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S-ry of Conclusions 

1. The Killadore t a l c  deposi ts  a r e  included within a r e l a t i ve ly  s e l l  

area of "greenstonen o r  chlor i te-schis t  which apparently i s  a roof- 

pendant. 

2. A o m  the f o l l o ~ i r g  report  t he  t a l c  deposi ts  a r e  consicered t o  be 

t h e  result of t he  magmatic in t rus ion  under hypothema1 conditions 

of besic  rock high i n  ferro-mgnesian minerals. 

3. The poss ib i l . i t i es  of more t a l c  of marketcble grade am good. 



THE TALC DXZOSITS h'EAR MILLAIXjm, :'IISCONSIN 

Introduction and Acknowledgments 

A small a r ea  near Xil ladore,  Yisconsin, is s igni f ica& 

f o r  i t s  deposi t8  of t a l e  and massive soapstone. These d s s o s i t s ,  

although exploi ted commercially i n  t h e  pas t ,  have never been 

s tudied i n  any d e t a i l ,  and almost nothing has been w r i t t e n  about 

t h e  a r e a  except i n a v e r y  genera l  way. It i s  not  the  purpose of 

t h i s . pape r  t o  g ive  a g r e a t l y  d e t a i l e d  zccount of t h e  geology of 

t h e  area ,  but  t o  g ive  only a genera l ized p i c tu re  of t h e  geolog- 

i c a l  h i s t o r y  from beginning t o  end w i t h  some d e t a i l  where t h e  

t a l c  and soapstone depos i t s  a r e  c lo se ly  r e l a t e d  t o  p a r t i c u l a r  

geological  events. 
1 

Since outcrops i n  the  a r e a  a r e  few and r a t h e r  poor , t h e  

conclusions drawn a r e  not  absolute,  bu t  a r e  l a r g e l y  based on 

geological  theory and there fore  always open t o  quest ion.  In  

t h e  au tho r ' s  opinion, however, the  conc1.usions drawn a r e  log- 

ical and consequently as near ly  co r r ec t  a s  the  fo l lowing acc- 

ount of t h e  geology of the  a r e a  permits  them t o  be. 

Acknowledgment i s  due t o  John J. Ronan f o r  a s s i s t a n c e  i n  

deciphering t h e  h i s to ry  of some of the  rocks; t o  Professor  

R. C. k o n s  f o r  const ruct ive  c r i t i c i s m  of the  work; and t o  

Y[r. E. P. Bean, s t a t e  geologis t  of Eisconsin,  f o r  ecces s  t o  

s t a t e  geo log ica l  records and a t  whose suggest ion t h i s  work w a s  
\ 

undertaken.! 

! - 
1. The a rea  i s  r e l a t i v e l y  f l a t  and consequently, few outcrops 

a r e  found. 



Locat ion and Topography 

The t a l c  a r ea  i s  p a r t  of 

a r e l a t i v e l y  f l a t  country ab- 

ou t  t h r e e  mile@ nor th  of M i l -  

l adore ,  and approximately six- 

teen  mi l e s  northwest of SteV6-B 

Zoint .  More spec i f i ca l l y ,  the  

area occupies,  sec t ions  9 up 

through 16,  and 21 through 24, 
7 e - w  

i n  Tim 25 IT. and Range 5 E. 

The accompanying sketch map of t h e  count ies  of,Wood, Fortage, 

a n d  Marathon i n  nor th  c e n t r a l  Tisconsin shows t h i s  locat ion.  

Topographically, t h e  a r e a  i s  un im~res s ive .  There i s  r e l -  
I ( 

a t i v e l y  l i t t l e  r e l i e f ;  much of i t  i s  swampy s ince  i t  i s  poorly 

3ra ined by Besz and L i t t l e  Bear Creeks. m e  s o i l  i s  very t h in ,  

some of i t  res idua l ,  bu t  most of i t  probably cons i s t ing  of 0l.d 

g l a c i a l  d r i f t  (ground moraine) t h e  o r i g i n  of which w a s  p r i o r  t o  

t h e  last s tage  of g l ac i a t i on .  Cobbles of soapstone a r e  f r e -  

guent i n  t h e  f i e l d s  and g a r t i c u l a r l y  i n  s ec t i ons  11 and 15. 

(See page 2 f o r  sec t ion  map.) 

The ground Jn  many of t h e  f i e l d s  i s  moist t o  t h e  point  of 

being soggy and i s  suggest ive of an impervious substratum not  

f a  below t h e  ground surface.  

Powers Bluff l y ing  t o  t h e  southwest of t h e  t a l c  a r ea  i s  

the only  f e a t u r e  near  by t h a t  i s  of topographic prominence. It 

i s  a h i l l  of pink q u a r t z i t e  and the  r e s u l t  of d i f f e r e n t i a l  



eros ion so that it remains as a monadnock on a ressurected  

Pre-Cambrian peneplain. G lac i a l  alluvium now covers t h i s  pen- 

ep l a in  with a superimposed drainage r e s u l t a n t .  

On the  following page i s  a topographic map of  the  ' 

Milladore Talc Area. 





St ruc tu re  

I n  an  a f e a  of low r e l i e f  it ~..,t ha, o o u n t ~  
1 

i s  commonly found t h a t  t he re  a r e  

no t  many t r u e  rock exposures and 

t h a t  pseudo-outcrops cons i s t ing  

of e r r a t i c  boulders  of d iverse  ! 
I o r i g i n s  more o f ten  occur. Also, ; 2.07 2, 1 22 1 1 3  I 

t h e  outcrops t h a t  may be found 8 :  -1 !-- -L. J,,, L-1,- 
Tslc Mine m Oo.*.r 

on low s lopes  a r e  seldom very [9 ope* ?it ni-. 
Location M Q ~  op Outcrops 

good. This i s  t r u e  of t h e  Xi l l adore  t a l c  a r e a  where only f i v e  

outcrops and two small mines c o n s t i t u t e  t h e  ma te r i a l  basis of 

t h e  following s t r u c t u r a l  i n t e r p r e t a t i o n ,  But de sp i t e  the  l ack  

of many outcrops,  those found here  a r e  s o  s i t u a t e d  t h a t  i t  i s  

possib1.e t o  ob ta in  a reasonably good iden  of t h e  s t r u c t u r e  of 

t h e  area.  The adjacent  sec t ion  p l a t  map alloms t h e  l oca t i on  of 

t h e  outcrops and mines. w 

I n  o rder  t o  understand t h e  f i e l d  r e l a t i o n s h i p s  of the  out- 

crops they w i l l  be b r i e f l y  described according t o  t h e  code used 

i n  t h e  p l a t  map a t  the  top  of the  page. I n  s ec t i on  20 t h e  out- 

crop l abe l ed  "D" c o n s i s t s  of two g r a n i t e s  exposed i n  what at 

first appears  t o  be a  mass of ~romiscuouuly  grouped boulders. 

One of t h e  g r a n i t e s  i s  dark and b a s i c  i n  charac te r  s ince  i t  i s  

high i n  ferro-magnesian minera ls  and b i o t i t e ;  t h e  o the r  i s  Of 

l i g h t e r  c o l o r  and i s  about ha l f  r i n k  f e ldcpa r  with t h e  other  

h a l f  f o r  t h e  most p a r t  cons i s t ing  of quar tz ,  b i o t i t e ,  and 

ch lo r i t e .  The bas ic  g r a n i t e  con ta ins  sevornl  i nc lu s ions  which 



aspear t o  be  a greenstone sch i s t .  The contact  between the  two -. - - 
gggni tes  could not  be seen. 

I n  sec t ion  16  i s  another  outcrop of g r a n i t e  ( l ~ b e l e d  "En 
?, 

on -the map ) which i n  most r e spec t s  resembles t h a t  j u s t  descr ib-  -.. 

gd. -. Here again, the  outcrop c o n s i s t s  of residual ,  boulders  ap- 

pearing . . much l i k e  a  pseudo-outcrop. The g r a n i t e  weathers t o  a 

whit ish-gray but i s  dark on a f r e s h  sur face  and i s  somewhat 

@ e i s s i c  i n  character .  It appears t h a t  th is  i s  probably t h e  

J@ge g r a n i t e  a s  t h a t  i n  sec t ion  20 and t h a t  the  g n e i s s i c  char- 

a c t e r  i s  a l o c a l  d i f ference .  --. - 
A t  QGn i n  sec t ion  13 i s  a t h i r d  outcrop of  g r a n i t e  some- 

>' b 
y@t porphyrytic i n  t ex tu re  and conta in ing white f e l d s p a r  i n  ag- 

g rega tes  and dispersed c r y s t a l s .  It i s  high i n  dark  minerals ,  .. -~ 
s j o t i t e ,  ch lo r i t e ,  and ferro-mags, and i n  appearance again i s  

g j m i l a r  t o  the  o ther  txo  g ran i tes .  

I n  sec t ion  1 2  at  "FR t h i s  same g r a n i t e  i s  exposed, b u t  h e r e  

i t  i s  i n  contact  with a dike  of 'd iabase  which l i e s  t o  the  no r th  

of the  g ran i te .  About sixty f e e t  of t h e  d ike  i s  exposed; how 

much th i cke r  it may be cannot be determined. The east-west l i m -  - .  

!ts of t h e  dike l ikewise  a r e  not  known as no exposures of i t  

age found i n  these d i rec t ions .  

Another outcrop of g r a n i t e  ("1;") i n  Marathon County a l -  

though ou ts ide  and no r th  of t h e  t a l c  a rea ,  warrants  a t t e n t i o n  

s ince  i t  helps t o  de l i nea t e  the  s t r u c t u r a l  r e l a t i o n s h i ~ s  of 

IhfJse rocks within the  area.  This g r a n i t e  i s  q u i t e  d i f f e r e n t  

from those  previously described i n  t h a t  it is  very low i n  bas i c  

minerals and high i n  p ink fe ldspar  and quartz .  Fhysiograrhic 



condi t ions  i n d i c a t e  t h a t  i t  i s  probably i n  contact  with the  

g r a n i t e s  i n  t h e  t a l c  a r ea  t o  t h e  south, o r  poss ib ly  t h a t  a 

Wadat ion  f r o m  one g r a n i t e  t o  another  takes  place. 

The t a l c  mines i n  sec t ions  11 and 15  a r e  located  i n a  

h igh ly  metamorphosed country rock of dark green ch lor i t e - sch i s t .  

TMs s c h i s t  contains l a r g e  amounts o f  t a l c  and a l s o  the  rpinerals 

magneti te ,  p y r i t e ,  malachite,  c a l c i t e ,  and serpent ine .  The mag- 

n e t i t e  occurs both i n  c r y s t a l  (euhedral  octahedrons) and mass- 

i y e  form, whereas the  o ther  minerals  a r e  found only r a r e l y  i n  

c r y s t a l  form. 

In the south pa r t  o f  the  a r e a  and espec ia l ly  i n  sect ion6 

14 ,  15, 21, and 22 a r e  s ca t t e r ed  cobbles slid boulders  of pink 

q u a r t z i t e .  Farners  have c leared the  l a r g e r  ones from the  f i e l d s  

and placed them i n  l a rge  p i l e s  at the  f i e l d s 1  edges. ~ r e s m a b l y ,  

a cjuartzi te  under l i es  t h i s  p a r t  of t h e  t a l c  a r e a  and might wel l  

be  t h e  impervious substraturo r e s ~ o n s i b l e  f o r  t h e  soggy s o i l  r e -  

f e r r e d  t o  previously i n  th is  repor t .  Although no outcrop could 

be found, t h e  l a rge  numbers of q u a r t z i t e  boulders  present  i n  

t he se  s e c t i o n s  seem t o  j u s t i f y  t h e  conclusion t h a t  p a r t  of t h e  

a r e a  i s  under la in  by quar tz i t e .  

From t h e  p l a t  map and the  b r i e f  desc r ip t ions  given it i s  

r e a d i l y  seen t h a t  thd small a r ea  of green ch lo r i t e - s ch i s t  con- 

t a i n i n g  t h e  t a l c  depos i t s  i s  e n t i r e l y  surrounded by i n t r u s i v e  

g r a n i t e s  with the  poss ib le  exception of  t h e  northwest side. This 

a r e a  i s  marsh, but  superf ic ia l .  i n v e s t i g a t i o n  t o  t h e  northwest of 

t h i s  marsh revealed more g r a n i t e s .  It i s  l o g i c a l  t o  conclude, 

t he re fo re ,  t h a t  the  c h l o r i t e - s c h i s t  wi th  i t s  d e ~ o s i t s  of t a l c  

i s  a roof-pendant and i s  the  r e s u l t  of the  magmatic i n t ru s ion  



i n t o  a b a s i c  rock  and a subsequent  e ros ion .  The s p l i t  b lock  

diagram on t h e  fo l lowing  page d e p i c t s  t h i s  s t r u c t u r a l  i n t e r -  

p e t a t i o n .  -. 





The Rocks of t h e  Area 

A l l  t h e  rocks of the  a r ea  a r e  e i t h e r  igneous o r  meta- 

morphic. The sedimentary Potsdam Sandstone outcrops a few miles  

t o  t h e  south ,  however. 

The g r a n i t e s  of t h e  a r e a  may be divided i n t o  two c l a s s e s  

a n  t h e  b a s i s  of comjosition: those which a r e  bas ic  and high i n  

f erro-magnesian minerals,  and those which are a c i d i c  and r e l -  

a t i v e l y  h igh  i n  fe ldspars .  I n  genera l ,  i t  may be s a i d  that t h e  

f a r t h e r  from the  ch lo r i t e - s ch i s t  --- the  more a c i d i c  a r e  the 

g r a n i t e s ;  :and the  c lose r  t o  t h e  s c h i s t  --- t h e  more bas ic  they 

become. This  i s  probably t h e  r e s u l t  of d i f f e r ences  i n  the  amount 

of a s s imi l a t i on  of the  greenstone ( c h l o r i t e - s c h i s t )  by the  

g r a n i t e  in t rus ive .  

The g r a n i t e  "X'' l y i n g  t o  the  n o r t h  of t h e  t a l c  a r ea  i n  

,d m a t h o n  County ( s ee  sec t ion  p l a t  map,page 2) may be considered 

more o r  l e s s  t yp i ca l  of t h e  a c i d i c  rocks  found i n  t h i s  l o c a l i t y .  

It is  fine-grained and high i n  f e l d s g a r  (about 5@) most O f  

which i s  plagioclase ,  but  microcl ine  i s  common and p e r t h i t e  i s  

a l s o  present .  The r e s t  of t h e  rock is  quartz  (35s) and bio- 

t i t e  (15%). I n  t h i n  s ec t i on  a l l  of these  minera ls  show s t r a i n  

which i s  probably due t o  dynamic s t r e s s  while the  g r a n i t e  was 

e i t h e r  i n  a semi-solid o r  s o l i d  s t a t e .  There i e  l i t t l e  o r  no 

a l t e r a t i o n  of the  minerals. 

The bas ic  g r a n i t e  i s  more v a r i a b l e  i n  composition and i t s  

c h a r a c t e r i s t i c s ,  but  a l l  of the  outcrops and specimens may be 

considered a s  a  group. All of them a r e  r e l a t i v e l y  low i n  f e ld -  

a p e  varying from sbout t en  t o  twenty-five percent.  The fe ld -  



Spar genera l ly  cons i s t s  of both or thoclase ,  which i s  usua l ly  

cloudy and highly  a l t e r e d ,  and plagioclase ,  which i s  sometimes 

of secondary twinning and of ten  with a l b i t e  and p e r i c l i n e  

twinning which may o r  may not  be continuous. The a l t e r a t i o n  

products  of t h e  f e ld spa r s  a r e  t a l c  and kaolin.  The emount of 

quar tz  present  i s  highly var iab le ,  iii some specimens i t  being 

about f i f t y  percent  and i n  o thers  only about t en  percent.  Most 

genera l ly  t h e  quartz  i s  sutured though not  always. Chlor i t e  i s  

presen t  i n  a l l  the  bas ic  g r a n i t e s  and was found a l t e r e d  i n  every 

case. Cohonly  i t  has a pre fe r red  o r i en t a t i on  but  i s  not  con- 

' s i s t e n t  i n  this  reSpeCt. The c h l o r i t e  i n  these  g r a n i t e s  i s  an 

a l t e r a t i o n  product of amphibole, pyroxene, o r  b i o t i t e ,  and a 

rock may have c h l o r i t e  as a r e s u l t  of the  a l t e r a t i o n  of a l l  

three .  S e r i c i t e  i s  al.so common throughout these  dzrk g ran i tes .  

Other minera ls  p e s e n t  but i n  smaller  q u a n t i t i e s  a r e  z i rcon 

and epidote,  a secondary mineral i n  t h i s  l o c a l i t y .  

Evidence of s t r a i n  i n  a l l  these  minera ls  shows up c l e a r l y  - t' 
i n  t h i n  sec t ions .  Quartz i n  p a r t i c u l a r  shows s t r a i n  shadows, 

and i n  many cases  the  c r y s t a l s  a r e  twis ted  and contorted so  

that ex t inc t i on  i s  r e l a t i v e l y  slow under t h e  microscope. Brec- 

c i a t i o n  of t he ,qua r t z  and o f t en  of t h e  o ther  minera ls  i s  char- 

a c t e r i  s t i c .  

The pink q u a r t z i t e  i s  r e l a t i v e l y  pure f o r  t h e  most p a r t ,  

b u t  near  the  ch lo r i t e - s ch i s t  i t  i s  very contaminated and con- 

t a i n s  t a l c ,  hematite,  magnetite,  and i lmeni te  i n  g r e a t e r  o r  

l e s s e r  amounts. Recrys ta l l i za t ion  has taken place  t o  a  l a r g e  

ex ten t .  The pink color  becomes dark red on near ing the s c h i s t  



undoubtedly due t o  t h e  increas ing amount of i r o n  oxide present .  

In t h i n  s ec t i ons  some of the  quar tz  appears  s t r a ined ,  but  boun- 

d a r i e s  of t h e  g r a i n s  a r e  f a i r l y  wel l  rounded and i n  some i n s t -  

a ances a r e  secondari ly enlarged. 

The ch lo r i t e - s ch i s t  i s  l a rge ly  t h e  r e s u l t  of the  metamor- 

phism of t h e  greenstone --- t h e  metamorphism due t o  t h e  i n t r u s -  

i v e  g r a n i t e .  Samples taken f r o m  the  t a i l i n g s  p i l e s  a t  t h e  mines 

were high i n  t a l c ,  contained abundant octahedral  c r y s t a l s  of 

.magneti te ,  and smalker q u a n t i t i e s  of p y r i t e  and malachite.  
L 

The diabase composing the  d ike  conta ins  more minera ls  than 

-.a;ny of t h e  o the r  rocks o f  the  area. Pyroxene, c h l o r i t e ,  and bio- 

t i t e  are present  i n  considerable q u a n t i t i e s ,  t h e  c h l o r i t e  and 

b i o t i t e  as a l t e r a t i o n  products. Magnetite i s  very common and i s  

a s soc i a t ed  wi th  the  c h l o r i t e  and b i o t i t e .  ?7eldsp& i s  r a t h e r  

common a l s o ,  appesrs cloudy i n  t h i n  s ec t i on ,  and is a l t e r e d  t o  

L' -hat probably i s  kaolin.  Olivine c o n s t i t u t e s  p a r t  of t h e  rack  

but  i s  mostly a l t e r e d  t o  magnetite and c h l o r i t e .  The c h l o r i t e  

f a  an a l t e r a t i o n  product of t h e  b i o t i t e  as well  as of t h e  o l i v -  

I i n e ,  Garnet i s  found i n  appreciable amounts. 



Mineral Deposits 

O f  $he vai-ious minerals  found i n  the  roof-pendant t a l c  

and i t s  compact form, soapstone, a r e  both most abundant and 

most important. The .other  minerals ,  magnetite,  hematite,  inala- 

c h i t e ,  p y r i t e ,  serpent ine ,  and c a l c i t e  a r e  preserit i n  r e l a t i v e l y  

minor q u a n t i t i e s  and w i l l  be considered only as support ing 

(and non-supportingt) evidences concerning conclusions a s  t o  t h e  

o r i g i n  of the  t a l c .  

1 t  has  been shown by minera log i s t s  t h a t  t a l c  may occur i n  

seve ra l  wcys. Since it is  a hydrated magnesium s i l i c a t e ,  

(H2Mg3Si03)q, it may r e a d i l y  r e s u l t  f r o m  the  hydrat ion of ens- 

t a t i t e ,  (MgSi03). Enstat iCe i s  considered t h e  b a s i s  f o r  talc; 

i t s  formula i n d i c a t e s  why. Talc i s  very o f t en  the  hydrat ion 

product of magnesian rocks l i k e  gabbro, pyroxenite,  pe r ido t i t e , .  

o r  c r y s t a l l i n e  l imestone containing such pyxome2as.omatic min- 

e r a l s  as e n s t a t i t e ,  t r emol i t e ,  o r  a c t i n o l i t e .  O r ,  i t  may be 

formed from any mzgnesian amphibole o r  pyroxene i f  acted upon 

by H20 and C02 i n  accordance wi th  the  following equation: 
i 

@3si03 + C02 + H20 = H2L?g3Si4Ol2 fXgC03 . 
Solu t ions  a c t i v e  

near  t h e  con tac t s  of i n t r u s i v e  rocks a r e  perhaps most cagable 

of e f f e c t i n g  t h i s  change and t h a t ,  wi th  moderately high temp- 

e r a tu re ,  would f u r n i s h  t h e  bes t  condit ions.  This could well 

have been the  condit ion responsible  f o r  t h e  formation of t h e  

t a l c  i n  t h e  Ui l ladore  a r e a  where i n t ru s ive6  penet ra ted  a rock 

r i c h  i n  bas ic  minerals ,  and high temperatures were undoubtedly 

e x i s t e n t  a t  t h e  time. 



1 

That the  t a l c  was deposited from so lu t ions  i s  very grobable. 

i Cav i t i e s  l i ned  with f o l i a t e d  t a l c  a r e  very common, and i n  some 
I 

o a s e s  t h e  c a v i t i e s  a r e  l i ned  with c a l c i t e  a l s o  so t h a t  the  t a l c  

appears  t o  have a c t u a l l y  been deposited on the c a l c i t e .  The ca l -  

c i t e ,  however, i s  meteoric i n  o r i g i n  and i s  much l a t e r  than t h e  

ta l c .  

The q u a r t z i t e  near t h e  c h l o r i t e - s c h i s t  a l s o  conta ins  t a l c  

i n  varying mounts .  This l ends  f u r t h e r  support t o  t h e  theory 

t h a t  a l t e r a t i o n  and so lu t ion  is  respons ib le  f o r  t h e  deposi ts .  

Quar tz i t e  as i t  occurs here  i s  q u i t e  pure and mould terid only 

&o r e c r y s t a l l i z e  upon in t ru s ion  by t h e  magma. The t e l c  and o ther  

f o r e i g n  ma te r i a l  must have come i n  so lu t i on  from t h e  megma and 

s c h i s t .  

Eagne t i t e  and hematite a r e  found i n  considerable amounts. 

d o s t  genera l ly ,  t h e  magnetite occurs i n  octahedral  c r y s t a l s  
I and imbedded in t h e  s c h i s t ,  whereas t h e  hemati te  i s  more com- 

t 

& mon i n  massive form and mostly i n  t h e  q u a r t z i t e  i n  proximity 

t o  t h e  s c h i s t .  Magnetite commonly ocours where t a l c  i s  formed 

by  t h e  hydrat ion of ferro-mzgnesian minera ls  s ince  t h e  i r o n  i s  

l e f t  i n  Surplus and r e a d i l y  combines wi th  oxygen,,to form m e n -  

e t i t e .  Hematite and no t  magnetite occurs i n  the  q u a r t z i t e  prob- 

aVlY because of t h e  l a c k  of s u f f i c i e n t  oxygen i n  t h e  q u a r t z i t e  

t o  produce magnetite,  o r  t h e  i r o n  mey have been o r i g i n a l l y  pres-  

e n t  i n  t h e  q u a r t z i t e  as an oxide and then aa te red  t o  hemati te  
2 by metamorphi SE. 

- 
2. Note; This statement m&y seem t o  c o n f l i c t  with a previous one 
when i t  wes s a i d  t h a t  the q u a r t z i t e  was "very pure". By s u r e  i s  
meant t h a t  t h e  q u a r t z i t e  contains nothing e the r  than s u f f i c i e n t  
i r o n  oxide t o  g ive  i t  i t s  @c. co lor .  This cc lo r  becomes a d u l l  
r ed  nea re r  t h e  contact  between t h e  q u a r t z i t e  and t h e  s c h i s t .  
Otherwiee the  q u a r t z i t e  i s  r e l a t i v e l y  uniform over a h r g e  area .  



P y r i t e  i s  common and i s  disseminated throughout the  green- 

stone. Considering the  widely varying condi t ions  under which i t  
/ 

may occur i t s  presence means l i t t l e  wi th  regard t o  $he t a l c  de- 
/ 

p o s i t s .  Likewise, the  occurence of malachite  i n  small  q u a n t i t i e s  

i s  of l i t t l e  imgortance. I t  i s  undoubtedly meteoric  i n  o r i g i n  

and the re fo re  much l a t e r  than t h e  t a l c  i n  deposi t ion.  It i s  poss- 

i b l e  t o  have malachite  degosited from magmatic so lu t ion ,  bu t  this  

does n o t  seem t o  be t h e  case at  B i l l ado re  o r  one should expect 

t o  f i n d  more extensive depos i t s  of i t .  It occurs only  as coat- 

i n g s  on the  greenstone. m e  former deposi t  of copper ore ( t h a t  

may have come from magmatic sources)  from which t h e  malachi te  

was c a r r i e d  i n  so lu t ion  has  i n  a l l  p r o b a b i l i t y  been removed by 

erosion.  

It has  been previously noted t h a t  the  rocks  of th is  a r e a  

8h4wmuch s t r a i n  and brecc ia t ion  as evidenced i n  t h i n  sections. '  

Also, s l i ckens ides  i n d i c a t e  that f a u l t i n g  has occurred. Talc i s  
' sometimes defined as a "high pressuretf  minera l ,  and i t  i s  l i k e l y  

that some of the  t a ro  of th is  a r e a  i s  due t o  the  dynamic s t r e s s -  

e s  that were resolved i n t o  f a u l t s  and brecc ia t ion .  However, falc 

(and sergent ine)  r e s u l t i n g  from such processes a r e  l oca l i zed  and 

l i m i t e d  i n  extent ,  and t h e  depos i t s  a t  Xi l l adore  a r e  too l a r g e  

t o  be accounted f o r  i n  t h i s  way. 

It i s  concluded, therefore ,  that the  Mil ladore t a l c  depos i t s  

a r e  t h e  r e s u l t  of the  a l t e r a t i o n  and so lu t i on  of b a s i c  rocks 

conta in ing magnesian minerals ,  and was induced by t h e  magmatic 

i n t r u s i o n  of the  bas ic  rocks  under hypothesmd condi t ions .  Other 

a l t e r n a t i v e s  of t a l c  o r ig in  a r e  not  su f f ' i . c i en t ly  supported by 

t h e  geologic evidence a s  found i n  the  Mil ladore Talc Area. 



Sequence of Events 

The rocks of the  Nil ladore Talc Area a r e  a l l  of Pre- 

Cambrian age. It is  the  Be-cambrian period of the  e a r t h t s  

h i s t o r y  about which geo log is t s  know t h e  l e a s t  f o r  c e r t a i n ,  

and t h e  rocks of t h i s  a r e a  a r e  no exception. The fol lowing 

account  of t h e  sequence of the  geological  events i s  there fore  

genera l ized s ince  t h e  evidence i s  i n s u f f i c i e n t  t o  al low f o r  

z u c h  d e t a i l .  

The o ldes t  known rock of the  t a l c  a r e a  i s  t h e  c h l o r i t e -  

s c h i s t  o r  i t s  unmetanorphosed equivalent ,  greenbtone. The 

source of t h i s  greenstone i s  much of E: mystery, b u t  i t  is  thought 

t o  be volcanic.  Uson what base t h e  greenstone was l a i d  down i s  

a l s o  unknown because everywhere g ran i t e  i n t r u s i v e s  have des- 
.- 

t royed underlying rocks  and pas t  of t h e  greenstone through assim- 

i l a t i o n .  With a fair degree o f  c e r t a i n t y  i t  may be s a i e  t h a t  

t h e  greenstone was l a i d  dam upon a basement of Archean rocks,  

presumably igneous. 

Cor re la t ion  of t h i s  general  a r ea  with the  r e s t  of t h e  Lake 

Super io r  Region suggests t h e  greenstone t o  be of Keewatin age. 

The Keewatin greenstone s c h i s t s  around Lake Superior  are i n t r u -  

ded by g r a n i t e s  i n  much t h e  same way t h e  greenstone i s  i n  the  

Mil ladore Talc Area. A general  fo ld ing of the s c h i s t s  took 

p lace  throughout t h e  Lake Superior Region a f t e r  ~ e e w a t i n  time, 

and  presumably t h i s  happened i n  the  t a l c  a r ea  a l s o  al though i t  

was imgossible t o  determine a s t r i k e  o r  d i p  ~ i n c e  t h e r e  was no 

a c t u e l  outcrop of the  beds of s ch i s t .  S l ickensides  on p ieces  of 

' t h e  c h l o r i t e - s c h i s t  found at  the  mines ind ica ted  t h a t  f a u l t i n g  

had occurred i n  the  a rea ,  but whether the  fau l t i r lg  was due t o  



t h e  f o l d i n g  of t h e  s c h i s t  i s  n o t  knorm. It could have been 

caused by o t h e r  d i z s t r o p h i c  movements, and no doubt  some move- 

ment was s e t  up through s t r e s s e s  b y  t h e  i n t r u d i n g  g r a n i t e .  

A f t e r  t h e  f o l d i n g  of t h e  g r e e n s t o n e  and b e f o r e  t h e  . 
Timiskaming a p e r i o d  of e r o s i o n  s e t  i n .  The s e a  readvanced 

over  t h e  Lake Supe r io r  Region, and sed imentary  d e p o s i t i o n  took  

p l a c e  r e s u l t i n g  i n  g r e a t  t h i c k n e s s e s  o f  sands tone  which were 
s 

subsequentJy  metamorphosed i n t o  t h e  q u a r t z i t e .  These q u a r t z i t e s ,  

once o v e r  t h r e e  thousand f e e t  t h i c k ,  were f o l d e d  i n  t h e  g r e a t  

d i a s t r o p h i c  movements o f  t h e  e a r l i e r  Pre-Cambrian vihi ch ma.de a 

mountainous a r e a  of t h e  whole Lake S u p e r i o r  Region. Subsequent 

e r o s i o n  wore down t h e  rnountaina t o  t h e  s o - c a l l e d   re-~ambrian 

penepla in*  b u t  l e f t  such r e s i s t a n t  q u a r t z i t e  h i l l s  as Rib H i l l  

n e a r  LVausau, and Zowers B lu f f  n e a r  Yiscons in  ~ e p i d s ,  as monad- 

nocks. The p ink  q u a r t z i t e  of  t h e  M i l l a d o r e  Ta lc  Area i s  t h e  same 

as t h a t  of  Powers B lu f f .  The s o u r c e  o f  t h e  sands  o r i g i n a l l y  

meking up t h e s e  q u a r t z i t e s  i s  unknown. That t h e  s o u r c e  m a t e r i a l s  

were 

duce 

edly 

tremendous i n  t h i c k n e s s  and p robzb ly  a l s o  i n  e x t e n t  t o  Fro- 

ove r  t h r e e  thousand f e e t  of v e r y  pu re  q u a r t z i t e  i s  undoubt- 

s o ,  b u t  more than that n o t h i n g  i s  knorm. I t  i s  one of t h e  

Wnether t h e  g r a n i t e  i n t r u d e d  t h e  q u a r t z i t e  and g recns tone  

b e f o r e  o r  a f t e r  t h i s  f o l d i n g  i s  problemat icd l . .  Bor o t h e r  p a r t s  

o f  t h e  Lake S u p e r i o r  Region t h e  q u a r t z i t e s  a r e  n o t  i n t r u d e d  by 

t h e  L a u r e n t i a n  G r m i t e ,  b u t  l i e  unconformably above it .  I n  t h e  

t a l c  a r e a  and that  su r round ing  i t  t h e  g r a n i t e  does  i n t r u d e  t h e  

q u a r t z i t e .  If t h e  q u a r t z i t e s  o f  Rib  H i l l ,  Fowers B l u f f ,  a.nd t h e  

t a l c  area can be c o r r e l a t e d  t o  t h o s e  of o t h e r  p a r t s  of t h e  



Lnke Superior  Region, i t  mould d a t e  t h e  i n t r u s i v e  as Al.goman 

s ince  t h i s  g r a n i t e  does penet ra te  the  qua r t z i t e s ,  ,vhereas t h e  

Archean g r a n i t e  ( ~ a u r e n t i a n )  does not .  This i n t e r p r e t a t i o n  
r 

seems plaus ible .  

Concurrent with the  i n t r u s i o n  of the  g ran i t e  was t h e  for-  

mation of  the  t a l c  deposi ts .  This i s  discussed under t h e  sec t ion  

-&itled "Liineral Depositsv. 

Af te r  t h e  long-continued erosion r e s u l t i n g  i n  the  peneplain 

at t h e  end of the  Pre-Cambrian, t h e  s e a  again advanced over t h e  

r eg ion .  Eeposi t ion of sediments (mostly sandstones and l imestones)  

completely buried such monadnocks as Powers Bluff and Rib H i l l .  
2 

According t o  Weidman , Paleozoic formations up t o  t h e  Xiagaran 

may have been deposiked over t h e  a rea .  

With t h e  gradual  withdrawal of t h e  sea  erosion again took 

p l a c e  and continued r e l a t i v e l y  undisturbed u n t i l  t h e  beginning 

.rrf t h e  Pleis tocene.  Great thicknesses of sedimentary rocks were 

removed, and, from the  point  of view of erosion,  Tiobeck3 th inks  

that  i t  is  more impressive than t h e  Grand Canyon of t h e  Colorado 

River .  Only small por t ions  of t h e  sediments such as t h e  Fotsdam 

Sandstone remain i n  the  area.  P le i s tocene  g l a c i a t i o n  i s  respon- 

s i b l e  f o r  oonsiderzble alluvium and d r i f t  s o  t h a t  a superimposed 

drainage i s  t h e  present  r e s u l t  on a ressurec ted  Pre-Cambrian 

peneplain. The q u a r t z i t e  h i l l s  of Powers Bluff  and Rib H i l l  a r e  

as high as before.  The block diagrams4 on the  following page 

d e p i c t  t h e  fou r  main s tages  of t h e  geologic h i s t o r y  of Nood 

County and t h e  Milladore Talc Area. 
--- - - 
2, 4 Weidman, 2 . - - -  "The Geology of bor th  Central  Wisconsin"~907 
3 Lobeck, A.K.--- ~~Geomorghology" 1941 



FOUR STAGES IN THE GEOLOGIC HISTORY OF WOOD COUNTY 

Pre-Cambrian Penepl mat ion .  Pal eozoio Sediment at ion.  

Post-Pal.eozoio Erosion. After C;laciation. (Present  ) 



ECONOMIC GEOLOGY 

A8 s t a t e d  previously,  the  t a l c  d e ~ 0 S i t S  of t h e  a r e a  have 

a l ready  been exploi ted t o  an extent .  f lExtenttt  i s  i n d e f i n i t e ,  

b u t  t h e  l i m i t s  of the  t a l c ,  that can be  mined a t  a p r o f i t  can- 

.not be d e f i p i t e l y  s ta ted .  Lack of s u f f i c i e n t  market and drop 

i n  p r i ce8  a t  t h e  height  of t h e  economic *depressionw i n  1932 

caused the  discontinuance of mine operat ions.  

Trowbridge Xine i n  Section 11 w a s  operated by the  American 

Ta lc  Co. of Plymouth, Yisconsin. Ho maps of the  i n e  a r e  ava i l -  + 
a b l e ,  bu t  according t o  a previous f i e l d  repor t5 '* the  work here 

has shokn up a body of mixed t a l c  and soapstone measuring approx- 

ima te ly  eighty-f ive f e e t  v e r t i c a l l y ,  f i f t y  f e e t  i n  cross-cut ,  

and pcssibly seventy-f i v e  t o  one-hundred f e e t  long i  t ud ina i l y  * . 
Assuming the se  es t imates  t o  be reasonably cor rec t ,  t h e  mass of 

8oa1;stone and t a l c  represen t s  n volume of something l e s s  than 

500,000 cu, f t ,  This f i g u r e  may be  considered t o  be a maximum 

s i n c e  very  probably t h e r e  is a considerable  amount of impuri ty 

p resen t  i n  t h e  mass such as c h l o r i t e ,  greenstone, s e r ~ e n t i n e ,  

and a l s o  i n t r u s i v e  dikes.  Samples of the  t a l c  o r e  f r o m  t h e  mine 

showed a wide degree of v a r i a b i l i t y  i n  t h e  pureness of the  s o a p  

s tone ,  the  range being f r o m  a t a l c - s c h i s t  (mostly c h l o r i t e )  t o  

a p r a c t i c a l l y  s u r e  soapstone. 

Another mine i n  Sect ion 15 was operated and closed about 

t h e  same time as t h e  Trowbridge Liine. Eo information,,  on th is  

mine was ava i l ab l e ,  bu t  operat ions went down t o  a depth of about 

n ine ty  f ee t .  Examination of specimens from t h e  t a i l i n g s  p i l e s  

seemed t o  i n d i c a t e  genera l ly  t h a t  t h e  soapstone w a s  of lower 

grade  than t h a t  from t h e  Trowbridge Mine. Xore impur i t i e s  were 

present .  1 
# 9 0 



The niining at  these loca t ions  was f i r s t  done i n  open 

p i t s ,  t h e  mine s h a f t s  being sunk when it was found t h a t  suf-  

f i c i e n t  soapstone of high enough grade was present  t o  make 

underground mining prof i t ab le .  Since the  soapstone occurs p rac t -  

i c a l l y  at t h e  surface,  and cobbles of i t  a r e  common i n  the  f i e l d s ,  

". 
it seems q u i t e  probable t h a t  t e s t  p i t s  would l o c a t e  o ther  bodies 

of t h e  soapstone and t h a t  diemond d r i l l i n g  would then determine 

t h e  ex t en t  of t h e  new deposi ts .  The p robab i l i t y  of f ind ing  more 

of t h e  minera l  i s  very good. 

In 1929, t h e  f i r s t  year  of repor ted  sales6,  The American 

Talc Co. mined at Zkilladore 4,350 sho r t  tons o f  t a l c  and soap- 

s t one  wi th  a gross  value of $14,238; and i n  1930, 1,078 sho r t  

tonawi th  a value  of $3,499. Thus, i n  one year  t h e r e  was a de- 

c l i n e  of about 300% i n  both quan t i ty  and value of t h e  mineral.  

For t h e  country as a whole t h e  average p r i c e  of rough t a l c  from 

t h e  mine i n  1930 was $9.84 per  sho r t  ton. The d u e  of the  1,078 

sho r t  t ons  produced i n  1930 by t h e  American Talc Co. i n d i c a t e s  

t h a t  t h e  rough t a l c  f r o m  the  Mil ladore Talc Area so ld  f o r  less 

? than h a  f  t h e  average p r i c e  per  ton f o r  t h e  whole country. It 

geems t h a t  t h e  U.illadore t a l c  was e i t h e r  of i n f e r i o r  grade o r  

lacked a suite3le market. I t  may haye been both, 

The p r i c e  of t a l c  continued to  dec l ine  u n t i l  1936 when 

t h e r e  was an upswing again,  and i n  1940 the  average p i c e  & e r  

t on  reached $11. 

Talc and ground soapstone today f i n d s  75% of i t s  use i n  

pa in t s ,  ceramics, roofing,  paper ( f i l l e r ) ,  and i n  dus t ing rubber 
-- - 
6 BBinerals ~earbo-29-1-15 
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t o  prevent  s t i c k i n g  t o  molds. About h z l f  of the  amounts of - - 
t a l c  ..--. produced goes i n t o  pa in t s ,  and most of t h e  remaining 

h a l f  into t h e  o t h e r  i n d u s t r i e s  named i n  t h e i r  order  of import- *--- 

ggiflce. The presen t  w a r  has i n sp i r ed  research  and t h e  d e v e i o p  

rnentof p l a s t i c s  i n  an e f f o r t  t o  r ep l ace  meta ls  t o  a l a rge  ex- -. - 
s e n t ,  and t s l c  ha s  been u t i l i z e d  as a f i l l e r  i n  these  p l a s t i c s .  

I Vood .. . f l o u r ,  however, i s  used t o  a g r e a t e r  extent  i n  the p l a s t -  

Los than ground soapstone. - + 


