-t,tl>rtl.'. ("."dll.'ril,' ..... ,'ur, 'p .. r,ldl<:.tll: .k' ", • .trw gralll' .lIld 
p,'rpl1\ l .. hl,I''', It \""\lln\<lnl~ inl'lud," tinc 11<:,'dk, .. I' ,,111111al1llc II hldl .tl, .. 1ll.1~ 
,I,',ur 111 1'011'\1\ r"hl.I,li,' dl"l.:r" 

WASEKWAN ANDIOR SltKLE GROUP AMPHI80LlTES AND 
BASIC GNEISSES (2) 

AMPHIBOLITE (2al 
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", JIW,lIIl1lllll'U' I.I\cr, III the I'd II II.' gnci" ( I) "I' III (\n, "ilt,mcln: (If nlllrc frnl11 thc 
\\',I,..:I.."<ln-S,,'l..k ""l1la,'1. J hc'" "1\<'1' \,lIlgc III Ihkl..m'" 1'1(1111 JO 1\1 'Oil feCI (I) 

150 ml ;lIld hC<.:lIIllC ll111rC nUIll,'\lllI' lo,\ard, Ih\.' ,'ont,ll.'t. 

Tho: amphihnhtc (2a 1 1l1"~ ho: elthcr \'"kanl.: .'r 'cdim':l1larv in IIrigin, It is 
hbl'!., tn gn:.:nl'h hla.:1.. \\'lth thill, pak (111\ C grccn lal \?r" III plal.''':'' len""d pal,he, 
or grccOI'h hrown ~r,lIlll"lr pl.l~II''''''C lI11p.lrt ,I ,Irc.lk\ .tppC.tr.tIll:C h' Ihc d.lr" 
hnrnhkndll; 1.I\o:r" Sulphldc, (11I.lInl\ plfrhotltc "llh 11I111<'r ,h,t\"'PlfIIC) MC 
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1,lhr.ld.,ntc): ,Ind :; rcr cenl '1uartJ, The pale green laver~ arc c'l"lgr,lIll1lar wJlh tin\?­
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CALC-SILICATE ROCK (~O I 

Thl' rl'':'' I' ,.f nlll1l'r ..:\I..:nl III th..: 1ll.lp-.lr..:;1. OUI h":':;llh': ,·f Ih dhlln.:ll\': dur­
.1.:I.:r. It h.I' o.:.:n Ir.:.II.:d .l' .1 ,.:p.tr.II.: 'UhUIll!. It llLlI.:r"p' .11 IIH':': I,.(;dlll.:, In Ih.: 
1ll.lp-.lr.:a l'n.: nlll..: ,,'uth ,.flh.: lIh'L1lh ,.l"lh.: SLI\\.lnn..:.: RI\..:r (~[;lr ~I ~ 21: ,.:\.:n 
nil 1..:, "'L1lh..:a'l l.f Ih.: .10l'\": Il'(all,'n (~\.IP -I ~ ~ l: .Illd S nlll..:, ( 1.1 "lll I lll.fth ,.f 

~11'ln.lgu Ll"': (~\.IP -I 2 .~l. 

rh.: rl'':'' (l'lllpn,.:, .dl..:rnallng .:.II..:II.:-n.:h I.l~.:r' .lnd 1.1\..:r, n.:h III Ill.rnol..:nd.: 
.1l1d dll'p'ld.:. rh.: 1.1\.:nng I' P;lrll(ld.lrh prlllllln':lll ,'n ,'lll.:r,'p ,url".I':":' "\\Ing Il' 
Ih.: dltkr.:nll.d \\.:alh.:nn~ "I" Ih .. ':.II..:II.:-nch 1.1\.:r,. rh.: I.lll.:r .Ir.: pr.:dl'lllln.lnll~ 
\\ hll':. OUI ':"I~I.lIn prl'lllln.:nl d.lr". Ih'n.:\ hr,'\\ n ([\ ,I.d, "I" dll'P'ld.: .1l1l.l ,':;Ill.:r.:d 
.llllh.:r .:,.I,'ur.:d granul..:, ,.1 ,ph..:n..: rr":'1ll,lil":. ,,:pld,'I": .• Ind ,Illlllma .Iggr..:gal": 
.llkr pbgll.d.I,": .Ir..: \ I'lok III Illln ,..:dll'lI'. L..:n,..:, .Ind II1In cil'':''lI11nUllU' 1.1\..:r, l.f 
'luarll .Ind n11.:r,'.:lil1": (~t,. h nllll till':" I. \\i!llIn th..: .:.duII': 1.1\..:r,. llnp.lft.1 nhh..:d 
.lpp":;lr.ln.:..: "' Ih..: \\ ..:.llh..:r..:d ,url;I':":: II1In ·,..:dll'n, ,Ill'\\ th..: llll.:rl'.:lin..: Il' 0": rin..: 
gr.lIl1..:d \\ 1111..: Ih..: llu.lftl I' u'lI'ld..:r.lhh ':".Ir,..:r .llld h.I' ,tr,'ng ,lr.lIn ..:\lllll:lIl'n. 

[hr" 1;1\.:r, (~ Il' I ~ ':lll till':" I n(h III Ih'rnhl..:nd..: .lnd dh'P'ld..: .• Ir..: lllll.:h nhlr..: 
r":'I,I.lnt Il' \\..:.llh..:nng Ih.11I Ih..: (.Iklt..:-ndl 1.1\..:r, rh.:\ \\..:.llha \\llh .1 'pl'll..:d 
oulr .:,.Il'llr. OUI fr..:,li ,url.I":":' .lr..: p.d..: gr":":11 Il' d.lr" gr..:\-gr..:..:n. rh..: Ill.rnhl..:nd..: I' 
gr":":IlI,h hr,.\\n .11Id pl.lgh,(I.I''': I' IlIghh .dl..:r..:d t" ,..:n':ll..: .llld .:a!.:ll..: \[lIll'r Ir,'n 
,ulphld..:, .Ind ,ph..:n..: .lr..: .d". pr":,":lll. Ih.: 1.1((..:r I' .:\.:nl\ lli,trlout..:d thr,.uglhlul 
Ih..: r,'':'' .1' .:uh.:dr.tI t, •. Illh..:dr.d gr.llib IUP h' ,', l. nlill 1.1\..:r, ,'f lIU.lft/ .. dl..:r..:d 
pl.lgl".:b,..: .11Id (;11..:11..: .tI'I' "~leur Illlh..: d.lr" I.l\.:r,. llll.lrtl I' (,'llInll'nh dr.I\\n "1I1 
Inl,' kn,..:, \\ hl(h d.:rill": .1 (.II.ld.I,11( 1,l\1.11I"1l p.lr.tlkl I,' th..: I.l\..:nng. 

\ \\hll..: .1.:Idl': gr.lnlhlld r,'':'' II t,. ~ III thl':"" I' 'p,'r.ldl(.tlh Inl..:rl.I\..:r..:d \\llh 
th..: .:.tI.:·,III(.II": r,'(" [I (,'1I'1,1, ,'I 'Iu.lrt/l/l:",,, III1(r"dlll": 1.1,', l: hl,'III": II',). .llId 

dl"":lIlln.ll..:d P\ rrlh'lIl..: .llld p\ nt..: I I ~', I 

[h..: (;II.:-,tll.:al": r,'':'' ,'.:.:ur, .1' p.lrt "1 Ih..: Ir.III'llll'll.tI ''':l\u..:lI':'': h..:I\\":":lI Ih..: 
\\ .1,.:"\\.11I .llld SI.:"k-d..:n\..:d ~II":I"":'. f,'rllllll~ dl'':,'lIllllLh'U' 1.1\(r' III Ih.: hH.ti!.: 
.Ind h,.rnhknd..:-h..:.trlng gn":I"~' lunll, :'h .Illll hi "'llh..: SI.:"k (ir,'up. rh..: r,'':'" 
,'n ":llh..:r 'Id..: ,.1" Ih.: .:.tI.:-,III(.II": r,'':'' .Ir..: !!":I1..:r.tlh ,h..:.lr..:d .lIId h":.I\lh IIIlrllci..:ci 0\ 
III1..:r"l·lill": p..:glll.llIt..: rh.: (.tI.:-,tll.:.lt..: Uilil 11-..:11 1ll.1\ h.n.: h":":11 d..:rn.:d I"r,'1ll Ih~ 
.1 lllpill o,·lil..: ,.1" Ul111 2.1 0\ ,h..:.lnllg .llId 1ll..:1.1,,'lll.III'Ill. \\ III.:h pr,.du.:..:d .1 ,,,:,:,'l1d.lr\ 
1.1\":flllg d":lin..:d 0\ Ih..: (.II.:III( .lIld llll.trt/-Illl(f,.dlll": 1.1\..:r, 

HORNBLENDE-BIOTITE-MAGNETlTE.QUARTZ GNEISS I~': I 

nil' r,'':'' I\p": I' .d". ,.1" lilllll..:d .'.:.:urr..:n(..: .llld h.I' h":":11 1ll.lpp..:c1 III ,'l1h 1\\,' 
pl.l':":' III "11 Ih..: ,h,'r..: ,.1" R.'Il LI"":. I lllll..: (II /l "1111 ,,'uth ,'llh.: IIIl.uth ,'llh..: Su\\.ln­
n.:..: RI\..:r I\\.IP -I 2 21. \\h..:r..: II I' 1111..:rl.I\..:r.:d \\Ith Ih.: (.lk-,tll..:.II": r,'':'' I~hl: 
.llid (Ill ~': nllk, IS "1ll1.:.I,1 ,'1 Ih..: 1ll,"1 'I,ulh..:rI\ lip "I R.lt 1..1"1.' I\\.IP -I 2 ~" 
\\ h..:r..: It , • .:(ur, .1' .1 1.1\..:f 11111 In:t I ~II III I 111l":". IIlI..:rl.I\..:r..:d \\ Ilh Ih..: .1 III plll­

h,.lil..: (2.11 

rh..: ~n":I" I' \\..:III.I\..:r..:d hUI \\..:.llh..:r' \\llh .11I ..:\..:n ,url".I':": L.1\..:nll~ I' d.:rill..:d 
0\ \.In.II~,.n' In Ih..: pr"p"rtl,'n, ,.l"hll'lll..: .llld Ill.rnhknd..:\\llIdl \.1[\ III\-..:r,..:h \\llh 
,'n.: .Ilhllh..:r .I.:r,'" ,In"..:. rh..: IIh'r.: Ih.rnhknd..:-ndl p,.rtll'lb ,.1" Ih..: gn':I,,· (l'lll­
pn,..: gr.:\ .111.1 p.d.: gr":':lll,h pili" 1.1\..:r,. (,'II'I'llllg ,'1 Ih·rnol..:lld.: llil 1 "', l. hl,'III.: 
IW·;). plagl,.d.I'': .Ind Illl.:r,.(lill': 11,11', I. l{U.lrtl I ~II', I .. Ind m.lgn.:llt.: II', I lh..: 
hl,1(III.: p,.rtlllll' ,.1" Ih..: gn":I" (,'lIIpn,.: 1 ~ 211 p.:r ":":lIt hll'III.:, .~ :' p.:r ':":111 Ih'rn­
o 1..:11 d..: .• Ind .~ p.:r .:.:nl 1ll.lgn.:lll.: \\lll..:l\ ,p.I.:.:d p.tI.: pili" Illl.:r,.(itll..:-ndl 1.1\..:r, 
.tll.:rnal.: \\llh Ih..: d.lr" gr.:\ .1l1d \\..:.I"h ,.:hl,I,"': hll.1I11( 1.1\..:r, 

s 

CALC-SILICATE ROCK (~O I 

Thl' rl'':'' I' ,.f nlll1l'r ..:\I..:nl III th..: 1ll.lp-.lr..:;1. OUI h":':;llh': ,·f Ih dhlln.:ll\': dur­
.1.:I.:r. It h.I' o.:.:n Ir.:.II.:d .l' .1 ,.:p.tr.II.: 'UhUIll!. It llLlI.:r"p' .11 IIH':': I,.(;dlll.:, In Ih.: 
1ll.lp-.lr.:a l'n.: nlll..: ,,'uth ,.flh.: lIh'L1lh ,.l"lh.: SLI\\.lnn..:.: RI\..:r (~[;lr ~I ~ 21: ,.:\.:n 
nil 1..:, "'L1lh..:a'l l.f Ih.: .10l'\": Il'(all,'n (~\.IP -I ~ ~ l: .Illd S nlll..:, ( 1.1 "lll I lll.fth ,.f 

~11'ln.lgu Ll"': (~\.IP -I 2 .~l. 

rh.: rl'':'' (l'lllpn,.:, .dl..:rnallng .:.II..:II.:-n.:h I.l~.:r' .lnd 1.1\..:r, n.:h III Ill.rnol..:nd.: 
.1l1d dll'p'ld.:. rh.: 1.1\.:nng I' P;lrll(ld.lrh prlllllln':lll ,'n ,'lll.:r,'p ,url".I':":' "\\Ing Il' 
Ih.: dltkr.:nll.d \\.:alh.:nn~ "I" Ih .. ':.II..:II.:-nch 1.1\.:r,. rh.: I.lll.:r .Ir.: pr.:dl'lllln.lnll~ 
\\ hll':. OUI ':"I~I.lIn prl'lllln.:nl d.lr". Ih'n.:\ hr,'\\ n ([\ ,I.d, "I" dll'P'ld.: .1l1l.l ,':;Ill.:r.:d 
.llllh.:r .:,.I,'ur.:d granul..:, ,.1 ,ph..:n..: rr":'1ll,lil":. ,,:pld,'I": .• Ind ,Illlllma .Iggr..:gal": 
.llkr pbgll.d.I,": .Ir..: \ I'lok III Illln ,..:dll'lI'. L..:n,..:, .Ind II1In cil'':''lI11nUllU' 1.1\..:r, l.f 
'luarll .Ind n11.:r,'.:lil1": (~t,. h nllll till':" I. \\i!llIn th..: .:.duII': 1.1\..:r,. llnp.lft.1 nhh..:d 
.lpp":;lr.ln.:..: "' Ih..: \\ ..:.llh..:r..:d ,url;I':":: II1In ·,..:dll'n, ,Ill'\\ th..: llll.:rl'.:lin..: Il' 0": rin..: 
gr.lIl1..:d \\ 1111..: Ih..: llu.lftl I' u'lI'ld..:r.lhh ':".Ir,..:r .llld h.I' ,tr,'ng ,lr.lIn ..:\lllll:lIl'n. 

[hr" 1;1\.:r, (~ Il' I ~ ':lll till':" I n(h III Ih'rnhl..:nd..: .lnd dh'P'ld..: .• Ir..: lllll.:h nhlr..: 
r":'I,I.lnt Il' \\..:.llh..:nng Ih.11I Ih..: (.Iklt..:-ndl 1.1\..:r, rh.:\ \\..:.llha \\llh .1 'pl'll..:d 
oulr .:,.Il'llr. OUI fr..:,li ,url.I":":' .lr..: p.d..: gr":":11 Il' d.lr" gr..:\-gr..:..:n. rh..: Ill.rnhl..:nd..: I' 
gr":":IlI,h hr,.\\n .11Id pl.lgh,(I.I''': I' IlIghh .dl..:r..:d t" ,..:n':ll..: .llld .:a!.:ll..: \[lIll'r Ir,'n 
,ulphld..:, .Ind ,ph..:n..: .lr..: .d". pr":,":lll. Ih.: 1.1((..:r I' .:\.:nl\ lli,trlout..:d thr,.uglhlul 
Ih..: r,'':'' .1' .:uh.:dr.tI t, •. Illh..:dr.d gr.llib IUP h' ,', l. nlill 1.1\..:r, ,'f lIU.lft/ .. dl..:r..:d 
pl.lgl".:b,..: .11Id (;11..:11..: .tI'I' "~leur Illlh..: d.lr" I.l\.:r,. llll.lrtl I' (,'llInll'nh dr.I\\n "1I1 
Inl,' kn,..:, \\ hl(h d.:rill": .1 (.II.ld.I,11( 1,l\1.11I"1l p.lr.tlkl I,' th..: I.l\..:nng. 

\ \\hll..: .1.:Idl': gr.lnlhlld r,'':'' II t,. ~ III thl':"" I' 'p,'r.ldl(.tlh Inl..:rl.I\..:r..:d \\llh 
th..: .:.tI.:·,III(.II": r,'(" [I (,'1I'1,1, ,'I 'Iu.lrt/l/l:",,, III1(r"dlll": 1.1,', l: hl,'III": II',). .llId 

dl"":lIlln.ll..:d P\ rrlh'lIl..: .llld p\ nt..: I I ~', I 

[h..: (;II.:-,tll.:al": r,'':'' ,'.:.:ur, .1' p.lrt "1 Ih..: Ir.III'llll'll.tI ''':l\u..:lI':'': h..:I\\":":lI Ih..: 
\\ .1,.:"\\.11I .llld SI.:"k-d..:n\..:d ~II":I"":'. f,'rllllll~ dl'':,'lIllllLh'U' 1.1\(r' III Ih.: hH.ti!.: 
.Ind h,.rnhknd..:-h..:.trlng gn":I"~' lunll, :'h .Illll hi "'llh..: SI.:"k (ir,'up. rh..: r,'':'" 
,'n ":llh..:r 'Id..: ,.1" Ih.: .:.tI.:-,III(.II": r,'':'' .Ir..: !!":I1..:r.tlh ,h..:.lr..:d .lIId h":.I\lh IIIlrllci..:ci 0\ 
III1..:r"l·lill": p..:glll.llIt..: rh.: (.tI.:-,tll.:.lt..: Uilil 11-..:11 1ll.1\ h.n.: h":":11 d..:rn.:d I"r,'1ll Ih~ 
.1 lllpill o,·lil..: ,.1" Ul111 2.1 0\ ,h..:.lnllg .llId 1ll..:1.1,,'lll.III'Ill. \\ III.:h pr,.du.:..:d .1 ,,,:,:,'l1d.lr\ 
1.1\":flllg d":lin..:d 0\ Ih..: (.II.:III( .lIld llll.trt/-Illl(f,.dlll": 1.1\..:r, 

HORNBLENDE-BIOTITE-MAGNETlTE.QUARTZ GNEISS I~': I 

nil' r,'':'' I\p": I' .d". ,.1" lilllll..:d .'.:.:urr..:n(..: .llld h.I' h":":11 1ll.lpp..:c1 III ,'l1h 1\\,' 
pl.l':":' III "11 Ih..: ,h,'r..: ,.1" R.'Il LI"":. I lllll..: (II /l "1111 ,,'uth ,'llh.: IIIl.uth ,'llh..: Su\\.ln­
n.:..: RI\..:r I\\.IP -I 2 21. \\h..:r..: II I' 1111..:rl.I\..:r.:d \\Ith Ih.: (.lk-,tll..:.II": r,'':'' I~hl: 
.llid (Ill ~': nllk, IS "1ll1.:.I,1 ,'1 Ih..: 1ll,"1 'I,ulh..:rI\ lip "I R.lt 1..1"1.' I\\.IP -I 2 ~" 
\\ h..:r..: It , • .:(ur, .1' .1 1.1\..:f 11111 In:t I ~II III I 111l":". IIlI..:rl.I\..:r..:d \\ Ilh Ih..: .1 III plll­

h,.lil..: (2.11 

rh..: ~n":I" I' \\..:III.I\..:r..:d hUI \\..:.llh..:r' \\llh .11I ..:\..:n ,url".I':": L.1\..:nll~ I' d.:rill..:d 
0\ \.In.II~,.n' In Ih..: pr"p"rtl,'n, ,.l"hll'lll..: .llld Ill.rnhknd..:\\llIdl \.1[\ III\-..:r,..:h \\llh 
,'n.: .Ilhllh..:r .I.:r,'" ,In"..:. rh..: IIh'r.: Ih.rnhknd..:-ndl p,.rtll'lb ,.1" Ih..: gn':I,,· (l'lll­
pn,..: gr.:\ .111.1 p.d.: gr":':lll,h pili" 1.1\..:r,. (,'II'I'llllg ,'1 Ih·rnol..:lld.: llil 1 "', l. hl,'III.: 
IW·;). plagl,.d.I'': .Ind Illl.:r,.(lill': 11,11', I. l{U.lrtl I ~II', I .. Ind m.lgn.:llt.: II', I lh..: 
hl,1(III.: p,.rtlllll' ,.1" Ih..: gn":I" (,'lIIpn,.: 1 ~ 211 p.:r ":":lIt hll'III.:, .~ :' p.:r ':":111 Ih'rn­
o 1..:11 d..: .• Ind .~ p.:r .:.:nl 1ll.lgn.:lll.: \\lll..:l\ ,p.I.:.:d p.tI.: pili" Illl.:r,.(itll..:-ndl 1.1\..:r, 
.tll.:rnal.: \\llh Ih..: d.lr" gr.:\ .1l1d \\..:.I"h ,.:hl,I,"': hll.1I11( 1.1\..:r, 

s 

CALC-SILICATE ROCK (~O I 

Thl' rl'':'' I' ,.f nlll1l'r ..:\I..:nl III th..: 1ll.lp-.lr..:;1. OUI h":':;llh': ,·f Ih dhlln.:ll\': dur­
.1.:I.:r. It h.I' o.:.:n Ir.:.II.:d .l' .1 ,.:p.tr.II.: 'UhUIll!. It llLlI.:r"p' .11 IIH':': I,.(;dlll.:, In Ih.: 
1ll.lp-.lr.:a l'n.: nlll..: ,,'uth ,.flh.: lIh'L1lh ,.l"lh.: SLI\\.lnn..:.: RI\..:r (~[;lr ~I ~ 21: ,.:\.:n 
nil 1..:, "'L1lh..:a'l l.f Ih.: .10l'\": Il'(all,'n (~\.IP -I ~ ~ l: .Illd S nlll..:, ( 1.1 "lll I lll.fth ,.f 

~11'ln.lgu Ll"': (~\.IP -I 2 .~l. 

rh.: rl'':'' (l'lllpn,.:, .dl..:rnallng .:.II..:II.:-n.:h I.l~.:r' .lnd 1.1\..:r, n.:h III Ill.rnol..:nd.: 
.1l1d dll'p'ld.:. rh.: 1.1\.:nng I' P;lrll(ld.lrh prlllllln':lll ,'n ,'lll.:r,'p ,url".I':":' "\\Ing Il' 
Ih.: dltkr.:nll.d \\.:alh.:nn~ "I" Ih .. ':.II..:II.:-nch 1.1\.:r,. rh.: I.lll.:r .Ir.: pr.:dl'lllln.lnll~ 
\\ hll':. OUI ':"I~I.lIn prl'lllln.:nl d.lr". Ih'n.:\ hr,'\\ n ([\ ,I.d, "I" dll'P'ld.: .1l1l.l ,':;Ill.:r.:d 
.llllh.:r .:,.I,'ur.:d granul..:, ,.1 ,ph..:n..: rr":'1ll,lil":. ,,:pld,'I": .• Ind ,Illlllma .Iggr..:gal": 
.llkr pbgll.d.I,": .Ir..: \ I'lok III Illln ,..:dll'lI'. L..:n,..:, .Ind II1In cil'':''lI11nUllU' 1.1\..:r, l.f 
'luarll .Ind n11.:r,'.:lil1": (~t,. h nllll till':" I. \\i!llIn th..: .:.duII': 1.1\..:r,. llnp.lft.1 nhh..:d 
.lpp":;lr.ln.:..: "' Ih..: \\ ..:.llh..:r..:d ,url;I':":: II1In ·,..:dll'n, ,Ill'\\ th..: llll.:rl'.:lin..: Il' 0": rin..: 
gr.lIl1..:d \\ 1111..: Ih..: llu.lftl I' u'lI'ld..:r.lhh ':".Ir,..:r .llld h.I' ,tr,'ng ,lr.lIn ..:\lllll:lIl'n. 

[hr" 1;1\.:r, (~ Il' I ~ ':lll till':" I n(h III Ih'rnhl..:nd..: .lnd dh'P'ld..: .• Ir..: lllll.:h nhlr..: 
r":'I,I.lnt Il' \\..:.llh..:nng Ih.11I Ih..: (.Iklt..:-ndl 1.1\..:r, rh.:\ \\..:.llha \\llh .1 'pl'll..:d 
oulr .:,.Il'llr. OUI fr..:,li ,url.I":":' .lr..: p.d..: gr":":11 Il' d.lr" gr..:\-gr..:..:n. rh..: Ill.rnhl..:nd..: I' 
gr":":IlI,h hr,.\\n .11Id pl.lgh,(I.I''': I' IlIghh .dl..:r..:d t" ,..:n':ll..: .llld .:a!.:ll..: \[lIll'r Ir,'n 
,ulphld..:, .Ind ,ph..:n..: .lr..: .d". pr":,":lll. Ih.: 1.1((..:r I' .:\.:nl\ lli,trlout..:d thr,.uglhlul 
Ih..: r,'':'' .1' .:uh.:dr.tI t, •. Illh..:dr.d gr.llib IUP h' ,', l. nlill 1.1\..:r, ,'f lIU.lft/ .. dl..:r..:d 
pl.lgl".:b,..: .11Id (;11..:11..: .tI'I' "~leur Illlh..: d.lr" I.l\.:r,. llll.lrtl I' (,'llInll'nh dr.I\\n "1I1 
Inl,' kn,..:, \\ hl(h d.:rill": .1 (.II.ld.I,11( 1,l\1.11I"1l p.lr.tlkl I,' th..: I.l\..:nng. 

\ \\hll..: .1.:Idl': gr.lnlhlld r,'':'' II t,. ~ III thl':"" I' 'p,'r.ldl(.tlh Inl..:rl.I\..:r..:d \\llh 
th..: .:.tI.:·,III(.II": r,'(" [I (,'1I'1,1, ,'I 'Iu.lrt/l/l:",,, III1(r"dlll": 1.1,', l: hl,'III": II',). .llId 

dl"":lIlln.ll..:d P\ rrlh'lIl..: .llld p\ nt..: I I ~', I 

[h..: (;II.:-,tll.:al": r,'':'' ,'.:.:ur, .1' p.lrt "1 Ih..: Ir.III'llll'll.tI ''':l\u..:lI':'': h..:I\\":":lI Ih..: 
\\ .1,.:"\\.11I .llld SI.:"k-d..:n\..:d ~II":I"":'. f,'rllllll~ dl'':,'lIllllLh'U' 1.1\(r' III Ih.: hH.ti!.: 
.Ind h,.rnhknd..:-h..:.trlng gn":I"~' lunll, :'h .Illll hi "'llh..: SI.:"k (ir,'up. rh..: r,'':'" 
,'n ":llh..:r 'Id..: ,.1" Ih.: .:.tI.:-,III(.II": r,'':'' .Ir..: !!":I1..:r.tlh ,h..:.lr..:d .lIId h":.I\lh IIIlrllci..:ci 0\ 
III1..:r"l·lill": p..:glll.llIt..: rh.: (.tI.:-,tll.:.lt..: Uilil 11-..:11 1ll.1\ h.n.: h":":11 d..:rn.:d I"r,'1ll Ih~ 
.1 lllpill o,·lil..: ,.1" Ul111 2.1 0\ ,h..:.lnllg .llId 1ll..:1.1,,'lll.III'Ill. \\ III.:h pr,.du.:..:d .1 ,,,:,:,'l1d.lr\ 
1.1\":flllg d":lin..:d 0\ Ih..: (.II.:III( .lIld llll.trt/-Illl(f,.dlll": 1.1\..:r, 

HORNBLENDE-BIOTITE-MAGNETlTE.QUARTZ GNEISS I~': I 

nil' r,'':'' I\p": I' .d". ,.1" lilllll..:d .'.:.:urr..:n(..: .llld h.I' h":":11 1ll.lpp..:c1 III ,'l1h 1\\,' 
pl.l':":' III "11 Ih..: ,h,'r..: ,.1" R.'Il LI"":. I lllll..: (II /l "1111 ,,'uth ,'llh.: IIIl.uth ,'llh..: Su\\.ln­
n.:..: RI\..:r I\\.IP -I 2 21. \\h..:r..: II I' 1111..:rl.I\..:r.:d \\Ith Ih.: (.lk-,tll..:.II": r,'':'' I~hl: 
.llid (Ill ~': nllk, IS "1ll1.:.I,1 ,'1 Ih..: 1ll,"1 'I,ulh..:rI\ lip "I R.lt 1..1"1.' I\\.IP -I 2 ~" 
\\ h..:r..: It , • .:(ur, .1' .1 1.1\..:f 11111 In:t I ~II III I 111l":". IIlI..:rl.I\..:r..:d \\ Ilh Ih..: .1 III plll­

h,.lil..: (2.11 

rh..: ~n":I" I' \\..:III.I\..:r..:d hUI \\..:.llh..:r' \\llh .11I ..:\..:n ,url".I':": L.1\..:nll~ I' d.:rill..:d 
0\ \.In.II~,.n' In Ih..: pr"p"rtl,'n, ,.l"hll'lll..: .llld Ill.rnhknd..:\\llIdl \.1[\ III\-..:r,..:h \\llh 
,'n.: .Ilhllh..:r .I.:r,'" ,In"..:. rh..: IIh'r.: Ih.rnhknd..:-ndl p,.rtll'lb ,.1" Ih..: gn':I,,· (l'lll­
pn,..: gr.:\ .111.1 p.d.: gr":':lll,h pili" 1.1\..:r,. (,'II'I'llllg ,'1 Ih·rnol..:lld.: llil 1 "', l. hl,'III.: 
IW·;). plagl,.d.I'': .Ind Illl.:r,.(lill': 11,11', I. l{U.lrtl I ~II', I .. Ind m.lgn.:llt.: II', I lh..: 
hl,1(III.: p,.rtlllll' ,.1" Ih..: gn":I" (,'lIIpn,.: 1 ~ 211 p.:r ":":lIt hll'III.:, .~ :' p.:r ':":111 Ih'rn­
o 1..:11 d..: .• Ind .~ p.:r .:.:nl 1ll.lgn.:lll.: \\lll..:l\ ,p.I.:.:d p.tI.: pili" Illl.:r,.(itll..:-ndl 1.1\..:r, 
.tll.:rnal.: \\llh Ih..: d.lr" gr.:\ .1l1d \\..:.I"h ,.:hl,I,"': hll.1I11( 1.1\..:r, 

s 



h 

'~lJ I '1'1"1 p'lIlf""1 "1 IlJ;;11 ,~I" I" 'qllllJ 1'111' ',~lIl'IJ P'I\I' ,~I" "1 1"IP'JI'd ,~JI' lJ~III\\ 
',~lIl'ld JI"~lJ' 1I1 '1'~'~If' 111.' 1',~.lI"'llI' 'I' '.111'.'" '''P' "lllIl'IIIIJP' '~lJ I '11''''IlI.'llfl1'J'I'I:>1 

"'11.11'11" I' III 'l'I'lq".I\lfdJo.,1 ,~l1';iIl"I" q' .111'.'" IIl"q p'J,~II,~;i III 'JI'pIIII'" \J,'\ q ... :>;il' 

lJI"q I" "IIIII'lIllfP' ,'If I I" lI'1I'1f ,'If I '1'1"1 '~"'Ill "I JI'lIl'ld P'I\I' ... I ,~IIIII'llIljP' I" 111'111' 

'.I"II,~~ 1'11o"'~' 1'1'111' ;;IIU,'\I'I "lJl Ifll\l 1','1'1"1 q ,~I1I1I'IIIIJP' I" lJo'll1'J"lI,~;i \fJI',' 11\ 

11"111'11''1.11'111'1,1 P'I\I' 111'1111\1 '1'1"1 'IIPIIIIII ,-t' p'IIIJ""1 "I 11f~1l "1111 I',~I'I".I"'I 1'111' 

11/ 1l.l1'1I""'IIIJ"'l'IIII""I'I"'I~I'I,1 "I 1','111." \P'I"'1f 'I "I.~II~ "Ill 'p'J,~II,'~ III 

I'll If 11 " 1','11'1""'" '11",·.1'1 \"I~ "'IIJ"'Plfdlll1' ~IIUI"~<1""'IIJ"III,~JI II' 
. \,'1;; ~.lI'I' ',~'I'I~"I;;I'ld'Il,I1'II""~IU"ll'l"""'IIl"llj I.~ 

11,','.1;:' \"J~ ,~IIII \lJd"lfllll"I,~1I1I'~"~IU"IJ'.I",' 1'1 

'jlllq "I \,~J~ ',~IIII1'\11 

'1111' 1'111' ,'I!J,'IJ'l," '1,'11.11';; ,'1'11'1.11', IfP\I 1l.lI'lIb"'IIIJ"'l'IIII",q'!~"I~l'ld':>III"I'1 II' 

,,'-tI.'1 1111;1 I'llI' '.I,~'I'I '11"111111 

'11o"'If' 111.1"1 "';;I'I'J!II,'''I' P'PIIIIII ;;111\\"11"1 ,'If I ,'11\''''11111 1'111' "lu"III' ';111).'11 

';;1'l11 ',~IIf''lIl''ll ',~1111 \lfd"lfllll' ,'1'111'111 '1'111"'hl 1I"I)1'I,~IP' 1'111' 'II"III'~,~J~;I' P"~"I 
q' 1'1111"1 "p'PlIllIl PlJl() ,~IIIJ"l1'1ll1l 1'111' "'I'I"'I~l'ld I" '11,'11.10.,1,'1.1 ,'1'11'1.1"\ .1" '1'1' 

,110" I' ,~~ 1I~ I 11',1'1'1,'1 ,'If I 1',\ I I,'IUI';; I'll I' 'I ',~ III ,'lllIl'III1IP' '1','1 II) ,'IU"ll'l".' 

I" 'llIll"llIl' ,'I"I'UI'\ 1'111'1 ',II~ ~II"III"lllll""lq 1','llI,'U" IIlI" I ",~I '11""111 'liP I,d 

"I'I"I"'II.1I'l1b .II'll1l1l'J;;II1""lIl 1I1' I" '1'1'11,'" ."hl ~""; P',it'llud "If I ~IIU"lJll"'\\ 
P'IIII,'.I"[IIf' ,'I ,'Ill' ,"111'.11",.1.11' 1"''1'11.1 I' ;I\I'1f I'llI' 1','111"1'" jllhj ,'.II' ... J"J"II1() 

II, '1)1'/111 II "J~ 

1'111' '1\,'11'111' 1I'IIJI'd lJ;;I1,'llJl "1.'11;;1'11'.1 "IIIf"d'IIIJ." 1" "IIIf:>d I' 111,'11 I','\U 

,,'I' 'I'" .11,"11 "1,'11;; ,'III 'llIQ)1'III,"I'j"1I1 If'I'I,·d 1'111' 11,'1'1111111 ''1I101)I1IJ ;llh,;iJ"I'II11 

'I'lf )1'111 ,'111'/ 1'.'111.1''1,'1' I' III '111"" IJ IIII~ t~ I ','Pili ~ I 1-t"'1 )1' .1"1 1"'.II'·J1'l1i "If I 

I" ,'Jill,',' "ljl ""lW IQ','IIII1," 'PII.'1l1IlU,'11111 '1'11.'1\.' 111111 ·'lljl'UI'\ '11I~1I1 '"11 

I t I SSI3N~ 311.1019-31I11AHdOH1N'I-31IN'IWIl1IS-311113101l0) 

~lIlJ"'I'1 "IP ,I" IJI'J I 1'J;i;l11l I 111' 

.'.11' \11/ 1I.1I'l1b""I'I""I;iI'I,I"'lIq",1J,'lIl1 1'111' 1""1',1, \!.'I'I" .'J"llI ;lJI' '~IIIl.lI'J ;1111"1'1 

"lfl Ilhl I'l )11111 "I JI'pIlII' \III'lI,'lII".dlll,'" q "l )111 I lI"II"".IIf' ~IIIl.lI'J :>111 ,'I 1:>1 

'p'JI'd 11I'lll'III,'U,' 1"'J.I"I".Id 1""';; I' "I'I,I'If' 1'111' lI\\'lIq :>\11" 'I "111"1'1 ;111.1 ;111)"1'1 

1"'l1'lIIUI,'''If' "lJI J"I '11''''111 I' IlU"1 "-t'I""I~I'ld 1'111' IIJI'I1" .II'II1I1I'J;iln":>1I1 '''I:>II;i 

,'Iplll "'If'II',1 .II'II1~:>J1I 10' 'P\I'I "\III'If' 1I1 Pljl1,' '111.'.'" :>11 1f.,,'.I,'1 111 "III '1 ',til ~I 
"11)"1'11'111' 'I ',~ I 1111 .'IIII,"'J,'lllI 'I ',Ill I IIJI'I1I, 'I' ,II~ ~tl "IlI,;ll'lIl'··,q'["";;If" ,I" '1'1' 

,11"., 1'1I1' 1"'II11'J;i IlIl1lj"'1I1 "I ,'lIll 'I ~"'J "If I III III S .1" ""II~.'lljl I' lj.'I':>.1 '1111';1' ,'Ill 

"'1'1 :>"'IP ",','1'1.1 III lJl'dl' 111.' ~ "I ~ 1"'.wJ, ',;iIlIlJI'd .'111"1'1 IIllp ;i11l'P' \pq'" 'llfJ, 

II ,'.'11'1.111' .[llhl :>p'd 1"'PIf)1','" 'IIP",'III' 1'1111\1 "'1111\1 \III'PlI,,;i 'I "I"II~ :>ILl 

I 'Ill 311.1 'IW~IW ON'I Il'll SSI3N!> 3111019 :>IH1 'IdS013~-OZUI'lnO 

'111 '11 I'PJJJ:>IIII 

p'JI1I'll.Il' "IP III 1';1)1'1"'111111".'.'1' :>'1 !II'.' 1I,'ll1'P1JPIlIl .I:>IIIQ JllI'.I!) :>1'1:'1IS ;I If I "I 

~11I'I,'q \1'1'1 It I 1'111' III '}I1111 Ip"q '\I;I'IlI'IU"lf\ I"~I dll"J!) :>IVIS :>111.!" "1:>1I;i 

1':>\IJ"i"""'~.II' 111' Ipl\l PI'III," III '.111".11) 1I1'\I~:>'I'\\ :>lll.I" I II "1:>11;; ,'1I}If;lJ 1':1.1:>11" 

\1I1;i1l1 I' 11I:""l,b.l '1'111 t )Ill 1:'1,'II"l1h", "I;;"I,'IP:1 "IVIS'III',,~;lq',\\ :>41 III 1':l,11'IJ 

\PI'I','l "'I III" '~""J I" .... '1111' "\II ·'If].I" J:>IIlI:>ll ','III';;J:>1'1I11 :>\l'lJ ''1:'1".1 :>':>lfl lJ:'IIlI" 

11I'IlI'UIo'q'I,'1lI 1f-t'I,.J 1'111' 1I"I)1'/IIII'I"J,':>l '1I"IlI'/I}I~llI;i1l1l I" ".'.1;;:>1' q;;1l1 "IP 1'\11' 

I','JI' '1111 III II'~I :>IIJ"'JllJ,IIIII' ,'lJI .1" ",'11:>''11' :>IP.!" ;I'I1I',':>H 'I_II :>)1111'.1;; 1'111' 11'<)1) 

.'1111"/11"111 1I1l'11b "I 1"'I'I1JIIII ','''I.'II;;I'.II'J 1':>1 11 III 1'.I;i \llJ;i11f .!" 11:><1 I' :>Q.lJ\II,',' I~ 
-I~ ,11'1\ I"~I'I P'}! .1" 1':>\lIIIJ.'1I1'1I1' 1,;1\1 \11111'111.111,',',' If ,'III \I ',.'''I:>U;; :>':>11.1 

(t :lj 'I'f) AIINI:H\1 NMON>lNn :JO S3SSI3N~ 

h 

'~lJ I '1'1"1 p'lIlf""1 "1 IlJ;;11 ,~I" I" 'qllllJ 1'111' ',~lIl'IJ P'I\I' ,~I" "1 1"IP'JI'd ,~JI' lJ~III\\ 
',~lIl'ld JI"~lJ' 1I1 '1'~'~If' 111.' 1',~.lI"'llI' 'I' '.111'.'" '''P' "lllIl'IIIIJP' '~lJ I '11''''IlI.'llfl1'J'I'I:>1 

"'11.11'11" I' III 'l'I'lq".I\lfdJo.,1 ,~l1';iIl"I" q' .111'.'" IIl"q p'J,~II,~;i III 'JI'pIIII'" \J,'\ q ... :>;il' 

lJI"q I" "IIIII'lIllfP' ,'If I I" lI'1I'1f ,'If I '1'1"1 '~"'Ill "I JI'lIl'ld P'I\I' ... I ,~IIIII'llIljP' I" 111'111' 

'.I"II,~~ 1'11o"'~' 1'1'111' ;;IIU,'\I'I "lJl Ifll\l 1','1'1"1 q ,~I1I1I'IIIIJP' I" lJo'll1'J"lI,~;i \fJI',' 11\ 

11"111'11''1.11'111'1,1 P'I\I' 111'1111\1 '1'1"1 'IIPIIIIII ,-t' p'IIIJ""1 "I 11f~1l "1111 I',~I'I".I"'I 1'111' 

11/ 1l.l1'1I""'IIIJ"'l'IIII""I'I"'I~I'I,1 "I 1','111." \P'I"'1f 'I "I.~II~ "Ill 'p'J,~II,'~ III 

I'll If 11 " 1','11'1""'" '11",·.1'1 \"I~ "'IIJ"'Plfdlll1' ~IIUI"~<1""'IIJ"III,~JI II' 
. \,'1;; ~.lI'I' ',~'I'I~"I;;I'ld'Il,I1'II""~IU"ll'l"""'IIl"llj I.~ 

11,','.1;:' \"J~ ,~IIII \lJd"lfllll"I,~1I1I'~"~IU"IJ'.I",' 1'1 

'jlllq "I \,~J~ ',~IIII1'\11 

'1111' 1'111' ,'I!J,'IJ'l," '1,'11.11';; ,'1'11'1.11', IfP\I 1l.lI'lIb"'IIIJ"'l'IIII",q'!~"I~l'ld':>III"I'1 II' 

,,'-tI.'1 1111;1 I'llI' '.I,~'I'I '11"111111 

'11o"'If' 111.1"1 "';;I'I'J!II,'''I' P'PIIIIII ;;111\\"11"1 ,'If I ,'11\''''11111 1'111' "lu"III' ';111).'11 

';;1'l11 ',~IIf''lIl''ll ',~1111 \lfd"lfllll' ,'1'111'111 '1'111"'hl 1I"I)1'I,~IP' 1'11 1' 'II"III'~,~J~;I' P"~"I 
q' 1'1111"1 "p'PlIllIl PlJl() ,~IIIJ"l1'1ll1l 1'111' "'I'I"'I~l'ld I" '11,'11.10.,1,'1.1 ,'1'11'1.1"\ .1" '1'1' 

,110" I' ,~~ 1I~ I 11',1'1'1,'1 ,'If I 1',\ I I,'IUI';; I'll I' 'I ',~ III ,'lllIl'III1IP' '1','1 II) ,'IU"ll'l".' 

I" 'llIll"llIl' ,'I"I'UI'\ 1'111'1 ',II~ ~II"III"lllll""lq 1','llI,'U" IIlI" I ",~I '11""111 'liP I,d 

"I'I"I"'II.1I'l1b .II'll1l1l'J;;II1""lIl 1I1' I" '1'1'11,'" ."hl ~""; P',it'llud "If I ~IIU"lJll"'\\ 
P'IIII,'.I"[IIf' ,'I ,'Ill' ,"111'.11",.1.11' 1"''1'11.1 I' ;I\I'1f I'llI' 1','111"1'" jllhj ,'.II' ... J"J"II1() 

II, '1)1'/111 II "J~ 

1'111' '1\,'11'111' 1I'IIJI'd lJ;;I1,'llJl "1.'11;;1'11'.1 "IIIf"d'IIIJ." 1" "IIIf:>d I' 111,'11 I','\U 

,,'I' 'I'" .11,"11 "1,'11;; ,'III 'llIQ)1'III,"I'j"1I1 If'I'I,·d 1'111' 11,'1'1111111 ''1I101)I1IJ ;llh,;iJ"I'II11 

'I'lf )1'111 ,'111'/ 1'.'111.1''1,'1' I' III '111"" IJ IIII~ t~ I ','Pili ~ I 1-t"'1 )1' .1"1 1"'.II'·J1'l1i "If I 

I" ,'Jill,',' "ljl ""lW IQ','IIII1," 'PII.'1l1IlU,'11 111 '1'11.'1\.' 111111 ·'lljl'UI'\ '11I~1I1 '"11 

I t I SSI3N~ 311.1019-31I11AHdOH1N'I-31IN'IWIl1IS-311113101l0) 

~lIlJ"'I'1 "IP ,I" IJI'J I 1'J;i;l11l I 111' 

.'.11' \11/ 1I.1I'l1b""I'I""I;iI'I,I"'lIq",1J,'lIl1 1'111' 1""1',1, \!.'I'I" .'J"llI ;lJI' '~IIIl.lI'J ;1111"1'1 

"lfl Ilhl I'l )11111 "I JI'pIlII' \II I'lI,'lII".dlll,'" q "l )111 I lI"II"".IIf' ~IIIl.lI'J :>111 ,'I 1:>1 

'p'JI'd 11I'lll'III,'U,' 1"'J.I"I".Id 1""';; I' "I'I,I'If' 1'111' lI\\'lIq :>\11" 'I "1 11"1'1 ;111.1 ;111)"1'1 

1"'l1'lIIUI,'''If' "lJI J"I '11''''111 I' IlU"1 "-t'I""I~I'ld 1'111' IIJI'I1" .II'II1I1I'J;iln":>1I1 '''I:>II;i 

,'Iplll "'If'II',1 .II'II1~:>J1I 10' 'P\I'I "\III'If' 1I1 Pljl1,' '111.'.'" :>11 1f.,,'.I,'1 111 "III '1 ',til ~I 
"11)"1'11'111' 'I ',~ I 1111 .'IIII,"'J,'lllI 'I ',Ill I IIJI'I1I, 'I' ,II~ ~tl "IlI,;ll'lIl'··,q'["";;If" ,I" '1'1' 

,11"., 1'1I1' 1"'II11'J;i IlIl1lj"'1I1 "I ,'lIll 'I ~"'J "If I III III S .1" ""II~.'lljl I' lj.'I':>.1 '1111';1' ,'Ill 

"'1'1 :>"'IP ",','1'1.1 III lJl'dl' 111.' ~ "I ~ 1"'.wJ, ',;iIlIlJI'd .'111"1'1 IIllp ;i11l'P' \pq'" 'llfJ, 

II ,'.'11'1.111' .[llhl :>p'd 1"'PIf)1','" 'IIP",'III' 1'1111\1 "'1111\1 \III'PlI,,;i 'I "I"II~ :>ILl 

I 'Ill 311.1 'IW~IW ON'I Il'll SSI3N!> 3111019 :>IH1 'IdS013~-OZUI'lnO 

'111 '11 I'PJJJ:>IIII 

p'JI1I'll.Il' "IP III 1';1)1'1"'111111".'.'1' :>'1 !II'.' 1I,'ll1'P1JPIlIl .I:>IIIQ JllI'.I!) :>1'1:'1IS ;I If I "I 

~11I'I,'q \1'1'1 It I 1'111' III '}I1111 Ip"q '\I;I'Il I'IU"lf\ I"~I dll"J!) :>IVIS :>111.!" "1:>1I;i 

1':>\IJ"i"""'~.II' 111' Ipl\l PI'III," III '.111".11) 1I1'\I~:>'I'\\ :>lll.I" I II "1:>11;; ,'1I}If;lJ 1':1.1:>11" 

\1I1;i1l1 I' 11I:""l,b.l '1'111 t )Ill 1:'1,'II"l1h", "I;;"I,'IP:1 "IVIS'III',,~;lq',\\ :>41 III 1':l,11'IJ 

\PI'I','l "'I III" '~""J I" .... '1111' "\II ·'If].I" J:>IIlI:>ll ','III';;J:>1'1I11 :>\l'lJ ''1:'1".1 :>':>lfl lJ:'IIlI" 

11I'IlI'UIo'q'I,'1lI 1f-t'I,.J 1'111' 1I"I)1'/IIII'I"J,':>l '1I"IlI'/I}I~llI;i1l1l I" ".'.1;;:>1' q;;1l1 "IP 1'\11' 

I','JI' '1111 III II'~I :>IIJ"'JllJ,IIIII' ,'lJI .1" ",'11:>''1 1' :>IP.!" ;I'I1I',':>H 'I_II :>)1111'.1;; 1'111' 11'<)1) 

.'1111"/11"111 1I1l'11b "I 1"'I'I1JIIII ','''I.'II;;I'.II'J 1':>1 11 III 1'.I;i \llJ;i11f .!" 11:><1 I' :>Q.lJ\II,',' I~ 
- I~ ,11'1\ I"~I'I P'}! .1" 1':>\lIIIJ.'1I1'1I1' 1,;1\1 \11111'111.111,',',' If ,'III \I ',.'''I:>U;; :>':>11.1 

(t :lj 'I'f) AIINI:H\1 NMON>lNn :JO S3SSI3N~ 

h 

'~lJ I '1'1"1 p'lIlf""1 "1 IlJ;;11 ,~I" I" 'qllllJ 1'111' ',~lIl'IJ P'I\I' ,~I" "1 1"IP'JI'd ,~JI' lJ~III\\ 
',~lIl'ld JI"~lJ' 1I1 '1'~'~If' 111.' 1',~.lI"'llI' 'I' '.111'.'" '''P' "lllIl'IIIIJP' '~lJ I '11''''IlI.'llfl1'J'I'I:>1 

"'11.11'11" I' III 'l'I'lq".I\lfdJo.,1 ,~l1';iIl"I" q' .111'.'" IIl"q p'J,~II,~;i III 'JI'pIIII'" \J,'\ q ... :>;il' 

lJI"q I" "IIIII'lIllfP' ,'If I I" lI'1I'1f ,'If I '1'1"1 '~"'Ill "I JI'lIl'ld P'I\I' ... I ,~IIIII'llIljP' I" 111'111' 

'.I"II,~~ 1'11o"'~' 1'1'111' ;;IIU,'\I'I "lJl Ifll\l 1','1'1"1 q ,~I1I1I'IIIIJP' I" lJo'll1'J"lI,~;i \fJI',' 11\ 

11"111'11''1.11'111'1,1 P'I\I' 111'1111\1 '1'1"1 'IIPIIIIII ,-t' p'IIIJ""1 "I 11f~1l "1111 I',~I'I".I"'I 1'111' 

11/ 1l.l1'1I""'IIIJ"'l'IIII""I'I"'I~I'I,1 "I 1','111." \P'I"'1f 'I "I.~II~ "Ill 'p'J,~II,'~ III 

I'll If 11 " 1','11'1""'" '11",·.1'1 \"I~ "'IIJ"'Plfdlll1' ~IIUI"~<1""'IIJ"III,~JI II' 
. \,'1;; ~.lI'I' ',~'I'I~"I;;I'ld'Il,I1'II""~IU"ll'l"""'IIl"llj I.~ 

11,','.1;:' \"J~ ,~IIII \lJd"lfllll"I,~1I1I'~"~IU"IJ'.I",' 1'1 

'jlllq "I \,~J~ ',~IIII1'\11 

'1111' 1'111' ,'I!J,'IJ'l," '1,'11.11';; ,'1'11'1.11', IfP\I 1l.lI'lIb"'IIIJ"'l'IIII",q'!~"I~l'ld':>III"I'1 II' 

,,'-tI.'1 1111;1 I'llI' '.I,~'I'I '11"111111 

'11o"'If' 111.1"1 "';;I'I'J!II,'''I' P'PIIIIII ;;111\\"11"1 ,'If I ,'11\''''11111 1'111' "lu"III' ';111).'11 

';;1'l11 ',~IIf''lIl''ll ',~1111 \lfd"lfllll' ,'1'111'111 '1'111"'hl 1I"I)1'I,~IP' 1'111' 'II"III'~,~J~;I' P"~"I 
q' 1'1111"1 "p'PlIllIl PlJl() ,~IIIJ"l1'1ll1l 1'111' "'I'I"'I~l'ld I" '11,'11.10.,1,'1.1 ,'1'11'1.1"\ .1" '1'1' 

,110" I' ,~~ 1I~ I 11',1'1'1,'1 ,'If I 1',\ I I,'IUI';; I'll I' 'I ',~ III ,'lllIl'III1IP' '1','1 II) ,'IU"ll'l".' 

I" 'llIll"llIl' ,'I"I'UI'\ 1'111'1 ',II~ ~II"III"lllll""lq 1','llI,'U" IIlI" I ",~I '11""111 'liP I,d 

"I'I"I"'II.1I'l1b .II'll1l1l'J;;II1""lIl 1I1' I" '1'1'11,'" ."hl ~""; P',it'llud "If I ~IIU"lJll"'\\ 
P'IIII,'.I"[IIf' ,'I ,'Ill' ,"111'.11",.1.11' 1"''1'11.1 I' ;I\I'1f I'llI' 1','111"1'" jllhj ,'.II' ... J"J"II1() 

II, '1)1'/111 II "J~ 

1'111' '1\,'11'111' 1I'IIJI'd lJ;;I1,'llJl "1.'11;;1'11'.1 "IIIf"d'IIIJ." 1" "IIIf:>d I' 111,'11 I','\U 

,,'I' 'I'" .11,"11 "1,'11;; ,'III 'llIQ)1'III,"I'j"1I1 If'I'I,·d 1'111' 11,'1'1111111 ''1I101)I1IJ ;llh,;iJ"I'II11 

'I'lf )1'111 ,'111'/ 1'.'111.1''1,'1' I' III '111"" IJ IIII~ t~ I ','Pili ~ I 1-t"'1 )1' .1"1 1"'.II'·J1'l1i "If I 

I" ,'Jill,',' "ljl ""lW IQ','IIII1," 'PII.'1l1IlU,'11111 '1'11.'1\.' 111111 ·'lljl'UI'\ '11I~1I1 '"11 

I t I SSI3N~ 311.1019-31I11AHdOH1N'I-31IN'IWIl1IS-311113101l0) 

~lIlJ"'I'1 "IP ,I" IJI'J I 1'J;i;l11l I 111' 

.'.11' \11/ 1I.1I'l1b""I'I""I;iI'I,I"'lIq",1J,'lIl1 1'111' 1""1',1, \!.'I'I" .'J"llI ;lJI' '~IIIl.lI'J ;1111"1'1 

"lfl Ilhl I'l )11111 "I JI'pIlII' \III'lI,'lII".dlll,'" q "l )111 I lI"II"".IIf' ~IIIl.lI'J :>111 ,'I 1:>1 

'p'JI'd 11I'lll'III,'U,' 1"'J.I"I".Id 1""';; I' "I'I,I'If' 1'111' lI\\'lIq :>\11" 'I "111"1'1 ;111.1 ;111)"1'1 

1"'l1'lIIUI,'''If' "lJI J"I '11''''111 I' IlU"1 "-t'I""I~I'ld 1'111' IIJI'I1" .II'II1I1I'J;iln":>1I1 '''I:>II;i 

,'Iplll "'If'II',1 .II'II1~:>J1I 10' 'P\I'I "\III'If' 1I1 Pljl1,' '111.'.'" :>11 1f.,,'.I,'1 111 "III '1 ',til ~I 
"11)"1'11'111' 'I ',~ I 1111 .'IIII,"'J,'lllI 'I ',Ill I IIJI'I1I, 'I' ,II~ ~tl "IlI,;ll'lIl'··,q'["";;If" ,I" '1'1' 

,11"., 1'1I1' 1"'II11'J;i IlIl1lj"'1I1 "I ,'lIll 'I ~"'J "If I III III S .1" ""II~.'lljl I' lj.'I':>.1 '1111';1' ,'Ill 

"'1'1 :>"'IP ",','1'1.1 III lJl'dl' 111.' ~ "I ~ 1"'.wJ, ',;iIlIlJI'd .'111"1'1 IIllp ;i11l'P' \pq'" 'llfJ, 

II ,'.'11'1.111' .[llhl :>p'd 1"'PIf)1','" 'IIP",'III' 1'1111\1 "'1111\1 \III'PlI,,;i 'I "I"II~ :>ILl 

I 'Ill 311.1 'IW~IW ON'I Il'll SSI3N!> 3111019 :>IH1 'IdS013~-OZUI'lnO 

'111 '11 I'PJJJ:>IIII 

p'JI1I'll.Il' "IP III 1';1)1'1"'111111".'.'1' :>'1 !II'.' 1I,'ll1'P1JPIlIl .I:>IIIQ JllI'.I!) :>1'1:'1IS ;I If I "I 

~11I'I,'q \1'1'1 It I 1'111' III '}I1111 Ip"q '\I;I'IlI'IU"lf\ I"~I dll"J!) :>IVIS :>111.!" "1:>1I;i 

1':>\IJ"i"""'~.II' 111' Ipl\l PI'III," III '.111".11) 1I1'\I~:>'I'\\ :>lll.I" I II "1:>11;; ,'1I}If;lJ 1':1.1:>11" 

\1I1;i1l1 I' 11I:""l,b.l '1'111 t )Ill 1:'1,'II"l1h", "I;;"I,'IP:1 "IVIS'III',,~;lq',\\ :>41 III 1':l,11'IJ 

\PI'I','l "'I III" '~""J I" .... '1111' "\II ·'If].I" J:>IIlI:>ll ','III';;J:>1'1I11 :>\l'lJ ''1:'1".1 :>':>lfl lJ:'IIlI" 

11I'IlI'UIo'q'I,'1lI 1f-t'I,.J 1'111' 1I"I)1'/IIII'I"J,':>l '1I"IlI'/I}I~llI;i1l1l I" ".'.1;;:>1' q;;1l1 "IP 1'\11' 

I','JI' '1111 III II'~I :>IIJ"'JllJ,IIIII' ,'lJI .1" ",'11:>''11' :>IP.!" ;I'I1I',':>H 'I_II :>)1111'.1;; 1'111' 11'<)1) 

.'1111"/11"111 1I1l'11b "I 1"'I'I1JIIII ','''I.'II;;I'.II'J 1':>1 11 III 1'.I;i \llJ;i11f .!" 11:><1 I' :>Q.lJ\II,',' I~ 
-I~ ,11'1\ I"~I'I P'}! .1" 1':>\lIIIJ.'1I1'1I1' 1,;1\1 \11111'111.111,',',' If ,'III \I ',.'''I:>U;; :>':>11.1 

(t :lj 'I'f) AIINI:H\1 NMON>lNn :JO S3SSI3N~ 



,hcanng sppcar'l III hc Ialcr Ihan Ihc gcncrallon llf Ihc aXial planar '1ll1imanilc and 
in\lllvcd ~,'mc rc~r\Slallllallll!1 "f Ihc ~IIhm;lnllc. ~[USCll\"ItC Ii.lrmcd dunn!! Ihc 
blcr sta!!C'l llf Ihc ~hcann!! a, fdl\" ,,:ncilc .IOJ Iar!!c Idillhl;ISII~ !!ralO~. CllrJ~e.:nlc 
ll((Ur, a~ linc III mcJllIm ~llcJ gr:lIn, 10 f,'IJcJ yu;rt/-nch kll'c~ and Ihin laycPi. 
5 mm III 2 ~m Ihid.: .IIlJ a, clclllgalc pl'rphyr"hb'h paralld tll Ihc aXial plancs 01" 
Ihc IIghl III I'"ldinal 1""IJ'I. Thc (llrJlcnlc p,'rphy r,'nla,h cllmll1l1nly ~onlain mdu­
'1l1ln, llf ~wlrlCJ ;IOJ nll(rollllJcJ tihr,'hlc. rhc dl'llgalllln ,,1" Ihc p,'rphymhlasts 
anJ Ihc 1""IJmg ,'f ~llrJlcntc-yuartl Iaycr, h"lh mJlc;llc .1 ph;I'Ic of Jcf"rm;llillll 
p,hl-Jalmg ~n 'lalh';III"n of Ihc ~orJlcn IC. (i.lrnCI ,'c~ur' .1'1 dC;lr pllrph y rllhlaslS. 
"lInc wllh IJI"hla,llc nm'l. Tw" JI,lInd ;Igc' "f garncI grllwlh arc rcprc'lcilled. [hc 
Idi"hlaSIIC rml, ':,'rrCSp'lIlJmg 1" a pen"J "f mClam,'rphl'lm unJcr ,tall~ ~'lIlJilllln,. 

Thrcc ~,lmp"SlIl,'nally Ji'alO~1 I\PC~ ,'f b\t:r, .11", ,'~cur 'p,'raJi~ally in unil ~. 
and arc he,1 e\p,,,cJ ,In Ihe ,h,'rc'l"f R;II Lilc. Thc,c 1;I\cr, ,Ire.: IIghll\ IlllJcd. wilh 

h'lllJm, Jc\d,'pcJ ,'n Ihc f"IJ limh, 
(n meJlum-gralOcJ ;lIl1phlh"hlc. f"r1ll1ng dl,cllnllllu,'u, laycr~ \\hl~h .Irc ~,'m­

plc\ly f,'IJeJ wllh Ihc .:"rJlcntc gn':I": 
(Iii hbd: c4uIgrailular tinc-gr;lIncJ .1Iuphlh,)hl.: . .:,'nt.lIlllng rcJ pm-hcad garnch 

fhl' ;lmphlhllhIC .. Ippcar, I" f,'rm .1 f,'lJcd .lIld h"udlllCd b\t:r. D.o 1" 1.5 m 
Ihl.:l .. II,'n!! Ihc wc,1 ,h,'rc ,'f R.II Llle.:: 
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WEAKLY MAGNETIFEROUS QUARTZO-FELDSPATHIC GNEISS (5.1) 

TllI~ lInll "':':lIPIe:, .1 large: .lre:.1 In Ih.: "'lIlhe:a,1 .Ind e:'l.Ie:nd, ulle:rnll[[e:ntl~ 
ndrthl\e:'1 ;tal'"~ Ih.: mar-.lre:a (\1.11' 71 2 2). Olh.:r '1/e:ahle: h",he:, ,I.:.:ur .1Il1ng 
Ihe: Re:adlllg .Ind R.II RI\.:r, (\bp' ., I 2 2 .Ind ., I 2 -'). [n Ihe: e:'l.lre:l1Ie: "'lIlhe:a,1 
,:,'rne:r "f Ihe: map-.lre:a \\1.11' 71 2 .1) .. 1 I.lrge: 111.1" "f 'llIarll nhln/llnlle: (Ina) I' 
,e:parale:d fr"111 pc:lill': gn':I" ( I) hI pe:r'I'I':1I1 h.:lh (':lIl1In1< lnll .lh,'UI ,'ne:-'Iuarte:r 
nllle: \\Ide:) "f unll 5.1. 

Olll.:r,'p' .Ire: ,n1<I,'II1 .. IIIJ IIe:alh.:r hulr 1,1 1'.11.: gr':l: Ih':l ,h,'\\ gr;mlliar l\uartl 
.Il1J kllbpar. .mJ .lh"UI I pc:r .:cnl ,h"':l11l1l.ll.:d 1Il.lgnc:lIle:. BI,HII': I' urllf,'rmll 
di,tnhule:d IIH,'uglwul Ih.: r,'d •. Ind .11", 1,'rl1l' IllIn iale:r, ,Ir partlllg' 1\llh IlIghl~ 
lanahle: 'pa.:rng. The: 1lI.lIn .:,In,lIlu.:nl, "f Ih.: gn':I" .Ir.: nll.:r"dlrle:. piagllld.I,e: 
.lnJ quart/. wllh ,'II\e: gre:.:n 1" J.n!.. br"I\n hhllll.: 15 III'·;). Slalrl.:J ,lah, ,Ihl\\ .:,,11\­
P"'llh'nal 1.IIc:nng dc:rin.:,1 hI 1.lrI.lhle: pr"p"rthln, "f III1.:r"dll1e: .wd piagl"da,e: 
(ir;lIn ,II': I' line: 1" m.:dlllln .111.1 Ih.: IC:'l.lur.: I' me:'lulgr;lrIul.lr-gr.llhlhl.l,II': \\llh ;1 
I\e:a!.. prde:rre:d ,lrlc:nlall,'11 "f Ih.: bl,'IIIC: SIII.III .llIhllUlh "f ,lIlunamle: ,I.:.:ur 1"':;1111 
.wJ !llrl1l c:I"ng.ll.: p,'rplll r"bl.l,I,. 

T\\" l\ pe:, lIf gr.lIl1l1.: 111"hllll.lle: ,'.:.:ur 1\llllIn Ih.: gne:I" p.dc:. tle:,h pUI!". 
me:dlllln-gr.lln.:d Ill': .111.1 d.:.:p r.:d. p.:gl11.llIlI(. Illl.:r,'.:line: gr.lIl1lC: 1\ hl.:h ,'.:.:ur, .1' 
IllS. JI !..e:, .wd larg.:r Irr.:glll.lr h"dl':' 1\ III.:h ,:UI Ih.: e:.lrlie:r pin!.. !tn. (he: r.:d p.:g­
malill.: ~ralllle: .:,Inl.lllh 1.lr:!e: Irr':~lIl.H el"t- "f 1II.1:!1IC:1l1c: .. llId Ih.: "1111 "h,e:n.:d 
,,':':lIrre:r;.:.: "f ,:,'rdl.:nl': III ~IIIII '.; f,'rlll' ,111.111 .lllh~dr.tl d.lr!.. hili': .:n,I.II, 111 1111' 
pe:gm.llll':. (i re:.:n 1" re:ddl,h .:.lklum·nLh lell'':' lip 1,1 II 5 X 1.11 rn ,'L':lIr· 'p"r;ldl.:;lIh 
1\llhlll Ih.: ~ne:I" 15.1). I'h.:,.: le:n,e:, .Ir.: ,:,'nl.lIlI.:d 1\1111111 Ih.: 1.IIe:nll~ III Ihe: ~n':I" 
.wd .Ire: .:,lr;lp",.:d "f pl.ltl"d.I,e: .Ind 'llI.lrtl Ih.: pl.lgl,'.:I.I,e: I' .dlll~"1 ,:,'mple:ld, 
.1I1e:r.:d 1,1 c:pld,'Ie:. 1,11'llc .111.1 .:iUhl/"I'IIC 
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1'111' 11Il11 "':':llr, 111 Ihc "'lllhcrn r.lrl "f Ihc 1ll.lp·.lr.:.1. .Ind III nl.lnl I'I.ILC' II I' 
In dtre:c:t ,:,'nl.I.:1 1\llh Ihe: pe:lill': gllCI" III "I Ihe: \\ .1,c!..\\.ln (irlllll' (Ill: .1.:llI.II .:,In· 
U.:I rcl.III,'n,hlp. h,'\\cle:r. I' "I"':lIrcd hI Inlcn" ,hc.lnng. Inlrll'll ln, "f mt.:r"dlne: 
gr.lll1le:.p.:gm.IIII': .1 nd 'I 1I.1 rtl 1':111' ()u I(r"p' ,,( un II 'h .1 r.: d.lrt.. gre:1 .1 nd II c:a Ihc:r 
e:\e:nll rhe: r,'':!.. I' Illllda.II.:1I ,dll,I,"': .Ind Ihlll dl,(,'nttrllll'll' 1.IIe:r, "f pl.lgl"­
.:1.1,e: .Ind 'llI.lnl UlIr.lrt .1 11e:.I!.. 1.11e:rulg (Illn '':c·lhln, .Ind ,(.llne:d ,1.11" ,h,'\\ line: 
1,1 m.:dllll1\-gr.une:d "Ii:!,'.:I.I,e:·.lI1d':'lne: 1-111 -I",). 'Iu.lrll I ~S', I. \.In.lblc: .1IIh lllnh 
"f mleT".:ilne: (I ~I)',) .lIld blllllle: 1211 2:", I. Ihe: 1.1[[.:r ,h,'\\lng.1 prc:le:rrc:d ,'rle:nl.l-
11,'n. \l.l t "e:III.: I.\', I I' lllllf"rmil dl"c:mln.lle:d I he: IC:'l.lur.: I' lIle:cIIllgr.lnlll.lr gr.lrI· 
"bl.I,II': 1\llh I".:.tl c:r,,,,·,'ne:nl.IIIl'1l ,'f hllllll.: \ 1.H1.lhk 'p"tte:d .lpl'e:.lr.ln.:.: I' 
.:.Iu,.:d I" Ih.: pre:,e:nc:c "f I III pc:r (CIlI pl.l:!I,,(I.I'C·'lu.lrtl !..n"l, 1\ Ilh .:,Ire:' 
lIf m.lgndlle: 
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rhe: Ihlrnhle:ndc-hhltlle:·Ill.lgnc:llle: tn':I" ,I(c:ur, III Ulnl.lc:t 1\ Ilh lInlh '.1 .Ind 'h 
III Ihc ",ulhe:rn p.ln "f Ih.: 1ll.lp-.lr.:.1 In Ih.: ",ulhe:.I,1 p'I[[I,'n "I Ihe: ({.II LI!"c: .lre:.1 
(\1.11' i I 2 2). Ihe: gncl" Ih) I' Ilthlh 1"ld.:d .uld ,1(':lIr, In Ihe: (,Ire:' "I .lnlll,'rlll.1I 
,lrllc:\lIre:'. ,,:parale:d fr,'1I1 Ihe: W.I,e:!..I\.1rI (ir"lIp pdlll': gllC:I" II) hI lInll '.1 rhe: 
'.1I11e: rc:l;IIIlIIl,hlr I' pre:,e:nl III Ih, ,,'lIlhl\.:,1 ulrna "I Ihe: \lIn.lr'!..1 1..1!..e:, .Irc:a 
(\1.11' i I 2' I. \\ he:re: Ih.: h,'rnhknde:-hh lllle:·Ill.lgn.:lIlc: gne:I" 11.ln!.., .1 'hl.:!..-II!..e: 
b,'dl "f 'llI.lrtl n1<ln/"nllC: I 11l.11. On Ihe: h.I'I' "f 1111' re:I.llllln,11I1' .Ind Ihe: Infc:rre:d 
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ha' he:e:n pl.I.:.:d 1\llllIn Ihe: Sld.le: (inlur. ,lr.lllgr.lpllll.llh .lh"I': Ihe: 'llI.I[[/lI-ldd,-
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METAMORPHISM 

INTRODUCTION 
The metamorphic histllry of the area has bcen based lln the Identitication and 

correlation of certain index minerals and critical mineral assembla!!c~ (Tablc 7 and 
Figure 5). -

Two main rcgional mctamorphic cvcnts have becn rccogOilcd and thc'c havc 
been related to the dc:fllrmation of thc area (Tabk 9). The conditions llf thc tiN 
phase of regional mct,lmurphism (M;) wcre intcrmcdiate to high prcs~urc and high 
temperature. characteristic of the Barnwian type of metanlllrphism. The seCllnd. 
and dominant episode of regional metamorphism (M:) was to thc uppcr amphibo­
lite facies of Abukuma-type metamorphi~m. under cllfiditillOS llf Illw to interme­
diate pressure (3-5 kb) and high temperature. 

Overlap bctwecn Abukum;l-typc metamllrphism and cllOditillOS llf CllOt,lCt 
metamorphism arc mdicated by the prc~encc llf the hornolcndc-cllrdicritc-anthll­
phyllite assemblagc (6a) which is mdicatlve llf conditillns llf the llrthllamphiolllc 
subfacics of the potassium tdd~par-curdicrite hllrnti:\S facic~ (Winkkr. 1967). Thc 
contact mctamorphism (M:h • Tabk 9) IS rclatcd tll the emplacement llf the 4uartz 
monzonite (16a. 15a). 

Retrograde met,lmllrphism (M d which rc~ultcd in the fllrmatlllO llf musCllvite. 
biotite and chlorite. is re~trictcd tll Jiscrete ,hear~. 

In the following sectiun of the rcp"lrt. the cnllc;t1 mmcral as~emblages m T;lolc 7 
arc discussed in detail anJ related tll the met;lIl111rphIC .LOd ,trllctllral histllry llf the 
area. 

TABLE 7. CRITICAL MINERAL ASSEMBLAGES AND INDEX 
MINERALS IN THE RAT LAKE AREA 

____________ ~I~i.':~I--'~S\!~~lages 

ga rnet-horn blcnde-plaglodase 

2a hypersthene-garnet-sillim;lnite -I.- cllrdientc 
2b anthophyllite-orth'lpymxene 
2c anthophyllite-cordieritc-hercYOIte 
2d garnet-sillim,lnl te- hercyn lle-corJiente 

3 silli mani tC-lHthlld,lse-ga rnet -bllltile 

4 sillimanite-cordicrite-garnet-mlcrodine 

5 hcrcvnlte-m.umetlte-cordiente-earnet-l.-
sillimamte - -

6a cordierite-anthophyllitc-hornolcnde 
6b hornblende-trenllllite -I.- dillpslde 

7 muscovite + chlorite-mlcmdine-slllimanlle-
magnetite 

8 andalusite-chloritc-muscovlle 

29 

In~k, mmeral~ 

hyper~thenc 

anthophyllite 

garnet 

~Illim;lnlte 

Cllrdlente 

llrthocl;lse 

andalll~lte 

mllScovlte 

chlllrlte 

tremolite 
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DISCUSSION OF MINERAL ASSEMBLAGES 

ASSEMBLAGE I: GARNET-HORNBLENDE-PLAGIOCLASE 

This asse:mhlage: lllxurs in an ;Implllh,.lil': whl..:h 'llll..:r,'p~ al,'ng Ih.: we:~I.:rn 
shore: of Rat Lake: (Figure: 5. LII..:ali,ms I and ~). Th..: .Implllhllltl": ,'..:;.:ur~ ;1' di''':,lI1-
tinuous houJin..:d byers ~ tIl 5 fe:et (0.0 l.~ m) [hId. \\lIhtn [h..: paragnel" H). The 
;Imphihlllite is e:quigranubr ;LOd medium gratn..:d. 

This ;lsse:mhl;lgc is signili..:an[ in [hat II " indl..:alln: "f 11Igh pr..:"ur..: .Ind hl1!h 
Ie:mpe:ralurc Barrovi;m mc:tanlllrphism (Tahk X). In Ih..: Bamlllan lIP': m":I;lnh~r­
phism Ihe: almandine:-hllrnhlcnde ti..: lin.: (Ftgur..: oa) I' e~lahli,h..:d dunng lllwer 
amphihlllilt: mt:tanlllrphi,m and pt:N'h 1" Iht: high":'1 ~uhra":It:~ "f Iht: amphlh,,\t[t: 
fa..:it:s. L'nd..:r lllwt:r prt:s,urt: ":llndililln, "f .·\hukul11a-l~ pt: mt:lanlllrphl,m. Ihl\l­
..:vt:r. tht: pt:rsistt:n..:t: llf Ih.: lit: lint: plaglll..:la~..:-.llllhllph~tlilt:. ":lIlllllllngl,'IlIIt: 
Ihr"ugh tht: amphlh,'lilt: fa..:it:, (Figurt: oh). prt:..:Iud..:, Ih..: ":"":\I~It:ncc ,.f hllrn­
hkndt: and almandint:. 

Tht: ":llndill'lO~ ,.f mt:tanhlrphl~m 'lIgge~lt:d hI Winkkr (19h7) f,'r [hi, a~s":l11h­
bgt: art: prt:"urt:' "f X h' 9 kll,.har, and It:tllper;llUr.:, rangtng fr,.tll 0)0 I,' 7Iln'c. 

Tht: re'itri":lllln "f Ihl' a,,":l11hla1!t: I,. ,'nll Iw,1 I,'.:altllt:~ I' .Idllllllt:dll ,..:anl eli­
de:n..:t: ti..r .1 dislln..:1 r..:gl,'n;t\ \1, ~1":lanwrrhNll. H"IIt:lt:r t:\ Id..:no.:t: 'f,'r Ih..: \1, 
mt:lanhlrphism t:b..:wh..:rt: tn Iht: 1ll;lp-art:a I' .I"ulll..:d III h;II": ht:t:n largd~ "hltler­
ale:d h~ Iht: "It:rpnn[ing l.f Iht: ,uh~t:llut:nl \1: r..:gllln;tl ':I..:nl. 

ASSEMBLAGE 20: HYPERSTHENE·GARNET -SILLIMANITE + CORDIERITE 
ASSEMBLAGE 2b: ANTHOPHYLLlTE·ORTHOPYROXENE 
ASSEMBLAGE 2c: ANTHOPHYLLITE-CORDIERITE.HERCYNITE 
ASSEMBLAGE 2d: GARNET .SILLIMANITE-HERCYNITE-CORDIERITE 

Tht:,t: fllllr ulllllut: a"t:lllhlage~ ,'..:..:ur .11 ,'nll .. nt: I,'o.:;tlill III [h..: m;lp-.lr..:a. ,III 
Iht: wc~lt:rn ,Ihlrt: "f Ral Llkt: :;,~~ Illlk~ (5,~ km, dlreo.:ll\ nllrth "f Ihe nll>lIlh "f Iht: 
Suwannt:t: RI\t:r (h1!llrt: 5. 1.,1..:.IIl,'n :;). rh..: rll..:k, "lnlallltrH! Iht:,..: f"ur .I"t:mh­
bgt:, ,'Ulo.:r<'p wllhLO -.In .Ir..:a "f .lppr,'\lmald\ l.OO() ~llu.lrt: ft:.:l. Tht:\ h;l\ t: h.:t:n 
a,slgnt:d 1" unt! 4. hUI hal t: Ill> o.:"unlt:rparh In Ih..: r..:~1 "f Iht: 1ll;lr-.lrt:a. Th..: ,'ul­
..:wp ,,:,'Illprt't:' (hgur..: 7" 

a) a kns "f llla"I\t: nW1!n..:lll..: hO kt:1 (IS III I Illn1! .Ind.~ 5 kd (I 1.5 m I Ihlck: 
h) .1 p,'rph~r"hla'Il": .~nllwpll\lltlt: ,..:111'1. ';'lfliatrllng lan.lhk .Inhlunh "f 

p"rph~ rllhla,Il": garn..:\. ":llrdlt:nlt: .Ind Illaglll:lllt:: 
..:) 1;1~t:r' "f gn:\ llU.lrllllt: 1IIIh hl,'III": 1.\lllm.llllln, .Ind I;trt.lhk hu[ Illtrll'r 

.Inlllunh "f .Inllwpll\ 1111":. g.lrnd .llld lllagn..:llI..:: 
d I ..:"rdl..:rtlt:-g.lrnt:[-p,'[a"tlIlll klll'par pt:glllalll..:, 

Tht: p,'rphH"hla,Il": anlh"ph\ llll..: ,..:hl'l (II' ":llntallh Ih..: f,'ur ..:nll..:al .I"..:mh­
lagt:, ~a. h . ..: .• Ind d. Iktldlllll (1971) h.I' ,uhdlll.kd [hI' 111111 ,In Ih..: ha'I' "fl..:\Wr..:, 
and l;trlall,'n' III IllIl1..:ral,'gI..:al ,,:,'mpll~I[lllll. Iht:,..: ,uhunlh h.II": h":":11 ,,:,'Illhlnt:d 
tn Ihls rt:p"rt hI 'Itllplll\ Iht: dl,,,:u"llln, I'h..: p,'rrll\ r"hl.I,II": .llltllllpll\ II I I..: ,..:111'1 
IS al'" Iht: nh"l ,mkmg r,'..:k lin Ih..: lluh:r"p ht:..:.lu,,,: "I' Ih t,'p,'gr.lr lll ": rdld .llld 
1..:\lUr..:,. On ,1(1": part "f Ih..: "uI..:r,'p (hgur..: 71 II fllrm,.1 kn,'ll \\ h,,,..: a,mn ,land, 
~t:\..:ral ft:t:1 ah,'\": Ihe: rt:,1 "f Iht: "ulo.:r,'p Tht: d.trk gr..:..:n hI hl.l..:k .lllllhlrh\lltlt: 
,..:hl,1 ":lln'lsh "f radlaltng .1":lo.:ular ":rI,lal, "f .lllllwplll I It I..: .LOd ,;,'nl.IIIl' .lhund;\I\I 
pllrrh~ rllhla,(s "f garn..:\. ..:"rdl..:nl..: .• llld l11agn":III":. I'h..:,..: p,'rph\ r"hla,I' rangt: 
fnlOl 'lOt:-h;tlf tn..:h ( \.3 ":111) I,. -' m..:h..:, (5,;111) In dlam..:l..:r (,h..: gr":l -hlu..: p,lrrhH"­
hla,h "f o.:,'rdlt:rtlt: ,;"nlatn grarwh\;t'Il": h..:r":lrlll..: .lIld ,,'111": "f Ih..: 1!r..:\ -hlut: ,;,'rdl­
t:rile:, ":llnlatn ..:,Irt:' "f garnt:l. Tht: Illagnt:ltlt: 'pl1t:r'lId~ III ,Int: pla,;t: ,In Iht: ,luI.:r,'p 
havt: a Ihlll ,Iult:r \;tl..:r "f 1!arnt:1 (I'\;tl": -'AI, \'.In.lhll '11t:d l!arn..:I' .tl,,' f,'rm ":11111111-
lllIU, It:tns whl..:h h'a\ c tillt:d fra..:lurt:, tn tht: .11l111l;pI1l Iltl~ ,..:111,1 (1'1.11": ~B) . 
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Figure 7: Simplified outcrop map (after Baldwin, 1971) showing distribution of 
main rock types; gamet-cordierite-anthophyllite rocks, west shore of 
Rat Lake. 

The cordierite-feldspar pegmatite is an equally spectacular rock. It forms a 
small lens 10 feet (3.3 m) by 15 feet (5 m) and consists of pegmatitic microcline, 
quartz, and cordierite. The cordierite occurs as clear, deep blue massive clots and 
more rarely as euhedral hexagonal crystals. Garnet is rare, occurring as small irre­
gular grains within the cordierite. 

Baldwin (1971) has proposed that the four critical mineral assemblages in the 
porphyroblastic anthophyllite schist are indicative of two phases of metamorphism. 
The assemblage hypersthene-gamet-sillimanite ± cordierite (assemblage 2a) is 
indicative of granulite grade metamorphism and was produced by the first phase of 
metamorphism. The coexistence of cordierite, in this case a high magnesium cordi­
erite, and hypersthene has been attributed by Baldwin (op. cit.) to the unusual bulk 
chemistry of the rock. The rock is high in alumina, magnesia and iron, and low in 
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Figure 8: Hypothetical diagram (after Turner, 1968) showing shape of the stabil­

ity field of cordierites (stippled) as inferred from geologic data. 

Microcline occurs as interstitial grains in the quartz-feldspar mosaic of this 
rock, and as larger ovoid porphyroblasts which contain abundant inclusions of 
plagioclase, quartz, biotite and graphite. The porphyroblasts overprinted the S 
layering and biotite schistosity and are therefore considered to be further products 
of the M2 metamorphism, specifically resulting from the partial anatexis which also 
produced the quartz-microcline-cordierite pegmatites. 

ASSEMBLAGE 5: HERCYNITE-MAGNETITE-CORDIERITE-GARNET ± SILLIMANITE 

This assemblage was found in the pelitic gneiss at only one locality in the map­
area, three miles (5 km) directly south of the most southerly point of Rat Lake 
(Figure 5, Location 6). The pelitic gneiss at this location possesses a crude layering 
defined by concentrations of cordierite and garnet porphyroblasts in one-half to I 
inch layers (1.3-2.5 cm) alternating with quartzo-feldspathic layers I inch to several 
inches thick and containing only scattered porphyroblasts of garnet and cordierite. 
The porphyroblasts are highly elongated parallel to the compositional layering (SI). 
Five distinct types of porphyroblasts occur: (i) garnet; (ii) garnet-cordierite inter­
growths or garnet with rims of cordierite; (iii) garnet with rims of cordierite, quartz 
and magnetite; (iv) cordierite with fibrolite inclusions; (v) cordierite with magnetite 
and minor hercynite inclusions. 

As in assemblage 4, the coexistence of potassium feldspar and sillimanite and 
the presence of garnet are indicative of the upper amphibolite facies. It is also evi­
dent that Abukuma-type metamorphism (M2) causing replacement of garnet by 
cordierite, succeeded an earlier (M,) phase of metamorphism during which the 
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silica and verv low in calcium. The lither three assemhb~e~. ~h. ~c and ~d. were 
ti.Jrmed during the secllnd ph;lse llf met;lnlllrphi,m and ar~ Indi-:allve llf the cllrdi­
erite-amphlhl,(jte facies. These arc retrllgrade a"emhlage, rebtive tIl ~a. Textural 
evidence shows that the fllllllwing reactillOs llccurred dunng thi, ,ecllOd pha,e llf 
me:tam"rphism: 

(i) ~;Irnet + sillimanite • cllrdiente + herc\ mte 
(ii) :lrlhllpymxene + Si~: + H:O • anthllpinllite 

(iii) anth'lphyllite + hercynite • cllrdierite 

ASSEMBLAGE 3: SILLIMANITE-ORTHOCLASE·GARNET ·BIOTITE 

This assemhlage W;IS f"und llnl~ 10 the pelillc gnei" II) t~lur mile, (h.5 ~m) 
directly sllUth "f the mlllllh llf the Suwannee River (Figure 5. LIlcalilln -l). 

TWll phases "f upper amphlhlllite grade metanlllrphism ..:an he IIlferred t"rllm 
this assemhbge hased 110: 

(a) the coexistence lIf plllassium kld'par With ,llIimanlte and the ;Ih'ence Ilf 
muscllVite: and 

(hI the texture llf ihe mlOeral ;1S\emhlage. 

The rock is strllngly t~lliated. Sillimanite knlll'- and needle,. and p'lrph~ ruhlas(s 
llf hlHh garnet ;lIId micrlldlOe arc elllilgatcd p.lrallel III the hlllllte ,dll,tll'lty. The 
garnets cllmmllnl~ cont.lln '\\lrled tihrllltte. \ticrlldlOe and pbgll'dasc t~lrm an In­
e41l1gr;lnular nlllsalC. Sm.dl gr;lIn, "f 'lrlhlldasc were Identltied IU'lIIg thc unl\er,al 
stagel in the micrlldllle-plagilldasc ml"alC 

The assemhbge IS IIIdlcallve I,f the ,IIltmanlle-.dm;lndlOe-llrtllllda,e ,uhfacle' 
"f the upper amphih'llite faCie, (WIO~ler. 1'1(7). Suh'c1luent Illctanlllrphism cau,ed 
inversilln llf the Ilrlhllda,e tll 11lIcrllcline hut under poT cllndllllln, .Ihll\e the ,t;lhll­
ity lield Ilf mUScllnte. Bllth penlld, ,If met;lnhlrphl,m .lfe therefore a"ullled tll h;l\e 
taken place under condlllllO' I'!· the upper .Implllhlliite f;lcle, 

ASSEMBLAGE 4: SILLIMANITE·CORDIERITE·GARNET ·MICROCLINE 

This a'i'emhl;lge IS comnllln 10 the pelitiC gnel" I I) III thc "lutheasl Ilu;ldr.lnl "f 
the: m'lp·area. The 'pecltic example I,f thl' .I"cmhbgc dls.:u"ed here Ilccur, Ihree 
miles (5 km) "luthe;lst Ilfthe ml"t "lulherh tip Ilf Rat L.I~c (Figure 5. LIlcall,ln 5). 

The .:oexistence Ilf cllrdlerlte with Ihe Illher mlller;II, In Ihl' a"elllhl'l~e I' IOdl­
c'ltive of :\hukuma-t~ pc melamorphl,m (WIIl~ler. 19h 7 I. rhe .I"em hbg-e Ihelf I' 
represent.lllve llf the upper amphlh'lilte: bCle, (,IIlimantlc-.:ordle:rllc-'lrth,lc!a,e· 
almandine suhfacles) a, ,h,lwn h\ the ah,e:nce ,If IllU'CI1\ Ite and the c,'e\l,ten..:e "f 
plltasslllm fedhp;lr ;Ind '1IIIm;l!lIie. 

The cOfllIente Ilccur, 111 three dl,lInct .1,,,IClall,ln, (I) .1' \cr\ CllM'e gr;lIn, III 
4uartl-mlcrudllle-cordle:nte pegmatite, \\ hlch t~lrm Irre:gul.lr Ien,e, (~. 5 ~ cm 
thickl and crll,,-cutllng vein,: (II) .1' d"..:rete: gralll' .Ind pllrphH'lhb,h .Irr.lnged In 
laye:rs parallel to the: metanlllrphic la\erlllg (S, I: .Ind (III) .1, nm' lIn garnet. The 
4u~lrtl-mlcrlldine-cordle:nte pe:gm.llltes ;Ire IIldl":;ltl\e: Ilf parll;L1 an"te:XI'. These: 
irregular-sh'lped hodie ... cut across the met;lnlllrphlC layerlllg (~, I "nd ;Irc therdllre. 
cllOsidered to he prllducb Ilf M: met;1I1hlrphlsm. The garnc" nmmed h~ cllrdlente: 
an: interpreted to he M, garnets which h;lve heen ,uh'c4ucnll\ .IItcrcd tIl cllrdlcnte 
dunng M:- However. the cordierrte Il\ergrllwths and de:tall, "f the relalllln,llIp' 
were nllt studied. "In "alUral {le/ill( as'cmhbge, (Chlllner. 1959) c,lrdlerrte pl;I\' .1 
role that IS Inversel~ ..:omplimentar~ tl' that Ilf almandine". (Turner. Iljf,~). C'lrdler­
ite when compared to almandine IS CllmmllO III 111W pre,surc III IIltermedlate pre,­
sure high temper:lture a ... ,emhlage, and IS nllt a, wldel~ dl,tnhuted ;IS .IImandllle at 
higher pres.,ure ... and comparahle temperatures (FIgure ~). 
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ite when compared to almandine IS CllmmllO III 111W pre,surc III IIltermedlate pre,­
sure high temper:lture a ... ,emhlage, and IS nllt a, wldel~ dl,tnhuted ;IS .IImandllle at 
higher pres.,ure ... and comparahle temperatures (FIgure ~). 
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Hypllthellcal diagram (after Turner. I'l6X) ,hllwang ,hape Ilf the ,tahil­
Ity !ield Ilf curdierlte~ htlppkd) a~ Inferred !h,m gelllllgic data. 

Microdine Ilccur, as antersllllal graans 10 the llu;art/-feld~par nll";IIC Ilf Ihls 
rllck. and ;IS larger Il\\lid pllrph~ rllhla~ts which c,'nlalO ahundant indusl,lns Ilf 
plagilll.:lase. ljuartz. hllllite and gr;lplllte. The p'lrph\whla,h 11\ erprlnteJ Ihc S 
l'lyering anJ hilllllC SChISlllSII~ .lnJ are therdllre cIIINdered III hc further pr'IJuch 
Ilf the M: melamllrphlsm. 'pecl!ically resulllOg !hlm Ihe partial analeXls willch alsll 
produced Ihe yuartz-mlcrodine-cllrJienle pegmatlte,_ 

ASSEMBLAGE 5: HERCYNITE·MAGNETITE·CORDIERITE·GARNET + SILLIMANITE 

ThiS assemhlage W;IS fllund in the pelillc gncl" ;111'nl\ ,Inc Illcalil~ In the m;lp­
area. Ihree males (5 km) direcll~ ,,,ulh Ilf Ihe nllhl "lutherl~ p'llnl"f Rat LI!'e 
(Figure 5. LOC;llllln 6). The pelilic gnel" at Ihls ",calll,n pIl"e"e';1 crude la\ering 
Jdined hy CllOcentr;llllln~ Ilf cllrJlente .Ind g;lrnet r"rph~ rllhlash In "nc-h;alf III 1 

inch layers ( 1.3 -2.5 Col) alternallOg With ljuartl,,-fddspalhlc I;a~cr' I Inch III ,e\eral 
inches thick anJ cl1ntaaning Ilnl\ ,callereJ p"rph~rllhl;I'b ,'f g;lrnet .lOd cllrJierile. 
The pllrphywhlasts arc highly dllngated paralld tll the cllIllPIl'llIllI1alla~enng (SI)' 

Five Jislincl t~pes llf pllrphyrllhl;lsts Ilccur: (II g.lrnet: (III garnel-c"rdlerlle IOler­
growths or garnel with rims ,If cllrJierlte: (Iii I garnet wllh rim, Ilf cIlrJlerlt.:. lluartl 
and magnelile: (i\") cllrdierlle wilh tihr'llite IOduSllln~: (\1 clIrdierile With magnellte 
and lT1i~IH hercYl1lle IOdUSllll1,_ ~ 

As 10 assemhlage 4. the C'lexlstence Ilf pllta"lum feld'par and ,lIhmanlle and 
the presence llf garn.:t ;In: inJic'lt!n: ,If the upper ;:mphlhlliite r.lcles. It I' ;11,,1 e\l­
dent Ihat Ahukuma-type metamllrphl,m (:\1: I causing repl;lccrtlent Ilf garnel hy 
cllrdierile. succeeJed ;111 earlier (M I I phase Ilf nll:lanlllrplmm dUring willch the 
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Figure "I. Onllllal11plllh,l\t: ,uhLl':ie:, "f Ihe: p"la"llll11-fdJ,par-.:"rJie:nl':­

h,)rnti:b fa':It:' 1.lftt:r Wmkkr. 1'1117). 

.:hl,)rJ(t: wt:re: pr"JlI.:t:J h\ lalt:r rt:tr')graJe: lllt:talllllrplll'l11 (\\.) ;1,,,)':lalt:J wllh Iht: 

(D') .:al;l.:1a'I' (Llhk 9). 

ASSEMBLAGE 8: ANDALUSITE-CHLORITE-MUSCOVITE 
Thl' I' ;1 re:tr,)!!raJt: ;J"t:l11hla!!t:. \\ hldl ,).:.:ur, III ,:,'nllllldl,)11 with Ihe: IlIlrl11al 

high grade: pt:llu.: - gne:I" .1"t:l11hlage: clf garnd_,lIll1n.lIllle:-.:"rdlt:fllt:-hl,l(ltt:. Tht: 
1,)lal 1111Ot:ral a"t:mhlagt:. "hldl .:karl\ I' mJI.:atl\.: "~f JI'':llllllthnul11. \\a' ,)h­
,e:rvcJ al c)nl\ IWc) I,).:altut:' I Fi!!urt: 5. l.'I':;III,'n, II ;11\,1 I~). The: hl!!h !!r;ld.: nlln.:r­
ab ;Irt: 11I!!I11~ .t1I.:r.:J ;IIIJ Ihe: -dlara.:l.:rt,U':, ,)f Ihe: .dlt:r.IU,l(1 .Ir.: - \ .:~\ 'lIll1lar al 
hlllh Ill.:aill!~'. (,""rdle:nlt: I' .t1It:re:J .Ihlng fr;I.:llIre:, .Ind .:"mnlllllh I" ':'lIllplt:lt:h 
runm.:J h~ pill Itt:. BI,'(J(': I' p;lrualh ,1r ':"Illpkl.:!\ .dl.:r.:d 1" dll,)nle: .. 1Ild IllU'':,,· 
VltC_ whldl I' 'p,'radl': 1Il I" ,1.:.:urr.:n.:t:. "':':lIr' .1' "n.: "f Iht: .dlcraU,'n PWdll.:h "f 
.:,l('JICntC. The: l11U,.:,)vltC f,'rlll' Irrt:gltl.lr-,h.lpnl pal.:he:' III Ihe: .;"rJlcnle: .lnJ .11", 
,).:.:ur' ;1' Irr.:glliar p'llkll"hl.I,lh: gralll'. AnJalu'II': f"rl11' (Ill': gralll'. e:nd,"cd III 
l11U,':ll\ltC. III Iht: 1111"1 IIllcn,.:!\ .dl.:re:J p,'rtl,l(l' "f Ihc r,'':\.... It, d.:\c:i,'pllle:nl .Ip­
pe:.lr, 1,1 h;I\C he:.:n rclale:J 1" lIic f"rm.lU,l(\ "f Ih.: nlU'':''\ Itc. r;lIhcr Ih.ln he:lIlg Ihe: 

re:,ull "~f III \ cr'I"n "f ,dltl11.lllItC 

SUMMARY OF METAMORPHIC EVENTS 
The: ':flu.:al nun.:ral .I".:mhl.lg.:, ha\.: h.:t:n pr.:'e:nl.:d III ,'rde:r "f Je:.:r':;I,lIlg 

mClanlllrphl': grade: 
(I) a"e:mhlage:' I. ~.I .lIld' (I.lnk Xl .Ift: In,lt.:au\e: "f B.lrr,'\I.11l uppe:r .lInphl­

h,)ltl': fa':lc, m.:tanlllrplmm (\\,1. L,'.:alt/.:d gr;lIluhl.: f.I':It:' me:lanhlr­
phl'lll (a"':lllhl;lg.: ~.II \\;1' ,;,lntr"lkd n\ Ihe: unu,ual hulk .;hCIllI'If\ ,)f 

Ihe: r".:k,; 
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TABLE 8. CONDITIONS OF ~\ET.-\MORPHISM 

Type l.f 
T em perature meta nlllrphism 

Metamnrphi.: 
evell~ ___ ~-\~semhla~_e 

M, H l) kh 

6 H kh: 
PII:,.<2 kh 

3 

2h. 2,. 2d 3.5 kh 

M: .• ).~ kh: 

5 
, -t kh. -
hl£h I>,,: 

6a.6h ~ ~.5 kh 

M, 7 

M, 

0)O·700( + (C Re!!il'nal. Barwvi;m. 
l;pper .Imphihllllte 
fa':les 

0)0 700( + ,:C Rdi.:t assemhla!!e 
IOJi.:atin!! 1, • .:711 
gran ullte~ fa':le~ 

05() 700( + ,,-C Re!!i,lOal. Barnlvian. 
l;pper ;unphihlllite 
fa':le, 

oliO 650'~C 

670 6HII'~C 

SilO <)()()CT 

h-tll t-a60')C 

Re!!i,lOal. Ahukuma. 
l;pper amphih"lite 
fa':le, 

Re!!I,'nal. Ahukum.1. 
l;pper ,lInphih,.lite 
fa':le, 

L,'.:al (",. upper 
.lIll r h I h,.1i te fa':le, 

("IOta.:!. ,.rth"amphih"lc 
,uhf;I':le~ K-fdJ~par 

• .:"rdiente hllrnfds 
fa':le, 

Regl,l[lal. upper green· 
'.:(II,t t,. Il,wer 
.U1l phi h, Iii te fa':le, 

L,'.:a!. upper green­
,.:(II,t fa,le, 

(iiI as~emhlage' 2h. ~,. ~d. -t and 5 (Tahle Xl .Ire IIId..:a!l\e ,.1' .. \hukum;l-!\pe 
upper .lmphlhllllte fa.:!e, metallh.rphl,m (\\: .• " Tht: t.:mpt:rature rallge 111-

J..:att:J h~ a"emhlage 5 I' high ".mp.lred \\Ith that f,'r the ,.ther .I"emh­
lage, ,.1' the \\: .. lIIetalll<.rphl,m .. llId th.: ,'\\gell p.lrtlal pre"ure re'luired 
tll .I':':llunt f,'r the .:,.mplt:\ hreakd"wlI ,,1' g.lrnet I' .uI<'m;I1,·u, rhe,e ap­
pear t,. he Il • .:alll.:J ,,:,'lIdlll,I[I' hut tht:' .:allll<.t he e\plalll.:d "11 tht: ha'I' 
,.f tht: pre,.:nt ,tuJ\; 

(Iii' a"emhlage' 6a .Hld 6h .Ire 1I1l1l.:.ltl\': "fth.: ,.rth.llllrhlh,.k ,uhf.I.:'" ,·fth.: 
p,l!a"IUIll fdd'par . .:,.rdlente l\IIrnkl' f.I'I':' ,,1' ,,'ntad md.III1<.rr hl ,m 
(Tahle H. \h,; 

(1\' a,,,.:mhlage' 7 and S .Irt: IIldlGIII\e "I' h.\\er .U1Irhlh,.lIte ,'r upper gr.:en­
"hl"t fa.:!e, ,,1' m.:tanhlrrhl,rn IT.lhk XI. The,e .1"l.'lIIhbgt:, \\Cr.: rr"du.:ed 
h\ retrllgre"l\e llI.:t;lnl<.rrhl,m (M.! \\hldl ,.\erbrred In 111111.' the 1"GI1 
drc':b "f the "Inta.:t tllewlthlrphl'tT1 (M:I-' .. IOJ \\a' rdated t,· [), .:ata.:!a'I' 

and (), f"ldlllg. 
The,e metan\llrphl.: .:\el\l\ .lOd their rd.ltl"I\,llIr t,. tht: ,trudur.tl .Ind rlut,'n..: 

hi,t"r\ ,.f the ar.:a. arc 'lllllln.lrl/ed In Llhk l) 
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STRUCTURAL GEOLOGY 
INTRODUCTION 

Tht: map-;Irt:a lit:~ ,In tht: nllrth 'Idt: ,'f a m;IJllr t:astt:rl~ trt:nding Prt:.:amhrian 
,t:dimt:ntaf\ ha,in whl.:h I, hllundt:d tll tht: ",uth h\ tht: Flin FlllO-Sn,'w Lakt: !!rt:t:n-
stllOt: hdt (Baib. 1971). . -

Tht: para~nt:ls't:' In tht: map-art:a .Irt: tht: high gradt: mt:talllllrphi.: dt:n\ati\t:, 
llf tht: Wa,t:kwan and Sr.:kk CifllUP ,t:dlmenh ht:t: pagt: )). Tht: ,:,'Ola.:t het\\t:en 
tht:st: grllllp' ha, ht:t:n l11appt:d fr"l11 L\nn Lakt: t,l Ciran\'llk Lakt: (Milligan. IW,O: 
Camphdl. 197:!;1) anJ mtll tht: Suwannt:t: Llkt: art:.1 (Rarr~ and Ciall. 19(6). Lad.. ,'f 
lllll.:rl1p prt:vt:nh prt:.:i,t: IlKatllln ,'f tht: .:"nta.:t llr ddt:rmmatillO ,'f it-. ;lttltUJt: m 
nll"t ,'f tht: rt:!!lllO ht:twt:t:n Suw.mnt:t: Llkt: .Ind tht: ",uth t:nJ llf Rat Lakt:. ~hlW­
t:vt:r. tht: fl'liall,'n .Ind mt:tanlllrpill': la\ t:flng m tht: gnel"':' llf tht: map-art:a gt:n­
t:ralh p;lralld tht: ,:,'nta.:h llf tht: l11aJllr umh. Thlh. frllm tht: attitudt: llf tht:,t: planar 
,tru.:turt: .. in tht: !!nt:I .. ,t: .. .:I,,,t: .. t III tht: lOkrrt:J SI.:kk-Wa,t:kw;ln .:"nt;I':1. tht: .:"n­
ta.:t wt: .. t llf Rat Lakt: appt:ar, III dip t" tht: ll,'rth ,,1 th;ll tht: SI.:kk Cirllup gnt:i"t:, 
appt::lr tllllVt:rlit: tht: W;I,t:kwan pelltl': gnt:I". Tht: 't:llu.:n.:.: I' tht:rd"llrt: "vt:rtllrnt:d. 
Sinlliarly m tht: ,,'lltht:a,t.:rn part ,'f tht: Rat Llkt: ar.:a I \-lap 71 :! ~) tht: ,trll.:turt: 
ha .. ht:.:n Illlt:rprt:tt:d ;1' rt:prt: .. t:ntlng .1 ':lll11pktt: 1Il\t:N,'n ,'f tht: ,t:llut:n.:.:. ,u.:h 
thai tht: Wa .. .:kwan pelltl.: gnt:I" ( I) .Ippt:ar, III ,tru.:lur;t! ha'Ill' ,urfllunJt:d h~ 
SI.:kk (irlHlp ~!llt:I"':" 

Rt:cllgmtl,lO llf tht: Wa,ekwan-Slckk c,'nta.:l. tht: dl'P""ltl"ln "f tht: m'IJ,'r lithll-
1,'gIC umh .• IIlJ tht: appart:ntlll\t:r'I,'n ,'f the ,tr;ltlg-aphlc ,t:llut:nc.: III tht: m;lp-.lr.:a 
art: Ih.: prinCipal fa.:t"r, \\ hlch f"rm tht: h.I'I' f"r IIltt:rprt:tatllln "f tht: t:arllt:r ,trllc­
tural t:\t:nt ... Tht: Illtt:n'll~ ,'f Iatt:r Jd,'rmatll'n' ha .. m.IJt: rt:c"gnltl,lO "f l11t:,a,cllpl': 
,trllctllrt:' .1"llclat.:J with t:arllt:r epI",dt:, "f Iddlng \cr\ dllli':llit tll Idt:ntlf~. Tht: 
maIO 'trllclllral anJ rdatt:d l11t:tanhlrphlc .1lId plllt,'nic e\.:nh III tht: Rat LI~': .lrt:.1 

art: 'llmmafllt:J III T.lhk 9. 

0 1 DEFORMATION 

It I' a"lll11t:J th'lt tht: ,Ippart:nt 1ll\t:r'I,'n "f tht: ,tr.ltlgraphl': ,t:lIUt:lll:t: wa' 
calht:d h~ an t:arl~ 10,) ph.I,t: "f Jd"rmatll'n. AltllllUgh nll cllrrt:'pllnJlllg F, f"IJ, 
havt! ht:t:n rt:clIgOl/t:J, all tht: 111.LJ"r f"IJ, Idt:ntllit:d 10 tht: .Ir.:a dt:fllrl11 .10 .tlrt:aJ~ 
Invt:rtt:d ,t:ljut:nct: and, tht:rt:f"rt:, \\t:rt: Illlt tht:l11,.:ht:, rt:'p"n'lhk I,'r tht: 1O\t:r­
,Illn. hlrth.:rnhlrt!. tht: t:arllt:,t rt:c,,!!nl/t:J ("IJ, III th.: .Ir.:a (dt:'I~natt:d F., dd,'rm a 
prt:-t:xI,tlllg mt:tanlllrphic la\t:flng -S,. whldl I' ,I"umt:d t" ha\ ~ ht:.:n p~,'JUCt:J h\ 
.10 t:arllt:r Illt:talllllrplll,m \',. ,lppr""llllatel\ cl'nt.:mp"ran.:,'u, with the .:arl~ 
fllldlll!! (F,). Thl .. la~':flng I' p.lr;tlkltll tht: lll'lln llth"l,'gl': c,'ntach. Indlcatlng that 
tht! F, fllld, wt!rt! I,,'.:lma!. It .:an ,tI", hl' p,,,tulatt:d th.lttht: 1.lrg.: recllr.lht:ntl,,'c:llnal 
F, fllld, trt:nJt:d t:a .. I-\\"t:,t. parallel t,l tht: .1"1' ,,( tht: m'lln ,t:dllnt:nt.1f\ trllllgh willch 

1.1\ III tht: "llIth. 
Tht: dd",'rmt!d S, mt:tamllrphlc la\t:fll1g I' .1 gnt:I"I': la\t:nng. ddint!d hy tht: 

.t!tt!rnatl,lO "f ljllart/,,-fdd,pathlc Ia\t:r, ,Ind lay.:r' ':llOtallllllg \".Iflahk pnlpllr­
tilln' llf malh: mlllt:ra". Tht: tahular and plat\ malh: nlln.:ral, ha\t:;1 prt:krrt:d ,'rll.:n-

tatillll parallel III tht: Iayt!flng. 
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llf tht: Wa,t:kwan and Sr.:kk CifllUP ,t:dlmenh ht:t: pagt: )). Tht: ,:,'Ola.:t het\\t:en 
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art: 'llmmafllt:J III T.lhk 9. 

0 1 DEFORMATION 
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1.1\ III tht: "llIth. 
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tatillll parallel III tht: Iayt!flng. 



O2 DEFORMATION 

Tht: S, mt:tanlllrphi..: layt:ring wa, Jt:f"rmt:J Juring Iht: D: dd,'rmalllln IOl,l 
lighl uprighl isoclinal folJ" (F:.) ;IO,llll ..:a"It:r1y Irt:nJlOg ;[\Ial plant:' (Figurt: Ill). 
Th..: F:. f,'lds havt: ot:..:n Ill..:ally rnllJitit:J o~ D: ..:r,,,,,-f,,IJing (F:~ I al rig hI anglt:, 1,1 
Ih..: F:.lf,IIJ,. anJ oy Iht: ..:mpb..:..:m..:nl "f Iht: 4uartl nhlnlllmlt: (16a. 15al. ,P":":I­
ti..:ally Iht: \\i,inagu Lal..t: ,10":1.. (Figurt: 121. Tht: lallt:r ;Ippt:ar, 1,1 havt: ot:..:n ..:m­
pla..:t:.1 ,,:,'nlt:mp,'rant:llllsl~ wlIh th..: ..:fll,,-I',IJmg. ;t1lh'lllgh pr":":lst: CIlISc.: .111.1 dk":l 
rdatillOship' hav..: n,ll ot:t:n Jt:lt:rmlOt:d. 

Tht: F: slrll..:turt:s wt:rt: ,uo''':l{ut:nll\ nlllJdkd 0\ a IhlrJ Jdllrmall,ln (D.) 
whl..:h ":~Iust:d t:\tt:nSI\t: ..:atacla"I' .tnd f.lulling. and 'p..:..:di..:all~ appt:ar, hI havt: 
pwJu..:t:J ~I ntaJ,'r stru..:lural on:al... rt:ft:rrt:J 1" ht:rt: ;1" Ih..: ·'R.II Llkt: fault"" whi..:h 
..:uts diag,lOally aa,"s Iht: map ;If":;1 (FIgurt: 10). Tht: f;lllil. whi..:h h;I' ;tn ar..:ualt: 
Ira..:c anJ Jip' III Iht: t:;I'1. .:tl"t:..:ll\t:!\ '..:paratt:' Iht: .Irt:a 101" I\\,' Ji,lIn":l ,Iru..:lural 
,uharc.:as (sliharc.:;I' .-\ anJ B. Figurt: Ill). 

SUSAREA A 

Tht: F: .• 1'lnglluJmal I"IJ, ar..: prt:'t:f't:J In Ihe Ihlrth..:rn half "f Ihl' ,uoart:a 
(Figurt: III). Tht: 1,'1l1, havt: vt:rll..:al ,Ir ,It:ep n"rtht:r1\ dlpptng Hlal plant:, .lnJ 
plungt: at nlll.1eralc ;mglt:, I,' Ih..: t:;I,1 (hgurt: II). ~,'rth 1,1 n"rth\\t:,I-lr..:nJlfIg 
..:w",-I"ul.1" (F:h ) 10 Ihl' ,uh;lrt:a .Ir..: a"ume.1 hI ha\ t: f"rl11t:.1 .:"nl..:mpllr;1I1":lIU,I~ 
wllh Iht: IllOglluJinal 1"llb (F: .• ) 1.lrgt:1\ ot:..:au,e rd"ldtng rt:i.III,'n,hlp' ot:lwt:t:n 
Ih..: t\\,1 I"IJ ,..:ts art: b..:l..mg. 

Th..: Misma!!u Lakt: ,1,'..:1.. f,'rnh Ihe ,,:,'rt: "f lInt: ,'f Ih..: Ihlrtht:rl\ Irt:nJln!! f"h 
anlif'lrmal..:rll",:flIIJ, .tnJ I" tbnl....:.1 I,' Iht: \\t:,1 h\ .1 ,t:":llnJ 11llrth\\":~It:r1\ Irt:I;,hn-!! 
anllf..rm (Figurt:' 10 .tnJ 12). - -

SUBAREA B 

W":,I "f Iht: "Rat Lal..t: faull" ,lrU.:lUrt:' Inlt:rprelt:d .1' I': tllld, trt:nd ,'oli'lut:1\ 
ILl Ih":lr ..:,Iunl..:rparh 111 ,uh;lr":;1 :\ ,Flgurt: IIlI. One p''''lhlt: t:\pl.ln.llhln ,'f Ih', " 
Ih;11 Iht: [), dd,'rmall,'n pr"du..:t:.1 .111 .lpl'.lr..:nl ..:1,'..:1..\\1''': rl'I.III,'n "f Ih..: ,Iru..:lur..:, 
"f ,uoart:a B rdalln: III ,uh;lrt:a :\ ••• I..:..:"rnp.ln\ Ing Ih..: Idl \;a1..:r.t1 dl'I'I.I.:t:I1l..:nl "n 
Ih..: "Rat LII..t: fault"' I''':'': hd,,\\ I. rhus. Ih..: .1\I.d Ira..:..:, ,"f th..: I:: •• Ind F:h f,.I.1, tn 
,uoar..:a B n,'\\ Ir..:nd ",ulh..:a,1 .lnJ Ill.rth..:.I,1 r":'I'..:.:II\..:1\ 

From tn'pc":lIlln "f hgur..: III .tnd \\;(1' 71 2 2. Ih..: mc.:t.lnwrphl": b\..:rtl1g S, 
tn Ih..: SI..:kl..:-Wa,..:l..wan (ir,'up gnt:I"":' I n\[l1..:d 1;1 1..:1\ 1,1 Ih..: \\..:,1 "I Iht: fault. has 
o..:..:n dd"rlll":.1 tnl" an tnlc.:rft:rc.:n..:..: pall..:rn "f ,Ill.dl d"I1l":' .Ind oa'ln, .Ippar..:nll\ 
r..:,ulltng fr'lIl1 Ihc.: II1It:r;I..:II,ln "f Ih..: f: •• ll1d f':~ f"ld, rht: Ipnglludm;t1 ;1\lal plant:' 
(F:.) ,If Iht: baSin' dIp 'It:t:pl\ 1" Iht: Iwrthc.:.I,t: Ith"c.: "I Ihc.: .;r,,,,,f,.I.1, .Ippc.:.lr 1" ht: 
nt:arl~ \crtl..:a!. Tht: ha'II" .Ir..: ",,:,:uplc.:d h\ W.I,d.\\;an pdlll": gnt:I" I I) .Ind .1I11phl' 
o"htt: (2al. o,'lh "f \\Ill..:h n"rrn;(11\ h;I\..:.1 1,,\\ rn.lplt:llL: nprt:"I,'n. HLl\\C\c.:r. Ihc.: 
Ft:dc.:r;t!-l'r,'\III":I.t! :\t:r,'Ill;lgl1t:lIL: \\;(p 2JX7C ,h,'\\, ,'nl\ .1 111l!.1c.:ralt: dc.:prt:"I,'n 
"f Ih..: ma!!I1..:II..: mlc.:n'll\ ,l\..:r Ihest: ,Iru.:lurc.:,. ,U!!!!t:'lIn~ Ih.11 Iht: \\".I't:I..W;(11 r,''':I.., 
ar..: undt:rlalll h\ 11,,'rt: -hlghl\ 1l1.lgl1c.:II": SI":I..!..: (;r"up ;",,:1.., .. ll1d Iht: 't:l{ut:n.:t: I' 
Iht:rd"rt: 1I1\..:rtc.:d . 

• ~\Ih: rill' 1.1U1t. \\hh.h I' 'Iuh r.lrll.lIh ,lh l \\(l ,In (icl 1hl ;!h •. 11 \1.Ir '"'I ~ ~. 1,,11,,", the ,-"lnt,ld 

hd\\ccn 1hl' \\'.I'C~\\.H1 .1Ihl Sll.~".· ;!fh:I"C' 111 the c\trcrth." C.I'CCfn r.ln It I the: R.11 LI~C m.lp­

,heci 

•• ','Ie rill' r'lt.llhll1 .... ,luld .aI,,' ~c c\rl.llncl.l h\ fC:~hln.aI (), 1"I\IIf11! .In''lll .1 fh1rthc: .• ,t·(fcndlll!! 
.l\I.lI pl.lnc fh'\\C\Cf Ihl' ",'uld fCt..pllfC th." IhC' "R.1l La"c l.lUlt" \.\lflltf1ucd hl .Id .1' ,I m.l!,lf 

,lfudur.lI t..1I,,,,"pnlIlHllt\. 111 ,If .. kf hi C\rI.IUl {hr.: th1rt- .... \lnllrHllt\ \1' ,th.:h 1'1 hll .. llf1~ lUll I 'lit'!· 

.,re.' \ 
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SUBAREA I 

353 poles to foliations contoured at 1%, 3%, 4% 
• Girdle axis 

+ Axis of minor fold 

o Linear structure (mineral lineations, microcrenulations, radding) 

Figure 11: Equal-area projections of poles to foliation planes minor fold axes and 
linear structures, subarea 1. 

Southwest of the interference folds, the F2b cross-folds appear to die out and 
only the longitudinal F2a folds are developed (Figure 10). The latter are tight over­
turned folds with axial planes which dip to the northeast, parallel to the longitudinal 
axial planes of the basins and domes. A weak axial plane schistosity, S2. is developed 
in the F2a folds. 

03 OEFORMA liON 

The third phase of deformation, D3, caused fairly intense cataclasis and shear­
ing, particularly in a 12 km wide zone which extends southeast from Rat Lake to the 
southern edge of the map-area. All rock units within this zone, with the exception of 
the microcline granite (17), are affected by the cataclasis; the microcline granite dis­
plays only minor shearing and is considered to have been emplaced during the wan­
ing stages of the D3 deformation. The northeastern edge of the zone of cataclasis is 
marked by the "Rat Lake fault" (Figure 10) which follows an arcuate southeasterly 
to southerly trend across the area. Although the actual fault is not exposed, an in­
spection of the cataclastic foliation planes (S3) in its vicinity indicate that the fault 
plane dips northeast to east at between 60 and 80 degrees. Subsidiary discrete zones 
of cataclasis in the rocks to the southwest of the fault show approximately the same 
orientation as the fault. 
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southern edge of the map-area. All rock units within this zone, with the exception of 
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The apparent hllrilllntal Jispla.:ement llf the "Rat LII\e fault .. may oe inter­
preteu as left lateral. as shown hy the II km ui'pla.:ement Ilf the Wasekwan-Si.:kle 
.:ont;lct (A·A' in Figure (0)-, As nllleu aOII\e. this ,tnke slip nw\ement ;lppears tll 
have oeen ;u.:companlt:u o~ do.:kwise rlHaUllO Ilf ,uhare;1 B rdative III suoare;1 A, 
In suharea A (Figure (0). the trace llf the fault I' p.lralld Ilr suhparallel tll the ,tru.:­
tural trenJ of the F:~ cross-tllius. out trun.:ates the F:. l'lOgitudinal flllus, 1m meui­
atdv southwest of the fault (suhare;1 B). the a,xI;1I tr;l.:e, Ilf Ihe F .• l'llus have heen 
rotateu intt} paralldism with the tra.:e of the "Rat La"e faul!"·. a~u the F: tllius arc 
transecteu hy the 5, tlliiatilln. This tenuen.:~ tllwaru, paralldi,m Ilf the F: struc­
tures with the tr;lce of the f;llIlt Jecrea,es tllw;lrus the 'lluthwes(. 

The 5, schistosity ':llmpnses Jiscrete ,he;lr plane, ,lIllng wlll.:h the S, b~ering 
has heen tr;lOsplIseu (Plate 3B), Augen ,.:hlsh ;Inu gnelsse, contalnlOg mlcnldlOe 
pllrphymdasts. have heen pwuu.:eu ;lIllOg linear lones Ilf c,ltadasi, lO "Ime llf the 
para!!neisses ;IIlU !!raniu.: lOtruslve rlld.,. Elsewhere m the Sickle ,lOU W;ls\!kwan 
paragneisses anu "inetatexltes. cllrJlerite pllrph~ rllhla,ts ;IIlU ,heets Ilf ,dlimamte 
arc present in the ,hear blnes, :\, the graue of met;llllllrphi,m Je.:reaseu hllwe\er. 
chillrite was pwJu.:eu h~ uegrauauon Ilf hilltlte. anu mU,ClI\lte cr~'talli/eu a, felteu 
masses. shimmer aggregate ,Inu 'Ie\ eu p'lrph~ rllhla,I,. 

0 4 OEFORMA liON 
F. tlllJs II.:cur 11Il1~ In ,uharea B, The\ arc large \\;I\e Ienglh. nhluer;lte ,llnpli­

tuue tlIIJ,. with steep Ilr \ crt II': a I a xI;d plane' ,In"mg nllrtllt:;I'(. ,lnJ ;1 \e, plunging 
nlllueratel~ to the nllrthea,t (30 35,)' The F, ("IJ Irt the "Iuthernnh"t P;lrt Ilf the 
m;lp-are;1 (Figure 10) has reflllueJ the .':,. fllld, ,Ihllut ,I nllrthea,ler\\ Irenuing axi;d 
pl;lIle. PlI\cS tll f,lliauIlIl pl,lIle, (S, ,Inu S,) frllm ,uhan:a ~ (Figure 10) fall lIn a great 
cirde whl"e aXIs plunge, to the Ihlrthea,t ,II JO III J5 uegree, (FIgure IJ). parallel tll 
the D. linear structure, ,IIlU mlnllr flIIJ" 

The F. fIlius po"e" a mllder;ltel\ dc\elllpeu .I\I,d plane ,dll,tl"lt\ (S.) de­
tineJ hy the preferreu onentallon Ilf hlllllle ,lOU IlllrnhknJe. parll.:ul;lrl~ m units 10. 
12. ;lOJ Ill, The S. ,chl,t,,,It~ I, nlllre pllllr\\ dctined 111 the p;lragnel"e, (units 5;1. 0) 
as;1 wea" ,tr;lln ,lip dea\;lge. In the,e rll':", II mter'ects Ihe pn:-c\I'tlrtg S, ;Inu S, 
I;l~enng anu fllll;llIlln tIl prlluuce ,I line;III,'n. he,t Je,cnhed ,I' .1 rllddmg Ilf llu;lrtl 
anJ hllHlte ,Iggregate" 

0 5 OEFORMA liON 

Th..: tinal phase Ilf ddllrmalllln ,'au,eu f;lllltirtg .Ind ,heanng, Sllrth-trendlllg 
f;lults cut a.:rll" the pre·exl'tlllg structures .. Ind loc.dlled ,IIlclti..:alllln .lOU retro­
gr;lde metanwrphlsm tll 111\\ er .. r nlldule green,.:hl,t faCie, I' ,1"II':I;lteu \\ IIh them, 
SlIme llf the nllrth-trenJlng lineamenh IIldl':;lted III hgure 10 h;i\e heen IIlterpreted 
;IS 1;lIe faults, 

-"ttc rhc- .I["r.lrenl I.h'pl.h..:crncnt ~'Ildd .aI,,· he tntcrprCh.:d .1' n~tlt 1.lh:r.1I h.I'~ll ,In the 1-' I-..rn 
J"pl.lt.:cmcnt ,,!" (hi' \.UllC t.:,lltt.h.:t .\ .\ II In f"~lIn: 10 Sut.:h .1 ,c:n,fo!' ", nhl\CrnC'nl h""C\Cr 
",Iuld rCyUlrC .1 llh'rc "-llmple\ tlhlJd th.m the: ,Inc p,l,wl.IICll .lhll\C. In IlrJcr hI .1I':(llnH11\" 

J.lIe thc nh"cOlenl ItT rci.llhlrt,hlp hi Itt,,-' ~Ic:H.·II)rrth.·nl III Ihe lIther ,-Irudllre, an the .Irc •• 
C,ln,,,,,lcr.lhh rthlre ",,'rk 1'- rel.p"rcJ hi rc,-,Ihc Ifll\ pr\lhkm 
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SUBAREA 2 

109 poles to foliations contoured at 2%, 4%, 8% 

• Girdle axis 

+ Axis of minor fold 

o Linear structure (mineral lineations, microcrenulotions, rodding) 

Figure 13: Equal-area projections of poles to foliation planes, minor fold axes 
and linear structures, subarea 2. 

TECTONIC SYNTHESIS 
The structural pattern in the Rat Lake area has been interpreted as resulting 

from the refolding of early recumbent folds, followed by a phase of shearing and 
faulting, and a final phase of folding (Table 9). The early recumbent folds (F,) pro­
posed for the Rat Lake area, were formed by tectonic transport in a northeasterly 
direction, from a geosynclinal trough located between Rat Lake and the Snow Lake 
area to the south. Stocks and sills of quartz diorite (9) and sills of magnetiferous 
quartz diorite (10) were em placed after the early folding. , 

A second phase of folding F2, resulting from north-south compression, refolded 
the recumbent folds into a series of upright isoclinal folds. Cross-folds, oriented 
about north-south axial planes and of local extent, appear to have been related to 
the period of east-west isoclinal folding. The cross-folding produced an interfer­
ence pattern of basins and domes in the southeast portion of the map-area. The local 
extent of the cross-folding suggests that it was not a regional event, but rather may 
have been just a local "wrinkling", about north-south vertical axial planes, of the 
main east-west isoclinal folds. 

At this point in the history of the area, large intrusions of quartz monzonite 
(16a, J5a) were em placed along the main east-west fold trend, and a smaller stock 
was intruded along one of the north-south cross-folds. The intrusions were not en-
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[irely passive. hut exerleu 1,lIerai ,LOU \'erli~al pressure Juring [heir empl'lI:emen[. 
I.:allsing enhanl.:emen[ "f [he an[if,lnnal s[rUl.:lUres anJ allenua[illn of [he synforms. 

A majm phase of shearing anu faul[ing. D,. [llge[her with intrusions Ill' mil.:rll­
dine gr,lOi[e Pllsl-U,lIe Ihe in[rusilln llf [he 4Uarll mllnlllOi[e (16a. 15(1). :\ major 
nllrlheas[erly uipping s[rul.:lUr,1I hre'lk. [he "Ra[ Lake f'lllh". wa~ pfllJu~eu a[ [his 
lime. The sense of nwvemen[ on [his [:Illl[ appears [ll have heen left la[eral. The 
area e,IS[ of [he faul[ W,IS llOlv we,lkl\' JctiJrmeu hv shearin~. whereas [he wne [0 

[he west was in[ensely sheare'J. The ~hearing l.:aus~J [ransp~,si[illn of Ihe layering 
in Ihe gneisses. anu [he presenl.:e Ill' I.:llruieri[e .LOJ sillimanite in [he [ransposeu layers 
inJil.:a[es [hal pressures anu [emperalUn:s Juring [he she'lring were initially high 
enllugh ['l allow [he rel.:rys[alliza[illO llf [hese miner.lls. 

The ,lrien[.lIi,1O llf [he shearin~ anJ faul[in~ ma\' h'lve been I.:on[rolleu hv [he 
large h,luies llf l(Uarll nlllnwni[e (' 16.1. 15,,). whil.:h 'al.:[eu rigluly bel.:ause n([heir 
mllre massive I.:h.lr.ll.:[er. The paragnei~,es anJ migmatites. with well uevelllpeu fllli­
a[illll~. lltrereJ [he easiest path !ilr stress rde,be. 

The !in,1I phase llf f"IJing F,. ahou[ r\llrlhea~[erl~ [renuing ,I:~ial pl'lne~. was 
res[ril.:[eu [ll [he an:a west of [he "Ra[ Like faul[", The !illus appear [ll he llt' n:gion.1I 
ex[en[. however. as [hey l.:'lIl[inue LO[,' [he m'lp-.lrea~ ",u[h llt' [he Ra[ Lake are'l. 

Faul[ing with asslll.:ia[eu re[r"graJe llIe[am'lrphism and ,ilil.:i!il:a[illll I.:om­
pri~eJ [he Iin.1I pha~e ot' ucf,'rma[il'n (D, I ill [he m;lp-Mea. The f'llllh trenu pre­
J,"ninamly n"rlh-slllllh while ,,'llle llf [hem .Ire p,lralld [" [he "luer D, [renu~. 
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The numher and the varying ages of daim po';!' llh,a\ cd In the R;1t Like ;Irea. 

indicates th'lt consider,lhle e:-;plllratilln ;H:tivlt~ has taken pla..:e l"'er ;1 numher lIf 
yt:ars. However. there is no recllrd lIf cancelled ;Is,e""ment \\"llrk. JllOe prillr 10 1969. 
on llpen tile at the Mines Branch In Winmpeg. Intere,t In the area wa, revIved with 
the rdease llf the results llf the \lanthlha GlI\ernmenl airhorne I~ PLT eleclfllm;I!!­
nt:tic ,ur\e\ in June. IlJ6lj (Manitllha \lin.:' Bran..:h. Iljo,» .• 1IlJ ;1 numher llf daan;, 
were staked in the area ;It Ihi, time. 

The nlllst persistent wne' of mllleralll;lthln an Ihe map-.trea ;Ire Ihe amphihll­
lite (2a) and the calc-sllic'lte la\ers 111 UIllI 2h (,ee Tahle iO ;IIlJ Fiuure I~). The: min­
eralization cllnsish mainl~ l'( 'par'e: hUI \\ Id.:'pre;ld di".:nllnal~,'n, lIf p~ rrhlllite 
anJ minor chalcllpyrite. The ,ulphlde" lend 1,1 ,hllW a gre:ater ,,:,'n..:entrall,'n in lllOe:, 
atTected by tl!ctllnic and mct.lIllllrphlc pr,'..:e,,,:,. Fur e\;II11ple. whe:r.: ,he:ar, inte:r­
sect the amphih'llite 12a) ,'r where Ihe: ;lmphlhllhte I' anlen,el~ 1"lde:J ;lIld ,he;lred. 
gl.lSS'lnS and cllncentrati,IO' llf \"I"lhle: pHrllllllte occur. Furthernlllre. the h~ per­
sthene-bearing \cnse, In Ihe amphlhllhle (,ee p;lge ) ,hll\\ ;1 hIgher clln..:enlralilln 
of di,seminate:d p~ rrhllllte Ih;lIl the .1I1lphlhllhle It"elf. 

llle;tI llccurre:n..:e, llf nllll\hJenlte .lnJ 'ph;tlertle were .tI", fllund an Ihe map­
area. The n1l11,hdenlte wa, "h,e:r\ed 111 Illne' "f ,tli":llicalllln .11 Ihree IllcalillO' (,e': 
T,lble 10 and ~'iuure I~). Al Lllcalhlll I. Ihe h'''1 rll,:k I' nllcnldine ur;lIllte: (17). The 
mlll,buentte f'lrms large ,pectacu!ar ..:hlb llf \er\ hmlted e\l.:nt \\ltllln l[U;lrtl \e:IIl,. 
Similar localllCclirrence' "f !lllll\bJe:nlle d'lI' llccur al l,'calll'n 2 and l"Catllln J. 
\\ here the '1licilieJ hl"t rlll."b ;Ire hllrnhle:nde:-bhlll!e:-m;tUnetlte !!nel" (0) ;lnd 
l/ lI;1rtlll-fdJ,pathlc gne:", .lOd mlgmallte ()) re'pectl\ eh. Tile nllll~ 1denlte: mlller­
aliiatilm In ;tll ":a"e, appear, III h;l\e heen a late ,t;age event. .Ic..:"mpallle:d h~ Illcal 
retrograde: metanlllrph"m ;Ihlng the: 'Iuartl \eln,. [he ","lar,ene" llf the mlll~ h­
uenlle slIgge,h that II cr~'t;tllt/ed frllm 1.lte magm;lll..: IllIIl"-

Sph,tlente llccur, lIn the nllfthe;l,t .trill "I' R;lt L;lke at LllcatHlO ~ ITahle III and 
Figure I~). a, dOh and \ean, an 'teepl\ dIppIng J"llnb. linen ted at 2.j() degree:' ;Ind 
2ljO deg.re:e:". an a lc:uclICratl~· l[U.trtl dl,'nte. [he Icllcl l-l[llartl dlllrtle:. whl..:h fllrm, a 
narrow C,lOt;ICt pha,e: hetwe:en the 'IUMII dhlnle ('I) .md ,-\uartl !lllln/llnlle (Ilia). 
is altered ;tlllng'lue the 'ph;tlerate \ elll' .Ind dllh. Plagllld;l,e I' altered tll epIJ"te 
and ... alcite. and chlonte: lilrm, \ellllc:h whIch .Ire nlll,t prllnllunced dl"e tll Ihe 
'ph;llente-'luartl ul,'nte cllOtac!. hut hCCllllle thll1ner .llId dIe llUI \\ IIhln .1 dl"t.ancc 
nLI few ..:entlmetre'. An I~PL'T c:!ectrlllll.lgnell..: .1I111mah .. Ind ":",rrc'p"llldll1g mag­
nell ... anllmal~. were recllrdc:d l'lf-,h,'r:: frlllll thl' ,'ccurrcnce llf 'phalenle. 

In e:\alllalinu the I~PL'T c:!e..:tr,'m'l!!neIiC .Inlllllalle, 111 the Ral Lake .tre:;I. 
rnllnt~ ,llIllIld he gl\en III .Inlllll.lhe, I\;ng In llr ne;lr Ihe .1I1lphlhllhte (2a). Ihe 
a,'"I"'''lted l/llartl n"nte .and the ... a\c-'Ihcate rllck, (2hl: and .tI", tll .lIlllm.tlle' ,uch 
as that a ...... "mpan~ Ing the ,ph;tlcnte lICl."Urrenl."e. fhe laller t\ pe llf .1I111Ill;tI\ ,hIe, nllt 
tit an~ apparent rattc:rn llf ,tratlgr;lphll." llr ,tructltr,d l."llntrlll. .. \n,lIher .llllll1l;ll\ llf 
t hIS t~ pc "e .... ur' 111 the ;lfea "I' rlllCrlldllle granite ( 17) .lIld gr.lllltlled p"r;lgnel" (:'\;1) 
In the: e\treme n"rthwe't l.",lrner llf the ll1;1p-.lrea t\at. :'6 1~'3()". Illng 'l'l'"~~'J()"). 

Gflllllld fllllllw-up W;l' 1Il","lndu,,,e ll\\lng tll l;a .... k "f llutCfllr. 

:\nllmalie, in the pelltl .... gnel" ( I) .Ire Clll1'lucred \c",t 'Igllltk.lnl .1' the\ .Ire 
.... llmmlllll~ .... au'ed h\ gr;lphite. [he ;anllln.dle:, .Ire nUlllerllU' .Ind the ~·'llIdul."t,'r' .Ire 
par;tlld t" the 1',li;atl,'n. SulphIde l."llndul.."tllr,. If pre,en!. .tr.: llh,cured h\ the gra-
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phite but the presence or ahsence of an al!romagnl!til: anomaly may bl! a ml!ans of 
distinguishing anomalil!s of intl!rl!st. Thl! only sulphidl! minl!ralization ohsl!r\'l!d in 
the pditil: gnl!iss ol:l:urs in mil:roclinizl!d shear zonl!s which contain thin la~ers of 
pyrrhotite and minor chablpyrite. togl!thl!r with graphite. Thl! minl!ralization wa~ 
obsl!rveu in drill corl! storl!d on the shorl! of a lakl! whil:h lies 7 miles ( II km) Slluth­
I!ast llf thl! mouth llf thl! Suwannl!e River (Fi!!url! 14. Location 15). Thl! llOlv infor­
mation availabk on the loc;lllon of thl! drill h~k is that thl! core comes from ~ln arl!a 
within a 6-mile radius llf the Cllrl! storagl! location (person,1I I:ommunil:;llion). 

49 

C4 OM 

phite but the presence or ahsence of an al!romagnl!til: anomaly may bl! a ml!ans of 
distinguishing anomalil!s of intl!rl!st. Thl! only sulphidl! minl!ralization ohsl!r\'l!d in 
the pditil: gnl!iss ol:l:urs in mil:roclinizl!d shear zonl!s which contain thin la~ers of 
pyrrhotite and minor chablpyrite. togl!thl!r with graphite. Thl! minl!ralization wa~ 
obsl!rveu in drill corl! storl!d on the shorl! of a lakl! whil:h lies 7 miles ( II km) Slluth­
I!ast llf thl! mouth llf thl! Suwannl!e River (Fi!!url! 14. Location 15). Thl! llOlv infor­
mation availabk on the loc;lllon of thl! drill h~k is that thl! core comes from ~ln arl!a 
within a 6-mile radius llf the Cllrl! storagl! location (person,1I I:ommunil:;llion). 

49 

C4 OM 

phite but the presence or ahsence of an al!romagnl!til: anomaly may bl! a ml!ans of 
distinguishing anomalil!s of intl!rl!st. Thl! only sulphidl! minl!ralization ohsl!r\'l!d in 
the pditil: gnl!iss ol:l:urs in mil:roclinizl!d shear zonl!s which contain thin la~ers of 
pyrrhotite and minor chablpyrite. togl!thl!r with graphite. Thl! minl!ralization wa~ 
obsl!rveu in drill corl! storl!d on the shorl! of a lakl! whil:h lies 7 miles ( II km) Slluth­
I!ast llf thl! mouth llf thl! Suwannl!e River (Fi!!url! 14. Location 15). Thl! llOlv infor­
mation availabk on the loc;lllon of thl! drill h~k is that thl! core comes from ~ln arl!a 
within a 6-mile radius llf the Cllrl! storagl! location (person,1I I:ommunil:;llion). 

49 



-", -0 
0 

0 
:'o_ w 

-~ LO I()~ 

a, 
0 

'" '" (l '" 

o 0 
o 0 ~~~~ ______ ~ ________________ -L __________________ -L ____ ~ ______ -L ________________ ~~g ~ 

W :'0 I() I() 

MILE S EL-.CHa::::i0'===3=::::::i,===,3 MILE S 

KILOMETRES I 0 I 2 3 4 KILOMETRES 
H E3 E"'""3 

Figure 14: Location of sulphide occurrences. 
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TABLE ro~ SULPfflDE OCCURENCES AND RELATED GEOPHYSrCAL ANOMALIES 

Location 
shown in Latitude and 
Figure 14 longitude 

I ;-;~ 56°07'00"; 99"44'40" 
r 

Type of Rock type 

Mineralization 

molybdenite Microc\ine granite (17) with abundant 

inclusions of the weakly magnetilerous 

quartzo-feldspathic gneiss (S~I) 

2 56°13'48"; 99"47'15" molybdenite Quartzo-feldspathic gneiss and 
migmatite (3) 

3 

4 

5 

6 

7 

8 

9 

56° 12'30"; 99°48'30" molybdenite Hornblende-biotite-m,lgnetite gneiss (6) 

Leuco-quartz diorite contact phase 
between quartz monzonite (16.1) and 
quartz diorite (9) 

56°11'32": 99"33'29" 

56°03'50"; 99"47'20" 

56°05'10": 99"47'45" 

56°07'25"; 99"29'30" 

56°07'25": 99°30'10" 

56°07'43": 91)0 19'25" 

sphalerite 

pyrrhotite 
(disseminated) 

pyrrhotite 
(disseminated) 

pyrrhotite 
(disseminated) 

pyrrhotite 
(disseminated ). 

graphite 

Amphibolite (2a) 

Quartz-microdine lavers in calc-
silicate rock (2b) . 

Amphibolite (2.1): sheared 

Amphibolite (2.1) and pelitic gneiss (I): 

both sheared 

pyrrhotite Lensesof 'Imphibolite (2a) within pelitic 

(dissemin'lled) gneiss ( I) intersected by fault LOne 

Associated INPUT electromagnetic 

anomaly and magnetic correlation-

None 

None 

None 

S-char.nel. offshore; direct magnetic 

correlation 

3-channel: direct magnetic correlation 

3-channcl 

None 

4-channel: direct magnetic correlation 

3-channcl (large clusters of anomalies 
directly to the~ e'lst .lOd south of this 

sulphide occurence) 

ro 56°04'45"; 99"46'25" chalcopyrite Pelitic gneiss (I): silicitied and she'lred None 

II 

12 

13 

14 

(minor small 
blebs) 

56°07'20"; 99°28'25" pyrrhotite Amphibolite C!'l) .lOd pelitic gnei~s (I): 2-ch,mnel 

(disseminated) she'lred 

560 0S'42": 91)031'55" pyrrhotite Quartz microdine hlYers (similar to 4-ch'lnnel: direct magnetic correlation 

(dissemin'lted) those interlayered with the cak-~ilicate 
rock (2b) within pelitic gneiss ( I) 

56°05'00"; 99°49'25" pyrrhotite Amphibolite (2a) 4 and 6-channel 

(dissemin.lted ). 
minor 

ch.llcopyrite 

56°03'55": 99"53'00" Minor Amphibolite (2a): folded ,Ind sheared 5-channel. Immediately to the south or 

this occurrence is a string of 5 and 6-
channel ;Inomalies with direct magnetic 

currel'l tion. cllrrespllnding to a linear 

dis~eminated 

pyrrhotite 

. on 

"Dala rrom airborne INPUT ciectromagnetlc \urvey and acrum"gncllc ,urVe\. fluwn h\ Que,tur Sur\'c~\ LImite.! 10 I'IM f,'r the: Manltllha 

Department of Mines and Natuml Rcsuur~cs (Manltuha Mine:' Bran~h. 1'1(>'1). 
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