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WISCONSIN GEOLOGICAL SURVEY 

A STRUCTURAL STUDY OF TED3 IEPInUSAU AREA 

R. C. Ennnons and F. G. Snyder 

The area  of t h i s  study includes twelve townships, Toanships 28 t o  30, 
Ranges 5 t o  8E, It i s  located i n  blarathon County, Risconsin, and includes the  
City of Xauseu i n  the  e a s t  c en t r a l  part. It i s  orossed by U.S. Highway No. 51 
from north  t o  south, by S ta te  Trunk Highway No. 29 from eas t  t o  west, and i n  part, 
by S ta te  Trunk Highway No. 52 which leads from V:ausau northeastward, Elsewhere 
within t he  area a r e  several  county trunk highways and many secondary roads of good 
quali ty.  I n  general, roads a re  one-half mile t o  one mile apart. 

There i s  considerable quarrying of granite,  quar tz i te  and e r g i  l l i t e  with- 
i n  t he  area, which is  devoted primarily t o  farming. Several attempts have been 
made i n  the past  t o  exp lo i t  t he  occurrences of nepheline and zircon whichhave long 
been knm. Nepheline, which is the  chief objective of the  present work, ha8 not 
been found i n  su i tab le  i r o n  f r e e  qua l i ty  nor i n  suf f ic ien t  quanti ty a t  the  surfece 
for quarrying operations. 

The purpose of t h i s  study has been t o  l ea rn  the conditions under which 
the nepheline deposits  were formed with a view: 

(1)  To delimiting the  area of the nepheline occurrences, 
( 2 )  To determining something of the nature of the  nepheline reserves, 
( 3 )  To learning something about the fac tors  wk~ch  deternine the i ron  

content of the nepheline. 

For several  years no* it has eppeared t h a t  the nepheline owes i t s  or igi f .  
and d i s t r ibu t ion  l oca l ly  t o  s t ruc tu ra l  fac tors  within the area, Kith t h i s  i n  
mind t h i s  s t m c t u r a l  study was under%aken, and the r e su l t s  of the f i e l d  work ass  
offered here. 

Vi'e have had the  d i s t i n c t  advantage of two separate pieces of work i n  the 
erea t o  help us, t h a t  of V;eidman, published as Bul le t in  16 of the  Geological Sur- 
vey of Wisconsin 1907, and t h a t  of the V:isconsin Geological Survey f i e l d  par t i es  
of the ear ly  1920's supplied t o  us as blue p r in t  toamship p la t s  of the  geology 
Pre have modified somewhat these interpreta t ions  but have drewn heavily on tham, 
a s  acknowledged i n  the  accompanying map. 

The rocks occurring here are volcanic flows and associated sediments over- 
l a i n  by quar tz i te ,  l a t e r  intruded by grani te  which dif ferent ia ted i n t o  severel  
types including the  nepheline-bearing rocks, as a resu l t  largely  of the skructura't 
control  of the overlying ~ o o f  rocks. Fiith t h i s  pic ture  i n  mind the  nany x c k  
types found i n  the  erea are seen t o  be i n  considerable per t  modifications of the 
few fundamental types, and the complex picture of the e a r l i e r  ;napping may be 
simplified great ly  by grouping the  modifications under gerceral heads. The f u d a -  
mental rock types and t h e i r  modifications w < l l  therefore be discsssed f i r s t ,  
Their mutual re la t ionships  w i l l  then be more e a s i l y  described. 

Rh o l i t e  The rhyol i te  i s  best  exposed and occurs i n  larger bodies i n  L-; 
the eastern portion of the  area. The mapped rhyol i t e  i m e d i a t e l y  e a s t  of ieusau 
i s  wel l  exposed w d  i n  considerable par t  i s  unaltered. Another excel lent  loca? i ty  



i n  which t o  study the rhyolite i s  Big Sandy Park where Big Sandy Creek cuts the 
~ h y o l i t e  and provides a continuous exposure for  100-200 yards and addit ional ex- 
posures beyond. 

In p n e r a l  the  rhyolite i s  a dark reddish o r  dark gray porphyrit ic rock, 
massive i n  s t ructure  and outcropping be t t e r  than many other rocks of the d i s t r i c t .  
Tha rhyolite matrix i s  extremely fine-grained, zuch too fine-,grained f o r  f ie?d 
study. The phenoorysts are feldspar and quartz. The nature of t he  phenocrysts 
i s  not constant over the &a, being usually feldspar, sometimes quartz and commoni.;; 
feldspar with a l i t t l e  quartz. The feldspar i s  orthoclase a t  some Locali t ies,  i s  
usually plagioclase, and looal ly  includes both. The feldsper may be e i t he r  white 
or red, but i s  mom commonly white i n  the  darker rhyol.ite occurrences and i s  red 
i n  t he  reddish rhyolite. 

The Big Sandy Creek exposure gave the best  opportunity f o r  study i n  the 
area. The rocks appear on both sides of the stream as well as  i n  the bed, Ex- 
posures are good. Uost of the rock i s  rhyolite, most o f  the rhyol i te  i s  porphyritic, 
t he  remainder (10-2%) i s  ch lor i te  sch is t .  Vir tual ly  a l l  of the rhyol i te  i s  a t  
l e a s t  somewhat sheared. The matrix of the l e a s t  sheared rhyol.ite i s  too fi.ne- 
grained for  the Eand lens but the  orthoclase phenocrysts are 1-2 m, 'long. They 
show up best  on the weathered surface. The th ickes t  beds are  inoli.ned t o  be 
massive, are 20-25 f e e t  thick; others axe as t h in  cs  3 feet .  The or iginal  l i thology 
s f  the thinner beds i s  a question since they have developed sch i s to s i ty  rather. 
consistently and are now chlor i te  sch is t ,  The a t t i t ude  of the beds and sch is tos i ty  
i s  uniformly s t r i k e  N ~ ~ O E ,  dip 80's. Origlnel flow st ructure  i n  the rhyol i te  i s  
quite comonly evident and i n  many beds i s  very marked, 

I n  the area northeast  of Lausan and southeast of Brokaw, t he  rhyolite was 
observed mainly i n  surface f loa t  ra ther  than i n  ouccrop. Here much of the rhyol i te  
car r ies  only clear,  glassy quartz phenocrysts in  euhedral t o  subhadral for=, and 
having p len t i fu l  inclusions of magnetite or chlorite.  For the  most part ,  however, 
the rhyol i te  here carr ies  plagioolase phenocrysts, well twinned, and white i n  
color. The matrix i s  very dark. Some o f  the  rhyolite i n  t h i s  sec t ion  i s  sheered 
i n  which case it i s  qu i te  l i gh t  gray i n  oolor. 

Directly ea s t  of Nausau, about one mile from the c i t y  l imits  ( N E ~  NE* 
Sac. 29, T 29 N. R 8 E),  t he  rhyolite i s  w e l l  exposed on the c r e s t  of a southward 
facing h i l l .  The matrix i s  fine-grained, almost glassy, medium gray 3n color and 
car r ies  phenocrysts of quartz and plagioclase. The quartz is wel l  rounded, and 
i s  by no means abundant, possibly no more thandone per cent of t h e  rock. The 
plagioclase phenocrysts cons t i tu te  between f ive  end t en  per cent  of the rock. 
They are i n  subhedral t o  euhedral c rys ta l s ,  2-3 mm. i n  diameter, white i n  color 
and well  twinxed on the albite-carlsbad complex law. The rock shows a very 
massive character a t  t h i s  point. The outcrop does not permit the  determination 
of individual flow thickness. 

These descriptions apply t o  the  rhyol i te  i n  i t a  most near ly  unaltered 
form. The recognized modifications of t h e  rhyol i te  are  of speoial  i n t e r e s t  since 
the rhyolite i s  so closely associated with other rooks of c r5 t i ca l  i n t e r e s t  i n  
the  area, s m e  of which bear a s l i g h t  resemblance t o  modified rhyol i te .  A few 
selected modified rhyolites may w e l l  be described. A common aspect o f  the rhyol i te  
where it is  close t o  t he  in t rus ive  a p l i t e  o r  i s  out by a p l i t i c  apophyses i a  a  
glassy medium gray rock, with  or even without phenoorysts, i n  &ich the matrix . 
i s  d i s t i nc t ly  spotted by ch lor i te  i n  small grains or  i n  aggregates. There the 



a p l i t e  apophyses a r e  large and numerous, such as  immediately e a s t  of the  c i t y  limits 
of Fausau on County Trunk Highway "N" and i n  the environs south of the  highway, the 
rhyol i te  goes Par t o  blend with the ap1it.e through rec lys ta l l i za t ion .  Apparently 
t h i s  a l t e r a t ion  does not  extend f a r  from the apl i te-rhyol i te  contact, possibly only 
a few feet ,  though the epophyses have been observed to-penetrate  the rhyol i te  f o r  
two or three hundred feet. This i s  i l l u s t r a t ed  on Highway "3" one mile north of 

j u s t  ea s t  Highway "N" i n  S E ~  SET, Sec. 25, T 29 N, R 8 E, and again on Highway "N" 
' 

of P;ausau, though l e s s  c l ea r ly  (South border. Sec. 31, T 29 N, R 8 E). 

Contiguous t o  t h e  in t rus ive  granite the rhyol i te  is dark, even becoming 
d io r i t i c .  This pecul ja r i ty  i s  not ea s i ly  explained since the contact selvage i s  
higher i n  mafic const i tuents  than is e i the r  the granite or the rhyol i te .  Bedrock 
exposurws are so meager i n  these places t ha t  only a suggestion can be ol'fered i n  
explanetion. F'e have obse r~ed  repeatedly t h a t  the rhyolite darkens a t  in t rusive 
contaots with the gran i te  and local ly  becomes highly mafic. This process of change 
leads t o  a grani te  hybrid which ranges from granodiorite t o  mafic d io r i t e .  h e  
in te rpre ta t ion  of these f a c t s  i s  tha t  the rhyolite passes downward i n t o  more 
vulnerable and mafic rock, such as  greywacke or. greenstone h i c h  yields  the hybrid 
mentioned. The rhyol i te  i t s e l f ,  being refractory, repels the in t rus ive  which stops 
progress a f t e r  d i g e s t i n g t h e  mafio material; hence the  hybrid salv&rge between the 
intrusive and the rhyolite.  

The exposure of rhyol i te  on the north bank of the Eau Claire  River jus t  
e a s t  of the bridge near Kelly show8 both the apophysal penetration of rhyolite by 
apparent grani te  and the development of small plagioclase la ths  through recrysta l -  
l izat ion.  i n  addi t ion t o  t he  spotty accumulation of mafic material  already des- 
cribed. 

Southeast of Schofield ( i n  Seo. 20, T 28 No R 8 E )  the f l o a t  indicates 
the nearest  approach t o  a gradation betvreen ap l i t e  and rhyol i te  of any rook seen 
i n  the erea. Some of the rhyolite f loathere  shows flow bending which bears a 
resemblance t o  the  banded ap l i t e  seen s?sewhere. Also shown here are  various de- 
grees of deoelopment of the mafia hybrld type f rom the rhyolite. Since, however, 
none was found i n  place, the conclusions must be withheld. 

Another type of a l t e r a t ion  of the rhyolite i s  found i n  ST; S E ~  of Sec. 26, 
T 30 N, R 6 E, where the  rhyol i te  has been sheared t o  produce a very white, very 
fine-grained, apparently s e r i c i t e  schist .  There are  quartz augen, apparently 
phenocrysts, i n  t he  sch is t .  The sch is t  cuts rhyol i te  which i s  here exposed i n  
t he  roadside. 

I t  will be s h m  below t h a t  much of the rhyolite of t he  map area md most 
of the  s m l l e r  rXyol i t ic  bodies are  shallow and yield downward t o  a p l i t e  or  granite,  
The re t icu la t ing  dikes end veinlets  which cha rao te~ ize  much of the  rhyol i te  ero 
t o  be interpreted as such contact effects  and not as features of the rhyoi i te  
i t s e l f .  

Greenstone. i:e haw chosen to  include under t h i s  heading the following ----- 
rock types --- e r g i l l i t e ,  basalt,  agglomerate, c h l o r i t l c  graenstone ~ c h i c k ,  and 
homblendite. Ye have done so with the thought t h a t  a l l  these rock 'yps  are 
closely related,  as  w i l l  be shown. Although the d i o r i t i o  and gabbrojc, hq-irids 
could well be inciuded here, we have chosen t o  c lass i fy  them w i t h  t h e  gr rz i te ,  
Actually they e r e  contact phases on a large scale. 

The most abundant of the greenstone types i s  a r g i l l i t e  which occurs ex- 
tensively over the northern par t  of the map area. It i s  best  exposed for study 
neer the Lisconsin River, where it outcrops i n  severel  places boldly and i s  a lso 



r ewa led  i n  road cuts. It includes both massive and banded types, and both mafic 
and qua r t e i t i c  types. 

The bes t  exposure of the a r g i l l i t e  type i s  t o  be found i n  the  Brokaw 
quarry where the a r g i l l i t e  i s  being used for  roofing granules. Outcrops t o  the 
south o f t h e  quarry f o r  a half mile ere  a lso good, especially i n  higtrway road cuts. 
The surface s i x  f e e t  e r e  badly jointed t o  produce the customary smll,  angular, 
hand s i e e  blocks so commonly found as f l oa t  where 6utcrops are lacking. Below 
t h i s  the rook, though jointed i s  massive i n  large part. Some beds are badly 
jointed as deeply as the  outs reveal them. The a r g i l l i t e  may be divided i n t o  three 
main types---banded a r g i l l i t e ,  massive a r g i l l i t e ,  and qua r t e i t i c  a r g i l l i t e .  

The banded a r g i l l i t e  i s  perhaps the most common of the three.  The band- 
ing is not wry evident on e freshly broken surface but ordinarily shows well on 
a weathered surfaoe. I n  the quarry, however, the banding shows wel l  on f resh  sur- 
faces i n  some parts.  The banding consists of colar contrasts showing beds rang- 
ing i n  thickness from t h a t  of a sheet of paper t o  1/4 inch.. The bands a1.e by no 
means pa ra l l e l  but show marked lent icular  form. There i s  no evident contrast  i n  
grain s iee  of contiguous beds. %thin beds there  i s  further banding, and overall  
contras ts  are  evident i n  s t ra t igraphic  units s i x  f e e t  thick. But under t h e  lens 
a l l  beds are canposed of material  beyond resolution. In  several  of the exposures 
south of the quarry t h e  bedding shows marked folding, even crenulation, without 
any apparent increase i n  f ractur ing of the rock, t h i s  despite i t s  hard s i l iceous 
nature,  

The massive a r g i l l i t e  i s  a dark greenish gray rock f o r  the  most part, 
uniform i n  color  and lacking evident structure.  I n  places it ca r r i e s  small one 
m:.llheter spots of c h l o r i t i c  material  but i n  most places i s  uniformly colored, 
hard and massive, Specimens from different  par t s  of an outcrop of rnas~ive 
a r g i l l i t e  may show d i s t i n c t  color contrast  biit one i s  not  con~cious of the  change 
i n  t he  rock a t  any pa r t i cu l a r  place. 

One modification of t he  massive a r g i l l i t e  shows strong development of 
serpentine. This rock i s  s t r ik ing ly  massive and uniform and appears t o  be con- 
f ined t o  def in i te  beds. It i s  not of infrequent occurrence but i s  much less  
common than is the s i l iceous type. 

S t i l l  anvther massive type of a r g i l l i t e ,  apparently of only occasional 
occurrence, i s  one which has the  appearance of being highly se r ic i t i zed .  I t  can 
be scratched by a knife  but a l so  scratches the knife. It has an ergillaceouB 
odor, i t s  color i s  qui te  l i g h t  gray, and i t s  texture  is  beyond the reach of the 
hand lens, It may be an a l t e r a t ion  product near an intrusive contuct. 

The most qua r t z i t i c  a rg i l l i ke  seen i s  being quarried i n  t he  Broksw quarry, 
This rook will, undoubtedly prove u r d e ~  ths  microscope t o  be novacuii t ic,  It i s  
translucent, pale i n  color, i n  part  nussive, i n  par* banded, extremely fine-' 
grained, end breaks w i t h  a concholdel f racture .  %en struck with a hammer it has 
a metal l ic  ring, 

Another excel lent  exposur'e of a r g i l l i t e ,  most of which i s  f ine ly  banded, 
i s  i n  a road cut  on the  e a s t  side of the IYisconsin River d i r ec t ly  north of Fiausau 
on Highway "T?' i n  Sec. 12, T 29 N, R 7 2. This rock i s  more c h l o r i t i c  than t h a t  
a t  the Brokaw quarry but otherwise i s  quite s imi la r  to  it, It i s  wel'l and f inely 



bedded i n  the southern p a r t  of the exposure and quite massive i n  the northern part .  
The exposure i s  about a quarter mi1.e long, 

Elsewhere i n  the  area greenstone occurs frequently but usually i n  smai'l 
outcrops and masked by typical ly  intense surface fracturing,  Also, i t  i s  comOn!.y 
modified by the closely underlying igneous intrusives,  m d  i s  dissected by t h a i r  
apophyses, This applies especially to  the large areas of a r g i l l i t i o  greenstone 
i n  t he  north and west of the map area, 

In two places, agglomerate was found ....- one i n  the  s?& Sec, 12 ,  T 29 Na 
R 7 3,  reached on Highway "V!" north of hausau. It occurs on a hi l . l s ide i n  a 
pasture about 100 yards from the road. The other oocurs i m e d i a t e l y  south of the 
Brokaw quarry i n  a prominent rock cut on the highway. I n  both occurrences tuff  
and agglomerate a r e  found together. Especisl ly i n  the Brokaw occurrence the 

m 
l a rger  fragments a r e  rounded, giving the rock the aspect of a conglomerate. &he 
fragments are, however, a l l  volcanic. The tuff  and tuffaoeous matrix of the 
agglomerate i s  composed 6f volcanic fragments, highly angular i n  shape, variously 
colored and textured and domi.nantly uder 1/4 inch i n  s ize .  This rock i s  compara- 
t i v e l y  sof t ,  especial ly  when compared t o  the a r g i l l i t e .  It appears t o  be kaol.inized 
o r  se r ic i t i zed .  Under the hand lans the entire..  rock appears too fine-grained f o r  
resolution. Only by color contrast  do the tuffaoeous and agglomer.atic fragments 
stand out. Various colors are representad, mostly dark, the f i n e  matrix i s  mostly 
a mauve shade. The l a rges t  fragment seen i n  the agglomerate i s  one foot i n  diameter, 
The ma Jo r i t y  of t he  fragments are one t o  four inches, 

The hornblendite vhich i s  found only a t  two places i n  the area (Sec. 33, 
T 28 N, R 8 E, and Sec. 13, T 28 N, R 8 E )  i s  a rock of unusual i n t e r e s t  end s ig-  
nificance i n  i t s  conneotion with the s t ruc tu ra l  his tory of the area. I t  i s  a 
metamorphio rock composed of large po ik i l i t i o  hornblende c rys ta l s  measuring common- 
l y  over one inch across and i n  the  extreme as large as three inches long i n  a 
--L-.. ULPUILX of dom3.net hornbtenlt_e and a l i t t l e  feldspar. It i s  associated with green- 
stone and granite.  

Granite. It i s  probable t ha t  t h e m  are  two grani tes  i n  t h i s  area but no 
f i e l d  method has been found t o  recognize the  older of the  two. It is  possible 
t h a t  the grani te  of the rapids a t  Big Rib Fa l l s  i s  t he  older grani te  but we a r e  
unable t o  offer  evidence. It! i s  probable t h a t  the overwhelming bulk of the  grna i te  
o f t h e  area i s  younger grani te  whioh is intrusive in to  a l l  the rooks re resented 
on t h e  map. Included under the map designation "granite" a r e  a l so  the  gybrid rock 
types, d i o r i t e  and gabbro. Xost of the grani te  i s  red. Then contaminated by 
greenstone, the gran i te  becomes white o r  gray or even black and gabbroic. 

The red granite,  t he  oommon granite of t h e  d i s t r i c t ,  i s  by no means uniform 
even i n  those par t s  of the  area which are  presumably remote from foreign contamlna- 
t ion.  From place t o  place there are  differenoes i n  the  orthoclaseplagioclase ra t io ,  
i n  the quarte content and even i n  the  hornblende content. The pmsence of b i o t i t e  
has been adopted as one indication of contamination by gmenstone. Commonly, too, 
the contaminated grani te  is  gray ra ther  than red, and 1s higher in  mafic oon- 
s t i t u e n t s  than i s  the  oommon red granite.  From place t o  place the red grani te  
texture  shms  differenoes but  the most s t r i k ing  differences in texture  are t o  be 
found near loca l  contamination. A l i t e  dikes seem t o  be a oommon feature  of t he  
granite, t o  be seen i n  almost any '1 arge exposure. P e p a t i t e  and lampophyre dikes 
a r e  more l imited t o  the  v i c i n i t y  of areas of foreign contact. 

There a r e  several  qus,mies i n  the  rad granite, i n  areas where the grani te  
is most "normal" and uniform. The g r m i t e  s t  these points i s  indeed rather  mi- 



form. A typ ica l  quarry granite of the Wausau area i s  feldspar 65% including 
both orthoclase and plagioclase, quartz 35%, and usually a l i t t l e  chlor i te .  The 
texture  i s  coarse granit3c. about 5-6 nun. The rook i s  massive and i n  the deeper 
parts of the quarries i s  very widely jointed, Some of the quarries show a 
ser iously large number of ch lo r i t i c  paulopost vs in le t s  which neoessi ta te  t he  d i s -  
carding of quant i t i es  of otherwise marketable rock. Rare1.y a r e  inclusions a 
pr.oblem i n  the grani te  quarries of t he  Xausau area. 

Areas of hybrid are  quite numerous. A typical  example i s  t h a t  in the 
norfhwest corner of Sec. 34, T 29 N, R 6 E. Here the rock i s  greenish gray, f ine 
g ran i t i c  i n  tex ture  (1-2 m.) it i s  dominantly f e l d s p r  (80$),  and ca r r i e s  about 
15% of ch lor i te  and hornblende. The quartz content i s  about As i s  character- 
i s t i c  of the  grani te  hybrids i n  general, the individual minernls appear t o  be 
masked by an a l t e r a t i o n  such as  s e r i c i t i ea t ion  which d e p ~ i v e s  them of the  sharp 
boundaries due t o  color oontrast  associated with f resh granite.  

Hybrids may be found i n  the area i n  a l l  stages o f  reaction. Some suzh as  
t ha t  exposed a t  BJg R i b  Fal ls  contain quant i t ies  of qui te  undigested greenstone. 
Some, such as  the exposure i n  the rock cut where County Trunk Highwey "0" crosses 
State Highway No. 29, show the greenstone well recrysta l l ized but by no means 
gran i t ic  i n  texture  except locally. Some, such as the exposures i n  Sec. 25, T 29 N, 
R 5 E, show the inclusions as ghosts. This i s  also shown i n  a more advanced stage 
i n  Sec. 29, T 30 X ,  R 8 E. A most extreme degree of reaction i s  il11:strated by 
the gran i te  i n  EiWk S E ~  Sec. 16, 1 29 8, R 8 E. Here the rock i s  a b l o t i t a  granite 
carrying about 1% of b io t i t e .  Other i l l u s t r a t i o n s  could be given but these 
i l l u s t r a t e  adequately the principles involved. Usually the hybridization can be 
traced from greenstone across the  greenstone-granite contact almost anywhere with- 
i n  t he  area, through the stages described out in to  b i o t i t e  granite a ~ d  f i n a l l y  i n t o  
tha t  which we choose t o  recognize as "normal" granite. 

An attempt was made t o  learn the  depth t o  which the greenstone influences 
the granite. Vhere t h i s  could best  be learned, i n  t he  northwestern part, outcrops 
a r e  too scattered and we f e l t  t h a t  such criticto1 information should not depsnd on 
f loa t .  In  the northeast  corner it can be sa id  t h a t  one mile from the greenstone 
the gran i te  show6 no recopizable ,e f fec t  of the greenstone. This assumes t h a t  the 
contact  i s  v e r t i c a l  since the measurement is made on t h e  present surface. There 
wi l l  be offered evidence t h a t  most of these contacts have a very l o w  angle of dip 
and doubtless therefore the  s t a t ed  mile can be reduced well below half t h ~ t  distance. 

The mutual e f f ec t s  of grani te  and greenstone may be of the t y p  described 
above, presumably the normal reaction when greenstone reacts  with the main body 
of the gran i te  where diffusion is most f r ee  t o  operate. Another type of hybrid- 
i za t ion  and one l e s s  ocnnnonly seen i s  t h a t  which leads t o  the  conversion of green- 
stone t o  d i o r i t i c  and gabbroic rook types. There are  two l o c a l i t i e s  within ths 
map area where such rocks have been fornred -- t h e  area around Callon and the area 
around Big Rib Falla. 

A t  Callon, the admixture of greenstone and gabbro i n  t he  re la t ionship of 
an injected gneiss and the t r ans i t i on  t o  hornblendite a t  one point end t o  grani te  
t o  t he  north leaves l i t t l e  doubt about t h e  or igin  of the gabbro. This rock i s  
about 5% fine-grained gabbro with occasional pegmatoid areas of small s ize ,  the 
remainder being banded oh lc r i t i c  greenstone considerably recrys ta l l i zed  t o  coareer 
f e l d s p r  end ac t ino l i te .  It i s  composed of an estimated 65% of ca lo ic  fe ldspar  



and 35% a c t i n o l i t i c  amphibole. The feldspar i s  medium gray i n  color and ths  
amphibole i s  green, not basalt ic.  The rock looks fresh. The texture  is  f ine  
grani t ic  (2-3 mm.) but pegmetoid phases are coarser (about 6-8 ma.) and show Up 
especially well  on the  weathered surface, On the f resh  break they a r e  marked by 
an especially strong development of amphibole. Throughout the  rock there i s  a 
nodceable  tendency f o r  the comon orientation of amphibo.le. This amphibols i s  
darker i n  color than tha t  of the n m  of the  rock. It i s  the apparent beginning of 
the  formation of p o i k i l i t i c  hornblende pcrphyrcblasts, 

The greenstone inclusion phases are marked on a f r e sh  break by more ch lor i te  
and by more a c t i n o l i t i c  amphibole. The gabbroic phases show a tendency for  the 
amphibole t o  becolns hornblendic. The greenstone phases a r e  therefore  very evident 
on a weathered surface, but by no means evident on a f resh  break. 

The hornblendite i n  the gabbro area i s  composed of an estimated 75% hcrn- 
blende, and 2% ca lc ic  feldspar. Much of the hornblende i s  porphyroblastia and 
poik i l i t i c .  This rock appears t o  be analagous t o  the porphyroblastic hornblendite 
found i n  Seo. 33 of the same township, di f fer ing la rge ly  i n  the smaller s ize  of 
the hornblende crysta ls .  

I n  t he  gabbroic area (mapped as grani te)  i n  the  v i c in i ty  of Big Rib Fa l l s  
the rook var ia t ions  include many of the same type but a1 so others. I n  SW$ SW~, 
Sec.30, T29N, RSE, t he  rock i s  a sodic b io t i t e  d ior i te ,  a mafic hybrid-grenite i n  
texture  (1-4 m.), and composed of about 4 6  b io t i t e  a d  amphioole, 40t% oligcc?aoe 
an? 10% quartz. The rock i s  de f in i t e ly  patchy i n  i t s  mineral d i s t r ibu t ion ,  even 
t o  s l i gh t ly  pegmatoid groupings. Associated with it i s  good gran i t s  ap l i t e  i n  
amall dikes. Nearby other rocks are  characterized by a d i c r i t i c  appearance t o  
the naked eye but under the  lens reveal a fine-grained matrix oerrying lath-shaped 
$agioalase cryskala (near andesine) 2-3 mm. long. The rock appears t o  be a re- 
crysta l l ized a r g i l l i t e  o r  even a basal t .  And again elsewhere i n  t he  v i c in i ty  are 
cuterops of granodiorit io rock. Gomi gabbro was iound i n  th is  area as Tloat but 
not i n  outcrop. On the  nor-theast s ide of Lower Mosinee H i l l  i s  some gabbro seen i n  
f l oa t  only, showing a remarkably coarse, even pegmatoid, texture, carrying ca lc ic  
plagioclase, coarsely twinned, and a c t i n o l i t i c  amphibole. 

Aplite. There are three areas ,of ap l i t e  mapped i n  t h i s  study, one i n  T29N, 
RBE, one i n  T28N, RBE, and the th i rd  arid la rges t  i n  T29N. R6 and 7E. The second 
area mentioned i e  largely granite apl i te ,  the f i r s t  contains considerable good 
syenite ap l i t e  and the th i rd  i i a  very largely syenite ap l i t e .  The t h i r d  area i s  
very probably continuous under the  alluvium with the smaller areas of ap l i t e  i n  
L i t t l e  Rib H i l l  and i n  the  h i l l  t o  the  m s t  of L i t t l e  Rib across t he  L i t t l e  Rib 
+River. Similar good qual i ty  syeni te  a p l i t e  i s  known t o  us t o  occur around Rib 
Mountain though t h i s  area has not been remapped by us a t  t h i s  time. There e r e  
smaller syenite and grani te  a p l i t e  occurrences but they a r e  believed t o  lack s i g -  
nificance i n  connection with the present study. 

I n  general the  a p l i t e  i s  l i tho logica l ly  a t rue  e p l i t e  charaoterieed by the  
oustomary fine, sugary texture  of crushed and recrys ta l l i zed  minerals. The rock 
i s  equigranular, except for  a porphyrit ic var ie ty  i n  the T29N, RBE occurrence. 
Under the  microscope the component minerals commonly show sutured boundaries. Much 
of the  e p l i t e  is apparently monomineralic, but most of it ca r r i e s  a t  l e a s t  a l i t t l e  
amphibole or. even b i o t i t e  and as mentioned some of it car r iee  quartz. The mafic 
content i s  especially var iable  and when high gives t he  e p l i t e  a dark color. The 
most normal oolor o f t h e  a p l i t e  i s  pink o r  some l i gh t  shade of red. Variation8 



include white which is  ra ther  rare, b r m  which i s  more common, r i ch  red which i s  
a lso common, and shades of green which become more rare i n  the darker shades, 

An exce'llent exposure of the  ap l i t e  where S t  car r ies  quartz, i s  t ha t  jus t  
north of S ta te  Highway 29 i n  and N E ~  of the N E . ~  of Sec. 31, TZSN, RTE. Hers 
the rock shows some range i n  texture,  ~ t r u c t u r e  and i n  cornsosition. I t  i s  ra ther  
well, banded, t he  bands being both fi.ne (microscopic) and coarse (up t o  3"). Some 
of t he  banding i s  qu i t e  s t ra ight ,  some i s  wavy, none i s  crenulated, m,xh i s  of 
variable thickness. I t  i s  defined by differences i n  both texture and cc%position. 
The compositional differences are  the most evident because of the grester amount 
of b i o t i t e  i n  some bands, giving thereby a color contrast ,  These differences are 
typical  of the f i n e r  bands. The tex tura l  differences are a lso somewhat composi- 
t ional .  They characterize the coarser b=ding. These differences range from 
coarse gran i t ic  ( 5  m.) which i s  not comon, through fine gran i t ic  (2-3 m.) which 
i s  common but only 5-I.@ of the rock, through a p l i t i c  ( l e s s  than I m.) which i s  
the bulk of the  rock, t o  a texture  which can be described as t r u l y  rhyolit ic.  
Attention i s  ca l led  t o  t h i s  l a s t  texture, which i s  i n  bands up t o  1/2 inch end i n  
places i s  more than 25% of the rook. Augen-like masses of mafic material  from a 
srnal.1 f r ac t ion  of an inch up t o  3 inches emphasize the general gneissic s t ructure .  
The coarser t ex tu ra l  portions a r s  also l i be ra l ly  arranged i n  t h i s  same augen-like 
manner. The a t t i t u d e  of the banding i s  f a i r l y  uniform. 

Xineralogically the  rock i s  for the most par t  a granite ap l i te .  Lesser 
var ia t ions  extend t o  granite a t  one extreme end t o  quartz syenite a p l i t e  a t  the  
other extreme. None of the rock can properly be cal led a syenite or a syenite 
a p l i t e  a t  t h i s  loca l i ty .  I t  i s  composed of dominantly orthoclase feldspar, with 
prominent carlsbad twins. There i s  a l i t t l e  plagioclase feldspar, which ia appar- 
en t ly  qu i te  sodie. Quartz ranges from 10-4@ and averages 15-2%. The mafic 
mineral is b i o t i t e  i n  f l i b s  and aggregates, bath qu i te  l i nea l ly  d i s t r ibu ted ,  

Another. excel lent  exposure of ap l i te  may be fomd a t  the nor'ch end of the 
same quartzite-capped h i l l ,  i n  SY& Seo. 29, T29N. R7E. This is  perhaps one 
of the bes t  available exposures, i n  t ha t  a good section i s  offered f o r  a depth of 
a t  l e a s t  60 feet .  The rock shows many var ie t ies  of the a p l i t e  which occurs below 
the quartzite.  The e p l i t e  i s  composed of orthoclase feldspar, black amphibole and 
i n  some par ts  quartz. Some of t he  rock is composed of pure feldspar. Most contains 
i n  addit ion 10-15% of amphibole. A small per t  of the  rock contains a i i t t l e  quartz, 
i n  places reaching a t  most 2@. The feldspar i s  present a l s o  as oooasional pheno- 
czysts i n  s i ze  up t o  2 om. Bost of the feldspar i s  Carlsbad tnrinaed. Grain s i z e  
of t he  matrix covera a range from cryptocrystall ine to  f ine  t rachyt ic  ( 4  m. long). 
Much of the rock showe traohytic texture. 

In t e r e s t  centers on the s t ructure  shown by the exposures. I n  essence the 
s t ructure  shows repeated brecciation, repeated in t rus ion  and welding accompanied 
by ra ther  s t rong flowage. The mineral composition of the successive inwellings 
of igneous mater ia l  i s  not constant. Especially does it show va r i a t i on  i n  mafic 
oontent. Similarly t he  t ex tu ra l  differences of the successive i m l l i n g s  show Con- 
siderable var ia t ion  i n  grain size.  The coaraeat material  seen is  a l s o  the most 
quartzose -- essentially a granite.  

I n  NF: W Y ~ ,  Seo. 28, T29H, R7E, along the east-west road which has been 
comparatively recent ly  0 o n a t ~ c t e d  there is a large amount of f l o a t  material t h a t  
has been dug up by the construction crews and tossed aside. Outcrops are  few here 
but the  f l o a t  i s  so p l en t i fu l  and i s  so consis tent ly  a p l i t e  and i t s  phases t h a t  
the information yielded is of in te res t .  Sout,hward near t he  Big Rib River, i n  the 



lowlands, the rock i s  coarse enough i n  texture  t o  be gran i t i c  and car r ies  5% or  
more of quartz, though it i s  associated c losely  76th ,def ini te ly  a p l i t i c  rock. 
These lowland occurrences al.60 show more highly mafic syenitesnd ap l i t a ,  beiris ss 
high as 15% i n  mafic consti tuents.  Northward the ap l i t e  becomes m o m  t r u l y  s p l i t i c  
i n  texture,  the average grain s i ze  decreasine norkhwerd from I+ mm. t o  well below 
1 m. E'afic const i tuents  and quartz are both l e s s  prominent and on t h s  ea s t  west 
road (nor th  border of Sec. 28), the quartz i s  almost enti.r.ely missizg. The ~ o c k  
i s  therefore about 9% fel.dspar srd 5% JT iecls mafic w t e r i a l .  

The a p l i t e  here carr ies  incltisions of quar tz i te  and of modified greenston@'-, 
l i k e  material.  The quar tz i te  inclusions are elongate but appear t o  be l i t h l e  
al tered.  The mafic inclusions a re  augen-like i n  shape and are a l i p e d  ~ 5 t h  the  
s t ruc ture  of the  rock. The rock as a whole i s  in tensely  and finely banded, the  
banding being most comonly evident i n  the se leo t ive  a l i p e n t  of d i s c r e t e  mafic 
consti tuents.  Hawever, where t k e  rock i s  essen t ia l ly  pure feldspar acd the  banding 
i s  not a t  a l l  evident on a f resh  break, the weathered surface usual ly  reveals t he  
f i ne  banded s t ructure .  

A pecul iar  feature  of the  banding i s  t h a t  it i s  no t  by m y  means para l le l ,  
except over a distance of a foot o r  l e ss .  Extreme departures from paral le l ism 
appear almost l i k e  cross bedding. 

In places, large (one inoh) -mgmatoid orthoclase c rys t a l s  a re  davelooed is 
t b  apl i t e .  Again, nerrow ( l / ~  inch)  indef in i te ly  bounded dikes of syeni te  cut 
a p l i t e  with an i r r e g u l a r  trend. Since the  a p l i t e  i s  here cons i s ten t ly  3 o ~ e  shade 
of red o r  pink and these d ike le t s  a re  a l so  pink, the blending i s  emphasized. A 
few coarse (6  mm.) gray hornblende syeni te  dikes of 1-4 inches cu t  t he  ap l i t o  i n  
t h i s  vic ini ty .  

In the  6- l oca l i t y  there  i s  f l o a t  of' nepheline syeni te  i ~ d i c a L i n g  qu i t3  
surely t h a t  a t  l e a s t  one nepheline syeni te  body a l so  cu t s  the s p l i t e  as does the 
gray hornblende syenite, tmt none was found doing so i n  the  f l oa t ,  

Dis t inc t ly  porphyroblastic a p l i t e  i s  a r a the r  common type of the  a p l i t e  
area i n  T29N, R8E. It i s  composed of about 2% quartz and 15-2% b i o t i t e ;  the r e -  
mainder i s  feldspar.  The fe ldspar  i s  i n  pa r t  present as po ik i l i t i c ,  srtbhedral 
porphyroblasts i n  a matrix of ca tac las t ic ,  brownish oligoclase, orthoclase and 
quartz. The b i o t i t e  i s  largely  i n  aggregates. 

The a p l i t e  i n  places appears t o  be derived from a hybrid mega.  To mention 
one of these the a p l i t e  i n  SYY+ S W ~ ,  Seo. 26, T29N, R6E, is  composed of fe ldspar  
75-9%, quartz 5-1%, and amphibole and ch lor i te  2.-1%. I t  i s  not uniform, a s  the  
above percentages indioate, but is massive or  gneissic,  uncontaminated or zenoli thic,  

or  cut  by pegmetoid dikes. The a p l i t e  i n  general i s  inc l ined  t o  be more r s f i c ,  
some of it much more mafic contiguous t o  the  greenstone which it intrudes.  

S n i t s  Although the  syenites oocur only i n  comparatively narrow dikes, * neverthe esa hey outcrop wel landare  avai lable  f o r  study. The syenj tes  oocur i n  
a g rea t  many v a r i e t i e s  of color and composition and textures. The most common of 
a l l  the  syenites i s  the  gray, the  most s t r i k i n g  i s  the  pink, and both have v e r y  
spectaoular phases of' syenite pegmatite. Xhere the  pink syeni te  contacts t he  gray, 
intrusively,  the  gray i e  converted t o  a brown s p n i t e  which should no t  therefore 
be regarded as a d i s t i n c t  rock type. The gray syeni te  i s  quarried i n  two places 
where it is therefore  well  exposed. Although it is s imi la r  wherever found, the  



following descriptions are quoted from the f i e l d  notes on the quarr ies  which a re  
i n  neighboring dikes and are  only 1/4 mile apart .  

One quarry i s  i n  M a L ,  See. 23, T2913, R6E, and i s  reached from County Trunk 
Eighway "u." This i s  dark gray syenite conposed of an estimated 85% orthoclase 
and 15% amphibole. The texture i s  massive, g ran i t ic  (4-6 m.). The quarry rock 
is cut by two d i s t i n c t  types of pegmatite and a highly mafic ap l i t e .  h'o lam- 
prophyres are seen. The ea r l i e r  of the p e p a t i t e s  i s  <ark, the  same color es  the 
host, and is composed of an orthoclase, tne moonstone variety,  i n  c rys t a l s  usually 
under 3 inches long, associated with black amphibole c rys t a l s  which are usually 
smaller than the feldspars. Tie l a t e r  pegmatite i s  composed of l ight-colored 
orthoclase i n  c rys t a l s  up t o  18 inches long, associated with blaok amphibole 
c rys ta l s  which are  very elongate, up t o  12 inches long, and usually under 1 inch 
wide, These pegmatite dikes are  of various thicknesses, commonly 4-6 inches, but 
range up t o  2 f e e t  thick. 

The other quarry i s  i n  S E ~  Sec. 14, T29N. R6E, and i s  a l so  reached from 
County Trunlr Highway "U." The syenite here i s  s imi la r  t o  tht of the south quarry. 
The p e p t i t e s  i n  it are  larger and more numerous but a r e  otherwise similar.  A 
special  feature  of thi8  quarry rock merits description.  There a r e  i n  it areas 
from 2 f e e t  t o  10 f e e t  across of mafic syenite (shonkinite). I t s  composition i s  
orthoclase 6%, amphibole 3%, and b i o t i t e  1%, The b i o t i t e  i s  i n  bozh small 
f lakes and i n  1 inch p o i k i l i t i c  phenccrysts. The orthoclase is  dark m'd wit11 the 
emphibole occurs i n  2-3 nnn, crystals.  This rock makes rather sharp angular oon- 
t a c t  with the gray syanite host. Also evident i n  the  gray syenite i s  e s?aller - 
6 inch t o  1 foot -mot t l ing  which shows up as  a f a i n t  gray cclor  con'xast, the 
e f fec t  being t h a t  of a ghost igneous breccia. The host  i s  s l i g h t l y  l i gh t e r  gray 
i n  color. The mineral composition i s  the same so f a r  as  can be to ld .  

I n  N E ~  Sec. 32, T29N, R7E. i s  a large dis integrated syenite p i t .  In  t h i s  
p i t  are  exposed several  var ie t ies  of rock, most of which are  syenite. There a r e  
several outcrops in  the t r i a n g l a r  area between Highway 29, the  s ide  road and the 
river.  The area is one of syenite mainly. 

Although there  are several  va r i e t i e s  of rock present, most of them are  
syenit ic,  and most of them are coarse, g ran i t ic  i n  texture.* 3duch of the syenite 
i s  massive, but some i s  gneissic, the gneissosity being of the ortho type rather 
than of t he  banded type. A t  one point there  i s  a dike o f  fine-grained grani te  
cu t t ing  the  syenite;  it i s  6-10 f ee t  thick. The syenite,  and the  grani te  too. 
have strongly a p l i t i c  phases, which grade i n t o  the coarse g ran i t i c  phases and heve 
apparently the same mineral composition as the  rocks i n  whioh they occur. I n  the 
syenite the a p l i t i c  phases appear as loca l  areas surrounded by the coarse gran i t ic -  
textured host. I n  the  grani te  the  a p l i t e  appears as  i nde f in i t e ly  bounded dikes 
i n  the  host. 

The main syenite i s  compoaed of pe r th i t e  estimated a t  85% and black 
amphibole 15%. The texture  i s  ccarse, 8-10 nun. f o r  t he  feldspar,  and about half  
t h a t  for  the amphibole. The syenite a p l i t e  i s  f i n e  textured (under 1 mm.) and 
equigranular. It has gradational boundaries n i t h  the syenite. In  places a t  
these boundaries there  are  mafic aggregates 1-2 cm. i n  diameter. 

Another phase of the syenite was found a t  the  p i t .  I t  is  coarse grani t ic  
i n  texture  (6-8 mm.) and i s  composed of fe ldspar  estimated a t  80-8s and mafics 
a t  15$. The feldspar  i s  extremely f i n e l y  twinned, evldenb only under 16X meg- 
nif icat ion.  The amphibole i s  black, and i s  po ik i l i t i c .  Inclusions i n  it are  



mainly feldspar and a l i t t l e  magnetite. It occurs i n  grains equivalent i n  s i ze  
t o  those of the feldspar.  There i s  present an occasional grain of quartz. The 
oolor of t he  rock i s  gray with a f a i n t  pink shade. 

S t i l l  another phase of t he  syeni te  here has a strong red color, I t s  tex- 
"rs i s  s imilar  t o  t h a t  of the  syenite jus t  rlescribed but i t  eppears t o  contaln 
orthoclase instead of plagioolase. I t  has about 80% feldspar, 35% black mphibole 
end a smell amount, l e s s  then 5$, of quartz. The feldspar is very oonsis tent ly  
cwinned on the  carlsbed law, 

It w i l l  be shorn l a t e r  t h a t  the syenite dikes ere  composite and are n ~ ~ t u a l l y  
independent. The var ia t ions  therefore  are potent ia l ly  innumerable. The descrip- 
t ions  given above a r e  considered adequate fo r  the present purpose, 

Nepheline %enite, --- There a re  many dikes of nepheline syeni te  i n  the area, 
almost ax many in"faot as there  are of syenite. Two types of nepheline syeni te  
occur the most frequently. They a re  qu i te  s imilar  except for the  oolor of t he  
nepheline which they contain. % re fe r  t o  t he  one as the  gray nepheline syenite 
and t o  the  other a s  the  pink nepheline syenite. 

The best  exposure of the  gray nepheline syenite i s  t o  be found i n  a h i l l  
wi th  good outcrops i n  S E ~  Sec. 2, T298, R6E. This rook i s  very s l i g h t l y  gneissic,  
so s l i g h t l y  so  t h a t  a determination of the  a t t i t ude  of the gneissosi ty  i s  sometimes 
d i f f i c u l t .  I t  is  otherwise massive, medium textured (3-4 mm.) and gran i t i c .  It 
i s  composed of rrepheline and fe idspar  about 80% and black amphibole 20%. The feld- 
spar and nepheline are present i n  about equal quant i t ies .  The s t rong p i t t i n g  of' 
the  weathered surface i.s invsrinbly the best  indication of the  amount of nephel.ina 
present since on the  f r e sh  break the  nepheline end the  feldspar are much al.ike. 
The nepheline and the  fe ldapar  both a r e  medium t o  dark gray i n  color. No white 
nepheline was seen i n  t h i s  rock anywbre i n  the  area. 

The pink nepheline syenite occurs i n  many places i n  the  a rea  but now'here 
i n  prominent outcrop as does the  gray. It i s  usually gneiss ic  and oommonly very 
strongly so. Its color  i s  some shade of red o r  reddish brown. The feldspar which 
is tabula r  and *ich by i t s  alignment creates  t he  gneissosity may be white, gray 
o r  a l so  pink. These tabu la r  fe ldspars  may be 4-8 mm. long i n  the  t yp i ca l  rook. 
The texture  i s  i n t e r s e r t e l ,  the  nepheline being the l a s t  t o  orystaLlize. The 
nepheline i n  t h i s  rock i s  rather r i c h l y  colored, a l i g h t  t o  dark reddish brown. 
This rock may be s tudied best i n  f l o a t  along the  south border of Sec. 1, T29Na 
R6E. 

Nepheline syeni te  m t i t e .  --- There a re  two places, o r  possi.bly three,  
where thTs rock occurs. thou& i n  both it can scarcely be termed a syenite. Peg- 
mati te solutions from <he neiheline syeni te  alone seek able t o  penetra te  the over- 
ly ing greenstone ( a r g i l l i t e ) ,  end where they do the reaotion produces a very coarse 
dark green, ptygmatically folded in jec t ion  gneiss. These two places are ( 3 )  from 
the  midpoint of the  south border of Sec. 22, T29N, R6E t o  the  west quar te r  corner 
on the south border of Sea. 23 contiguous t o  it; ( 2 )  i n  the  SF& NF& Seo. 18, T29N, 
R7E, and i n  t he  v i c in i t y ;  ( 3 )  t h e  t h i r d  l o c a l i t y  is  in  NE* SE* Sec. 21, T28N, R8E. 
I t  i s  apparently s imi la r  t o  the  o ther  but i s  very poorly revealed f o r  study. 

A t  the f i r s t  looa l i ty  t he  nepheline penetrates t he  greenstone as a gneiss ic  
in ject ion.  The pextetrabicn increases i n  degree and coarseness t o  t h e  sect ion 
corner. The rock is  a dark, p tygnat ical ly  folded amphibole and chlor.ite gneiss 
consis t ing of a host  of fe ldspar  about 4@, mafics 3046 and quartz @. I n  t h i s  rock 



the pegmati% both crosses the gneissosity and fol,l.ows it, giving l o m l  pockets 
and narrow s t r ingers .  Single c rys ta l s  of fe ldspar  and nepheline measur'e up t o  6 
inches 1.ong and commonly up t o  4 inches long* The f e l d s p s  i s  white, tha nepheline 
i s  brownish, 

A t  the second loca l i ty ,  a lso  penetrating the  greenstone, i s  a la-ge amount 
of high nepheline syenite and apparent nepheli.ni.te. The nephel.ine i s  qui te  d i s -  
t i n c t l y  reddish and ca r r i e s  10-15% of mafics. It appears i n  g e i s s i o  form, some 
bands being very a p l i t i o  nephelinite and nepheline syer i te  and some being qui te  
pegmatoid. The nepheline-bearing rooks are quite dark greenish despi te  the reddish 
ca s t  t o  the  nepheline under the  lens. A t  the  western end the f l o a t  indicates  .a 
greenstone breccia  penetrated by nepheline syeni te  pegmatite as host. The f rag-  
ments are large and small. They are chlor i l ieed heavily and wel l  digested by the 
pegmatite. The pegmatite is composed of dark reddish nepheline 70t% and ortho- 
c lase  30-%. No twinning i s  evident i n  t he  fel.dspar. The c rys ta l  s i ze  of the 
pegmatite i s  up t o  2 inches. 

White Nepheline Syenite. This rock i s  separately t rea ted  because i t s  
co lor  i s  of marketable q u a l i t y . '  It mas mistaken f o r  s l i g h t l y  fe ldspa th ic  nephe- 
l i n i t e  i n  the f i e l d  but i s  fo&d in  the laboratory t o  be composed of about 20% 
nepheline only, the  remainder being black amphibole 2% and fe ldspar  6%. The 
fe ldspar  i s  p lagioclase  and per thi te ,  of good white color, The pe r th i t e  i s  well 
crushed though considerably recrystall ized,  which gives it somewhat t he  eppearanc3 
of nepheline i n  the  f i e l d ,  

There a re  Chr ee oocurrences of t h i s  white nepheline syeni te  i n  the  area 
so f a r  as known but  there a re  undoubtedly others not y s t  disoovered. One i s  men- 
tioned i n  the l a s t  section, though t h i s  i s  t he  l e a s t  spectacular of the  three, 
A second occurrence i s  t h a t  of two white ne e l i ne  syen i te  dikes i n  the  f loor  of 
a dis integrated nepheline syeni te  p i t  i n  XVrrSeo. 1, T29N, R6E. These are poorly 
exposed but the  p i t  contains several  residual boulders of t he  rock. The t h i r d  
and best  i s  i n  NK; Sec. 5, TZOW, R7E. Eere t'ne s y e i ~ i t e  cccure i n  e dike 150 
f e e t  wide so f a r  es can be seen i n  the wenthered p i t .  Both the  nepheline and 
fe ldspar  are qu i t e  white. The texture  i s  granoblastic. 

Structure.  Later g ran i t i c  in t rusion has so  thoroughly mashed the  older 
f o r n a t i o n s t h a t - t h e  sect ion is and w i l l  doubtless remain la rge ly  unknown. Among 
the  oldest  rocks o f  the  area probably a re  the  rhyol i tes .  Since they are" no t  
everywhere in tense ly  folded, and since they predominate among t h e  volcanics of 
t he  area--in f ac t ,  basa l t i c  greenstone i s  extremely rare--one develope a fee l ing  
i n  the f i e l d  t h a t  t b s e  rocks are not pre-~uronian but younger. Gn the  other 
hand the  rhyol i tes  a r e  r a the r  consis tent ly  folded on an axis which trends s l i g h t l y  
north of e a s t  ind ica t ing  one time shortening from the nor th  and south, uhereas the 
l a t e r  regional shortening i s  from the  ea s t  and west. Some of t he  a r g i l l i t e  and 
some of t he  qua r t z i t e  i s  only s l i g h t l y  folded, ind ica t ing  t h a t  fo ld ing  i s  not 
uniform within the  area. Some rhyoli te,  too, shows l i t t l e  evidence of t ~ e i n g  
folded, ind ica t ing  t h a t  the  folding i s  localized within  the  area. One poss ib i l i ty  
no* t o  be discarded is  t h a t  there  a r e  both pre-Huronian rhyoli tea and l a t e r  
rhyol i t e  eold a r g i l l i t e .  The occurrence of tuff and agglomerate with and i n  the  
a r g i l l i t e  suggests atrongly a rhyol i te  association. But t he  occurrence of 
e r g i l l i t e  i n  very s l i g h t l y  disturbed a t t i t ude  favors s e t t i n g  it aside from t h a t  
pa r t  of the rhyo l i t e  which i s  so c losely  end uniformly folded. Although t h i s  
question i s  too speouletive t o  answer, it seems most nearly anewered by t h i s  
l a s t  suggestion. 

A s  f a r  aa i s  known then, the  section cons i s t s  of rhyol i tes ,  folded and 
intruded o r  not, overlain by a rg i . l l i t e ,  and possibly rhyo l i t e  of l a t e r  age, and 



these overlain bq- quar tz i te ,  The area was then folded and intr'uded by granites 
which may be ofKenreenawan age, though t h i s  age too i s  qu i te  unknown. Tsu-nrd the  

olose or" in t rus ion  by t h i s  grani te  which appears t o  be the main gran"_e of the!  
aree, ro ta t iona l  pressure from the  eas t  ~ n d  west czused mild fau:,ting with asso,- 
c ia te3  dike emplacement gid-ng the  syenitea of various t y p s ,  

The gran i te  in t rusive i n  th ic  area has a very f l a t  roof which e i - n o ~ t  coin-, 
s ides  with the present erosion siirface. Sl ight  i r r e g u l a r i t i e s  ia the roof inte1'- 
s e c t  the  present surface, giving a l t e rna t e ly  areas of grani te  an& roof pendents 
i n  the  granite.  The map area i s  locate6 within n large group of such roof penderikn, 

Cupolas of the gran i te  have penetrated the ioof i n  many places and have bson 
truncated by erosion. Rhere penetration and subsequent erosion ere deep, the  
grani te  i s  the  normal red type of the area, but there  a m  three large dome,-shaped 
cupolas which have been only s l i g h t l y  truncated. These are the  three  areas of 
a p l i t e  already described. 

There i s  good evidence t h a t  the  lower surface of the  var,ious roof pendan:~ 
i s  a lso  qu i te  f l a t  and always close t o  the present erosion surfece. Near t o  id. 

between any two bodies of greenstone, the  granite i s  charged with inclusions or  
i s  contaminated with mafic material, o r  even i s  a granite hybrid. Using ,this type 
of 5nformatj.on and applying it i n  a ve r t i ca l  sec t ion  we have been eble t o  a r r i ve  
a t  an approximate f igure  of the angle of inc l ina t ion  of the  lower surface of the  
pendant, it i s  5 degrees, an average figure.  This i s  wel.1 supported the mapped 
greenstone capping of the  h i l l s  i n  Sections 21, 22, 27, 28 of T29& E8E, and i n  
Sections 7, 18, 1.9 of T29N, R7E. K t h  the exception of the graoite,  'therefoze, 
all rock types within the  area may be assumed t o  be shallow, t o  give way t o  
grani te  a t  comparatively shallow depth. 

The shortening i n  the east-west d.ireotion i s  expressed i n  more than one 
way. The overlying quar tz i te  was folded along a north-south axis  with minor warp- 
ing i n  an east-west d i rect ion,  Along t i e  present course of the  Big Ei3 River 
the quar tz i te  ruptur,ed, doubtless due t o  weakening by the  subjacent in t rusive 
dome, and a l a rge  block of the p a r t z i t e ,  disengaged from the main body, essen- 
t i a l l y  f l .oating on the  intrusion,  and was rotated, as apparently was the  quar tz i f8  
a t  P.blemans. %sconsin, under the  idfluenoe of displaced mater ia l  i n  the  tr'ough of 
the cl.osing north-south fold. This block now stands up on edge t o  form Eib 
Mountain, giving the  f a l s e  impression of a fo ld  with a 90° pitoh. The limbs a re  
seen i n  the  Mosinee Eills and i n  Hardwood R i l l .  However, we are interes.ted in '  
t h a t  aspect of t he  s t ruc ture  here only i n  i t s  re la t ionship t o  the  local. s ~ ? u C ~ U I ~ *  

The quar tz i te  of Rib H i l l  has served as a bu t t ress  t o  the east-west sho r t enbg  
and haa given it a strong ro ta t iona l  component i n  most of t he  map area. The two 
shear planes developed as a consequence of t h i s  shortening a m :  (1) the rhyol i t e  
bedding f a u l t s  whioh s t r i k e  N 80° E and dip  80° S. Such bedding f a u l t s  character,., 
i s t i c a l l y  have diss ipated moverent through t h e  bedding and though characterized 
by much movement reveal l i t t l e  of it. The shearing only indicates  t h a t  movement 
i n  t h i s  area; ( 2 )  the  f a u l t  planes which s t r i k e  N 20° E and d i p  steeply. The 
elongation b i sec t s  t he  angle and i s  then N 500 E and t h e  grea tes t  shortening i s  

'0° t o  it, - N 40° W. This l a s t  i s  the s t r i k e  too of the consequent tension phnes .  
and t h i s  i s  expressed by the  syenite dikes. 

Along none of the  f a u l t s  of the  area i s  t he re  any grea t  movement. I n  
fac t ,  t he  movement i s  l i t t l e  more than token movement. However, the  fau l t ing  is 
very well  expressed i n  the  topography of the area and i n  the  stream pattern. Most 
of the  dikes, and doubtless a l l  of them a m  characterized by some movement beheen  
t h e i r  walls  but very few of them shnv enough movemnt t o  cause the  elimination, 



o r  other modification i n  mapping, of the exposed formations. Some such evidence 

of movement i s  found along the south border of Sec, 22, T29N, R6E, where the 
ap l i t e  which forms a selvage between the greenstone and the syeni t ic  rocks wi.thi:~ 
the e p l i t e  a t  almost e l l  places, i s  faulted out. Hut be t t e r  evidence of r ~ ~ r a o e i i t  
along t k i e  d ike-f i l led f au l t s  i.s to  be seen by following the trend o f  the l i k e  be= 
yond +he l imi t s  of the dike where there  ere invariably such signs o f  faul i ing as, 
sheering t o  produce e schis t ,  or f a u l t  gouge and myionitization o r  spectacular 
brecciation. Some of these are  described byvleidman. A few occurrences may be 
mentioned: (1) Fau3.t gouge i n  the  extreme riortheaat corner of Seo, 17, TZSN, 
R6E; t h i s  i s  developed i n  greenstone; ( 2 )  Yvhite s e r i c i t e  sch is t  developed i n  the  
a p l i t ?  in,SX2 S E ~  Sec. 8, T29N, R7E; ( 3 )  Fihite s e r i c i t e  s ch i s t  develofed rhyolite 
i n  SXk SEz Sec. 26, T30N, R6E; ( 4 )  Intrusive greenstone breccia i n  ST$,- SE* P C .  9, 
T29N, R6E; (5) Another i n  ST& N E ~  Sec. 18, T29N, R7E; ( 6 )  Another i n  SEk SEi Sec. 26,  
T29N, R6E. (7 Sheared and shattered quar tz i t i c  a r g i l l i t e  i n  a weathered roadside 
p i t  i n  SF:.$ SEJ Sec. 16, T29N. R6E. 

There i s  abundant evidence thatrmny of the dikes a r e  composite. Their 
em laoement h i s to ry  is  therefore one o f  in termit tent  opening and f i l l i n g ,  with or e wi hout displacement along the fractures.  The mos's common of t he  dike rocks is 
the gray syenite.  Next most common i s  perhaps the red and pink syenite. And 
next are  the gray nepheline syenite and the red nepheline syenite. There are  many 
other  syeni t ic  types. None of the dikes i s  large; most of them are quite small, 
A l l  are very l o c a l  and give evidence not only o f  having originated loca l ly  but 
de f in i t e  evidence tha t  the dike magma did not t r ave l  f a r .  For instance, :he margln 
of the  ap l i te ,  near the  greenstone is  r a re ly  cut end the greenstone i s  st111 more 
ra re ly  cut, though both axe sheered a2d brecciated,  and when cut it i s  by only the 
more mobile p e p t i t i c  solutions. 

Although we have mapped 67 dikes, the  correct  number i s  doubtless closer 
t o  200, and i f  single emplacements are  counted a s  separate dikes, each dike must be 
regarded as not  l e s s  than 5 and probably 10 o r  20 dikes. This i s  most convinc- 
ingly i l lus t raCed i n  t he  p i t  and adjacent t e r r i t o r y  of hm; KTJ; Sec. 32, T25N, R7E- 

PetrogenY of t h e s l i t e  and syenites. This rail1 be discussed elsewhere - --- -- 
a f t e r  adequate laboratory study. 

Economic geolo (1)  Xe heline Our petrogenic conclusions which are, 
not armed here are  KF t the a~ + i t e  the svenite and tho nepheline syenite are  of 
s t r i c t i y  local  origin,  developed from the iocks i n  which th iy  occur.- Only the 
nepheline syenite pegmatite i s  suf f ic ien t ly  mobile t o  penetrate beyond i t s  point 
of o r ig in  and e n t e r  the overlying rocks, the  greenstone. Therefore the  nepheline 
i s  t o  be sought within t h e  a p l i t i c  areas, i n  those par t s  of the a p l i t i c  sreas 
which are  f au l t ed  and only along the f au l t  l ines .  Attention has been called t o  
the  i r r egu la r i t y  of composition of the a p l i t e  from which the syenites are  derived. 
The syenites take on the character of the ap l i t e s  i n  which they occur. Mere  the 
a p l i t e  car r ies  f r e e  quartz, t he  syenites a l so  a r e  quartz syenites. But more iz- 
portant. where t he  ap l i t e s  are mafic, tine syenites are  mafic and when the syenite 
i s  nepfaelins beartng some of the i ron i s  found i n  so lu t ion  i n  the  nepheline. Since 
onerequirement of commercial nepheline i s  t h a t  it be i ron  f r ee  o r  low i n  iron. the 
search can be very mater ia l ly  aided by more de ta i led  mapping of tha apli te.  
Specifically,  t h e  search should be for  a t r u l y  syeni t ic  a p l i t e  and one which is white, 

There i s  one rock i n  t h e  area which offers r ea l  promise of yie lding g2od 
commercial fe ldspar  and nepheline, t h a t  i s  the  white hornblende syenite i n  mI,- S Y ~  
Sea. 5, T29N, R7E. This rook can be studied e a s i l y  i n  t h e  laboratory f o r  separa- 
t i o n  of the amphibole. Magnetic separation should be adequate. The host t o  the 



amphibole is: qu i te  white. The s ize  of the dike i s  not known but if the SFmple 
proves encouraging, the  tonnage can be eas i ly  determined by d r i l l i ng .  

Aside from the occurrences of white nepheline syenite describe&, no *hits 
nepheiine Has seen i n  t h i s  study. 

( 2 )  Zircon, Zircon i s  found i n  quartz veins i n  one l o c a l i t y  only, Sec. 22, 
T29N, R6E, but may well oocur along any of the northwest f a u l t s  vikich ir-e have 
mapped. This one occurrence i s  so f a r  urique i n  the area. Along the  f a u l t  the  
underlying gran i te  --. parent of the a p l i t e  -- has penetrated more extensively than 
i t  i s  known t o  have penetrated along the  other fau l t s .  Even t h i s  penetration i s  
mostly by the  more mobile g ran i t i c  p e w t i t s  juices. In other words, t h i s  i s  the 
uppermost t i p  o f  a g ran i t i c  tongue and must necessari ly enlarge downward. It i s  
t o  be expected t h a t  t he  zircon content of the ore body w i l l  a l so  improve with 
depth despite t he  f a c t  t h a t  the  ore i s  primarily i n  quartz veins,  

I t  i s  wholly reasonable t o  believe t h a t  the  ul t imate  parent of e l l  these 
var ied rocks within the  a p l i t i c  area i s  the same grani te .  Therefore i t  may be 
suggested t h a t  fu r ther  prospecting f o r  zircon may be guided by the  search for coarse 
fe ldspathic  pegmetite such a s  t h a t  seen i n  Sec. 22, T29N, R6E. The l e s s  prominent 
quartz veins may then be- sought i n  and around the  pegmatite. 

A 3 x 4 foot  Soulder of yellowish pyrophyll i te wes f o m d  
ia iW$ Sec. . The boul.der i s  composed of masstve pyrophyllite and 
quartz iz which are grown radial  pyrophyllite crysta ls .  A p a r t  of the  boulder 
contains about 1% of quartz grains. The mineral i s  undoubtedly of good com.ercia3 
q u a 1 i . t ~  though no t  the  best  quality. 

Inqui revealed t h a t  t h i s  boulderaas dug i n  S E ~  Sec. 28. T29N, R6E, and 
hauled away; T h e  area i s  now a ~ o z n f i e l d ~  without rock exposures. It i S  highly 
probable t h a t  t h i s  mineral i s  of local  occurrence and should be fu r the r  investigated.  
The owner of t h e  land i s  M r .  F. E. Mearek, R.R. 2, Narathon, Y.isconsin. 

11 ( 4 )  Disintegrated "granite. Throughout t he  e n t i r e  area we have observed -- 
t h a t  d i s in tegra t ion  of the-mck by weathering i s  advanced su f f i c i en t ly  for ex- 
p l c i t a t i on  f o r  ~ ' o a d  materials  onl; along the-fault  zones. Not a l l  the  f a u l t s  ha-rr " 
been recognized but more can be estimated with f a i r  re1 iab i t . i ty  from the  evidence 
t h a t  has been c i t ed  and promising areas thereby may be located f o r  road mater ia ls ,  

Another per t inent  suggestion may be made fo r  loca t ing  f a u l t s  and there- 
fo re  dis integrated grani te  within the  grani te  areas. Ve have observed t h a t  t he  
d i s in tegra t ion  of grani te  along these f a u l t s  y ie lds  a s  a by-product a profusion 
of large,  g l ac i a l  appearing boulders. Normal weathering a lso produces boulders 
of t h i s  type but no t  i n  profusion. It i s  suggested t h a t  an examination of ae r i a l  
photographs may y i e ld  useful  information of t h i s  type. 

Recomendations. It appears desi rable  t o  obtain more de ta i led  information -- 
on t h i s  promising area than we have been able t o  gather  i n  the  four weeks a t  our 
dispdsal. It i s  suggested t h a t  a perky be sent i n  f o r  a f u l l  surmner t o  map, on a 
scale  of 6 inches t o  the  mile, the area of g rea tes t  promise around S t e t t i n ,  Search 
should be made f o r  (1 )  white syenite ap l i t e ;  "2 r r an i t e  or syeni te  pegmatite of 
t h e  type found i n  t h a t  Radant zircon property; 3 white hornblende syenite;  (4 )  
pyrophyllite. This soale will permit t he  mapping of t h e  syen i t i c  bodies on a t rue  
dimension bas i s  ra ther  than on an exaggerated scale,  as i s  done on the  accompanying 



map. Also, there  is  muoh information t o  be obtained by cowring the areas within 
c r i t i c a l  sections ra ther  than only the  area adjacent t o  the highways t o  which We 
have ueoessar i ly  been limited. .Also, the three townships i n  southwest corner Of 

the present map area which we have been unable to  do i n  the time a t  our di.spossl 
oculd be dcne on a recomsissance bas i s ,  ss has been done slsewhere i n  the m a r ,  


