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LOCATION CF DEPOSIT

Thé kyqnite-bearing gneiss occurs in Iron County, Wlsconaln, The region
is one of low rellef and has a heavy cover of gleclal drift, MNumerous swamps
and lakes cmake fleld work difficult, A dozen oF so sesttered outerops are
located in sectioné'aa, 29, 32, snd 33, T.42H, R.4Z, and in sectlon 5, T.41N,
R.4E. {(maps 1, 2, and 2a} These outeraps were serly described by Allen.and
Berrstt (1914), and later in more detail by Ockerman{1938).

The gnéisé is-part of &n infoldai belt of undifferentiated Hurenian

" sedimente known as the Haniﬁowish fangeas (%ap Ij Leiih, Lund, and Leith
(1935) have given a sﬁm;ary of probable ags relationa.i The deposit is intere
bedded with even more ferruglinous gneisses and schists, which are indicated
b}réagnetia lines. Tﬁe magneiio belts are known only from drill cores made
for the F. I. Carpeéfer Sgndiceate and deae}ibeé by :llsn and Harrett {1514).

Little is.khown.of the intrusive granites which socur in end erousd
this gnéisa. ?hey'are plnk teo zray, contein both bictite and muscovite in
eonaidarablé quantity, and.are reportsd to heve microcline, The grenites

are pre-Keweenawan'in age according to work done by #ersden (1939).

OENERAL DHSCRIPTICH OF GMEISS

The important minerals in the gnelzs are quarts, ocligoclase, biotite,
kyanite, almandite, and staurclite, The latter mineral is of minor conseguence,
although persistent. 7he rock may be termed a schist in part, but tha general

characters of coarse grein, coarse mineral-banding, and the ossurrencs of

quadts lenticles and stringers in the plane of follation make gnelss a umore

ept terﬁ.




3s

The general strike of the banding is N 70-80°E, This is varisble in
any one® outerop. The dip ls nearly vertlicel in ths easterly outcrops, Out-
orops in section S, T.41N, R.4%, show & more gentle dip--sbout 20«40°K,
There 15 slternation of coarse~grained with fine=grained bends, The latter
are frequdntly lower in Kymnite and higher in feldspar and gZsrnet than the
coarss bands\. The banding is sometimes expremely contorted and takes the
form of minor folds, whorls, and ilrregular patterns,

Lentlieles, bands, and stringers of gquarta sceur irregulaprly throughout
the gneiss, "‘I’heir- elongation 1lies in the "pl_ant of foliation, The biotite
appears to curve around the quarts masses, but thin-sections show thst it
has developed in place, There ia & tendeney for grain slze and kyenite cone
tent to increase in the vieinity of the guarts lenticles,

Pegmutites compassd of quarts, feldspar, and muscovite occur as irregue
la¢ patchee and lenses in the zneiss. The feldspar is lergely plagioclase,
but mlore\e’nm iz sovetimes pressnt. Occasionally the pegmatites eut aeross
the gneizssse structure, as in outorop 13, where a dike one and one-half
fest widé cuts sharply across the strusture, It 1s probable that these re.
present the latest period of intrusion, whereas most of the other pegmstitss
wore intruded before movemsnt had entirely csesed. fAndalusite and gilliman-
ite, though rare, odcur alrost exidlusively in the pegmatites,

Thers is, thus, considerable variatien in the detail of the gnelsz, but

in the cutcrops available for study the major mineral assemblage is surprie-

ingly uniform;

LABORATCRY TECHNIQUE

Optis properties of the minersls were determined from thineseotions and
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froz gZrains mou: ted in Canada balsem, Refractive indices of gralns were ée—
ter=lined on the universal stsge by the double veriation method dasscribad by
2rmons {1929), GCrain slides and thinesections were also mounted on the stage
to determine exact optic angle, sign, and othaer properties:. The X-ray analy-
sis of garnel was made by Z. J. Lyons in the X-ray laboratory of the Gsology
pepartsment of the University of #isconsin,

Determinations of composition and twin laws of the feldspar were made
with & Bausch and Lakg‘; universal stage, Thinesections were mounted on the
stege and compositions deterwined by the method described by Emmons (1934).
Twirn laws were then determined by the method outlined by ' mmons and Catas
(1939}, a modification of the Federov and Rittman methods,

... #ineral separstions were dede in acetylene tetrabromide, specific zrae
vity 2,98, For lower gravitiss this was diluted with nitrobenzens, Centri.
tugatiaa at moderate gpeeds aided in separations of the fine-ground powders,
The rogk was ground to verious slzes and sc¢reened through seshes fros 14 to
300 for different purposes, HKagneblie separations of both hoavy sad light
fractione alded in concentration of gome of the minerals.

The presenes of gsrnet and kyanite in the heavy Concentrates masks the
aocesaory minerals, It was found necessary to aliminate thess for study of
the accessories, Ta do this a seperatlon was msde of ths rodsk which had been
grushed and screened between 20 snd 48 mesh. The light portibn,. which cone
aiatéé of querta, faldsper, and blotite, was then recrushed to pass 100 mesh.
The heavies were concenirated in the usual manner, In some osses the biotite
and the quariz-feldspar fractions wers reorushed separately. It is believed
that all minerals present in the rock are represented in thess recrushed

samples, In soms osses it vwae nedessary to boil the heavy concentrates in

HC1 to desiroy apatite.
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It was fou d imprastleable to nake Rosiwell c¢ounts of thin.gections to
detsrmine minersl percentage, due 30 thg irrgegular distribution of the pore
phyroblaste of kyanite and zernel and Ahe grientation of the biotite. . or
_ determinatlion of the percentages of thw me jor minerel constituents, grinding
weg so regulsted as to produce as littly ag pomsible of eizes lees then 100
mesh,; but all the rock was ground to pngg 314 or 20 mesh. This was necessary
beoause of the tendoncy of blotite, and 4y o 1ese sxtent kyanite and gernet,
to ooncentrate in the coerser #izds, whepeas quartz and feldspar tend to cone-
centrats in the finer sizes, All the yraing finer then 100 mesh were sorsened |
oud to prevent particle size from zZreatly influencing the rats of settling.

The detalled precoedure for m-inevgl percantage ceparations wes a3 fol-
lows: A sample of approximately 40 grupe of the powder was placed in 2 den-
tritust tube. The tube was fllled with pgetyilene tetrabrozide =nd the GOn-
tﬁf;t_; stirred well, ‘fter standing 10 minutes the top portion was scraﬁed
Q;.l;%-';ntﬁ a filter fumel, To this wug ygded most ch'f the iiguid, .whic:h son=
taimsd suspended hlotite, This light fraction contained quertz, feidspar,
and blotite. The kyanite and Zernet haq gettied to the bottom wmith some of
the biotite, .Since the biotita i8 neur the zravity of the llquid it remsins
in suspension, while the kyanite and ¢uppnet settle rather rapidiy. It was
erslb§§, by repeasted separations, ts lepgely sliminste blotite from the heavy
f"‘."“é@

- The 11ght and heevy fractions wers separstely washed in scetone snd
: drled nistite was separated from the parts and feldsper with the sid of
an electroensanet. Magnetic seperetion of the heavy fraction left s concen«
~ trate of “yanite. Staurolite was Sepaisted from 3arnet by verying the inten-
Sity of the magnetio fleld. Since stegpyjjts forme considersbly less than

1% of the averege rock, it wes discardeg, pour fractlons--quartz-feldepal,
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biotite, kyanite, end ;arnet--were then weighed and calculrted to percentags,
The specific ;ravity of quartz is 2,65 and that of the avergge feldspar

in the gneiss about 2,645, Tha pregence of inclusions of grephite and the

heavy minerals so offsets the true veslues thet gravity seperaticns gave light

and heavy fractions which had no relation to the two minerals in guestion,

Therefore, it was necessary to detsrmins the ratio of quarts to feldsper by

mechanical stage traverse in thin-seotion, fAbout 400 wm. of these minerals

were traversed in each section examined,

MIKBRALCGY

The minerals whish have basen identified are listed below in the approxie
mate order of theilr abu dance. These are then described in detall, with spe-

cial attention given to those of possible aconomic value or diagnostic impor-

tance,

Quarts Apatite
Biotite Rutile
Feldspar dnatase and leucoxene
Kyanite Zirecon
Garnet Monazite
Staurolite Sillimanite
Muscovite Andalusite
Seriecite snd chlorite Tourmaline
Opsgque minerals

Yegnetite

Ilmenite

Graphite
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Suartz,

Quartz occurs sbundantly and is seldom without strain shedowsz, :hese

shadows are irregulsr in outline and quite distinct. Inclusions of 21l the

other minernls oceur in the quartz. he pegmatites contaln some of the dark

smoky veriety. The quartz in the lentleles and stringers is colorless and

rarely contains zireon, though the lstter mineral is of frequent occurrence

in the quartz of the gneiss groundmess asnd of the pegratites,

Biotite,
The grester part of the blotite is =z dark reddish-brown veriety. It

is entirely opaque in thiek plates, Thin-gections cut perallel to the base

trensmit light. Color in these szetions varies from light brown to dsrk

reddish-brecwn, Fleochroism is strong in sections normal to the cleevegs,

with X pale yellow end 2 dark brown,

There is some vsristion in the composition of the minersl, though this

seems to be fairly constant, In heavy llquid separations the greater pert

of the biotite sinks, indicatling a specific gravity somewhat higher than

2,96, Some of the mineral remains in suspenslon after centrifugstion, and

some s:2all part rises to the top, The light fraction gives indication of

being weathered or chloritized, The heaviest particlass are clouded with

hesvy inclusions. It is probable thst 3.,08=,04 covers the gravity of the

unaltered mineral, Pyncnometer determinstion of » biotite concentrate gave
2,98,
Indices of refraction were determined on flakes from different outcrops.

Complete dnta were obtained from only two cf these,

#l. H, 1.6435=,0002*

23

*All indices here end below arc reported for the D line.
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L 1.6428%,0002

Np 1.5950%,0005 {osleculated from rotastior readings)

Ng=N, .0485+.0005
3V obssrved (=) 17°
caloulated (-) 153¢
averags {-) 150s1¢
22 B, 1.64294,0002
K, 1.64254.0008
' K, 1.60134,001 {calculated from rotation readings}
‘ & 'Bg-#i’ +043%,00%
s g¢ obwerved () 13
celoulated {~) 20

&.varage («) za%a*
Elepersiou f&r R 2 ?-cx «01724,0002
Indie&e deto*ained on oleavag& flakes fall in the ramgo from 1.8415 to 1.6435.

Thesc fndices are either N M or ?Im

- ‘rhs !'enoring values were chosen for dot.erminsuon of the epproximate

mpcaitlon of the a.verage biotitel KB 1.8430. Nz-ﬁp 048, "'hcse values

wers plotted on Winchell*s (1933) diagrem of the lsomorphous bietite system,

Tht felioving molecular percentages are indlcated,

51derephyllite 54,47
o ; éapf.a_nita‘ 25,67
i aonite 13,67

?hlogopite B.4%

Mfmte composition is: 20820.10320.35?30-178@-lanaos.sasma.

‘the_ blotite is replete with inelusions, Among thess are zircon, magne-

b

u“t ilmanit&,wm&tase, rutile, grephite, apatite, and monsslte, ‘fuarts,

R e
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feldapay, staurolile, pgarnet, and kyanite are intergrown and may be included,
Plesohroic halss occur around zireon, monszite, and apatite, The lergest and
most dense halos surround monesite, (Plate I-4) 2patite is enoirelad by
enly a faint derk ring, Zircons are abundant, and most of the biotite ia
peppered with minute grains, some as small as one micron or less, each with
its derk halo, {Plate IZI-1,2,3,4) Ais many as 50 of these were courted in
& single flaxe 0,2 nme In diameter,

Chloritization hes sffected the bioctite only rerely. ihis is acoompenied
by drop 1ia birefringence to lesa than 0008, loss of pleschrolsm, and blesch=
ing te pale greenigh~yallow: Yagnetits, of some other opsque mineral, hes
concentrated in cleavage traces and around the bordars of this altered bistite.

o ?ﬂc gray feldspar throughou? the gnelss is fairly uniform in eomposi-
uon_: from outorep te outorop. In the faldspers of any one thine-section, veria-
tim beyond the lisiit of error of the method used, shout 27 An, zay be ag
great es 237 in anorthite content., In 35 determimmtions from sectiona from
various outcrops the anorthite conternt fell between the limits 20-320%. Thus
8ll the feldspars are is the oligoolase group. Average compoeition is about
22¢ an. No potesh feldspar wse found in the gneiss itself.

& laprzé orystel of microeline which was taken fram 2 pezmetits mass in
outerop A wes examined in detall., It has irregular intsrgrowths of plagiow
clase of ca. 371 An content, The andesine slso ccours in narrow segms par-
ellel to 001 cleavages (Flate ¥I.1,3,3) This entire feldspar is a crystellee
Zrephls unit, It thus resemblss a perthite,

Teinning is more frequent in some thin-sections then in others, Probably

&% seny as 307 of the feldspars are untwinned. Twin laws which sre repre-

sented are pericline, slbite, snd acllne A. Of thess, the pericline and el
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bite are sbout equally sbundent. They oscasionally ocour together, though
geaerg'uy singly¥e 4&@¢line A ocourrence ig less frequent, DBistribution >f
lazellse within a Graln io sporadie, espeeially of acline and pericline
twinsy The pericline lomellae vary censiderably ia thlickness snd ere fre-
‘qumtiy wedge-shaped or terminsted,

Sericitization of the feldspers is present in sl) sectiocne., This is
‘larse__l; ~confined. to the narrower of the periclins lamellas, some of which are
aauplttt}x sericitized, The OO} cleaveze in these grains generally shows

oy sd;;_;qitia Albits lamellas which mmy ocour in the same erystal are generw

_ cny fres q? gericites “here pericline lzamellae sre broaé’, the sericite
gg_#t_zié%_ along the composition fases and orisa-orosses only certain of these

.. I_Qn:g}‘,;ir,ﬁqtr {Pletev<3,4; Plate II-1,2,3) The cause of this selective serici-
uma:m i® not known,
| Inclusions in the !‘éldspare sre sbundanti especially of the opaque mine

ersle, zfnea, rutile, and cpatite are of common occurrencas

. Kyutitor "_ cocurs in orystals ranging from about 4 owm, to & fow microns

in’ hnath ’t’ne lerger orystals are tabulsr, elongeted in the g-direction,

and ha?t wm dsvalcpod 010 and 100 cleavegea and 001 perting. ihe ends

m ﬁ&aa!;allg Jmteminat ad, Coler is variab}.u. even in a single orystal,
It 1" 8"‘0"&117 pale green-gray or blue-gray, but some crystals have streals
ot dlﬂe bhf par&llel to the 2 dirsction, :hese streals ere colorless in
snin- 0.1 m, thiek when X is parallel to the polarizer. Specific gravity
dnm.imd b;r tlu pyneumter is 3,83,

9?‘1& data were obtained from five grains taken at random from concen-

tnsn trou severel scattered outerops. These are quoted below,

Ex) in
e B
s W

T kE




fle Ks 1,7298+,0002

Ky 1.,7228%,0002

Kp 1.7150#,0005 {calculated from rotstion reedings)

S Ks"ﬁ - +0148«,0005

¥ observed (-) 88°
esloulated (-) 88°
. average (=) 88°
Di's!:ereien Itor Rg, F-C: ,009,001

| #8 Fg 1.7295¢.0002
N, 1.7228%.0002
ﬁﬁ 3471872 ,0005 (caloulsted from rotastion readings)

Hg-H, 012840005

”fj_a? observed (-) 870

caleulated { ) as®

m'ers.ge (- ] 83’*&‘

: Bisparsien for Kg, FeCs: L010%,001
m By 13295*.{19@2

gL

H! 1.?223*.0003

ST !;p 1,?1:36&.00{}5 (calcul&ted from rotatlion resdings)

ﬁs Rp «01452 .0005

ag obgerved {=) §9°

~ia saloudetsd (=) 880

- average: {=} 38v&)e

R 5’53?&?&1% for N, P-C: .008%,0005
“i“ ! ¥, 72984 ,0002
) Rn 1.7230% ,0002

L 8’ 1.7152#%,0008 (cal‘ lated from rotation readings)

R
g Np +0146%,0005

11,




2V cbeerved 9g®
caloulated (-} 86°
averaze {«) 88°*2°

#8, B, 1.72934.0002

Ny 1.7224%.0002
ﬁv_ 1.71520.000% (caloulated from retation readings)}

ﬂs‘Rp

&V obaerved g0

+0141#+,0008

celeulated (-} 82°
aversge (-~} 8819

= . Pispersion for Hgg FaC: 00864 ,00086

The only notaworthy exception to tﬁc data which have beaer raporte&'oa
;;ahitu by others is the high 2V in this materi&l. The optils sigg m,; be
};aitiva in some cases, as in ¥2 sbove.

Inelusions in kyanite are generally not very abundant, Somé of ths
1argn orystals are poikiloblaatie and intsrgrown with qu&tts, bzotite, feld~
spar, gsrnet, end staurolite, {Plate V-1,2} The kyanite 1tseif, however,
déataina few of the smaller inclusions, (Plats 1II-2] 2Zircon, apatite,

~ rutile, 11men1te,'anataaa, magnetite, and graphite have been ldentified,

Sarnet,
Garnel occurs throughout the gnelss and in the pegmatites. Fegmatites
‘sontsin mioroscopis grains with well developed dodecahedral faces which are
'-ineiusiou-frca. (Plate I~3) The garnets of the sneiss ar§ poorly formed,
- Farely have sny good Orystsl faces; ond are sometimes es high as 30% in in-
: uiu-ion:. The cuter portions of the gammetls have fewer inocluslons than the

interior. - In some graina the inoclumlons are arrsnged in patterns xhich may
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take the form of arcs or peculiarly curved whorls, These have no apparent
' pelation to crystal boundaries or form. (Plate IV~3,4)
{rystals larger then 5 mm, ln diameter are rare, and the majority are
1 to 3 o=a. In thin-seetion they are colorless; pale pink in greins 0.1 xm,
thicky brown to dark red in hand specimen. Where surface weathering has
sffecied them they are brown, due to limonite aiain in the fractures,
Optic data wers cbtalned on greims from eoncentrates from varicus oute

_ erops. ?&riation in lndzees in the garnets from a single hend spsciman e
| | bracas the range found throughout the gneiss and pegmatites, Variation in

| _!@i_ces within a eingle grain 0.1 mm. 111 gi-gmeygr is nearly s great as that
of the entire group. Thisz indiea.tu that zoning of soue type iz prenmt.
. The 1lquis, ethyl di=<iodo s.rsim, vaoe t’ound to ambrace the mdes rangc
at 8 oonstant temperature by merely varying the weve lengt.h of the Iigm
_ .ufudw. 4 dlspersion ocurves for the liguld was constructed froz refrastometse
rsmﬁng-a by double variation. The disperaion surve of the garnet was deterw
wined from twe gralng by the same method. It was only neceassry ta obtain
wave lsngth resdings st constant tumperature and to plot these on the surves
already determined,

The garnet is oompletely isotropie in thin-ssetion, Indlces fall in
the renge 1.8030~1.8171, mﬁera} dispersion for F-C is ,0136. Iadex distri-
bution for 557 greins is plotted inm Table 1. The index of the greatest num=
ber is about 1.8110,

S@fia gravity _Eieie_mirﬁtians by the pyncnometer method were mads of

four garnet powder concentrates, Valuee are shown below:
#1  (Slzed between 100 snd 300 mesh) £.04
72 (Sized below 300 mesh) 4,04

43 {51zed between 20 and 48 mesh)} 4.07




Table 1.

1.8107
1.8099
1.8099~
1.8091
1.8091-~
1.808&
1.8083~
1.8075

1.8075-
1.8087

1.8067"
1.8059
10805_9.'-
1.8051
1.8051-
1.8044
1.8044-~
1.80z7
108057‘
8 % 2 $ 8 82 8 % 8§ 8 g = 1.8020

] I 1 i ! 1 i . I L ) !

10
i

Number of crazins.

S (Slzod below 100 meah} 4.13
Tht hish admixture of ilmenite ray aocount for the higher value of #4.
3‘ﬂf¥t§d values of specific gravity have been found by Uenazer (13926) and

Stoakwell (1927) to be always below the values calculated from chemical come

pesition, It is probable that 4,1 i3 an average true value,
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in X-ray picture ves taken of one sample of gernet powder., (Plate Vi-4)
e 12ngth of the edge of the unit cube ils- 1i.52=,02 2. The inteneity of
ths: line 332 is extremely low, These two factors definitely plase the garnet
i the eloendite-spessartite group of Stockwell (1927), Bead tests on powder
| sh#e the sbsence of manganese, which eliminates spossartite, Therefors, ale
m&iﬁi-m&t be the dominant molecula. Using Stockwelltfs disgrams, the come
90_1_3'55:“ of the garnet appesrs ta be 80% almandite and 20% pyrope plus grose=
Mum andradites The lattar molesuls is probably very minor', otherwise
tm tmitr mbt would be larger.
w«z analygses were msde of two of the garmst concentrates, #1 and #2
quetsd ofi Po 13+ Doth contalned very minor amounts of ilmenits, but they
vere silerwise fres of admixtures and relatively free of inolusions. Both
mym were washed briefly in iCl to dissolve limonite stsin sand admixed
| m&mm the crushar, HNe determination was made af ferric iroan, Theree

"fmgm 1ittle is present iz included in FeO. Resulis ere given in Tabls 2.

sampll #2
32.88% 547
23.35 229
2£.58 488
3.28 81
2.53 48
0.09 1
0.50 8
2,00

99.24%
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The Ti0, wes combined with Ped@ané eliminated from further ocaloulations,
The relations betwaen Si{}a and Algt}s are interdependsnt, and therefore moe
Iecsulsar ratios were determined from ths bapes<-Fs0, Mg0, Ca@, and #n0s Cor-

pespending molecules are slmandite, pyrope, grossularite, snd spessartite,

Sanple 7L Sexmple J3
75.5% ?s.éz
13.4 13.4
10.9 7.8
O Y § 0.2
4.07 4.10
: %_ (chaerved gravity) (4.04) (4.54)
- . faleulated refractive index 1.803 1.507
- (Cbserved index) (1.811) (1.811}

'A§pr¢zzmeto oompaaition is: 23Fe0+4g0+3CR0+10AI,05+30510,¢

o ?beﬂa~rcauits alogely ohesk the observed valuse and eerlier sstimated
'éééﬁeiitiéa; In view of the higher observed refractive index it is probsble
| that andradite is present with zrossulerits, & smsll amount would ralse the

" ualoulated indax without affecting the specifio gravity, It is apparent thet

iir-r‘;éiiérﬁa are valuable for determination of the conmposition of 2 garnet.

- Staunrelitas ooccurs in both mall, well orystalliéod greins end large
potkfloblastic masses. Small erystals sre elongete in the c-direction and
oeften have a rod-like nppearance. Others sre nesrly aguidimensional, (Plate
' !2f+§3 The minerel 18 derk brown in hand spesimencand pale yellow in thine
sestlon; Flsochroism is distinet, from brown-yellow for Z te occlorless or
very pale yellow for X.

Optic deta were not obtained,
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P Inslusions in stsurolite are abundent in the large nasses, but limited
in the smaller crystals. Zircon, spatits, opaque minerals, rutile, guarts,
b$otita. an§ faldspar are all represented, The latter three are zensrally

econfined ts the peikiloblastlic masses.

gﬂgggvgte‘

sl

. dwgusGQVite cccurs ohlefly in the pegmatites, where crystals aa long as
6?; 836 one~half inches are not unusual. It is rarely found in the gnelss
itself. The minersl 1s colorless, and it hes 27 of (=) 47°s1°, es determined

_ 9§st§§-stése. This 1dentifies it as lron~free muscovite.

ind ohlorite,
4% Serleite ocsurs o8 en siteratlion product in the feldspar, It is rere
c13§i§sre, and cspeclally absent in kysnite. indalusite, where it oscurs,
,;ghiéiéé sericite. Pegpatites are far movrs serlcitizsd than the gnelss.
Chlorita'eceu;a in azsoolation with biotite and garnet, Ita ocourrence

' 1 very limited, however, Its color is pals green-yellow, Birefringence is

;Séni equal to that of feldsp&r.

Qgggug uinerals,

Yagnetite 1s present and oceurs in euhedral erystals end irregular com-
: pact masses,; It 1s scattared throughout the major minerals,

Ilmenite forms a large part of the opague assemblage, It ocecurs most
frequently in biotite in masses wvhich have anatase crystals assoceiated and
| intergrown with them, Other associsted colorless, fine-grained, and hizhly
" birefringent material is probably anatase, but from lack of identiflecation
“' it 1s here celled leucoxsne, Leucaxene has been shown by Tyler and Harsden

- (1938) to be fins-gralnsd anatase or rutile, and in some cases 1t mi; be
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brookite, though this haa net been ldentified. The assoclation of titanium

minerals deflaltsly cdistinguishes ilwmenite from the other opague minerals,
Grapalto ocours in winute siresided tabuler crystsls and in irregular

a

goupact moesgscs, The minerel floats in llguid of speciiie grovity 2.50.

iy

Some of it 1is qeakly magnetlc and mey contain adumixed iron, It Ic opsque
to transmitied light and steel grey in reflizcted light. The tabulasr crystals
are recognized in thin-section ss ineclusions in quartz, feldspar, snd bio-
tite, eSpeéially.

Yo winerels other than those noted above hevs been recognized among
the opaque group, thowgh it is possible that soms others may be present,

The complete chsanee of pyrite in 21l of the concentrates is worthy of mon-

tion.

Apetite,

ipatite occurs most commonly £8 inelusions in the chief minerals. It
generally exhlbits euhedrsl form with elongstion parallel to the c-axis.
Ratio of length to width vsries from sbout 1:1 to 5:1; it most commonly is
about 2:1, There are six or twelve priswm fauces, Terminations sre formad

by & combinstion of pyramids, with or without bases., The mineral is coler-

less to pale grsy.
Yo optiec date were obtalned.
inclusions ars extremely shundant in much of the spstite. These are

ler@ely opequz snd sre srvenged in strings terallal to the e-axis,

Rutile,
Rutile occcurs as inelusions in most of the other minerals, it is gen-

erally suhaedral, and the crystel faces are a combination of many forms, In

the ma jority of ceses glengation is not pronounced, Color varles from neerly




red through derk browm to deork grsy. Flecehreoism is distin

colored to I 1izht colered. In thick  reing the mineral ie cpague,

angtass and lsucoxene,

Anatase ls always assoclated with an opaque mineral, uncoubtedly ilmen-

ite, or originelly sc. This is true also of "leucoxene®, The anatase is

largely lrn rether thin besal plates, which may cr may not have flat pyramids
developed on them. Frequently the bases carry geometric vattetrms. #hen

orystal form ls developed the minerel shows sguare outliﬁe, but in gomwe cases
there are alec uriem faces. It is pale blue, pale yellow, or solorless. In

heavy concentrates the basal plates glve good uniaxiel fizures whioch have a

negative sign.

Sirefringence i3 higher than thst of sny of the other minerals except
Tutile. #Helief is sbout squal to that of rutile und highser than that of any
other minerel. #any of the minute "leucoxene®™ grains in the concentrates

were oriented on the stage, All which were large enough toe work with were

1dentified as anatass,

Zireen, ver. Falacon.

Zircon alﬁays sccurs in euhedral grains as inclusions in almost all
the other minerals., its special host is biotite, in which it produces derk

halos, Its color varies from brown-purnle throusgh vellow to colorless,

The maximum observed length wes U.12 mo. From this figure the size

decresses to the resolution power of the microscone. The gajority, however,

are abcout C.06~0,0% mm. long. Ratio of length to width verlies from 1lg:l to

4:1; sversge is sbout 2:1,
In cross-gectinn the grains nre very nesrly square., Terminations sre

by unequelly develoned pyremids--one, two, or thi=¢ sets. Lases sre sometimes
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grésunt, though more often not, Thus the ends have a somevhat roundsed ap-

pﬂ)’lmec
' dle§inct sdges In most of the grains: Frequently twe orystals ocour grows

The surfadces are etched or corraded; vhich gives the prisms ine

together along the prism faces, (Plate VII)

Bsteraination of indices of refraction ses found impractlcadie, except
yeyp roughly, due to great variadion snd indistinet Secke iines, Veristlon
';.. esneiderabls and probsbly ranges from 1.78 te 1.83 for E. Variatiom in
s, ‘single zrein 1y probebly grester than this, irssmuch as the senter oftien
;ﬁge; normal birefringences The ocuter portions have birefringence of close
wﬂ, or Becoma camplately lsotropis. The indlees have beenm showm by Chu~

9 aﬁé};{1sa?) to decrease with the birefringence. ({For & discussion of the

5p!cp¢rtiea of tha zircons of the Lake Superiocr region, see Marsden {1938)).

WR 3OOdlr proportion af the malagons have high birefringant gores,

- 4 =) - & -
. {Plate VIX-1,3} In some of the crysials the boundsries of the Soras sre dis

,iftinst and giverthc impression of a zirecon within & zircas, althaugh erystale
E~ lographic or!entation ia the seme. In others the boundarics are quite irre-
; sulare There is no relation between size of zireen snd ocsurrence of high

_-?é?“‘ Seme of the tiny graina have high cores, and yet some of the largeet

Gmaavnre completely low, Propcrtion of cored to uncored varies in the cone

N i«‘

antrates from difterent outerops, In ecme sllides most of the grains are

ﬁ&r&é, but in others only & small part shows this featurs,

Egggaite,

Menazite has been ldentified 1in thin-section as lnelusion- in biotite
Gnly, around whlch cdeur dsnse halos. (Plate I-4) IR may oocur alaswhere,

_however. €rystsls are sbout 0,062 nme in size or smaller. They appaav to

;__harauhedral, but they havc 820 many crystal faces and forms that identificaw

tion of them 1: impoesible, The mineral is colorless in thinpsection and
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~ pals yellow in graine.
Qptic propertles were determined larsely om the universsl stage, doth
[3°3 thln-secﬁ:on end in slidse fros hesvy concentrates, Rellef 1is about equal
' to that of the gernet, but sertainly higher than that of staurclite, Bire-
{r.tngence is =lightly less then that of anstase, Cne good cleavsge Js pres-
eat. and most of the grains in the slides rest on this cleevage. The optls
: pim is n_ea‘rly normel to the cleevage plane. Z and Y lie sloest in this
ylanos The optls angle ss datermined by direct rotation on the stega 1s |
Lg’te* gbsu§ the scute bissetrix, 2, Elongatlon ls negetive in thineseation,

7_ . minersl is generally freas of inclusisne, but a malacon wns noted in cne

" SilMoanite, vap, Fidrollte,
- Sillimanite oceurs chiefly in the pegmatitss, It is characterlzed by

its needle-1tke form and agsregates of bundles end plumes, (Plate I-1,2)

It zas not recognized in thin<sestions of the gneiss, but agn eceuai,o;:gl ques-

: Qioh&bla grain is found in some of the heavy conesntrates,

The nineral Ls pale colored to brown, has pareallel sxtinotion and posl-
_tive elongation, It is slightly pleochrols, with Z darker than X. Optic

égta ware not obteinad,

4 pdajupite,

The only megascople occurience of andalusite wes found in & hand specie
men of pegmatite. Heavy concentrates show an ococaslonal zrain, but none wes
. found in thin-s¢otions of the cgneise itself. The pegmatits cccurrence shows
‘lerge ocrystala of about one inch meximum diametsr. Thesa are pale pink and
have two zood cleavages nearly et right angles. The zlneral is colorless

in thin-seation, The zrains found in the heavy concentrates are red-lavender




parellesl to elonzstion, whickh is X, and colorless for 2 and Y. :xtinctinn
ig pzrallsl to elonzetion. Hoth the sign ond sign of eluogrtion are nega-

tive., Uptic engle is ebout 84°, ms deternined from ¢resins sn the stage. In-

dices were not obiained,

Tou inep

The otcurrence of tourmaline is limited and sporadic. Ihe mineral is
in long orisms whieh have naretive elongation ard strong rsleochrolsm. Color
19 derk greenishi-brown for ¢ and pesle yellow Lo colorless for E. in thick

grains the O-direction is nenrly, or guite opacue. inclusions are rare, but

spatite w~us noted in one grein,

MINBHAL AND CHsMICML COMPGUITION

Approximetely $8% of the gnelss is compossd of gquartz, feldsper, blo-
tite, kyanite, zno zrrnet. Thus, cslculetlon of chemicsl compesition of the
‘average rock will not be far in errer if besed on these winerels slone, The
following determinutions of percent mineral composition vere made by hesvy

liquid saparations,

Table 3.
Quterop no, ahuertz and 7Biotite YKyanite AClarnet
faldspar
2 62,527 224363 10.69% 44437
3 35,51 23445 5.73 . Oe29
69.45 26,73 4.31 5.51
54.44 31,00 7.70 6.36
57,94 28,46 16.98 4,64




7 and 8 56.39 34,11 5.55
9 65,3 24,35 4,71

10 55.25 32,32 T.05

11 53,44 40,88 1,35
Aversge 60,1 {28:4 . 845

%

The semples of Table 3 ars consideraed representative of their respective

outerops, T[hey contain neithsr ths highest nor the lowest valucs of any

eonstituent in that outeron.

Determinations of the raltio between quartz and feldsper were made in

thin-section. 2Regulty are given in Tasbls 4,

Table 4,
S}ide no, . 9 nusrts 7. Feldspar
2 78.9% 21.1%
3 37.5 62.5
4 35,6 64.4
5 50,9 49.1
6 ' 8.5 49.5
A-4 97.8 22.2
A=7 61.5 3845
B~& 23.1 76.9
B«8 6547 34,3
B-12 37.3 62.7
B-13 58,3 41,7
B-14 74.0 26.0
Average 54.3 45.7

Specimens which sre richest in kyenite have quartz predominent aver feldspar,

and where kyanite ius low feldsper predominstes over quartz.




24,

upplicntion of the quartz-feldspar ratio of the above tnble to the gquartz
plus feldspar percentage of Table 3 gives: 32.6% quartz and 27.5; feldsper,

®e then have the folleowing composition:

guartz Feldapar Biotite Lyznite Carnet
32.67 27.57 28.43 6457 5407

Since this group reprseents approxicetely 987 of the entire rock, these values

ere reduced io:

Quartz feldapar Biotite rysnite gerpet  All others
31.9% 27.03 27.8% 54 4.9% 2.0%

Ihe chemlcal composition of the gneiss can be caleulsted with the aid

of the mineral formulae given on earlier peges., Thess ars repeated below,
Quartz 810g.

Feldapar (227 in) 39ﬂ520~22030-6151203-2?83102.

Tlotite 20H,0+10K,0+35Fe0- 1 g0 *1841,05*52510 5
Kyanite A1,03°5105.

Garnet 231l +4'g0+3Ce 02041505+ 30510 5,

Othars Compounds of TiGp, Fpligs T, Feplz, Zr0p, ¥n0gy B30z

Although the last group is merely en approximstion, it is felt thet lts ef-
feat on the snalysis of the melor rock forming elewents is negligible. This
oxide snalysis is given in rable 5, together wiith anslyses of two other alum-

ipum-silicete-bearing schists, snd with some pre-Cembrian slates of the Lake

Superior region,

Composition of the gnelss corresponds to that of an average shale, 1t

is not particularly hkigh in alumirs, but rather in iron oxides. The ratio
of potash to sode 1s lower then irn the other snslyres guoted, The presence
of gericite in the feldspar, which was not taken into account, would raise
this ratio in n true chemical enalysis., There is o slose relation between

the kyanite gnelss and the Huronian and Enife Lake slates,
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Tabla B,
gxide iy " 3° _.ar O 7
510, 82,47  59.917 58,137  60.157] 58,157 62.24% 30,307
1,0, 15,8  20.35  20.45  18.45 19,30 16.39 17,79
Fas0s . 1.21 .98 4.04 1.45 4,98 1.94
Fe0 o 4432 3451 2,90 5.43 2.79 4,07
g0 2.3 3.33 2,60 2,32 3.04 2,92 3453
Na,,0 2.5  2.81 1.34 1.01 1.7 1.55 2485
£4C 2.3 3485 5.00 3.60 4,12 4,23 3.16
Ca0 1.2 1.47 93 1.41 1.33 1.69 R.77
Hy0 = 1.1 1.585 2.55 3.82 2,27 2,58 1.91
HgO - .05 89 37 .04 13
Ti0, Pe .11 .93 .78 .85 30 «62
P50g P. .06 +25 .15 .11 .10 .19
¥no tr .08 .15 tr .03 .06
€0y 05 1.46
e _De_ »88

98,05 100.487 99,977 99.847 98,467 99,507 99.02%

*3ources of analyses;
1. :ipproximete compositicn of Iron County, ¥isconsin kyenite gnelss,

calculated from smineral percenteges and formulse,

2. Inelysle guoted by Suzukl (19330} cf a schlst composed of guartsz,
feldspar (15-20i an}, blotite, muscovite, gernet, stsurolite, sndalusite.

3s inelysis of kyanlte schlst faclies rocks in Dutchess County, lew Yorlk;
from Barth (1936). _

4., Composite anslysis of 51 Paleozolc chales; from Clarke (1924),

5., iverage of three composite enalyses of little altered upper uronlan
Virgiania slate from northern Hinnesotaj from Grout (1933),

8, Average of two composite analyses of Rove slete of northern ¥inneso-
ta; from Crout (1v33).

7. Averege of three composite anmlyses of Knifs Lake slates of the
Vermillion District, Sinnesotaj from Grout (1933).
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PARAGINESIS OF MAJOR MINERALS

:.Thc mineral assemblege cf the gnelss is characteristic of a high grade

ARt A
of mworphism.

.,fe 1‘; 55

s and ).t. is not possible to trace the prograss of melamorphism to less

Une ig handicapped in this region because of lack of cut-

fiiaiﬂfanered phasss of the same formatlon. (nly by inference can it be

1;\)?&:;:‘, Su.
phm what mineral chenpzes oceurred and what the original roclk probably we 8.

m position of stesurclite 1m difficult %o interprests It appears to be

Mm stable wilh kysnite, but it occasionally oceura in lmots of a onge

hﬂ:@ meﬁ diameter and of extreme poikiloblestio texiurs,
. _vith the staurolite are both alzandite and kyanite, and alse, of Course,

biéﬁﬁtf-__ongoclass. and quartz¢ The zein sass of the knot forms en opticel

unita It appeers that the kyanite and slmandite are growing at the expense

of ?.ho "staurolite. These relicts{l) of large staurclite crystals are inter~

apmed thrcughout the gneizs, but one must search caref:lly for them,
{?lateIII-s)

,gast of the staurolite ocours in microscopie euhde'a.l grains,

\i‘éﬁﬂ S
\

Thus me of the mineral may havs formed before or during development of ths

mwj

R “S‘ El

kyanits; and soms of it mey have given rise to other minersls,

¢ 7: RAlmandite has probably formed through a long range. Certain of the
w contain inclusiona which are arrsnged in src-fashlon, in straight-

niu, or in irregulsr curved forws, {Flate IV-3,4; Plate III-4) These have

_M’ lppareat relation to orystal bounderies., The inclusions are largely quarts
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.‘M opeque minerals, with minor amounts of blotite. Apatite is scoetines
Mﬁ; It is possible that biotite has contributed to slmendite, accoe-
,@1(& by relecese of silica and potash, Thls would aceou t fcr straighd '
roes of 1nclusions which would represent the remains of the original blotite
‘apystel. Whers inclusione are curved it is possible that the zarnets wers
mué during growth, Harker {1932} deseribes snd illustrates such gernets,
E SMSIX evidence &2 shearing has been obiiterated, as shown by unbent blo-
t&tt f_i&:_es,— almandite wag spparently stlll in the formative stage when this
mtzox ocsurred. The garﬁcﬁ frequently occurs in npere rims or shells which
.a.;m guarts, biotite, and oligoclamse, (Plats IV.),2) The exterior pore

';3'_ um of the crystalsg ares gensrally nearly or guite fres 0!': ineluslons,

The presence of soning i the slmandits indicetes change in composition
aﬁ--ﬂﬁeﬁrm evailable during growth. It ®wes not possibls to determine what

this goning meens in relation to chemlical composition of the garnet, nor couid

4t
1n§§r_i§r. Ihis study might be profitably pursued.

RV

'd';temined whether the Index rises toward ihe exterior or toward the

’* Qligoelma_e-.shous evidence of having formed at an easrlier stage end of
later changing 1ts composition, It very frequenily shows strain shadows or
wadulateory extincetion, though not to the sxtnet found in quarts: A conspl=
cuous faature in all the thineseetions 18 a frequent rim of minute kyenite
crystals hetwesn the feldspar grains, (FPlate II)} :ihess are embedded in quartz
and give the impresslion of having cowms from the feldsper, rccompanied by libter-
ation of silica. Small crystals of staurolite which ere emhedded in olige-
ciase are generslly cushioned by & rim of quartz, It is possible these formed

in a similar manner, taking the iron from inelusions in the feldspar.
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__ = Harker (1L932) shows that increese in grade of metemorphism is acoompanied
g increase in the anorthite welecule of the feldapar. Sinae calsium is low
‘3 thia gnelss, incresse in the anorthite molecule of the feidspar could

.. mo sbout only by destruction of the albits molecule. Thim wmay ascount for
‘_-tﬁﬁ kyanite-quariz rims between feldspar grains. The released soda might

~ ‘well be taken up by the biotite, if insufficient boron were present to form
_$Mne.' #igration of silica might ales afford s vehicle for removal cf

m bo.so. Ihis reaetion is dependent upon chemical compositlion of the roek;

bnpeciﬂﬁany, a low culaitm contant,
'rho ocsurrence of potash feldsgar--microclinc or pex-thlte-—ia confineﬁ

ie pe@aﬁtcs which were fomed later then the peclk metamorphism of the

"éfe

mi‘u.‘ It probably repressents materlal which has been contributed by the

:}‘;a Bio%ite appears to heve a wide range of formation, There ls & sugges-
“ Slom: tn some sections thet it 18 giving wey to almendite. Ia other sections

" 1% sppesrs to be in equilibrium with almanditef both in end around the lstter.
The rslation between the two is probably conditioned by the available potssh.
Geeasionally suhedral staurclite crystels, surrounded by quarts, oceur in
rugged-adged cavitiea in the biotite, A% other times contact between the two
sinerals is sharp, Smail euhedral orystals of biotite ocgcur in oligodlase
tal quartz. Wihers ilmenite ls praesent the bliotite seems to have used iron,

,‘—“

Qiek my a.ceount for the grovth of ansatase,

i Kymnite 18 a growing mineral, It does not show evidence of furnishing

saterial for later reactions, {(An excaption is discussed under sillimanite.)

‘TBere ars apparently two generations of kyanite--the largs porphyrcblasts

—
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ﬁa& charaoterize this rock, and the minute elengate blades which frsqueanily
rﬁrt;&e feldgpars, CGrowth of the porphyﬂro‘ola,sts musl have accurred some tice

b.‘of’ the amell crystels appeerede They are, thus, not dsmonstratsd to have

M fPOB feldspar. It ls probable that these represent earlier crystals of
manaita, gince this minersl does odcur rarely in the heavy mncentratec.

mtgrw‘b of the small crystals between tha feldspars appears to be the lafest

phise of the snarorphio cycle.

ﬁw miﬂé of outcrop 13, Kyenite, stauronte,-and almendite ocour in this

baa& wit#sillimnitn (Plate 1-1,2} Kyanite and stanrolito show avidence
of ﬂ.ﬁns rise to some of tha plumes and bundles of sillimenite needlem The
ltuhsuitt is here also asascclated with remnents of muscovite and biotite and
tw t0 heve come, tc some extent, from them, Blotits sppears as relicts
1!& m«rac; into whioh it wa® probably altered.

| m andalusits of the 1rregn3.ar pegmatite zess in outorop B may have hed
&inuhaﬁ similar ortgin to that of the sillirenits, It occcurs intergrows
‘1& Wite and quartz. DBorders and clesvzges have been greatly serici<

tinad since its formation,

'iha development of anatase, il would seem, wes one of the late processes

Of tb. metamerphism of the gnelss, It may have occurred during the late de-

Vtiéﬁen‘l of the biotite, or it may rapresent retrogressivs changes, In the
B T

Py

t‘emr ouse the bilotite could have ussd tha iren, sand in the lotter cese the

,..___‘_’
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iyes asy huva bean carried out by the solutions which csused sericitizatlon
end odlopitization,

of: of the oligoclase shows sericitization to a minor degree, and the feld-
spayrm:of the pegnetites are oven more altered,

{Plate IZ; plate ¥=3,4} The

) _site‘ from outercp B has bean markedly serieitized, The kyenite rarely
mmelapment of sericite,

Chlorite has occesionally devaeloped from bio=
tj’. 1;3.:116 less frequently it oceurs in fractures in the garnet.

PETRGCUZN

A

f?iér and ¥ersden (1939) have found that all igneous rocks of the south

m au'ry Y browzz-—purialc. high-oirefringent sircon which as betm temeé the
htaeinth t7DG.

They have shows that 21l intrusives known to be late pre=Huf-

{"‘y'«

eaiau ta pre-Keweenawan in age carry a low-birefrlngent type known as malasen.
R ‘eA :

Isnequs rocks of Reweenawan age op later carry a third type of eolorless,

hisﬁ-birefringent sircon which shows good crystal form.

Sedimanta which are older than Huronlan gontain only the h:,ra.cintn type.

Hurealan sedlments carry some malacon in addition. Xeweenswen sediments mey
"G#r all thres types,

The incldence of malacon in the sediments ls low, whieh




3ke

y.: be dua to 1ts perishable nature under conditions of sedimentation,
Cnly one type of zircon occurg in this gneiss end a.s;ociated peguatitas
: -.‘_ifm.lauan. Iz we cen sccept the concluslons suamarized above, end the evi-
denoe is overvhelming, we must postulete o lste pre-liuronian to pre-i{e#eenam
agi for the intrusive vwhich metamorphosed this cedizent,

" In ell Hurontan sediments which have been exszined by Tyler m&i_f::arsden

_f' gz;g hyzwlnth type daminates and zzlacon i8 quite subordinete. From this

fut the question aéises, why is the hyacinth type ebsent from ths kyanits-
hﬂﬂng gneiss?

lﬁm destruction of sircom to malacon is aeaempanigd by breskdewn of the
3lecule to amorphous silica and possibly erystslline irl,, aceording to Chu-
ﬁh {1’937). This i® probably dus o the presence of radic-astive elenents
rithhs the orystal, socording to Liets (1938} If ths ¢rystal is of uniform
-ag@gegition ane would expect destruction to cevur throughout. Such would

euta* in & 2ircon which orystallised from one megme. Maleoon fros the granltes

£8 of this type. iHowsver, iIf the core of the orystal were s zircon of the

mi type, cround which melacon crystallized, one would expect such & sire

8 ggu a® ccours in this gneiss,

It 18 scdvanced here that the high birefringent corea represent detritsl
. hgasinth type zircons of the originel pelite from which the gnelss oame.

 The meleoen, elthar as entire orystals or as growths eround the originel

; rm, came from the intrusive granite which accompanied metagorphiss of
ﬁm ;tiaiss. it is believed that the larger part of the zircone which oceur
iuthc gneliss are of pneumestolytic origin,
rw__ .'R nunber of other wsrkers have found good evidence fo; the pneumatolytie
@.;.;ﬁntact metamorphic origin of zirecon Gillson (1925} ocites an instancs

iﬁ f_-hc Fend Orellle Distrist of Idaho where zircons have been lntroduced fros
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;;mzonite into sandstones, shales, end limecstones. HMHe includes a good bib-
| tiegrephy cf the litersturs on this subject. Truemsn {1912} found enlsrge-
,gt of zircons neer dikes cutting a Huronlen quartzite =t Rib Hill, i/lscone
stae

u*‘é{ «: - The presencs of & malscon within e erystsl of monazite suggests thet
,fﬁis zlneral may be of liike origin., The i-slatively high ineidence of spa~
tﬁ's’ ‘which forme more than 27 of one of the thin-sections, may be another
Wwon of pneumntalytle sction, The pregsence of a zreen-~brown type of
teurmaline, shich occurs in the @eiss as well &3 in the pegmetites, is an ”
edéiticnal bit of evidence, It is thus believed thet this rock wes permeeted

s thi mors mobile elements of the intruding megma,
3¢The cecurrence of quartz, which is fres of nearly sll other sinerals,

ﬁﬁeimsat. stringers; and irregular elongate meeses in the plane of the
wissasa sipudture is here interpreted as due io mstabovrphic differcntistion,
Iﬁwh beliaweé tha$ this occurred later than the Influx of the zircons, sinse
_quwta 1s generally quite barren, although the guarts in the groundmass
cf’ﬁt gnslss contsing o consi.derabgéfé. quentity of malacon. Suartz of the pegs

zatites alse contains a normel amount of walacom.

' ‘”ﬁe gneiss has been shown to Correspond to an averste shals with high

1&'&! conteat. The rock reached a stage in regionsl meismorphism jJust below

iy

\\-: i E

thi slllimnite grada. it has bLeen shown that the system was essentlally

The

g

in equilibrium when the highest grade of wmets=morphism was consummatede Let

lendne is a cheracteristic minera.l in rocks of this type., It appar=

‘3‘1«? fom only where shearing stresses are present, sxcept for the spessale
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siteebonrring variety. Its formstion is then conditionsd by the presence of
Mﬁ snd it may be found in therml sureocles, Conserning cccurrence of al-
—,‘;{,s,f Tilley (1526) writes, “The hozs of alzandine ia ssdiments is the

wm uetamerphand pelite, and its widespresd regiomsl ocourreamce in
mgmmnm sohists impllies a ready syntheeis under the influence of

;éaoeming ths genesis of aliscelm in schists, Turner {1933) writes,

Wm mmanr sppeers sa & product of dynamothsrmal metamorphiem ot
mﬁm high gredea such 28 prevail in the sones of almmndine and perhaps

m@ﬁiﬁi‘*:or blotite end nuscovite, sceording to the cheniesl compositien

It im ascvmpanied elther by desply-colourad E:arnhimdo. hormhlende

4 Tocks in which it ocours.® [e thua follows Harker in secounting for
rigin. of oligeclase,
ihsﬁh ihe grophlte pay have some from carbonatee, it ls mere probable

represants rsduced cerbonacecus matier present in the originsl shals.
The.1ew Santent of celaiua indicates thet the shale was rslatively free of

salefse and colomite.
' ltudy of progressive intensity of regional metezorphism in Cutchess

0 n York. Barth (1936) has errived ad% soms notable conclusions. In

t .‘-atrodum a3 the “Cyanite Schist E’aoia&“ twolvs oxides are essential

ﬂmﬁ of 51803, quartz, if silica is in excess, snorthite, and albite.

srm¥ae L1

st

I'hc htter t-lre fora a nix crystal of composition dependent on their origlnal




3.

rasio. (This latter concept is contrary tc that of Turner and Harker.)

Group 2% 31203. Fe0, ¥g0, Kgf), and H'gﬂ. These oxldes can glve rise
,gﬁ* eny five of the following sight stabls and one probsbly unstabls winere
'ﬁﬂ* Kyanite, musdovite, blotits, staurclite, garnet, cshlorite, harnblends,

;gmcline, end chloritold {unstablet). The development of the five minarals

:4hie group depends upoa the ratic of the five oxides, Barth plota the

.glysen on a four component tetrahedron; disresarding water. The four coa<

) pﬁgmia asPe, then: Al 50 plus Fe 0 {only &1233 in excess of that usad by

gﬁ- filliésps.r), Fed plus ¥nO, g0, and 133« Thae relation of steurclites te

te ia conditioned by sontent of water, and this cen be shown hy plaotting
sbova groups on enother tetrehedron and combining megnesia with iron and

‘ Haa.- Barth shows that petash feldapar cannot exist ln equillibriua

y elther kyanite or stsurclite,

- The mineral agsemblage of the iron Jounty gneiss is compatible with the

.- :EQ equilibrium asseumblages outlined by Barth. These minernls are de=
m&m, first, on original chemical camposition of the sediment and, second,

ha type and grade of metamorphism resched,

g gest of the pegmetites which occur in the reglon show the typica.}. dé=

_m&; or mesale struchure of recrystallized or metemcrphle rocks, These

probabir intruded during the later stagas in the formation of the gnelss

Mert?tha streszes had aentirely cessed. This was followed by =till later

srial which dces not show this stress effect, sueh as the andalusiles

b«ﬁ,ax masg in outeorop B. hether or not the sillimanits-bearing pegmatite

‘fmemp 13 is of the same generation cannot be known. It as lesst repre-

higher temperatures,

ers in a question whether the veinlet whish extends out from the large
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Wﬁtc valn of outorop 13 iw sctually injected material, or whether it is

a1y leached gneiss aleng e cresk which allowed passsage of hot solutiens

ning silies, One would herdly expect kyasnite and staurolite in an ine

jm vetn, The boundary with the gnelss is gradatlonal and the biotite
¢rystels partly project into the veln., The sillimenite nesdles shoot out
WW quartz grains in long curved strings,.

.stpmnt of sillimanite from mios has been postulated by Williaza

_nq‘ m oseurrence in Kew Zealand. He Says (1934), *Siilimanite was developed

.@sm' ozpenao of mica alongside megmatle quazts veins cutting tha sshist, I%

thved that the migration of sxllea in the veins provided a vahlela for

tbt tlminm—ainmts minerals. 211 thess msinerals, together with the small

s "?&"’{1’*&

_g;ﬁr q_rxptg;a of alzandite erd staurolite, identify the pegmatites as per-

fﬁfégreléivu changes sre in an inaiplent stage., Sericilization is more
Mﬂ: than chloritization, It iz probabla that ths solutions which caused
Wﬂte&ﬁon’ rapreaent the final liguids from the coollng intrusive long

Wt&c gneiss had formed =nd vhen regionsl stresses had wbsided and temp-

‘ had diminished, Apperently the pegmatite veine were avenues of eas~

i“‘ 80688 for these solutlons, indlcated by more abundant sericitization .
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m presence of microeline indleates inflow of potash., It is not known whee
s&ﬁ gsericite in the oligoclase is on emmmple of ex-solution of potash feld-

w st lower temperatures, or whether it repressents exchange of potash for

.....

'li“t ths sode being carrled fe.rthex- avay, In view of the asld naturs of the

ZOCHNOMIC MINERALS

kiherais of possible esonosic value are kyanite, elmandite, and biotite.

/ m; kxa.nite forme 8«7 of the gneiss, It is of good. quality and is relative~
tﬂt of inclusions when crushed through 63 mesh. The garnet forms 5-6%

: m'rock It is high in inclusions, but these are mainly quartz, which

anit not meaterially detract from the abrasivae quality, It ia a variety
vhich the slmandite molecule is dominant. Most of the commarcial garmets
Mﬁﬁ this t;p&, ascording to Myers (1928} and Eardleg-#ilwmot {1937}. A
mu& sgrvice test would have to ba made to determine the toughness of the

: m; - &% 18 possible that the inslusions may cause it to erumble raadily,

__ 1&. ﬁieh cass 1t would be valuelase. Biatita forme 25-307 of the deposit.
1& it genatgny unalterad and of goad qu&lith it may have some vslue ag
;bpyreduat, though its merket is limited.

-Tht deaosit contains ne weathered rosk, emcept that at the very surface.
miw glsclel advences heve ceoured off all residual soil. Therefors 1%
m_ﬁﬁsneee_gam to orush all the roek which is used for concentration. Ale L
W puch of the kyanite ccours in lerge orystels-<one-hslf to one and onee
mia&ec in length~-1% is so clossly sssoolated or intergrowh with other
M thet best results in consentration will come from orushing through

@ ®¢sh ccreen or finer. It is possible that some combination of magnstis
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w slestrostatic separation will be most economisal and satisfectory. Hew
m;;gés of commercial elecircstatlic separsilon have been developed and dess
Bﬁb‘d by Johnson {1938}, This has not yet been applied to m deposit of this
Wﬂ but it is belicved it might be succeasful, Heevy llquld separatione
lft pow o coetly. Flotation has not been successfully epplied to this
m‘rglagsemblsge. Tebking end jigging sre now in uge, but it is deubtful

‘¢ good concentratos can be obtained from very finsly crushed material, e

':n;m'ts, pricas, production, and consumption of kyenits are well sum=
ssvised by Kerr (1937). He quotes an excellent bibllography of sixty-one
‘ Spance {1937) presants pimilar material for the micas.

SUMMARY

den bed. The gneiss contains the following ehief mincralsz Qusx'ta, oligo=
w; kyanitc, alssandite, and staumlite. ‘I’he e jor mineral aséez:zblaga 'is
M ‘ equilibrium and is due, firsty to the chemi call composition of the orie

M 'roek. and, second, to the stage of metamorphism whieh It has resched.

m'n.otwnrphiu stage corresponds to the kyanite schist facles as introduced
5! m. Chemical composition ls charsctarized by high alumina and iron and
W osdetum content, Ths rock wes originally a pelite shich contsined minor
wu of carbonsceous madter, now graphite, It oclosely colresponds in
wﬁl cumpoeition to the pre~Cambrian slates of the Lake Superier regisn.
Itit l?msblx' of Huronish age and mey represent on® of the Huronian slates
‘“"h&”% slong the strike to the northeest. letamorphiam ms accompanied

i"ia‘mien of pre~Xsweenawan aold granitess

‘Solutions from the intruding msgma permeated the sediment and carried




8.

‘ﬂ‘émsua@ the zircon which 1s now malacon and which is sburdantly repree
M 4n the gnalss. These solutions may have brought in some of the apa=
GM Q.onmanne, and the monszaite. it lemst 290 stages of pegmatite invae
mm represented in the area. A localized veln effsct was the possible

f.éﬂi of some of the bases, which csused further enrichmert in slumina and

aznpmnt of sillimmnits and andalusites Still later effects of & re-

m' gre ';;yé nature wers superposed on the gnelss. These are indleated by

yij,;aﬁan of the feldspar and slizht ghloritization of the biotite and
possibly, slso, development of mnatase from ilmenite. The pegra~
¥eins vere caplest avenuss of adcese for the late solutions, - |

jms of possible egonomic valuwe are kyonlte, almandite, and blotits,

_‘airaf quartiz Ientielea and pegratites it should be poesibls to maln-
WW of 8-10% kymnite, 8-7% almaaéito, and 307 blotite, Kyanite is
¥s trec of inelusions and is of good quality. Almandite is high in

Concentra.ticn may best be

me,p&m The blotite iz of zood quality,
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RXPLANATION CP PLATE I

‘bin-section of ona-inch pegmatite{l} in outarop 13, showing develepment
of gillinanite (S1) from kyanite (X). Oroundmsss 1s quarts, feldsper
and muscovite, Ordinary light, x10.

Smt a8 1, showing higher megnificetion of gilllmanite plume shown on
right slde of 1s Ordinsry lizht, x34.

ﬁzinasectia& of large pegemstite in ocuterop 13, showing emall elear gar-
nges (c}). Grgm;dm:_ e qusrta (Q), nuscovite (s}. and peldspar (F),

reldsper shovs ocangidersble sseicite, Ordinary light, x1%.
i&-aeutien a#‘ biotite containing cless nonasite inclusiocn, Note large

bleck halos Ordinary light, x34.







i .u.‘uu A . Uﬂ \JL 3LATE :.I

1, E‘Sin—saction of gneiss showing minute kysnite (K} blades exbedded in
wta {3} between feldspsr (F) orystels., Biotite (B} and staurclite
(s} grs present on the left. !lote sericitization of pericline lamellae
m upper fledspaP. COrdinary light, x34.

3. Sﬂc n 1, crcssod nlaols,

[ nguit& crystals smbedded in quarts behun feldspars. Large feldspar

ﬁi‘&ﬂ"’ has thin perieline lamna.c sericitizeds Ordinary

thased Bieols‘ x88.




PLATE I




EXPLANATION OF PLATE IIX

1, Thin-section of gneiss showlng helos surrounding melacom incluslons in
blotits, Crdinary light, x10,

Thin-section of porphyroblast of kysnite, showing absencs of 1incluslons,
Ordinary light, x20.

Thin-sseetiéa of zneise showing auhm}. aﬁ-ag-rolitéu | P.‘;@hmiu halos
in blotite. Qi’ﬂinarr lighty %20, - | '»

Thin- saction shcwing porphyroblast of garnet. %iéta poixnebzastic_ tex~

ture e.nd atr&igh& N!# of 1n31uai€ms, mainlf qusrts. uhedral .:_staurolite

oocurs 1n thas‘ 109:&3‘ MI{, ' Eiotite hes glaechrcic ha}m?a Crdinary

iz ht‘ 2264
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ZXPLAHATION OF PLATE IV

Thin-section of gneiés showing growth of gerded as a mere shell, Ordine
ary light, x19,

Similer %o 1. Ordinary 1ight, xi9.

Porphyroblast of garnet. Note pacullar curved pattern of lnecluslons,
which may be due to rotetion of garnet duriﬁg growth, Ordinary light,
x19. _ e '

Similer te 3, Ordinsry light, x19.
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2.

3e
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EXPLANATICN UF PLATE V

Thin-gsection cf gneise showing clode assoclstion of kyznite, staurolits,
elmendite and biotite, Ordinsry light, x10.

Thin-sectleon through staurolite "knot®. Staurolite is en optic unit,
Note reliot-like appesrance and intermingling of garne’!. and kyenite,
Urdimgi 1ight, =10, |
'Ehin‘-séition of feldsper in gnelss, showing aerioit.’gzatien of twoe narrow
periciine lezellse. HNote relation to 001 cleavage. Ordinary light,

x85,

Thin-ssetion showing sericitized pericline lamellse in f
rim of kyanite and quartz betwsen feldspars ia lower part of picture.

Cthor minerals are biotite and apatite (3). Ordinary 1ight, x34.
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BXPLANATION OF PLT: VI

ond 3, Thin-.sections cf » lirge microcline crystal chowing typical

ecrcss-heteh appe&rgnce and 1ntergrowtn'of plegioclase of 377 °n, See-

tions lrend 2 sre out negriy'paraiiél to bagse, Central bend in 1 is
4umbﬂr 3 ié‘cﬁt normal to the two cleavages and shows fine

£1L

nlagloclesa.

ribbans. of piagicclase (whtte} in.a matrix'ar mi erc@iiné"fbiéck).

'*dcr crossed nicols, 219-

C-TRY a«‘tern shc@ing 1znas of garnct in uppet part and kalite below,

T of lmes glves length of edge of unit cube ag 11,52 E and

pleceas zarnet in the ron~calcium group. Low intensity of 332 line elim-

inotes pyrope. Dowminspt mﬂ;eoulé iz slmendite,

(o
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sRobaMaTIOR UF PLATE VIL

1. Fhotomicrograzh of lLieavy coneentrate grelins mounted in Canada balsam.

iote nigh blrefrinment core in zircea (2) in center. O{rdinsry light,

3

x380.

2. High bire:fringen% co}e in zircon: in {::entez' of tiéld. ) cher ﬁinerals are
kyanite {K) and anatase {An). Ordinary light, %380,

3., Core of hyacinth iy¥pe zircon in melacon. Ordiuai:‘rf"ught, x380,

4, FHsavy ooncenirate of zircon, Kyanite, and 'anatase; Hota coras and opague
inclusicgg in zircons. Kote double Zirgéﬂ in lower center fisld. These

2re united along E;iém faces, Erdinary liéht; =132,




PLATE VI
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