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INTRODUCTION 

Wisconsin is known for its history of le ad-zinc and iron m 1n 1ng, and most 
recently for the dis covery of m ajor zinc-copper m as sive sulfide deposits. In 
add it i on, there has been contin uing interest in explor at ion for other miner al 
r e s our c e s ,  including moly bdeni t e ,  the prim ary ore of moly bdenum. Although 
m o l y bdenite is  r e l at ively s c ar c e  in Wiscon s in,  it is  a crit ic al indu s tr i al 
miner al and is therefore worthy of attention. 

This report is intended to briefly document Wisconsin moly bdenite occur 
rences with a gener al assessment of the potenti al for moly bdenum resources in 
the st ate.  A summ ary of the geologic al c l as sif ic at ion of moly bdenum deposits 
and some basic economic considerations h ave been included as background infor
m at ion. It i s  not the purpo s e  of th is r eport to serve as a comprehens ive 
an alysis  of the su bject, but to provide a base to encour age further res e arch 
on molybdenite miner al i z at ion. 

In order to ch ar ac t er i z e  W i s consin 's molybdenite occurrences ,  descrip 
t ions from previously unpu bl i shed s tudies h ave been incorpor at ed w ith new 
o bserv ations and an alyses. It is import ant to see how the geology of Wiscon
s in and its known occurrences fit into the context of world-wide moly bdenite 
deposits. From a comp arison of the s ituation in Wisconsin with commerci al ore 
dep o s i t s  in North Amer ic a it i s  p o s s ible to e s t im ate the e conom ic m iner al 
potent i al of existing prospects and to speculate on other are as of explor ation 
interest. At present (1982 ), the world market for molybdenum is depressed, and 
the re is too little known about the real extent of molybdenum m iner aliz ation 
in Wisconsin. However, both of these condit ions should ch ange in the future. 
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MOLYBD ENUM AS A MIN ERAL R ESOURC E 

Moly bdenum . a whitish met al .  occurs in nature prim ar ily associated with 
sulfur in the miner al form of moly bdenite. MoS2 • Other miner al compounds-
wulfenite (P bMo04) .  powellite (Ca(Mo .W)04) '  moly bdite (Mo03 ) '  ferr imoly bd i t e  
(Fe2 Mo3 0 1 2-8H20 )  are known . but are commerc i al ly unimport ant rel ative to 
moly bdenite. the mOly bdenum disulfide. 

In the United S t at e s .  mol ybdenum is produced by bo th underground and 
open-pit oper at ions. Moly bdenum is the prim ary m iner al product at only three 
mines . but these account for over half of the U.S. product ion. The rem aining 
molybdenum production is as a by-product . princip ally of l arge copper porphyry 
ore bod i e s  in Ar izo n a  and Ut ah. By-product product ion occurs at 1 6  m ine 
properties in the U.S. 

Moly bdenum ore . whether p r im ary or by-produ c t .  must be benef ic i at ed 
( broken-down and purif ied) . bec ause even primary ore is gener ally less th an 
0 . 5 % Mo and by-product ores are usu ally l e s s  th an one- t enth as r ich. The 
moly bdenite concentr ate produced from benef i c i at ion pro c e s s e s  is  about 90 % 
MoS2 • This is either used directly . ro as ted to produce technic al-gr ade molyb
dic oxide (Mo03) .  or further ref ined into high purity MoS2. Mo03 m ay undergo 
further tre atment producing a v ariety of intermedi ate subs t ances or be used 
directly. Moly bdenum is used principally in met al production ( l argely steel 
m anuf acturing) wh ich accoun t s  for 7 5 % of the Mo consumed (O'Donnel l .  1 98 2 ) .  
The rem aining consumpt ion i s  t aken-up in chemic al applicat ions . as lu bricants .  
c at alysts . and in pigments. As an al loying ingredient in steel . molybdenum 
imp arts qu alities of incre ased strength. resist ance to phys ical deterior ation. 
and incre ased resi s t ance to chemic al att ack. 

The moly bdenum m arket in the U.S. is domin ated by a few. l arge producers .  
for ex ample . the pr inc ip al U .S .  producer is the s u bs id i ary of AMAX Inc •• 

Clim ax Moly bdenum Company. which oper ates the Clim ax and Henderson mines. The 
price of moly bdenum on the m arket is t ied closely to a producer price set by 
contracts between the producer and consumer comp anies. This producer price 
generates a ste ady f low of c ash to the moly bdenum mining industry and provides 
encour agement for cont inued m arket growth (Thomson. 1982 ). "By-product onl y "  
producers cre at e  a second price for moly bdenum in a shorter-term spot m arket 
tr ade environment. Spot-market tr ade is su bject to the v ag aries of the world 
mOly bdenum m arket and is more sensitive to short-term supply/demand situa
t i ons . 

The United St ates is a net exporter of molybdenum . h aving a reserve base 
of nearly 12 million pounds. Mine prod uction in 1981 w as 145 .000 pounds with 
app arent domestic consumption for the ye ar at 54 .000 pounds (O'Donne l l .  1 982). 
Exports of moly bdenum concentr ates and molybdic oxide were estim ated at 50 .000 
pounds tor 1 981. 
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MOL YBD ENUM O RE D EPOSITS 

Al th ough there are s everal c l a s ses  of m ol yb d enum ore dep os i ts in the 
w orld, the vas t maj or i ty inv olve one primar y ore m ineral, m ol ybdenite, and one 
maj or s ource, felsic plu tonic r ocks (Vokes,  1 96 3 ;  Bax ter, 1978;  Kummer, 1 97 9). 
These felsic plutons may include true g ranites, g ranod i orites,  quar tz m onz o
ni te s  (adam el l i te s ) ,  and qua r tz and feld spar p orph yr ie s .  The different 
clas ses of dep os i ts var y acc ording to their par ticular rela ti on to these h os t  
plu tons. Available publica ti ons arrive a t  n o  c oncensus as to the exac t ca teg o
r ie s  of m ol ybden i te dep os i ts. H owever, a l l  c l a s s if ica ti on s chemes can b e  
generalized b y  the f ol l ow ing m aj or dep os i t  typ e s :  I)  Vein typ e ,  usua l l y  
quar tz ve ins or quar tz-r ich v e in s ;  II) D i s s em ina ted type,  m inera liza ti on 
dispersed thr ough ou t  a p or ti on of a plu ton; III) Pegmati te-apl i te type; IV) 
P orph yr y  typ e ,  a l s o kn own a s  Cu- M o-p orph yr y  type which can in c l u de types  1 
thr ough 3 ;  V) C on tac t-me tas om a tic type, devel oped in c oun tr y  rocks near the 
margin of felsic plu tons. These f ive types or classes of m ol ybdenite dep os
i ts are sh own in figure 1 and have charac teris tics tha t  of ten oc cur toge ther 
in a s ingle area (m ine , m ining d i s tr i c t, and s o  f orth) and are a t  tim e s  
d i f f icul t t o  separa te ;  f or examp l e ,  a ver y qua r tz- rich pegma ti te m a y  grade 
into a quar tz-vein type dep os i t. 

I t  is  imp or tan t to n ote tha t  a l l  the pr op osed typ e s  of d ep os i ts are the 
resul t of hydrothermal or metas oma tic f luid transp or t  near the end of or jus t 
f ol l owing an in trusive epis ode. The temperature of ore f orma ti on is c onsid 
ered to be high rela tive to many other types of sulfide mineraliza ti on (Bar ton 
and Skinner, 1 967).  These fluids are s olu ti ons charac terized b y  high sulfur 
a c tivi ties  (hence the f or m a ti on of m ol yb denum s u l f ide ) ,  and of ten b y  the 
evidence of flu oride ac tivity in the f orm of min or f lu or i te. S ome m ol ybdeni te 
dep os i ts c on tain alm os t  n o  econ omic or gangue minerals othe r than quartz and 
m ol ybdenite; whereas others are rich in c opper (p orphyr y  type) or rich in Be,  
W,  B i ,  Sn,  Nb, Z r ,  Ti,  and U in va ri ous c ombina ti on s (pa rticularl y pegma ti te 
or c on tac t-me ta s om a ti c  typ e s ) .  Nex t to qua r tz ,  p yr i te and chalc op yrite are 
the minerals m os t  c omm only ass ociated with m ol ybdenite in al l dep osi t  types. 
Man y, if n ot m os t  dep os i ts als o exh ib i t  Some oxida ti on of ore in the c onve r
s i on of m ol ybdenite to m ol ybdite or m ore c ommonl y, fe rrim ol ybdite. In s ome 
mines where oxida ti on is ex tensive fer rim ol ybdi te as we ll as the sulfide is 
pr oduced in c oncen tra tes (Mi tchel l,  1945). 

The ore grade or richness of particular m ol yb deni te dep os i ts is n ot the 
p rime fac tor d e te rmining e c onom ic impo rta nc e. It is m ore nec es sa ry tha t  a 
dep os i t  c on tain a ver y large v olume of m odera te-grade ore than a small v olume 
of ver y high-grade ore. Acc ording to this cr i ter i on, p orphyr y- type dep os i ts 
are the greates t s ources of m ol ybdenum , with mineral iza ti on involving large 
v olumes of the h os t  plu ton and surr ounding r ock s .  In c on tra s t, the m or e  
res tr ic ted dep os i t  types such as pegm a tite, quartz-vein and c on tac t-me tas oma t
ic,  may be ver y high-grade bu t c on tain onl y  m in or v olumes of ore. 
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Summary ske tch of moly bdenum mineralization-depo s i t  type s .  No s cale in tended.  Blackened areas and 
cross-ha tching indica te mineral iza tion . Po-porphyry Cu-Mo type, di-d issemina ted, mi-mul tiple intru
sion, rm-replacement mass ,  bw- boxwork f-faul t; Qv-isola ted quar tz-vein type; Qv'-quar tz-vein type 
associa ted w i th in trusion; Pg-pegmati te type; C-M-contac t metasomatic type.  



Descrip tio n of Deposit Types 

1. Vei n  Type 

Mo s t  eco nomic al ly impor tant mo lybde num depo s i ts are ch ar ac ter ized by 
m i ner al ized qu ar tz v e i ns or v e i n  ne tworks .  However,  m i ner al iz atio n is no t 
res tric ted to qu ar tz vei ns i n  these m ajor producer deposits which are as soci 
ated w i th porphyry- type m i ner alized pluto ns (see IV below ). Depo s i ts where 
ore is res tr ic ted o nly to qu ar tz v e i ns ( the true ve i n- typ e )  are commo n, bu t 
are seldom eco nomic.  True vei n- type depo s i ts are mos t ofte n  fou nd in or ne ar 
gr ani tic plu to ns, bu t o ther no n-eco nomic occurre nces are k now n i n  gold-produ c 
i ng d i s tr i c ts throughou t the wor l d ' s  older, P r e c ambr i an volc anic terr ane s  
(fig. 1 ) .  These vei ns are usu al ly wi th ou t  any direc t rel atio nsh ip to plu to nic 
bod ie s .  I n  al l v e i ns ,  molybde ni te o ccurs i n  p l ate-l ike m as s e s ,  typ ic al ly 
co nc e ntr ated around the vei n  w alls  and alo ng frac tures in  the qu ar tz (Bax ter, 
1 978 ) .  

I n  C anad a, some v e i ns co ntai n v al u ab l e  qu anti tie s  of b ismu th (Vokes ,  
1 963) ,  al though over all,  C anadian vei n- type molybde num depo s i ts are o nly of 
m argi nal economic impor tance.  Quar tz-vei n  molybde ni te i n  wes ter n Aus tr al ia is 
k now n to o c cur w i th pyr i te ±. f luor i te ,  shee l i te ,  and wolfr am i te (Mul g i ne 
depo s i t; B ax ter, 1 97 8 ) .  I n  the U.S . ,  perh ap s  o nly the Que s ta, New Mex ico 
d is tr i c t  ( C arpe nter,  1 96 8 )  h as some depo s i ts wh ich could be co ns idered as 
qu ar tz-vei n  molybde ni te producers. 

II.  Dissemi nated Type 

I n  some r are i ns tances, plu to nic rocks have been m i ner al ized o nly w i th 
bro adly dissem i nated molybde nite co nce ntr atio ns . By themselves, these occur 
r e nces are devoid of any re al eco nomic po te nti al. No t o nly are the ore gr ades 
too low ( typi c ally much less th an . 05 %  Mo ), bu t the dissem i natio ns are usual ly 
l imi ted to rep l acement m as ses which occur i n  hydr o thermally al tered are as of a 
pluto n. These dissemi natio ns m ay become exploi table when combi ned w i th o ther 
types of m i ner aliz atio n i n  porphyry deposi ts (fig. 1 ) .  

III . Pe gmati te-A pl i te Type 

Depend i ng o n  m agm atic p ar ame ters such as the depth of crys tal liz atio n, 
w ater co nte nt, and temper ature ,  f e l s i c  p l u to ns m ay b e  ch ar ac ter ized by : ( 1 )  
few if any qu artz ve ins or pegm atite d ikes; (2) abu nd ant qu artz ve ins, or (3) 
abu nd ant pegm ati tes and apl i te dikes. U nl ike the m ajor i ty of quar tz veins ,  
pegm ati te m as ses c an b e  qui te l arge, and whe n m i ner alized, i nclude sig nific ant 
qu anti ties of molybdenum ore. However, molybde ni te is no t o f te n  co nce ntr ated 
i n  l arge volumes i n  hos t  pegm ati tes .  

Molybde ni te o ccurs i n  pegm ati tes as d i s sem i nated i nters ti ti al p l ate s  
(much as do m i c as i n  s om e  ig neous r ocks ) as w e l l  as i n  co nce ntr atio ns ne ar 
co ntac ts and w i thin are as of hydro thermal al ter atio n. This m i ner al iz atio n m ay 
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be associated with the genesis of various other ore and gangue mineral phases 
( base-metal sulf ides , beryl , uraninit e ,  apatite , topaz ,  colum bite , cas s iter 
ite,  monzite , and so forth). 

Vokes (1 963 ) notes that moly bdenite- bearing pegmatites are common in the 
Precam brian terranes of Canada , but that major occurrences are too few to be 
important economically. The same relationship appears to be true for other 
parts of the world. 

IV. Por phyry Type 

Prophyry-type molybdenite deposits typically have very complex m inerali 
zation patterns involving large volumes of rock. Moly bdenite is usually most 
a bundant in s t o ckwork f ractur e  and vein network s  on the per iphery of hos t  
plutons. In porphyry deposit s ,  other ore locations may include dissem inations 
and replacement masses within the pluton , large quartz vein s ,  dike s ,  faults 
and other structures , and invaded country rocks (fig. 1).  

In a l l  but a few c a s e s , porphyry m ineral ized intrus iv e s  are of c a l c 
alka l ine chem ical aff ini ty (Westra and Keith , 1 98 1 ) . Thi s  is  to s ay that 
these rocks in their original unal t ered s t a t e  are not overly alka l in e  nor 
s il ica d e f i c ient , but are chem i c a l ly typ ical of most  continent a l  orogenic 
areas , such as the western U.S. (Guild , 1 978) or southwest Asia. Molybdenite 
depos its in association with alkalic plutons are rare,  and are usually better 
known as sources of other economic commodities. 

Pervas ive hydrothermal alteration is a key feature marking m ineralized 
port ions of porphyry intru s iv e s .  More specif ical ly ,  the alteration is not 
j us t  t he addit ion of water to break-down f e l d s pars and o ther m in er al s ,  but 
also the real addition of components such as S i ,  K ,  AI, and base metals. The 
hydrothermal processes are concentrated in the upper levels of intrusions and 
near contac t s ,  and henc e ,  m iner a l i za t ion is l o c a l iz e d  near the p lu t on ' s  pe 
r i phery . 

Thre e  major var i e t i e s  of a l t eration have been ident i f ied in the ideal 
case of a volatile-rich moly bdenum (actually Cu-Mo)-porphyry intrusive (Lowel l 
and Gu i l bert , 1 97 0 ) .  Th is genera l  case was dev e loped f rom o bservat ions of 
deposits in the western U.S. where sedimentary wall rocks are common. Altera 
t ion occurs on bo th s id e s  of contac t s .  As shown in cro s s- s e c t ion (fig 2) , 
a l tera tion ra ng es f rom "p rophy l i tic " at distance f ro m  the pluton , to "a rgil
lic"  (or "phyllic ") nearer the pluton to "potassic " nearest the cont a ct s. The 
first two alteration types involve the replacement of original m ineral assem 
blages by hydrous phases. Potas sic alteration is often synonymous with potas 
s ium metasomatism , in which rock is replaced by orthoclase and K-r ich m icas. 
Thi s  phenomenon frequently ac companies m o l y bdenite mineralization (Barne s ,  
1 967 ; Stanton , 1 97 2) .  
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M Ul tiple in trus i on and mul tis tage hydr othermal ac tivity are c ompl ica ting 
f a c tor s  wh i c h  increase the eff ic iency of m ineral iza ti on in p orphyry- type 
dep os i ts .  Successive magmas and fluids have the effec t of sa tura ting the h os t  
r ocks in ore c omp onen ts and ref ining ore dep os i ti on (Eidel and others,  1 968;  
W a l l a c e  and other s ,  1 96 8 ;  Wal lace and oth er s ,  1 9 7 8 ) .  Wal lace and others 
( 1 96 8) carefully de tailed the amazing c omplexi ties ass ociated w i th m ineral iza 
ti on 1n the Cl imax m olybdeni te dep os i t. The Cl imax dep os i t  has typ i c a l ly 
pr oduced over 50 million p ounds of m olybdenum ( M oS2 + M o03) c oncentrate per 
year. No other type of dep os i t  c ould p os sibly c on tain this quan ti ty of ore.  

PROPYLITIC 
ALTERATION 

V. C on tac t-Me tas oma tic Type 

Figure 2 .  
Altera ti on z ones ar ound a plu 
ton shown in ver tical sec ti on .  
M od i f i e d  af te r  Low e l l  a n d  
Guilber t ( 1 9 7 0 ) . 

Al th ough Kummer ( 1 9 7 9 )  and others have men ti oned c on tac t-me ta s oma tic 
s e ttings f or m olybdenite m ineraliza ti on ,  this class of dep os i ts is unusual and 
by i ts e l f ,  a c c ou n ts f or only a sma l l  frac ti on of the w orld 's pr oduc ti on of 
m olybdenum. The e c on omic limita ti on is tha t  mineralized skarns or tac ti tes d o  
n ot p os sess  large v olumes of r ock w i th sufficien tly high me tal c on ten t. 

Fr om the categ ory name, c ontac t-metas oma tic dep os i ts imply th ose l oca ted 
near plu ton c on tac ts where c ountry r ocks have been baked and invaded by miner 
a l i z ing f luids ( f i g .  1 ) .  Pecul iar mineral a s semblages of ten acc ompany ore 
dep os i ti on .  S ome early interpre ta ti ons pr op osed tha t  the c oun try r ocks were 
the s ource of ore fluids . H owever, m os t  evidence n ow indica tes tha t  magma tic 
fluids are likely s ources f or mineraliza ti on .  Many of the be tter kn own exam 
ples of these dep os its a re in me tam orph osed l imes tones and d ol om ites in On ta r
i o. 
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Precambrian Geologic Se tting in Nor thern Wisconsin 

The Precambrian bedrock-geology of nor thern Wis consin is characterized by 
different terranes ,  each consis ting of a somewha t dis tinc t age-group of rock 
uni ts. The s e  areas  are ou tl ined on f igure 3 wh i ch i s  general ized from the 
Bedrock Geology Map of Wis con s in ( W i s consin Geological and Na tural His tory 
Survey, 1 98 1 ) .  

In the extreme nor thwe s tern par t of the s ta te, rock uni ts are grouped as 
Keweenawan in age, about one b il l ion years old. The uni ts are mainly volcanic 
and sed imen tary rocks depo s i ted w i th in and a long the huge f aul t-bounde d  
trough which includes Lake Superior. A few Keweenawan intrusions (gabbroic to 
grani tic) a l s o  oc cur in this terran e .  Grani tes da ted a s  Archean i n  a g e  (2.8 
billion years old) , a s  well as gneisses and me tavolcanic rocks inferred to be 
Archean, are located sou theas t of the Keween awan uni ts . Archean-age gneis ses 
and metavolcanic rocks are also found in the sou thernmos t  ex treme of the m a jor 
Precambrian shield area in Wisconsin. By far the larges t  area of Precambrian 
b edrock is made up of two Early Pro ter o z o ic (abo u t  1 . 9 b il l ion years o ld) 
Penokean-age terranes which trend sou thw e s t to nor theas t over mo s t  of the 
cen tral and eas tern par ts of nor thern Wiscons in. The Penokean terranes can be 
summarized a s  a nor thern bel t of mo s tly me ta s ed imen tary rocks and Archean 

.gneiss domes and a sou thern bel t  of predominan tly me tavolcanic rocks in truded 
by various typ e s  of plu tons .  The two terran e s  are s ep ar a ted by the Niagara 
Fault (fig. 3). Some of the Penokean-age plutons are granites which hos t the 
known and po ten tial molybdeni te occurrences in Wisconsin. 

Igneous rocks compr i s ing approxima tely 900 0  km2 in the sou thea s t of 
Wisconsin's Precambr ian shield form the 1 .5 billion year old Wolf River ba tho 
l i th .  These r o cks are differen t pha s e s  of alkal i grani te w i th a s s o c i a ted 
syen i te and anor tho s i te. There are a l s o  s ev .eral s m a l l  inl iers of p o s t
Penokean-age grani tes and rhyolites (ab ou t  1.75 b il l ion years old ; similar to 
the Mo-bearing rocks in the nor theas t) and quar tz i tes in south-central Wiscon
s in. These inliers are exposed w i thin Paleozo ic sedimen tary bedrock south of 
the major exposure of the Precambrian. 
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Figure 3 .  Simplified ge ol ogic map of Wis c onsin sh owing the f our m olybdenite 
oc currenc e s :  H LG-H oskins Lake Gran i te, AG-Amberg Granite ,  MTG
M oun t T om Granite, WS-Wausau Syenite .  Keweenawan-age v olcanic and 
Sedimentary r ocks (K V & S) are sh own in pebble-pattern ; Archean 
age r ocks are in vertically-ruled pa ttern; Pen okean-age v olcanic 
and s e d i m e n tary r oc k s  a re w i th in the n or th e r n  W i s c on s in 
Precambr ian r eg i on and are shaded ; Pen okean-age gran i tic and 
gneissic r ocks are in s tippled patterns ;  the 1 .5 billi on year old 
plu tons are in a rand om-dash pa ttern. Sca ttered inl iers of 
Precambr ian gran i te ,  rhy ol i te ,  and quartz i te are e xp osed w i thin 
the s ou thern exp osure of Pale oz oic r ocks . Map m odified af ter the 
ge ol ogy map of Wis c onsin (Wisc onsin Ge ol ogical and Na tural His tory 
Survey , 1 98 1 ) , 
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MOLYBDE NUM IN NORTHE RN WISCONSIN 

M olybdenite occurrences in W i s c onsin have only been rec ognized since the 
1 93 0 s  and 1 940 s (F isher , 1 95 7 ) . Since tha t  ti me n o  ec on omic pr oduc ti on has 
taken place, bu t nearly 1400 kil ograms of molybdenite were re moved fr om the 
Middle Inle t pr oper ty (see bel ow )  fr om 1 93 9  to 1 940 . In add i ti on ,  several 
p r ospec t p i ts were excav a ted on wha t is n ow the Frank W ol sker pr oper ty in 
Fl orence C ounty (al s o  bel ow) . In each case, fairly high-grade ore exis ts in 
sub-ec on omic quanti ties . Ore re moved fr om the Middle Inlet pr oper ty averaged 
near .15 % M o. This was hand-picked fr om much leaner ma terial ,  h owever . 

Middle Inl e t  (Camp Five) Pr ospe c t  

Locati on and His tory 

The bes t known molybdenite pr ospec t in Wisc onsin is the Camp Five opera 
ti on near Middle Inlet in Marine tte C ounty (figs . 3 and 4) . This pr operty is 
in the SW l,;NW l,; of se c .  1 8 ,  T .  33  N ., R .  20 E .  and oc cup ies bu t a few acre s . 
P r ospec ting began in 1 93 7  w i th increased a c tivi ty fr om 1 93 9  to 1 940 . The 
maj or pr ospecting operati on was c onduc ted by the Wisc onsin M olybdenite C orp or
a ti on, f ounded f or this purp ose al one . Pr ocessing equip men t (crushers ,  and s o  
f or th) were u tilized in the ex trac ti on of jus t over 2800 kg . of 47 .82 % molyb 
denu m c oncen tra te .  Sp oradic in teres t in this pr oper ty c on tinued into the late 
1 97 0 s ,  even th ough the pr ospe c ting opera ti ons were aband oned in the 1 940 s 
(f ig . 5) . 

Ge ol ogic Se ttin g 

The molybdenite occurrence a t  Middle Inle t is c on tained w i thin the n or th 
ern mar g in of a gran i te plu ton (Greenberg and Br own,  1 980) . This c ir cular 
b ody (as defined by i ts g e ophy s ical  s igna ture) is  inf or ma l ly referred to as 
the M oun t T om gran i te ,  and is  exp os ed in an inac tive quarry on the f l ank of 
M ount T om (figs .  4 and 6).  M oun t T om granite is pred ominan tly red to red-gray 
and c on tains mineral phases in the pr op or ti ons g iven in Tab l e  1 .  This i s  a 
tw o-feldspar bi oti te-granite tha t  c on tains signs of late- ma g ma tic (sub s olidus) 
r ea c ti ons b e tw een pha s es . Some of thes e  f e a tures include alb i te man tl ing 
per thi te grains, a l tered c ores of z oned plag i oclase, and quar tz grains e mbayed 
agains t plagi oclase . N o  peg ma ti tes were observed a t  the quarry n or a t  any of 
the other granite exp osures . H owever, apli te dikes (fig . 6 )  and quar tz veins 
are abundant. Che mica l l y  (Table 2a) , the granite is calc-alkaline and me ta 
to per a lu min ou s . Sa mp l e s  are chara c ter i s tically very silice ous (74 %  Si02) ,  
p otas s ic (5 . 2 % K20 )  and typ ical w ith regard to mos t trace e l e men ts in c al c 
alkaline grani tes . (The maj or excep ti on is high levels of Ba 1000 par ts per 
mill i on [pp m) or grea ter .) 

Al th ough ou tcr ops are n ot sufficien t to be certain, available da ta (in 
cluding g e ophysical) indicate tha t  me tav olcanic r ocks al mos t c ompletely sur 
r ound the M oun t T om plu ton . A very ex tens ive terrane of reddish gran i te is 
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Figure 7 .  
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Figure 6 .  

Figure 5 .  
Br oken-d own w orkings a t  the main 
exc a va ti on of the Middle Inle t 
pr ospec t. 

F igure 6 .  
M oun t T om gran i te exp osed in 
the quarry w i th M ount T om in the 
backgr ound. N ote the ap l i te 
dike in the b ottom center of the 
pic ture. Loca ted in NE �E �  sec. 
3 0 ,  T.  33 N. ,  R. 20 E. 

F igure 7 .  
M olybdenite (gray) fil ling frac 
tures in quar tz (wh i te )  a t  M id
dle Inl e t. The quar tz v e in is 
in c on tac t w i th altered granite 
on the lef t  side of the picture. 



located north of the Middle Inlet area (about seven kilometers ) .  This i s  the 
Athelstane granite mass which is very similar petrologically to the Mount Tom 
rocks and could be comagm atic . A l l  o f  t he s e  granitic  p lu tons app ear to be 
post-tectonic, that is,  they are predominantly unfoliated and otherwise de 
formed only in cer t a in d i s crete zone s .  The age of the Athe l s tane rocks is 
about 1 .85 billion years (Van Schmus and others ,  1 975) . 

Due to the lack of exposure, the metavolcanic rocks in the Middle Inlet 
area are poorly known, but they are assumed to be part of the Penokean volcan 
ic belt  which trend s structural ly from southwest t o  e a s t  across  the entire 
region. The s e  rocks are intruded by the granit e s ,  but,  their exac t  age i s  
un known. In many places, the maf ic volcanic rocks have been incorporated as 
inclusions in plutons. Furbish ( 1 953) descr ibed a m ixed-zoned of magma con 
tamination at the Middle Inlet molybde num property where granite has assimi 
lated maf ic country-rocks . 

Although Krewedl (1 967) postulated east-west fault ing north of the min 
eralized veins at Middle Inlet, there is no e vidence of m a jor faulting in the 
area. There 1S no obvious correlation between molybdenite mineralization and 
post-magmatic structural features in this particular case. 

Local Geology. Nature and Extent of Mineralization 

Morris ( 1 940), Furbish ( 1 953), Fisher ( 1 957),  and Krewedl ( 1 967)  briefly 
describe the geology and mineralization at the Middle Inlet prospect. A rough 
map of the area is shown in f igure 5 .  Molybdenite occurs in irregular quartz 
v e in s  (to  4 meters  thick) cutting granit e .  Mo st of the explo ited v e in s  and 
other m a jor ones observed strike E-NE and are nearly vertical. Smal l concen 
t r a t ions of qua rt z ,  wh ich Fisher ( 1 957 ) considers a s  the l a t e s t  generation, 
are almost completely barren with respect to m ineralization. The prospect 's 
workings intersect quartz veins in ten pits (fig. 4) . Molybdenite is concen 
t r a t ed near the c enter of v e in s ,  a long fra c ture s  ( f ig . 7 ) .  In very sporadic 
instances, the molybdenite occupies as much as 20 % of the vein material. Ore 
grades in the veins appear to vary randomly, as do the pinch-and-swell thick 
nesses of different vein s .  Other minerals ,  including f luorite and pyrite,  are 
only rarely en countered in the larger vein s .  Ferrimolybdite and hema t i t e  
occur with or without fluorite in some of the smaller quartz s egregations in 
the granite and a long some of the vein-fracture wal l s .  

The origin of the qua rtz veins and molybdeni te appears to b e  in timate ly 
r e l ated to eas terly and northea s t e rly-trend ing fractures and m inor fault s 
localized near the margin of the host granite. Hydrothermal fluids utilized 
the available fractures as conduits for m ineral depo s i t ion and replacemen t .  
In many places, vein-introduced quartz is concentrated within altered granite 
beyond defined vein wall s .  Fisher ( 1 957) observed a gradual transition from a 
quartz vein, to a feldspar-quartz boundary zone, to altered granite and even 
tually, unaltered granite. The change from vein to altered granite is  usually 
more abrupt , however . 
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Figure 8 .  Photomicrograph of microveinlet of mostly calcite, sericite and 
quartz transecting altered granite a t  M iddle  In l e t .  Hor izont a l  
dimension, about 8 mm. 

Figure 9. Pho tom icrogr aph of mortar texture in Middle Inl e t  granit e ,  
d i s playing s tr a ined quar t z  and f e l dspar w ith f inely granulated 
quartz concentrated at l arge-grain boundar ie s .  Horizontal 
dimension, about 8 mm. 
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Figure 1 0. Photomicrograph of hybrid "mix-rock " consisting of large Serl.C1te 
c lo t s  and many smal l  gra ins of s e condary micro c l ine , from the 
northern margin of the Middle In l e t  pro spect area ( s e e  fig. 4 ) . 
Hor izontal dimens ion, about 8 mm. 
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The rare, unalt ered granite at the prospect is very s imilar to the rock 
at the Mount Tom quarry (about 2.5  km to the southe a s t ) .  Almo s t  all the 
Middle Inlet host-granite shows the effects of hydrothermal alteration in the 
abundance of s er ic i t e ,  epido t e ,  chlor ite,  and s e condary quar t z  ±. c a l c it e  in 
micro-veinlets (fig. 8). Near the quartz veins, much of the observed granite 
is altered, with white m icas, chlorite, quartz, and rarely albite replacing 
or iginal mineral a s s emb l ag e s .  In addit ion , thin s e c t ions of g r an i t e  f rom 
samples near quar t z  ve ins d i s p lay moderate to s evere amounts of unr es olved 
strain. Plagioclase grains are often bent, and primary quartz has been poly
gonized with tiny mortar-texture quartz grains developed along the boundar ies 
of larger grain s  ( f ig .  9) . Molybdenite is  sparsely d i s sem inated in a l t er ed 
granite, but always within about a meter of molybdenit e-miner a l i z ed quar tz 
veins . 

At the north end of the prospect area, a thin zone of granit e-mafic m ixed 
rock i s  exp o s ed ( f i g .  4) .  Aside from containing pyr i t e ,  samples of this 
hybrid d i s p lay p o t a s s ium metasom at i sm ,  w ith plagioclase altered to and re
placed by sericite and large quantities of smal l, secondary microcline grains ' 
( f i g .  1 0). One co l le c t e d  s ample  of m ixed rock contains d i s cr e t e  patches of 
pyrite and vugs lined with euhedral microcl ine . It could not be determined 
whether this alteration is related to or contemporaneous with other alteration 
and molybdenite crystallization. 

As dep i c t ed on the map ( f ig .  4 ), one or more maf ic d ik e s ,  w ith the same 
orientat ion a s  SOm e  quartz  v e ins , have intruded the grani te. F i sher (1 957 )  
d e s cr ib e d  the d ik e  rock as basal t ,  and Furbish ( 1 953)  u sed t h e  term lampro 
phyre.  There are some very minor contact effects where the dike has baked the 
g r ani t e ,  and it might also be conc luded that the d ike is  later than quartz 
vein development (Krewedl, 1 967).  No quartz can be found in the dike. It is 
conceivable, however, that the veins and dike might be contemporaneous. 

The total exposed area of molybdenite-bearing veins or rock at Camp Five 
is about 20 m wide and extends the length of the outcrop along strike (of the 
veins ) .  Only a fraction of the rock in this area displays m ineralizat ion a nd 
much of that at about .1 5 %  Mo on the average has been removed by prospectors. 
Any estimates of remaining ore must be extremely small if only exposed rock is 
considered . Exploratory dr il l ing was completed on an unexplored part of the 
Camp F iv e  property by Exxon in 1 97 3  (P .  Schm i d t ,  oral comm.) . Appar ently, 
nothing too encouraging was found.  Dr i l l ing away from the exposur e  could 
p os s ib ly i nc reas e the po tential  amou nt s  of m o lyb d en i t e ,  but the e s t imated 
ratio of ore to  waste rock would probably not increase. 

Florence County Prospect 

Location and Histo ry 

The Florence County prospect pits (formerly called the Payant-Chris sman 
property by F i sher,  1 95 7 )  are located on f igure 1 1  and o c cur in the nor th-
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cent r a l  part of s e c .  3 3 ,  T. 3 8  N. , R .  1 9  E .  (fig.  3 ) . The p i t s  where mo lyb 
denite has been found are scattered across the property in several outcrops. 
One pit has been built over and is now inaccessib le.  

Mo lybdenite was first discovered on the Payant property during the exca 
vation of a we ll. Pits were later dug and b lasted to exposure mineralization. 
Academic interest remains in these pits, but at present, only sample and minor 
test material has been removed. 

Geo lo gic Settin g  

For two reasons, the geo logic environment of the mo lybdenite prospect in 
F lorence County is perhaps better unders tood than that around M id d le In le t .  
Pr imar i ly ,  bedrock out crops are more abundant in F lo rence County than in 
s outhern Mar ine t t e  Coun t y .  A ls o ,  s evera l reports and graduate the s e s  are 
pub li shed informat ion sour c e s  for rocks in F lorence County ; foremost among 
these are Cain ( 1 96 2 ), which provides he lpful descriptions of the area and its 
surround ing s ,  and Dutton ( 1 9 7 1 ), wh ich has contributed data on the g e o logy 
north and west of the prospect. 

The prospect is situated in the western lobe of the arcuate Hoskins Lake 
granite body (Cain, 1 96 2 ). The p luton is approximat e ly the same age ( 1 .8 5  
b illion y e ar s  o ld ;  Banks and Cain ,  1 96 9 ;  Van Schmus and o ther s ,  1 97 5 ) a s  
Athe lstane granite and most of the o ther dated p lutonic and vo lcanic rocks in 
northea s t ern W i s cons in, thus making a ll these uni t s  like ly produ c t s  of the 
Penokean orogeny (Van Schmus,  1980 ). Compositiona lly, Hoskins Lake rocks are 
compo s i t iona lly true granit e  with gradations to granodiorite as p lagioclase 
and mafic content increase (table 1 ). Textures are genera lly porphyritic with 
large (to 5 em) potassium fe ldspar p henocrysts  in a medium- to fine-grained 
groundm a s s  of quar t z ,  p lagio c la s e ,  m icroc lin e ,  and m a f i c  m inera ls (mos t ly 
b io t i t e ) . The rock i s  typ ica lly f o liated , w ith a lignment of phenocry s t s ,  
groundmass biotite, or both. Cain (196 2 )  notes that rocks in the west lobe of 
the p lu ton exh ib i t  a s t rong N. 4 0 ° E .  to N. 8 0 ° E .  direct iona l preference in 
biotite and phenocryst orientation, while only the m icas and groundmas s have 
this orientat ion in the e a s t  lob e .  It is  not unusua l, a s  Cain ment ions , for 
the pheno c r y s t s  to be a ligned N-S ,  that is,  nea r ly perpend icu lar to the 
groundmass and regional foliation, in the east .  The difference between the 
two lobes can be exp lained in t erms of regional tectonics. 

The Hoskins Lake and other units in the area lie at the eastern end of a 
very m a jor E-W trending structural boundary (Greenberg and Brown, 1980 ). The 
boundary is expressed in geophysical li neaments, some litho logic changes,  and 
strong deformational fabrics in the various rock types.  Recent field observa 
t ion and the s tructur a l  map of C a in ( 1 96 2 )  sugge s t  that the w e s t ern lobe of 
the Hoskins Lake p luton was more s t rong ly af f e c t ed by deformat iona l s t r e s s 
than the eastern lobe.  Phenocrysts  in the wes t )were reoriented or more prob 
ab ly recry s t a llized under the inf luen ce of the prevai ling r e g iona l s t r e s s  
f ie ld ,  whereas the stress was probab ly not great enough in the east to a lt er 
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the original crystallization or igneous-flow orientation of phenocrys t s .  How 
ever, this structural concept alone does not explain all the unusual charac 
teristics of the Hoskins Lake granite that may relate to molybdenite mineral i 
zation . 

The geological complexity of this area in Florence County is enhanced by 
the proximity of certain o ther tectonic features.  A unit known as the Dunbar 
gneiss is located just southwest of the Ho skins Lake granite and is in contact 
w ith the p luton 's wes t ern lobe .  The gne iss  i s  truly a tectonic com p l ex of 
intrusions (mostly pegmatites) cutting various types of gneissic and migmatit 
ic units. All the rocks have been deformed, the oldest ones preserving seve r 
a l  generat ions o f  fOld ing . E-W or iented s tructures appear t o  be the most  
dom inant. At many p l a c e s ,  the propo sed contact of the  Dunbar gne i s s  with 
o ther uni t s  ( inc luding the Ho skins Lake granite) is gradational and comp l i 
cated, due to structural and chemical interaction. About eleven kilometers 
north of the Hoskins Lake granite and fourteen kilometers north of its contact 
w ith the Dunbar gneiss, the prominent Niagara fault (Dutton, 1 97 1 ) separates 
the tectonic belt containing all previously mentioned units,  as  well as am
phibol ite-facies metavo lcanic rocks and metagabbros from lower-grade metasedi
mentary uni t s  to the north. Mo lybdenite i s  only a s s o c iated w ith gr anit i c  
units (Hoskins Lake granite, Athelstane granite) of the metavolcanic belt in 
northern Wisconsin (fig. 3 ). 

Local Geolo gy. Nature and Extent of Mineralization 

In Fisher 's 1957 report on molybdenum in Wisconsin, little mention was 
made of the granitic host rocks for mineralization at the Payant-Chrissman, 
Florence County prospect. The molybdenite-bearing pegmatites were simply said 
to o ccur in "s chi s t  and gneis s. "  Upon inspect ion of the geologic m ap s  for 
this area, the rock-type description appears to be in conf l i c t  with the ex 
posed Hoskins Lake granite. However, especially along the western and south 
western margin of the pluton, a great deal of country rock-granite interaction 
is evident. The typical porphyritic appearance of the granite is also obvious 
in rocks that are not strictly magmatic. The best interpretation is probably 
t hat the granite and country rocks (metas edimentary ?) a t  the pro spect have 
intermingled through metasomatism and metamorphism to f orm a pegmatite-r ich 
hybr id w ith igneou s- appear ing K-f el ds par phenocrys t s  (to 50 % )  in a dark, 
fol iated groundmass of biotite, plagioclase (oligoclase to andesine) , quartz, 
and minor microcline. This rock is nearly a schist or gneiss that looks l ike 
a g ra nite. E xc e pt fo r the phe nocrysts,  it app ro ximates a dio rite i n  compos i 
tion. Perhaps some of the associated pegmatites have been sweat-out of a more 
felsic precursor. The metasomatism and complex crystal lization history are 
mentioned by Cain (196 2 ) and alluded to by Fisher (1957 ) through the process 
of introducing potas sium feldspar into the country rock at the prospect. The 
pres ent s tudy ind i c a t e s  that this s ame phenomena was a crucial factor for 
molybdenite concentration; that is,  the potas sium metasomatism in this are a 
was contemporaneous with m ineralization. 
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In contr as t  to the qu ar tz-vein molyb deni te association at Mi ddle Inle t, 
the Florence Coun ty prospe c t  is mos t  correc tly classif i e d  as a pegma tite type 
of occurrence.  Vir tually all the molyb deni te is incorpor ate d in the pegm a
ti te s w i th none foun d in the coun try rocks . P egm a ti te s  o c cur in dif feren t 
form s :  (1 ) dis tinc t  dikes (fig . 1 2 ) up to a few me ters w i de, usual ly conform 
ab le to the f o l ia tion (N. 3 0 ° E. to N. 7 0 ° E . ) ;  ( 2 )  concor dan t  lens e s  or po ds ;  
( 3 )  di s cor dan t p atch e s ;  an d (4 ) th in concor dan t to dis cor dan t s tr ingers an d 
v e inle ts .  The dikes an d s tr ingers in par tic u l ar are frequen tly zone d w i th 
qu ar tz cores an d feldspars (mos tly po tassium -rich ) � muscovite growing perpen 
dicul ar to con tac ts .  As Fisher (1957 ) observe d, quar tz originating in pegma 
ti tes m ay form secon dary veinle ts in tru ding across the dikes an d in to coun try 
rocks. Fisher also believe d that some quar tz segreg ations m ay cons ti tute a 
developmen t younger th an al l o ther f e ature s .  Miner al compo s i tion of the 
p egm ati tes v ar i e s  ac cor ding to the rel ative abun dance of the four m a jor 
phas e s -qu ar tz , K-f e l ds p ar ,  plagiocl ase, an d muscov i te .  Bio ti te w as r arely 
o b serve d. Q u ar tz-r ich an d K-fel ds par-r i ch v ar i an ts are the mos t common. 
In teres ting m inor ph ases inclu de :  g arne t, tourm aline, pyr i te, ch alcopyr i te, 
an d fuchsi te (a Cr-muscov i te ). Chemical an alyses of four pegmati te s amples 
( Tab le 2 a) show a r ange of s i l i ca v alues from 7 0 %  to over 7 9 %  depen ding upon 
the amoun t of free quar tz. K2 0 aver ages near 5 % ,  e xcep t in al tere d  s amples ,  
such a s  F S- Mo ,  which con tain high K2 0 ( 9 .6 7 % ). Rb i s  uniformly high in the 
pegma ti tes (gre ater th an 300 ppm ), prob ably r eflec ting the very l ate hy dro 
thermal ac tivi ty .  The pegm ati tes are bes t  c ategoriz e d  as per aluminous c al c 
alk al ine gr an i te s .  

The S pi ts at the Florence Coun ty prospe c t  (fig. 1 1 )  show tha t  there are 
different modes of molyb deni te occurrences w i thin the pegm ati tes .  Mos t  com 
monly, discrete flakes of molyb deni te clu s ter in qu ar tz segrega tions, l arge 
per thite cry s tals ,  an d veinlets. Some pyr i te an d re d hemati te -s taining also 
occur in the clu s ters .  Only r arely are the molyb deni te flakes dis seminate d  
through l arge por tions o f  dike s or po ds .  In at le as t  one c as e ,  mo lyb deni te 
was observe d to e xi s t  in l ayers an d co nform to the zoning in a dike.  Perh aps 
the m o s t in teres ting env ironm e n t  of m iner al iz ation i s  in a hy dro therm al ly 
al ter e d pegm a ti te ,  loc ate d n e ar the sou th en d of the Wol sker proper ty ( f i g .  
1 1 ,  pits 4 an d 5 ). Grani tic coun try-rock in con tac t w i th the al tere d  pegm a
ti te con tains pyr i te an d seric i ti z e d phenocry s ts ( f i g .  1 3 ) .  A t  th is s i te ,  
relatively recent prospec ting has b l as te d  surface rock w i thou t the form ation 
of a pi t (fig . 1 4 ). Much of the broken pegm ati te is highly al tere d, w i th red 
K-feldspar an d re d-yellow s taining (hemati te ,  ferrimolyb di te ). Pyr i te an d 
muscov ite are abun dan t, an d molyb deni te gr ains are sca ttere d  thr ough ou t  the 
greisen. O ther fea tures are quar tz -l ine d vugs an d secon dary, euhe dr al or tho 
cl ase crys tals rep l acing original ph ases (f ig . 1 5 ). Or thoc l ase an d muscov i te 
are clear in dic ations of po tas s ium me tasom atism (po tas s ic al ter ation ) associ
ate d w i th molyb deni te.  The tr ansfer of po tas sium from the Hoskins L ake gr an 
i te into i ts surroun dings apparen tly inclu de d  molyb denum an d pos s ibly o ther 
resources as well.  In f ac t, ur anium e xplor ation has taken p l ace in a simil ar 
geologic environmen t only a few kilome ters to the nor thwes t of the molyb deni te 
prospec t. 
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If F i sher ' s  ( 1 957 ) e s tima tions (wi th the concurrence of the p r e s en t 
au thor) are con s i dere d  even par tially accurate, the Florence Coun ty prospec t 
con tains molyb deni te a s  l e s s  than .0 5 %  of the expo s e d  o u tcrop, which by i t
self, does no t cons ti tute a large volume of rock. Therefore, l ike the work
ings a t  Middle Inl e t, this prospe c t  has dubious resource po tential .  

Figur e 1 2 . Pegma tite dike (light-c o l o re d) cu tting Ho skins Lake Gran i te in 
Florence County. 

Figure 13 . Pho tomicrograph of al ter e d  coun try-rock grani te from the Florence 
Coun ty m O lyb den i te o c curren c e ,  con ta ining large s er ic i tize d 
pheno cry s ts an d abun dan t pyr i te .  Horizon ta l  dimension,  abou t 8 
mm. 
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Figure 1 4 .  B l a s te d  exposure o f  a l ter e d  pegm a ti te ( p i t  number 4,  fig.  1 1 )  on 
the Frank Wo1sker proper ty, Florence Coun ty .  

Figure 1 5 .  Pho tomicrogr aph o f  m inerali ze d  pegm a ti te display ing molybdeni te 
(black ) and secondary euhe dra1 or tho c l a s e  ( l igh t gray ), from p i t  
numbe r  4 o n  the F r ank W o 1 s k er p r o p e r ty, Florence Coun ty. 
Hor izontal dimension, abou t 8 mm. 
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EVALUATION OF MOL YBD ENUM POTEN TIAL IN WISCONSIN 

S ummary of Known Occurrences 

The Mi ddle Inle t an d Florence Cou nty molyb de ni te prospe c ts are no t the 
only occurrences known in the s tate. Morris (1 940) an d a le tter i n  the files 
of the Wisconsin Geologic al an d N atur al His tory Survey, from Mr. Lyle D aniels 
to the S tate Geologi s t  in 1 941 discuss the occurrence of molyb deni te gr ains i n  
a p egm ati te cu tting gr an i te a t  Amberg, W is cons in ( f ig . 3, NW lt;S E lt; s e c .  1 0 ,  T. 
35 N . ,  R .  2 1  E . ) . Th is i s  a m inor o c currence i n  a f loo de d  gr an i te qu arry, bu t 
i t  also illus tr ates the associ atio n of gr ani tic in trus ions w i th molyb de ni te in 
nor the as t  W i s consin . Pegm ati te dike s  simil ar to those throughou t nor the as t  
W i s consin are common in the gr ani te at Amberg ( f i g .  1 6 ) .  As de s cr ib e d  
( Morr i s ,  1 940) ,  the molyb deni te-be ar i ng pegm ati te i s  al s o  s im i l ar to tho s e  
miner alize d at the Florence Co unty Prospec t. 

The addi tion of the Amberg occurrence illuminates a po ten ti al ly impor tan t  
rel atio nship . All the known molyb deni te occurre nc e s  in gr an i te s  ( 3) are 
res tric te d  along a nor th-sou th line in the e as tern ten th of the e xpos e d  Pre
c ambr i an terr ane in W is cons i n  ( f i g .  3). This r e l ationship m ay be a c o in c i 
dence, or it m ay sugges t th at a specific environmen t conducive to m iner al i z a
tion e xi s ts in the nor the as t. 

In addi tion to the above gr ani tic associ ations, there is one o ther know n 
molyb denite occurrence in Wis c o ns in an d one repor te d  bu t u nconfirme d. Scat
tere d g r ains of molyb deni te c an r arely be foun d in pegm ati ti c ph as e s  of the 
W aus au syeni te (Morris,  1940). This isol ate d occurr e nce (fig. 3) from W au s au 
is l ikely the resul t of r are-me tal e nrichment typic al in per alkal ine pegm a
ti te s .  However, sel dom is molyb denite econom ic ally co ncen tr ate d in per alk a
line intrusions (Mu tschler an d o thers , 1981). The W aus au syen i te is therefore 
no t consi dere d as p ar ticul arly s ignific ant. Morr is (1940) also me ntioned the 
e xis tence of molyb den i te in "l ime s tone " ( p .  5 8 )  ne ar Mel len in nor thwe s t  
Wisco ns in. This is not a proven occurrence, bu t i ts location an d descrip tion 
imply a sk arn environmen t of mineraliz ation. 

Eve n  though there are only four verif ie d c ases, it is impor tan t to e xam 
ine the m ajor simil arities an d differe nces amo ng the molyb deni te occurrences 
in or der to i den tify pos s ible gui des to m i ner al iz ation. The two m ain pros
p ects ar e comp ar ed and con tr asted b elow with addi tional no tatio n wher e appro
pri ate for the Amberg granite qu arry. The syenite occurrence is con s i dere d  a 
unique an d e xceptional c ase.  The possible occurrence at Mel len is too conjec 
tur al for ev alu atio n. Abbrevi ations ar e :  MI, M i ddle Inle t; FC, Florence 
Coun ty ;  AQ , Amberg Quarry . 
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Figure 16 . Exp os ure of Amberg gray gran i t e  cut by thin pegm a t i t e s  in an 
aband oned granite quarry, Marinette C ounty. 

Table 1. Modal Mineral ogy of Molybdenite H ost Granites . 

Sam ple Number 

P otassium feldspar 

Ol igoclase 

Quartz 

Biot ite 

Other 

D-36 

40 % 

15 % 

20 % 

20 % 

5 %  

Hos kins La ke Granite (fr om Cain, 1962 )  

D- 165 

3 5 %  

25 % 

20 % 

15 % 

5 %  

Ran ges f or Six Sam ples 

Perthite and micr ocl ine 

Pr imary plagi oclase (An30) 

Sec ondary plagi oclase (An 12) 

Quartz 

B i ot ite-chl or ite 

Other 

M ount T om Quarry Granite (Athelstane - type) 

2 4  

D- 168 

45 % 

20 % 

15 % 

15 % 

5 %  

30-37 % 

23-27 % 

1- 3 %  

28-33 % 

2-5 % 

Trace- 1% 



A) Pros pec ts Compare : 
1 .  al kaline-rich gr ani te 

associa tion (+AQ) 
2 . similar age (+AQ )  
3 .  importan t  role o f  sil ica  

mobil i ty 
4. po tassium me tasom atism 
5 .  di kes or veins a t  lea s t  par tly 

control led by regional fol ia tion 
(AQ?) 

6 .  key miner als--qu ar tz ,  muscovite 
(ser ici te ) ,  pyri te 

7 .  geogr aphic loca tion in s ame 
region (+AQ) 

8 .  lac k of coun try roc k mineraliza
tion (+AQ) 

9. some ch emical inter ac tion wi th 
coun try roc ks 

B) Pro s pe c ts Con tr as t: 
1. quartz-vein mineraliz ation 

(MI)  
2 . pegma ti te miner al i z ation 

(FC- AQ 1) 
3 .  albi tization (MI)  
4. pos t- tec tonic hos t  plu ton 

(MI- AQ) 
5 .  syn-tec tonic (1) hos t  plu ton 

or proximi ty to a complex 
s truc tur al zone (FC )  

This l i s ting perhaps indica tes a higher degree of similari ty than dissim
i l ari ty. Obvious c orrel ations include the ho s t-roc k type, general loca tion, 
age , and l im i t  of mineral iza tion to d i ke s  or veins. Al s o  imp l ied is the 
depend an c e  on hydro thermal pro c e s s e s  (K-me tasoma tism)  and some s truc tura l  
control o f  mineraliz ation. The Amberg gr ani te occurrence be ar s  charac teris 
tics of bo th the o thers, and i t  could be said tha t  all three vary s ignif ican t
ly only in some geochemical de tails. 

Geoch emic al Da ta 

Chemi c al analyses of five Middle Inlet s amples and f ive samples from the 
F lorence Coun ty mo lyb denum prospec t (tab l e  2a) ind i c ate th at there i s  more 
difference be tween the two occurrences than jus t  contr as ting m iner al iza tion 
types (qu ar tz vein versus pegm a ti te). The hos t-roc ks at bo th loc al i ties are 
c al c- a l ka l in e ,  K20 - and Al203 - r i ch gr an i te s ,  bu t they ar e no t the s am e .  
Even where visably al tered and mineral ized, the Middle Inl e t  granite varies 
l i ttle in ma jor element chemis try (excep t for Si02) from the unal tered roc k. 
This uniformi ty sugges ts th at the Mount Tom plu ton m ay represent an unzoned, 
homogeneous intrus ion. The s ame data is also evidence that there w as li ttle 
ac tu al ne t transfer (g ain or lo ss) of chemical cons ti tuen ts during quar tz-vein 
developmen t and m ine ral iza tion. It ha s been commonly obse rved tha t  the re is 
l i ttle correl ation between the composition of unal tered hos t  gr ani toids and 
the presence of molybdenum mineraliz ation (Govett and Nicho l ,  1979;  B arr and 
O 'Beirne, 1 98 1 ) .  Such appe ar s  generally to be true for the Middle Inl e t  
o c curren c e ,  where Kr ewedl ( 1 96 7 ) found h igher than bac kground l eve l s  of Mo 
only in silic ified granite at the prospec t. 

Even among only four s amples, the granite and pegmati tes of the Hos kins 
L ake gr anite in Florence County display grea t chemical variab i l i ty. This is 
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Table 2a. Chemical Analyses of Rock Samples from Wisconsin Molybdenite Prospects. 

Si02 

Ti02 

A1203 

Fe20*3 

MgO 

CaO 

Na20 

K20 

Rb 

Sr 

y 
Zr 

Ba 

1 

7 5.90 

.11 

13.14 

1.06 

.25 

.39 

2.30 

5.53 

131 

53 

35 

126 

1074 

2 

74.92 

.09 

14.20 

.64 

.14 

.10 

2.11 

6.75 

166 

45 

21 

162 

1516 

*Total Fe as Fe203 

3 

76.17 

.10 

13.46 

.83 

.18 

.21 

2.46 

5.80 

133 

47 

29 

134 

1057 

Major elements are weight % 

4 

76.04 

.11 

13.74 

.77 

.14 

.11 

3.23 

5.46 

121 

70 

18 

148 

1087 

Trace elements are parts per m illion 

5 

74.27 

.17 

13.31 

1.82 

.22 

.33 

3.38 

5.24 

132 

68 

46 

220 

1168 

6 

70.72 

.14 

16.64 

1.33 

.30 

1.39 

4.59 

4.72 

339 

279 

7 

89 

1393 

7 8 

75.84 79.47 

.01 .02 

14.42 12.13 

.38 1. 53 

.06 .13 

.18 .06 

3.63 .22 

5.62 4.37 

396 

26 

7 

33 

78 

422 

16 

5 

49 

264 

1. Middle Inlet sample M1-Mo; altered molybdenite-bearing granite 
2. Middle Inlet sample M2-Mo; slightly altered red granite 
3. Middle Inlet sample M3-Mo; similar to M1-Mo 
4. Middle Inlet sample M4-Mo; "fresh" red granite 
5. Mount Tom quarry sample 1; quartz. biotite-chlorite-rich granite 

9 

70.15 

.01 

15.35 

.42 

.09 

2.08 

2.27 

9.67 

649 

59 

28 

69 

246 

10 

68.17 

.37 

16.76 

2.75 

.49 

.77 

2.73 

6.73 

428 

182 

26 

149 

1112 

6 .  Florence County sample F1B-Mo; gneissic phase o f  large "country rock" pegmatite 
7. Florence County sample F6H-Mo; tourmaline, garnet, pyrite-bearing pegmatite 
8. Florence County sample F7D-Mo; q uartz-perthite pegmatite 
9. Florence County sample F8-Mo; Molybdenite-bearing altered pegmatite 

10. Florence County sample F6C-Mo; "Hoskins Lake granite." porphyritic. pyrite-rich 
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Table 2b. Chemical Analyses of Rock Samples from Various North American Molybdenite Occurrences. 

SiOZ 

TiOZ 

AIZ03 
FeZ03 
FeO 

MgO 

GaO 

Na20 

K20 

PZ05 

Rb 

Sr 

y 
Zr 

Ba 

Zn 

Pb 

Gu 

S 

F 

Mo 

1 

73.89 

.26 

12.98 

.89 

.67 

.21 

.92 

3.34 

5.26 

.06 

222 

80 

191 

305 

23 

20 

3 

100 

2 

77 .20 

.11 

11.96 

.13 

.16 

o 
.18 

3.65 

5.03 

364 

15 

105 

35 

3 

81.30 

.09 

9.61 

.94 

.01 

.30 

Z.44 

3.59 

241 

15 

95 

50 

57 33 

39 108 

7 .5 

500 11,300 

Min. 

Major elements are weight % 

4 5 

60.14 67.40 

1.39 .62 

16.29 15.07 

1.30 1.06 

5.82 2.66 

2.60 1.39 

4.81 

3.64 

Z.28 

.36 

101 

465 

797 

84 

18 

168 

2110 

630 

4 

2.70 

3.69 

3.53 

.15 

170 

302 

882 

153 

99 

202 

1230 

510 

4 

Trace elements are parts per million 

6 

76.16 

.01 

12.56 

.58 

.29 

.06 

.27 

3.82 

4.41 

.02 

326 

68 

162 

38 

82 

47 

50 

275 

3 

7 8 9 

70.3 70.3 68.87 

.22 .22 .50 

13.9 15.4 14.33 

2.3 1.7 4.19 

1.2 .52 1.49 

.50 .42 1.01 

.90 

3.2 

5.8 

.10 

.73 

3.7 

5.8 

.07 

500 480 

9,500 1,300 

300 45 

.15 

.15 

4.74 

.15 

7,300 

47,900 

3,500 

Min. 

Min.-specifies molybdenite m ineralized sam ples, without analyses 

10 11 

58.84 76.9 

.71 .13 

17.84 

3.17 13.4 

2.86 1.2 

1.98 

6.15 

3.18 

4.22 

.35 

.2 

.87 

3.9 

4.3 

130 

tr 4 

1,300 34 

1,000 

420 

1 11K-feldspar Megacrys tic granite", Newfoundland (from Whalen, 1980, p. 1253) 
2 Aplite, Newfoundland, (from Whalen, 1980, p. 1253) 
3 M ineralized aplite, Newfoundland, (from Whalen, 1980, p. 1253) 
4 Quartz monzodiorite, Nova Scotia, (From Barr and O'Beirne, 1981, p. 400) 
5 Porphyritic granite, Nova .Scotia, (from Barr and Q'Beirne, 1981, p. 400) 
6 Aplite, Nova Scotia, (from Barr and Q' Beirne, 1981, p. 400) 
7 Alaskite, N orth Carolina, (from Schmidt, 1978, p. E28) 
8 Quartz monzonite, North Carolina (from S c h midt, 1978, p. E28) 
9 Altered monzonite, Nevada, (from Stanton, P. 395) 

10 Unaltered monzonite, Nevada, (from Stanton, p. 395) 
11 Unaltered granite, Alaska, (from Hudson e t  aI, 1979, p. 1813) 
12 Altered granite, Alaska, (from Hudson et aI, 1979, p. 1813) 
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12 

76.7 

. 0 5  

13.0 

.6 

.6 

.06 

.42 

4.2 

4.7 

30 

15 

20 

100 



no doub t due to large grain-s ize and the resul ting inabil i ty to pick samples 
large enough to accurately represen t  the overall compo s i tion. In con tras t to 
the Moun t Tom-Mi ddle Inle t samples,  the pegm a ti tes are much higher in Rb , an d 
the ir very low K/ Rb ra tios in dica te ex tr em e  m agma tic frac tiona tion. The 
abnormally high K2 0 conten t (9.6 7 % )  of sample F8-Mo reflec ts the pre dominance 
of secon dary or thoclase and white mica in tro duce d during potass ium me tasoma
tism. Bo th fac tors ,  the extreme frac tiona tion and metasomatism, are conducive 
to the concen tra tion of molyb denum in the pegma tites .  The somewha t analogous 
l a te- to-pos t-magma tic f eature a t  Mi ddle Inle t was quar tz vein development. I t  
could be specula te d  tha t  the Hoskins Lake area i s  jus t wha t woul d be foun d a t  
Mi ddle Inl e t  if a few kilome ters of crust were ero de d  away, expos ing pegma
ti te s as h igher tempera ture an d pr e s sure equ iv a len ts o f  quar tz vein s .  The 
r epor te d  o ccurrence of molyb deni te in pegm a ti te s  of the Amberg grani te is  
probably but no t cer tainly analogous to the m ineral iza tion in Florence Coun ty 
pegma ti tes . 

The grani tic ho s t- rocks for molyb deni te o c curr enc e s  in W i s consin are 
qui te silicic and felsic,  and this shoul d be accep te d  as a prospec ting gui de. 
However, throughou t the wor l d  there is a wide variability in molyb deni te hos t
plu ton types,  the great m a jori ty of which can be descr ibe d  as calc-alkaline 
an d alum inous.  Mu tschl er an d o thers ( 1 98 1 ) charac ter iz e d  the chem i s try o f  
ho s t-plu tons and a l tera tion a s s o c i a te d  w i th many wes tern U . S .  molyb denum 
depos i ts an d prospec ts. Two clas ses of mineral ize d intrusions were i denti
fied, a granite "system " and a more mafic grano dior i te "sys tem ". This clas s i 
f i c a tion i s  mos tly concern e d  w i th porphyry- type depo s i ts ,  b u t  i t  is  a l s o  
generally applicable to magmas tha t  hos t molyb denite occurrences. 

Tab l e  2b l i s ts the rock chem i s try of ho s t-plu tons for various Nor th 
American molyb denite depos i ts and prospec ts. A few general similar i ties are 
no teable among the different plu tons. K2 0 is generally high, over 4 % ,  bu t is 
only 2.3 % in one s ample from Nova Sco tia (Barr an d O 'Beirne, 1 9 8 1 ). NazO 
shows no enrichmen t or alb i tiza tion ten dency. This con tras ts w i th the so dium 
me tasomatism commonly a tten dant w i th igneous uranium m ineral iza tion. Other 
element abun dances emphasize the whole con tinuum of possible hos t-rock types 
w i thin the general calc-alkaline ca tegory. Si02 varies from 58.5 % to 7 7 .2 %  in 
unal tere d  samples an d from 68.9 % to 8 1 .3 % in al tere d  (silicified) rocks. A12 03 
and the alkali and alkali-ear th trace elements,  Rb, Sr, and Ba are also qui te 
variable, in dica ting tha t  a wide range of fel dspar compos i tions an d rel a tive 
abundances can occur in mineralized plutons. Therefore, the s tark differences 
b e tween Mi ddle Inl e t  hos t-rocks and those a t  the Florence County prospec t are 
no t surpris ing. Unfor tuna tely ( for explora tion purpo s e s ), the only goo d 
concen trations of pa thfinder elements occur in the al ter a tion or mineralize d 
zones of hos t  rocks. Cu, S, and often F accompany Mo in mos t cases. Krewe dl 
( 96 7 )  foun d anomalously high Mo (26 ppm ) w i th high Cu ( 5 0 5  ppm ) in some of 
the metasomatize d (assimilate d? ) pyr ite-rich hybr i d  rock a t  Middle Inle t. He 
conc lu de d  tha t  some molyb den i te miner a l i z a tion may b e  unexpo s e d  along the 
nor thern e dge of the prospe c t  area. 
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Gui delines for Molyb denum Exploration in Wisconsin 

As a r e su l t of examining the various charac ter is ti c s  of Wis cons in 's 
molyb deni te occurrences, a broa d scheme of gui delines (or cri teria ) for molyb 
deni te explora tion is propos e d. Normally, these cri teria would also apply to 
rela te d  mineraliza tions such as copper, tungs ten, tin, bismu th, and uranium in 
granitic rocks. To a l im i te d  exten t, this is true here. However, due to the 
absence or pauci ty of o ther me tal concen trations w i th molyb deni te in nor th 
eas tern Wiscons in, the cri teria shoul d be exten de d  only w i th reserva tion. In 
or der to re duce the amoun t of sub je c tivity in this proposi tion, cri teria have 
been cho s en an d g iven pr iori ty on the b a s i s  of known wor l dw i de depos i ts of 
molyb denite, and also roughly accor ding to the forma t u til ize d in Greenberg 
an d o ther s  ( 1 97 7 ). 

Several o ccurrences of molyb denite, w i th and w i thou t copper mineraliz a 
tion, are known i n  the sou thern complex c ry s ta l l ine terrane of Mich igan 's 
Upper Peninsula (Bo dwel l, 1 97 2 ). This area is abou t 80 kilometers due nor th 
of the Florence Coun ty prospec t in Wisconsin. Like Wisconsin, the Michigan 
occurrences may cons ti tu te a res tric ted province w i th i ts own unique charac 
ter i s ti c s .  The m a jor appa r e n t  r e l a tion ship be tween the two regions is  in 
their long i tu dinal s i tua tion on 8 8 °  W. The s ignificance of long i tu de is  
unknown . 

The mineralization in Michigan is as sociate d  w i th qua r tz veins and pegma
ti tes tha t  in tru de Archean-age (pre-2.5 billion year ol d) gneisses an d granite 
an d also Pro terozoic iron forma tion, quartz i tes,  an d me tagraywackes. Assoc i 
a te d  minerals inclu de,  chalcopyr i te,  bornite ,  beryl. tourmaline, te trahe dr i te 
an d muscov i te (Henrich,  1 9 7 6 ). Two of the repor te d  o c currence s are in go l d  
mines and two are in iron mines. 

A very in tr iguing r el a tionsh ip can be observ e d on the map of Bo dw e l l  
( 1 97 2 ). In the v ic ini ty o f  the marke d mo lyb den i te pro spec ts in nor thern 
Michigan there is a ma jor bel t of Pro tero z o i c  m e ta s e dimen tary rock s ,  the 
Marque tte Trough, compre s s e d be tw een two Archean m a s s i f s .  Molyb de n i te i s  
known only o n  the nor thern e dg e  of the Trough an d i n  the Archean S o u thern 
Complex to the south. This con tr a s ts grea tly w i th the known gol d  prospec ts 
which occur only on the nor th e dge of the Trough and in the Archean Nor thern 
Complex to the nor th. The demarca tion be tween gold and molyb denum provinces 
i s  probably a func tion of the early cru s tal di s tr ib u tion of the s e  two ele 
men ts. Therefore, prospec ting for gold ou t of a gol d province may be futile. 
Likewise, in Wisconsin, where gol d is vir tually unknown the cru s t  may never 
have been enriche d in this elemen t. This compar ison lea ds to the seemingly 
tr i te con c l u s ion that areas of known oc currence have s ignificant r esource 
po ten tial. In prac tical terms this sugges ts seeking new depo s i ts in proven 
areas, perhaps before extending prospecting elsewhere. The prime exploration 
cri terion of a known me tallogenic province may superce de all o thers men tione d 
below. 
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When examined w orldwide, the criteria necessary f or m olybdenum dep os i ts 
are few. 

A. The only essen tial prerequisi tes f or m olybdeni te mineraliza ti on are: 

1. felsic plu tons (usually calc-al kal ine) f or s ource r oc ks ;  

2 .  s om e  type of hydr othermal a c tiv i ty (usua l ly w a te r ,  s i l ic a ,  and 
al ka li-rich altera t i on) . 

B .  The m os t  c omm on tec tonic env ir onments f or dep os i ts are: 

1 .  Precambrian shield areas (as in Ontari o  and wes tern Aus tralia) 

2 .  Phaner oz oic c on tinen tal- or ogenic areas (as in the wes tern Uni ted 
States, Bri tish C olumbia, and the Andes) . 

Dep os i ts w i thin these areas are typically near the same age and 
may c ons ti tute a m olybdenum pr ovince of several dep os i t  types . 

C .  The im por tan t ge ol og i c a l  en ti tie s  kn own as h os ts f or m olybden i te 
mineraliza ti on are: 

1. veins (mos tly quartz-rich ) ;  

2 .  pegma ti tes and ap 1i tes ; 

3. plu ton s  thems e lv e s  ( e i ther c omplex p orphyry- types or s imp l e  
dissemina ti ons) ; 

4 .  wall r oc ks ( s karn s ,  tac ti tes) . 

TR e s e  are r ou g h l y  the s a m e  c a te g or i e s  a s  p r e s en ted in the 
in tr oduc ti on. Ge ol ogic h os ts other than the ab ove sh ould n ormally 
n ot be c onsidered as prime expl ora ti on targe ts .  

D .  O ther c omplica ting fac tors which are par ticular ly im por tan t  in the 
ec on omic qua l i ty of dep os i ts are: 

1 .  s truc tural fea tur e s ,  such as faul ts and cataclas tic z ones ;  

2 .  mul tiple in trus i ons ; 

3 .  mul tiple al ter a ti on (hydr othermal , me tas oma tic) epis odes . 

These are all secondary pr ocesses which may enr ich primary mineral 
c oncentrati ons . 
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In Wisconsin, the essential criteria (A-1 and A-2) for molybdenite miner 
alization have obviously been ful f i l l ed. Any future explorat ion should b e  
f o cused o n  f e l s ic plutoni c areas where there i s  evidence of hydrothermal 
a c t ivity.  A s t rong induc ement to explora t ion m ay be the fact that all the 
significant molybdenite occurrences in Wisconsin are in roc ks of approximately 
the same age and in a t ightly restricted region of a Precambrian shield area 
(cr iterion B-l ) .  The three o ccurrences in the s tate may constitute a m inor 
example of a m o lybdenum prov ince. In r eference to cr iterion C, it  is not 
considered l i kely that the conditions necessary for porphyry deposits exist  in 
Wisconsin. Porphyry deposits are almost entirely restricted to criterion B-2, 
Phanerozoic continental-orogenic areas (Sil litoe 1 972; Tors ke, 1 976 ). Veins, 
pegmatite s ,  and contact metasomatic occurrences are al l common in Precambrian 
t erranes eVo ke ,  1 96 3 ) and may exi s t  in W i s consin in add i t ion to o ccurrences 
a lready known. The l a s t  cat egory of exp lorat ion criteria (D ) shou l d  narrow 
economic searches for molybdenum to those targets or parts of targets where 
maximum enrichment is predicted. 

Suggesting actual targets for molybdenum exploration in Wisconsin is not 
e a sy. Beyond the most  obvious target area,  that of the nortbe as t-- in and 
around the known mOlybdenite occurrences--I must register the dis claimer that 
suggestions are speculative and should constitute only a first order evalua
t ion. The general indication is that Wisconsin does not have the geology or 
pro s p e c t ing h i s tory wh ich would indicate a h igh pot en t i a l  for molybdenum 
resources. Neither of the two known prospects contain any realized resource 
potential .  

Granit ic terranes in Wisconsin's extreme northeast include the s ites of 
three m o lybdenite o c curren c e s .  The total area intruded b y  poten t i a l  ho s t 
plutons is about 1000 km2 (fig. 3 ). Pegmatites, quartz veins, and potassium 
metasomatism are w idespread and abundantly evident. Structural complications 
and mul t ip l e  intrus ions are a l s o  known at various l o cations in this region. 
This 1000 km2 (area I on f ig.  17 ) is given the highest exploration potential. 
Two others (II and III) are designated as general targets. Both areas contain 
relatively abundant exposures of a l kaline-r ich granitic roc ks in the age range 
of about 1 .7 5- 1 . 8 5  b i l l ion years old.  Are a  I I  covers a large part of Mara 
thon County,  and i s  s tructur a l ly very com p l ex. This area a l so in c ludes the 
traces  of molybdenite in 1.5 b i l l ion year old a l ka l i c  syenite. Ar ea I I I  i s  
l o cated south o f  II and i s  s im i lar. Some of the granites i n  this area are 
distinctly altered and variably deformed. Als o  included in Area III are some 
of the gran i t i c  roc ks exposed as inliers in Paleozoic bedroc k  south of the 
main exposure of Precambr ian roc ks. 

The pr ime d i f f iculty in examining the s e  exp l oration targ e t s  is their 
l imited exposure and the resulting lac k of observable contacts between plutons 
and country roc k. No exploration tool can adequately remove the obs curing 
effect of thic k glacial overburden characteristic of much of Wisconsin. 
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Figu re 17 . Out line geo logy map of Wisconsin showing th ree a reas conside red to 
have the m o s t  li ke ly potent ia l  fo r mo lybden ite m ine ra liz a t ion.  
Modified afte r the page-size geo logy map of Wis consin (Wis consin 
Geo logica l and Natura l  Histo ry Su rvey, 198 1) .  
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Pluton bodies can be roughly del ineated (beneath overburden) through the 
combinat ion o f  gravity and m agnetic  survey s .  Det a iled surveys are often 
precise enough to locate contacts and thus the vicinity of highest mineraliza 
t ion potential. Electromagnetic methods of various kinds may have application 
in locating areas of faulting, strong hydrous-alteration, and metal lic-mineral 
(including sulfide) accumulation. Once roc k which fulf il ls several explora 
t ion c r i t eria i s  samp l ed a t  the surface or by dr i l l ing , the materia l  can be 
analyzed for major and key trace-elements. Evidence of alteration may at times 
be present in unusually high al kali contents or other major element anomalies .  
However,  trace  e l ements such a s  Cu,  Pb,  Zn, F ,  B i ,  W,  Sn , in  add i t ion t o  Mo 
i t se l f  may be enr iched to the point of becoming true pathf inder guides to 
molybdenite mineralization. Unfortunately,  fresh,  unalt ered p lutonic ho s t
roc ks are usually devoid of these anomolies (Govett and Nichol,  1 97 9) .  Only 
the roc ks altered during mineral iza t ion are dependable as consistent exp10r a 
t i o n  guides. 

Indirect exploration methods can also be good indicators of molybdenite 
concentrat ion. The geo chem ical anal y s i s  of s o i l  and g l a c i a l  materi a l s  
(Bolvi ken and G l eeson, 1 97 9) in combination with ana l y s e s  o f  ground water,  
surface water, and stream sediments is  a technology capable of revealing the 
d i sper s ion of pathfinders f rom an orebody. In addit ion, o rganic sed imen t s  
( l a ke bottom s ,  bog s ,  and s o  forth) and e s p e c i a l ly p lant s are known t o  a c t  a s  
a cc umulators  o f  molybdenum (Carl i s l e  and C l eveland , 1 9 58) . These methods 
might prove to be particularly helpful in Wisconsin, where the National Uran
ium Re sour c e  Eva luat ion (NURE pr ogram of the U.S. Department of Energy) has 
already resulted in the identification of areas with anamolous concentrations 
of various metals. 

The above d i s c u s s ion leads to the conc l u sion that a highly int egrated 
exploration approach, incorporating many if not all the pos sible methods would 
be best suited to the search for molybdenum and most other metal lic resources 
in Wisconsin. The geologic criteria mentioned and direct explorat ion techni 
ques should be utilized to first narrow-down the target possibilities. Next, 
indirect techniques would affect more accurate targeting. 

As already s ta t ed or imp l ie d ,  the nature of molyb denum resour c e s  in 
Wisconsin does not constitute any economic concern at present, nor perhaps in 
the foreseeable future. In order for molybdenite exploitation to be a possi
b il i ty ,  b o th the readily ac c e s s ib l e  supply of molyb denum e l sewhere and the 
lack of supply in Wisconsin must change status. There is l ittle doubt among 

mar ket analysts that molybdenum will have continued if not enhanced importance 
in worldwide industrial utilization. This factor may keep exploration for new 
ore deposits as a viable proposit ion among m ineral companies. 
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