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PREFACE 

S everal o f  the f i el d  excu r s ions in conjunc t i on w ith this S evente enth 
A nnual Meet ing of the North-Cent r al S e ct ion of the Geolo g i c al Soc iety o f  
A mer i c a  seI've t o  ampl ify presentat ions g iv en i n  s tuf f y  rooms o f  t e chni c al 
s e s s ions by moving into the dynamics of a W iscons in spring day. 

Don Mikul ic and Joanne Kluessendorf will convene a hal f-day sympos ium on 
the hematitic and cal careous ool itic strata at the Ordovician-Silur ian b ounda
ry, and then w ill lead interested participants to l ocal es where these provoca
t ive rel at ions may be examined. Jeff Greenberg and Bru ce Brown have organized 
a sympos ium on the geol ogy and tectonic setting of Baraboo-type Proterozoic 
metasedimentary rocks, and then w ill l ead int er ested participants on a l engthy 
excursion t o  focus on newly recognized rel ations of the anorogenic part of the 
Middl e Proterozoic. Lee Cl ayton and Tim Kemmis have coord inated a sympos ium 
on re c ognit'ion o f  t ill f a c i e s  with a round-ro b in excur s io n  to examine the 
QuateI'nary record in southeastern W isconsin org anized by Dave Mickel son. 

Lloyd Pray, Charl ie Byers and Bob Dott will conduct a tr ip which illus
trates  rel at ions or Ordovic ian s trat igraphy, incl ud ing contr ibut ions from 
their students in the past few years in southwestern W isconsin. Gene Smith 
w ill rerun his trip to the Precambrian inl iers in s outh- central

' 
W isconsin with 

a newly pr epared road l og and technical data on the granites and rhyol ites. 

The l ocal f ield trip committee thanks the North-C entral Section of the 
Geological Society of America, the North"Central Section of the Pal eontologi
cal Soceity, the Pander Society and the Great Lakes Section of the Society o f  
Economic Pal eontologists and Mineral ogists for the opportunity t o  demonstrate 
geol ogical rel ations in southern W iscons in. 

All printed fiel d  trip mater ial s were provided in camera-ready form by 
the respective autho!'s.  The W isconsin Geological and Natural Hi story Su rvey 
is respons ibl e for arranging detail s of prin t ing. The committee al so thanks 
Meredith E. Ostrom, Director and State Geol ogist of the W isconsin Geol ogical 
and Natural History Survey, for providing assistance and support fa! the fiel d  
t r ip s . 

W e  wel come you to B ad g er l an d ,  and h op e  that you f ind the geol ogy,  
companionship and tour rewarding! 
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Michael G .  Mudrey , Jr . 
F iel d Trip Chairman 



INTR ODUCTION 

B edrock over muc h  of Wi sc onsi n has been o b sc ur e d  by gl aci a l  c over. 
Fort unat ely , t he r oc k s  of i nt er e st on t hi s  fi e l d  t ri p  have b e en somewhat 
resi st ant t o  erosion, and often prot rude through the glacia l  deposit s. Even 
s o ,  a l l  but t w o  o f  the p l anned fi e ld t ri p  st o p s  are loc at ed i n  exc avati ons.  
Extreme c auti on is  suggest ed for all  participant s.  P lease do not linger near 
or att empt to cli mb st eep pit fac es. Also, please respect the time allotted 
for each st op. Sample collecting i s  permitt ed at eac h  st op, but is limit ed in 
order to keep hammer damage t o  a mini mum at stop I, the Skil let Creek-Baraboo 
outc rop; at st op 5, the Veedum pit; and at st op 8, t h e  Nec edah outc rop on 
p ri v at e propert y. Don't forget t o  bring along r ai n  g ear and w at er-proofed 
boot s .  

The fi e l d  t z'i p wi l l  begi n i mmedi at ely aft er t h e  t echnic a l  s e s si ons i n  
Madi son (by 5 p m  Fri day) and proc e ed t o  a si ngle st op at Baraboo for 20 
minut es before continuing on to Wi sconsin R apid s  for the ni ght . Dinner Friday 
wi l l  not b e  p rovi de d; therefore be p repared t o  eat on your own. Aft er 
dinnertime, there wi l l  be an informal get-together and i nt roduction for the 
t ri p. Lunc h wi l l  be provi ded on Sat u rday a s  a break i n  the fi ve p l anned 
st ops. A banquet i s  i nc luded for Saturday evening and wi l l  be fol low ed by a 
time of di sc ussion with opportunity t o  has sle the fi eld t ri p  leaders. Sunday 
wi l l  c onc lude the t rip with two stops and lunch. P articipant s wi l l  z eturn t o  
Madi son by 1 pm. 

The authors of the gui debook thank Sherri Taylor for cont.xibuti on on the 
geol ogy of Hami lt on Mound. We a lS o  ac knowl edge the ai d given by t h e  fi e l d  
t rip drivers. Drs.  Carla Mont gomery and R andy Van Schmus have worked c lo sely 
wit h the aut hors i n  an att empt t o  det ermine the ages of S om e  of t h e  i gneous 
unit s as s oci at ed with the Baraboo i nt erval . I r ene D. Li ppelt a s si st ed the 
authors i n  preparation and editi ng of the manuscri pt . 
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BARABOO INTERVAL SEDIMENTATION 

Rocks of the Baraboo interval, a sequence of Proterozoic quartz-rich 
metasedimentary rocks are exposed throughout much of the upper midwest. Prior 
to d eposition of this sequence, the Precambrian evolution of the region 
included formation of the Archean craton to the north, tectonism during the 
Early PI'oterozoic Penokean Orogeny, and post-orogenic felsic magmatism. 

'The Baraboo syncline in south-central Wisconsin is considered a type 
locality for rocks of the Baraboo interval. Some other well known exposures 
are the Sioux Quaz'tz ite in Minnesota, Iowa, and South Dakota and the Barron 
Quartzite in ,nol'thwestern Wisconsin. The rocks in this sequence can be 
distinguished 'from both younger and older PI'oterozo ic metasedimentary rocks by 
their distribution (fig. 1 ) ,  their petrologic and tectonic character, and 
their probable time of deposition. The term, Baraboo interval (Dott, 1 983) ,  
is used in this guide in reference to the period of time when the Baraboo-,type 
sediments were deposited. Unconformable relationships and isotopic ages of 
associated igneous units bracket the depositional interval between about 1760 
m.y., ago and 1500 m.y. ago. The sedimentation is interpreted as one manifes
tation of regional anorogenic tectonism, which included rhyolite-granite 
magmatism 1760 m.y. ago, widespread uplift and possibly deformation 1630 m.y. 
ago, and' alkalic intrusion 1 500 m.y. ago. 

The major intent of this field guide is to present background and des:" 
criptions of several important exposures of Baraboo intelval units. Some of 
these exposures are key in establishing stratigraphic relatipnships. Uncon
formities between Pz'oterozoic basement' and overlying Cambrian sandstone are 
also well demonstrated at some of the field trip stops. 

The sedimentary sequence within the Baraboo interval consists dominantly 
of orthoquartzite, quartzite conglomerate, and micaceous quartzite, with 
lesser amounts of phyllite (argillite), micaceous conglomerate, metachert, and 
iI'on formation. Carbonate rocks (dolomitic) are known only within the upper 
part of the s uccession at Baraboo (Dalziel and Dott, 1 97 0). Of all the rock 
types in the interval, only iron formation and dolomite will not be seen on 
the field tr ip. 

There is now strong evidence from rocks in northeastern Wood County, 
western Portage County, Baraboo (Weidman, 1 90 4 ,  thin section 6 90 3 ) ,  and t he 
Sandhill Wildlife Refuge (stop 6) suggesting that subaer'ial rhyolite volcanism 
took place within or immediately preceeding Baraboo-interval deposition. 

Other exposures visited on the field trip demonstIate various temporal 
relationships including: (0 quartzite and micaceous conglomerate overlying 
post'-tectonic granite (Vesper, stop 2); (2) Cambrian sandstone unconformable 
on the Proterozoic metasedimentary units and post-tectonic granite (Hamilton 
Mound, stop 7; Veedum, stop 5; Sandhill, stop 6; and Cary Mound, stop 4); 
and (3) the effects of granitic magmas intruding quartzite (Hamilton Mound, 
stop 7 ;  Necedah, stop 8 ;  Cary Mound, stop 4 ;  and perhaps Powers Bluff, stop 
3). Intrusive relationships can also be observed for the McCaslin, Waterloo, 
and Baraboo Quartzites (figs. 1 and 2) which are within the Baraboo interval 
but are not included in this guide. Fracture cleavage development at Powers 
Bluff and Hamilton Mound and more intense diffel'entiated cleavage in Baraboo 
phyllite at Skillet Creek (st.op 0 are possible manifestations of deformation 
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F igure 1. Dist r ibut ion of Baraboo int erval ex posuz'es in the upper 
m idwestern U.S. shown in bl ack. X marks the locat ion of 
1500 m . y .  o l d  gr an it i c r o c k  in s u b c r o p  o f  S ioux 
Quart z it e .  

1630 m.y.  ago o r  l at er.  Quart z it e  brecciat ion which is a common britt le 
deformat ion feat ure is well displayed at both Hamilton Mound and Necedah. 

D i st ribut ion and Charact er o f  
Baraboo Int erval Sediment s in Wisconsin 

The b e st known and m o st w idely st udied rocks b elonging t o  t h e  Baraboo 
interval in W i s c on s in are the red quartz it e s. The s e  inc lude t he Bar aboo 
Quart z it e  (W iedman, 1904; Dalz iel and Dott , 1970; Dott and Dal z ie l ,  1972; 
and Dott , 1983), Barron and Flambeau Quart z it es (Campbel l ,  1981), McCa s l in 
Quart z ite (Olson, 1983), and quaz·t zit e  exposed in the Waterloo area of south
east ern Wisconsin. It has long been known t hat the quartz it e  at Baraboo was 
over l a in by a sequence of arg i l laceous and f e rruginous sediment s  (Wiedman, 
1904; Dalziel and Dott , 1970). Unt il now, litt le att ent ion had been given t o  
th e pos sibilit y  that the argillaceous and ferruginous sediments and quart z it es 
which occur scatt ered t hroughout central Wisconsin (Wiedman, 1907), m ight also 
bel ong t o  the B araboo int erva l .  It has al so b e en known for many years t hat 
quart z it e, s lat e, and iron format ion of Precambrian age u nderlie the Paleozoic 
rocks covering a large area of southeastern Wiscon sin, Thwait es ( 1931, 1940). 
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Figu"re 2. Distributi on of Baraboo interval metasedimentary 
rocks in Wisconsin. X marks location of 1500 m. y. 
old intrustive rocks outside of Wolf River Batholith 
(WRB) • Abbreviations: R.l1 - Rib Hountain, PB -

Powers Bluff, V - Veedum, CP - City Point, J -
Jackson county chert, N - Necedah, Ht1 - Hamilton Hound. 

4 



Recent field mapping in central and northern W is consin, along with a re
exam inat ion o f  r o ck samp les  and w e l l  cutt ings in th e W i s con s in Geo logical  
Survey collect ions have confirmed that many of the metasedimentary rocks from 
these outlying occurrence s are s imilar in compos it ion and t exture to the rocks 
o f  the B araboo region, and were a l s o  deposi t ed during the same t ime period, 
th e Baraboo interval. Th e l ack of cont inuous exposure makes s trict correla
tion of units impo ssible, but phys ical similarity, spatial distribution, and 
apparen t  t im" o f  dep o s i t ion argue s t rongly that the s e  rock s a r e  part of the 
same sedimentary package as the "red" quartzites of Dott (1983). 

The dis tr ibution of r ocks ass igned to the Baraboo interval in Wiscons in 
i s  shown in f igure 2. Als o shown in f igure 2 i s  the d i s t r ibut ion of the six 
dist inct fac ie s :  red to pink quartzite, m ic aceous and feldspathic quax'tzite, 
conglomerate, argil laceous rocks, iron formation, and chert. 

Quartzite 
Quar t z i t e  typ i c a l ly c ons i s t s  of g r eater than 9 0  percent quartz gr ain s. 

In examples where t exture has not been destroyed by recrystall ization, grain 
s ize i s  comparab l e  to medium to f ine s and,  and s o r t ing i s  moderate. Quartz 
grains are generally well rounded. Minor cons t it uent s inc lude iron oxide s ,  
zircon, rutile, and apatite. Matrix, r epr esented by fine grained phyllosili
cat e s ,  (sericite, mus covite, pyrophyllite) typically const itutes less than 1 0  
percent o f  the rock. Where matI' ix content i s  higher than 1 0  perc ent, the rock 
is classified as a m ic aceous quart z ite. 

Cr'o s s  bedding, current lineation, and ripple marks are common sedimentary 
s t ructur es in .the quar tzit es. In areas wh ere d eformat ion is not int ens e ,  
these structures have been used as paleocurrent indicators ,  (Campbell,  1 981; 
Do t t ,  1 9 83; and O lson, 1 9 8 3 ) .  From what limited dat a are ava i l ab l e ,  the 
dominant direction of transport in W is consin is generally to the south. 

Quartzite in the strict s ense i s  present as a major or m inor li thology in 
all known areas of exposure and subcrop of Baraboo interval metasedimentary 
rocks.  It  is  the dom inant l i tho logy in the Baraboo ,  Barron, W a terloo,  and 
Sioux Quartzites (Dott, 1 983) ,  and is the dominant lithology of the McCaslin, 
Rib Mountain, and Necedah Quartzites of northern W isconsin. 

Arg illite 
. Meta- aI'gillite beds, now more properly called s lates and phyll ites, are 

common throughout the sequence. Phy l l it i c  beds l es s  than 1 cm th ick are 
repoI' ted at Baraboo (Dalziel and Dott, 1 970) and at }l cCaslin Mountain (Olson, 
1 983). Thick argillaceous sequences ,  s everal tens of meters thi ck, are known 
only in the upper part of the section a t  Baraboo ,  at Powers Bluf f, and in the 
subsurfa ce, pa rt icularly in the F ond du Lac a rea. 

At Bar'aboo , the quar t z ite i s  over lain by the Seeley S l a t e  (100 m ) ,  the 
F reedom Formation (carb onate & iron foz'mation, 300 m),  the D ake Quartzite (70 
m), and the Rowley Creek Slate (50 m). The units overlying the quar tz it e  are 
not exposed, and are known only from drill core from the center of the Baraboo 
syn c l ine.  The  See ley i s  gray t o  green in color with f in e  s t r a t i f i ca t ion 
ma rked by variation in color and texture. This unit, and argillaceous unit s 
in the l ower p art o f  the overly ing F reedom F ormat ion , appear simi lar in 
texture and composit ion to the argillite exposed at Powers Bluff. The Rowley 
Creek S l a t e  i s  an iron-r ich chl o r it e  b e ar ing s late.  Rocks si m ilar to the 
Row ley Creek have not bee., found in central W isconsin although rocks simi lar 
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to both the Rowley Creek and Seeley Slates occur in the subsurface of south-" 
eastern Wisconsin. 

The mineral composition of the argillites is predominantly quartz and 
kaolin. Metamorphosed agrillites such as occur at Waterloo ( Ge iger and 
othe rs, 1982) and Mc Caslin Mountain (Olson, 1983) have developed porpbyro-
blasts including garnet, sillimanite, andalusite, and chloritoid. 

. 

The dominant sedimentary stz"ucture in the argillites is fine lamination, 
suggesting a quiet depositional environment. No grading or turbidite struc
tures have been observed in se quences containing abundant argillite beds. 

Argillite is present throughout the outcr'op and sub crop area of Baraboo 
inter"val metasediments in Wisconsin. In most areas it is a minor lithology, 
present only as thin beds in quartzite. 

Micaceous Quartzite 
Quartzite containing up to 30 percent or more matrix occurs at Baraboo 

and at several localities in central Wisconsin. The most logical source for 
the matrix is the breakdown of feldspars in originally arkosic rocks, or the 
breakdown of unstable z"ock fragments such as fine volcanic debris. 

The close association of rhyolite flows and breccias with quar"tzite at 
Sandhill (stop 6) suggests that contemporaneous rhyolitic volcanism may have 
contributed sediment into the depositional environment of Baraboo interval 
rocks. Re-examination of thin sections from rocks collected by Wiedman (1904) 
at Baraboo also suggests that conglomerate beds conta�n�ng volcanic fragments 
may be present in the lower part of the Baraboo Quartzite. 

Although primary detrital feldspar is unknown in the Baraboo interval 
rocks of Wisconsin, it is possible that rocks such as the very micaceous 
quartzites at Vesper (stop 2) and Veedum (stop 5) may have originally been 
arkoses or quartz wackes .. 

Conglomerate 
Several types of conglomerate OCCur in the Baraboo interval rocks of 

Wisconsin. Pebble conglomerates containing quartz pebbles I"anging from 5 to 
10 mm up to 2 to 3 em in diameter occur as discontinuous lenses in the 
Baraboo, Waterloo, McCaslin, and Barron Quartzites. These conglomerate lenses 
have been interpreted by Do tt (1983) as evidence for a fluvial depositional 
environment. 

In central Wisconsin, coarser (up to 10 em in diameter) clasts commonly 
occur in a veI'y micaceous matrix. Clasts of quartz� chert, jasper, and 
rhyolite are common. The presence of angular to subangular rhyolite clasts is 
further evidence for vo 1 canism contemporaneous with s edimen tat ion in this 
region. 

Minor occurences of intraformational conglomerates, consisting of 
argillite rip-ups have been reported in the Flambeau Quartzite by Campbell 
(1981) • 

Chert 
Chert is a distinct lithology but not a common rock type in the Baraboo 

interval. The only documented occurrences are in the Freedom Formation of the 
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Baraboo syncl ine, at P owers Bluff in W ood C ounty, and at sev eral minor exp o
s ures in W ood and J a ckson Count ies .  Th e ch erts are e s s en tiall y ap han i t i c ,  
cons is ting of f ine qua rtz with color variation and banding defined by sl ight 
var i a t ions in grain s i ze and co nt ent of op aques ( iron oxide). The chert at 
P owers Bluf f is blue-gray t o  p ink in color , show ing prominent banding 3 t o  5 
cm thick. Ch erts exp os ed in Jackson County east of Black R iv er Falls  and W ood 
County north of C i ty P o in t  ( f i g .  2) are iden t i c al in character to the Powers 
Bl uff che r t ,  as are sampl es coll e cted by W iedman ( 1 904) from the Freedom 
Form a t ion. At B a rabo o ,  the cherts o f  th e Freedom Formation are ass o c ia t ed 
with ferruginous argill ites .  The P owers Blu ff chert is associated with inter
bedded ferruginous and carbonaceous argillite, which contains dis tinct nodul e s  
o f  chert identical i n  t exture and comp osi tion t o  the bedded chert. 

Ferrug inous Qu artzite and Iron Fo rmation 
Major iron formations such as occur in the northern Penokean terrane o f  

northern W is c onsin and Upp el" Mich igan (f ig. 3) a r e  not known i n  the Barab o o  
interval rocks . Iron format ions known to be ass ociated w ith Baraboo interval 
sediments are generally thin, of l imited areal extent, and al' e  not pres ently 
of economic grade. Many rock s of this group ,  however, are ·.suffic iently iron 
rich to be call ed iron f ormation, and their exp ress ion for dip -needl e magnetic 
surveys caus ed much interest among early iron p rosp ectol'S . The iron rich beds 
of the Freedom Formation were ev en mined in the early days , (Wiedman, 1 904). 
Ferruginou s q u ar t z ite o ccurs in central W is cons in and f erruginous sl a t e  is 
p ras ent i n  the argill it e  s e quences o f  Powers Bl u f f  and in the S e el y  s l a t e. 
Iron format ion and f erruginous slate occur in wells in the Fond du Lac area, 
in J effers on County, and in W aukesha County. 

Al though exp os ure is  p oor and cont inuity i s  n o n-exis t en t ,  a p a t te rn is 
ev ident in the d i s t r ibut ion o f  the s ix f a c i es des cr ibed above. True 
quar t z i t es app ear to be mos t abundant in the nor t h  ( Barron, McCasl in, Rib 
Mountain) and in the s outh (Baraboo, Necedah, W a terl oo ,  subsurface). A rg il'
l ite is very m inoI" and iron formation and ch ert are not kn own in the extreme 
north. Fine clas tic and chemical s edimentary rocks are mos t abundant in the 
upp er p az' t of the s ect ion in the s outh. In central Wisconsin, thick s equences 
of quartzite are not pres ent; instead, s edimentary rocks which are cherty, 
argill aceous , and f erruginous app ear to directly overl y basement. 
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TEC!ONIG AND DEPOSI1I ONAL SETTING 

Pre-Baraboo I nt erval 
I n  W i s cons in. three major periods o f  tectonism occurred prior to the 

Baraboo interval. T wo Archean terranes were developed about 3000 to 2500 m.y. 
ago (Van Schmus and Anderson. 1 97 7; Sims, 1980). An Archean terrane repre
s ent ing the souther n  margin of the Super ior Shield trend s e a st-west a c r o s s  
northwes tern W i s co n s in. An i s o lated Archean b l o ck i n  centr a l  W i s cons in 
constitutes a second terrane (fig. 3).  Sedimentation and volcanism took place 
s outh of and in part on the cratonic margin during the Early Pr o t er oz o i c ,  
appr oximately 1 900 m.y. ago. These unit s  were deformed. metamorphosed, and 
intruded by p lutons as part of the s econd major per i od o f  tectoni s m ,  the 
Penokean Orogeny (Goldich and o thers ,  1 9 6 1 ). This orog eny produced two 
d i s t in c t  1 8 50 m.y. o ld t erranes ( f i g .  3 ) ,  the northern Penokean terr ane. 
developed on the rifted craton margin, and The Penokean volcanic belt. which 
problably developed s imilar to island arc complexes, on simatic crust south of 
the craton (G reenberg and Brown, 1 983) .  

A separate episode of post-tectonic gran ite and rhyol ite magmatism took 
p l a c e  1 7 6 0  m.y. ago in Wis cons in. Thi s third pre-Barabo o  int erval tectonic 
period repr e s en t s  a change fIom Penokean cond i t ions which produced a w ide 
spectrum of calc-alkal ine magmas ,  including more mafic p lutons (Andex'son and 
o thers ,  1 98 0 ). The f e l s i c  type o f  magmatism repr e s ented by 1 7 6 0  m.y. o l d  
grani t e  annd rhyol it e  is cons idered t o  b e  ind i c a t ive of the e arly phase o f  
cratonization (conversion to relatively stable continental sial; Rogers and 
Greenberg, 1 9 8 1 ). 

As mentioned prev io u s l y ,  Baraboo interval sedimentation followed 1760 
m.y. o l d  m agmat ism w i thout any interv ening proce s s ,  except e r o s ion. Smith 
(978) proposed a folding event between rhyol ite volcanism and deposition of 
the quartzose sediments. Ava i l able structural and metam o rph i c  dat a oppose 
this view and indicate that rhyol ite and quartzite most likely underwent the 
same tectonic episode(s). This relationship can be seen as a parallelism of 
structural fabrics i n  rhyol it e  and quartzite at Baraboo. northern Wood County, 
and Sandhil l  Wildlife Refuge (stop 6). 

Environment of D epos ition 
. The distribution of facies in the Baraboo interval sedimentary rocks of 

Wisconsin suggest s  three possib l e  deposit ional models. The  first possiblility 
is that the Baraboo interval was a time of gradual marine transgression from 
s outh to north (D o t t. 1 983 ) .  In this model ( f ig .  4 a). central W i s consin 
remained above sealevel during deposition of the f luvial orthoquartzit es. and 
be came submerged a s  the mar ine a r g i l l i t es and ferx'ug ino u s  carbonate s  and 
cherts were depos ited. In the second model, (f ig. 4 b) , the ferruginous bed s  
of central Wisconsin are lateral equiv alents of the quartzites to the north 
and south, and a complex basin geometry caused the basin in central Wisconsin 
to be starved for coarse clastic sediment. While orthoquartzites accumulated 
in the north, south, and wes t; chemical s ediments, locally derived clastics, 
and minor volcanic debris were accumulating w ithin tectonically (1) controlled 
restricted environments. A third model, (f ig. 4 C), allows the pos s ibility of 
unconformities in the sequence. In this model, arg il lites. cherts. and thin 
micaceous and pebbly quartz ites were depos ited throughout the bas in. The se 
were later eI' o d ed and a tran sgres s ion as in the fh' s t  mod e l  o c curred, 
depositing· an upward fini ng f luv ial to shallow marine sequence. 
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Post Depositional Deformation and Metamorphism 
Deformation of Baraboo interval rocks, particularly in south-central 

Wisconsin, has been attributed to collisional orogeny south of Wisconsin, 
perhaps in northern Illinois, 1630 m.y. ago ( Dott and Dalziel, 1972; Dott, 
1983). However, there is little support for the proposition of orogenic 
activity in Wisconsin at that time. At present, 1630 m.y. ago is known only 
as a Rb- Sr isotopic overprint on rock units with earlier pI'imary ages ( Sims 
and Peterman, 1980). There are known magmatic rocks in the region d ated as 
1630 m.y. old; nor can any known metamorphism be assigned this age. The 
suggestion of a subduction-zone collision boundary in southern Wisconsin and 
northern Illinois requires higher gr'ades of metamorphism and more intense 
deformation of Baraboo interval rocks in the south than in central or northern 
Wisconsin. In fact, more intense metamorphic conditions are now depic.ted by. 
high TIP mineral phases found where 1500 m.y. old alkalic intrusion has taken 
place ( Mc Caslin· Mountain, Olson, 1983; Waterloo, Geiger and others, 1982; 
Rib Mountain, Ansfield, 1967). This is regar'dless of distance from any pro
posed collision. The intensity of deformation appears to decrease towards the 
west ( Barron and Sioux Quartzites as e xamples), away from 1500 m.y. old 
alkalic intrusion. 

A likely explanation of the 1630 m.y. old "event" is that it was a time 
of widespread uplift throughout the Lake Superior region which reset Rb-Sr 
isotope systems ( Sims and Peterman, 1980). If deformation of Baraboo interval 
sedimentary units, such as the production of the syncline at Baraboo, occurred 
1630 m.y. ago, then the dynamic process could be envisioned as a result of 
mostly vertical, gravity-type tectonics (fig. 5 e). Thin section evidence 
from Waterloo ( Geiger and others, 1982) and the D e er lookout towel' hill 
( Mancuso, 196 0), Sec. 2, T. 34 N., R. 16 E . ,  show that the growth of high TIP 
static metamorphic minerals (andalusite, sillimanite, and garnet) followed the 
development of a tectonic foliation. The timing of the observed featuI'es may 
begin with local folding during 1630 m.y. old uplift, later overprinted by 
thermal metamorphism and additional tectonic strain during 1500 m.y. old 
intI'usion ( Brown and Greenberg, 1980; Greenberg and Brown, ms, 1982). 

We believe that the lack of orogenic characteristics after about 1850 
m.y. ago and the nature of magmatism both prior to and following deposition of 
the Baraboo interval sequence strongly indicates that an epicontinental, 
anoI'ogenic environment existed throughout the region for most of the Protero
zoic. A generalized impI'ession of the tectonic history 1850 to 1500 m.y. ago 
across (north-south) Wisconsin is shown in figure 5 a to 5 f. 
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Figur e  5. Hypo theti cal c r o s s  s e c t ion s alon g  890 30' N l on g itude. exp l ain in g  the t e ct oni c d evelop m en t o f  
n ort hern Wiscon sin from about 1900 t o  about 1500 m. y. ago. Shad in g ind icat es magma ti sm,  d eforma
ti on. or met amorphism associ at ed wit h  t he spec ific  t ime peri od of each secti on .  

a. ) P re-d eformati on al format ion of t wo P en okean terran es, a bout 1900 m.y . a go; 
b. ) P en okean orogen y  and collision (1) of t erran es about 1850 m.y. a go; 
c . )  1760 m. y. o ld felsic plut on ism and vol cani sm d urin g  cra toniza tion of t he regi on; 
d. ) Wanin g of fel si c magmati sm and t he d eposi ti on of Ba raboo int erval sed imen ts f rom about 

171\0. m.y. a go to'sb o ut 1630 m. y. ago; 
e . )  Up l ift and gravit y ind uced d eformati on of Bar aboo int erval un its 1630 m.y. ago; 
f . )  Intrusion o� alkalic plut on s  t hroughout t he region ab out 1500 m.y. ago. L oca l ized d efor

ma t ion a tt end ed int rusion an d w a s  followed by mostly th ermal met amorp h ism.  



Iitl�: Skillet Creek - quartzite an d phyllite 

Location: SW 1 /4 NW 1 /4 Sec. 15, T. 1 1  N., R. 6 E. The exposure is on the 
east si de of U.S. Hwy. 1 2, 0.6 km south of the junction with State Hwy. 159. 
( North Fre e dom 7 1 / 2  minute topographic quadrangle). CAUT I O N: Traffic on 
Hwy. 1 2  is heavy, an d there is a bli n d  curve just north of the outcrop! 

Author: B. A. Brown, (1983; after Dalziel and Dott, 1970, supplementary stop 
G) 

Description: This outcrop provi des an opportunity to examine both the 
quartzite a n d  phyllite facies of the Baraboo quartzite. Pink quartzite, 
dipping north at 1 5 0, is expose d at the southern en d of the outcrop. Goo d  
examples of se dimentary structures typical of the Baraboo Quartzite, including 
cross-be d ding (fig. 6) an d ripple marks, are present at this exposure. 
Dalziel an d Dott (1970) refer to this exposure as an excellent example of the 
paleocurrent in dicators which suggest a southward se diment transport direction 
at Baraboo. Locall y, cross-be d ding in indivi dual sets of laminae shows 
contortion, particularly oversteepening which Dalziel and Dott attribute d to 
synse dimentary deformation. 
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Figure 6. Cro s s-be dding in 
exposure near road. 

Baraboo Quar t z i t e, 
Lens cap is 5 e m  in 

low e r  part of 
diamete r .  

Figure 7. Boudinaged and folded beds of quartzite inte rlay ered w ith 
p h y l l it e, u p pe r  p a r t  o f  e xp o s ure , a b o v e  mi s s ive 
quartzite .  Long di mension is  approximately 2 m.  
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At the north end of the exposure and on top of the cliff, argillaceous 
beds up to 2 m in thickness occur interbedded with thin (U.S m or less) beds 
of quartzite, (f i g .  n. The thin qu artzite beds within the less competent 
phyllite provide some spectacular examples of boudinage and parasitic folding. 
The Sl cleavage, related to the formation of the Baraboo Syncline, is nearly 
parallel to bedding at this location. Later crenulation cleavages and small 
scale conjugate kinks cut the 81 f ol iation at high angles. Late veins of 
white quartz cut the thin quartzite beds at a high angle to bedding. In thin 
section (fig. 8), crenulation in the phyllite is quite apparent. Mineralogy 
is quartz, muscovite ± pyrophyllite, indicating a maximum of upper greenschist 
facies metamorphism. 

This is an exemplary teaching o utcrop and f i eld trip stop, please kee p  
hammering and destructive sampling to a minimum. 

Figure 8. Photomicrograph of crenulated phyllite. Note crenula
tions at high angle to phyllitic f o l i ation. Field of 
view is about 8 mm in long dimension. 
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Titl e :  Vesper - abandoned granite quarry 

L o c a t ion: This smal l granit e-quar t z it e  q uarry is l o ca t e d  on the Marty 
property about 0.7 km west of Hwy 186 in Wood Coun ty in the SW 1/4 NE 1/4 Sec. 
2, T. 23 N., R. 4 E. ( SheI'ry 7 1/2 m inute t opograph ic quadrang l e ) .  

Author:  J .  K .  Greenberg ( 1983) 

D e s c r iption: Quar t z i t e  (f ig. 9) and red granit e had b e en removed from this 
exp o sure. The red granite is similar in appearance to that quarried nor th of 
Wausau. This was a small-scale operation and its history is unknown. 

This granite i s  a s s oc i a t ed with an overly ing (1) quar t z i t e ,  corre lated 
with other quartzites of the Baraboo interval. Granite more commonly occurs 
together with Baraboo interval quartzite in an intrusive � elationship (Baxter 
H ol low, near Baraboo; McCaslin Mountain; Waterloo; Hamilton Mound, stop 7; 
and perh ap s  Cary Mound,  s t op 4.). The exact contact  in this ' quarry l i e s  
w it h in a covered zone ( a  m e ter o r  two w id e) h e tw e en expo sed granit e and 
exposed quartzite. The inferred contact strik es northeast, the same orien ta
tion as the regional structural grain, a s  seen in major foliation and aeromag
netic trends. 
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Quartzite 
The typ e of quartz ite not, thwest of the quarry and nearest the access road 

i s  l ight-'colored. buff, gray, or p inki sh. Thi s  app ears in h and sp e c imen t o  
have been a clean, wel l-sorted orthoquartzite. However, microscopic examina
t ion shows that mica is abundant in almost all samples a s  a supporting matrix 
f o r  rounded quartz g r ains (f ig.  1 0) .  Becau s e  of t h i s ,  weathered quart z i t e  
resembles a Paleozoic sandstone on some sUI'f aces where disintegration has lef t  
the quartz grains free from matrix. This quartzite typ ically has a uniform 
f ine-' to medium-grain s ize, but round ed quartz and quartzite clasts of various 
s i z e s  ( 0. 5  to 7 cm) OCCUI sp orad i c a l ly in cert a in areas (beds ? )  of the exp o 
sure. B edding and a weak tectoni c  f abric show-up only faintly. 

Southeast of the light-colored quaI'tzite and clo ser to the granite, ther e 
is a f ew meter-wide bed of dark red m icaceou s conglomerate and quar tzite. The 
red color is caused by large quantities of dis seminated hematite. This rock 
is about 20 p e.r c ent matr ix c o mp o s ed of s er i c i t e. h emat it e ,  mus c ovite, and 
silt-sized quartz in pebble conglomerate. Some of the sericite-muscovite is 
segregated into clots that may have been derived from f eldspar or f eldspar
rich material. F iner-grained rocks in the unit show better sorting of clasts 
and are 30 to 60 percent matrix, totally matrix supported. The clasts in this 
hematitic f acies of the quar tz it e  are predominantly quartzite, metachert, and 
s ingle quartz grains. The only metamorphic or deformational features observed 
are large mu s c ov i t e  grains wh ich may have c ry s t a l l i z e d  at the exp ens e of 
s ericite, and also Some crushing-granulation of larger clasts. Most quar tz 
grains show moderate strain with undulatory ext inction. Quartz recrystalliza
t ion was not obse%v ed. 

Quart z i t e  nea r e s t  the g r an i t e  cont inues to b e  m ic ac eous, b u t  is l e s s  
hematitic and is % eddish to greenish in col or. . Evidence f or inter action with 
the granite is lacking. Ther e is no indication of intrusion (dikes, assimila
t ion, therm al overprint, and so f orth); nor is there any evidence of deriving 
t he quartzite locally from eroded granite. The lack of positive evidence f or 
a z one of weathering on the gran it e  do e s  not ex c lude this p o s s ib il i t y ,  
however. The high concentration of sericitic matrix in the basal quaI'tzite 
m ay suggest granitic weathering products. 

Granite 
The gran i t e  in the quarry gives no more clu es to the nature of the 

unconf ormity than does the quartzite. There are no inclus ions , quartz veins, 
p egmatites  Or zonations of any k ind no t i c eable acro s s  the expo sed granit e. 
W eather ing o r  frac turing are not more pronounced w i th in 2 m of the cont a c t  
w i th quart z i t e  than they are 2 0  m away. Aga in ,  t h is d o e s  no t % ule out the 
p o s s ibility of granite as the basement for Baraboo interval depos it ion her e, 
and there i s  n o  reason t o  susp ec t  that the granite intruded quartz ite.  A 
f aulted contact is poss ible, but this too lacks sUPP oI, ting data. 

Th e only var iab i l ity n o t ed in the red gran i t e w a s  a f ew p ink ap l i t i c  
masses. Overal l, the granite i s  a massive, equigranular medium- t o  coarse
grained, two f eldspar type,  averaging about 3 percent chloritized b io tite p lu s  
op aq u es a s  maf ic pha s e s .  Large p erthites app ear to be early crys t a l l i zed 
p has e s ,  s ome of which have b e en r ep laced along the i r  margins with alb i t ie 
p lagioclase. Fluorite is a r are interstitial phase and zircons are abundant. 
Quartz and microc1ine are more common in ap lite samp les. 
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Figure 9. V iew of quartzite pit perpendicular to bedd ing, looking 
north from hem at it i c ,  mi caceous conglom erate toward 
f iner-grained quartzite. 

Figure 10. M icrogr ap h  o f  m atr ix-supported cong lom erate. Long 
dimension about 8 mm . 
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Rb-Sr data inc;" ding mineral separates on the coarse-grained and aplitic 
rOj:ks indicate .that t.h e isotopes were reset with a high in itial ratio (0.734) 
147 9 ± 32 m.y . ago (C .  Montgomery , unpub. data).  This date in W is consin 
coincides only w ith the widespread intrusion of alkali c magmas, including the 
W ol f  River batho l ith. The isotopic  r e s e t t ing may therefore repre s ent the 
thermal effects o f  this magmatic episode. Preliminary results of U-Pb zircon 
dating indicate t hat the granite near Vesper intruded about 1 900 m.y. ago (W. 
R. Van S chmus , unpub . data).  If this  date is conf irmed,  i t  would e st ab l i sh 
that "y ounger- looking" p o s t-- t e c to n i c  granites C an in f a c t  b e  older than the 
maj o r  1850 m .y. o l d  ep isode of deformation and m e t amor ph i sm in north ern 
Wis consin. The early date al so supports th e conclu si on that the quartzite i s  
probably y ounger than the granite. 
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Title: Powers Bluff - quartzite quarry 

Location: N E 1/4 of S e c .  32, T.  24 N., R. 4 E. (Arp in 7 1/2 m inute topo
graphic quadrang l e ) .  

Author: B .  A .  Brown (1983) 

Descrip ti on: This small quarry ( locali ty 1) presents the best known ex posur e  
of argill ite of the Baraboo interval sedimentary s equence. Approxi mately 50 
m e ters of arg i l l i t e  are expo sed in the pi t .  The arg i l l i t e  s tri k es roughl y  
eas t-w e s t  and i s  bounded on the north and south by b ed s  o f  cher t . A large 
exposure of chet't i s  located in Powers Bluff C ounty Park, to the northwest of 
t he quarry. To the south and east of the quarry, pebbly and mic a ceous 
quartzites occur interbeded with chert and argillite in a road cut (locality 
2). C ambr ian s andstone of the E lk Mound Group i s  exposed in s ev erai small 
pits  and cut s in the area surrounding the prominent ridg e  known a s  Power s  
Bluf f .  
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Figure 11. Bedding in cherty quartzite at Powers Bluff County Park. 
L ens cap is 5 em in d iameter. 

The h edded cherty quar t z i t e  is the dom inant l ithol ogy at Powers B luff 
(fig. 1 1). The chert occurs in 5 to 10 em thick h eds and varies in color from 
nearly w h i t e  t o  dark bluish gray to red.  B ed s  exp o s ed on the s outh slope o f  
t h e  b l uf f  a r e  par t i cularly f errug inous and a r e  dark r e d· in color. In t h in 
section ( fig. 12), the chert is aphanitic, consist ing of an aggregate of very 
fine quartz gI·ains, occa sionally cut by coarser quartz veins. 

' 

The arg i l l i t e  ( f i g .  13) i s  f inely lam in at e d  ( 5  t o  10 mm) and varies in 
color from brown to greenish gray, with some zones of red and black. The red 
z ones are highly fez·rug inous and the black bands are carbonaceous.  The 
argillite shows fine banding in thin sect ion, (fig. 14), and the m ineralogy is 
quartz and kaolinite with varying amounts of iron oxide. Nodules of chert are 
found scattered in zones w ithin the argillite. 

Coarser c l a s t i c  rocks o c cur at l o c a l i ty 2, where pebble conglomerate 
( c l a st s  up to 5 mm) i s  interbedded w ith chert and arg i l l ite and f ine- to 
medium-grained pink quartzite. 

The struc ture o f  t h e  Powers Bluff area has  not b e en mapped in d e t a i l .  
The l im i t e d  d a t a  av a i l a b l e  sug g e s t  t h a t  t h e  bedd ing s t r ikes  northw e s t 
southeast, p ar a l l e l  t o  t h e  trend o f  t h e  topograph i c  r idge.  Dips  vary from 
s t eep (75 to 800) N, to s teep t o  the south. Lo c al var iation in s t r ike , 
particularly in the quarry (local ity 1 ) ,  suggests fol ding about steep north
east trending ax ial surfaces. A dist inct c leavage trends N 200 E and is near 
vertical . 
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F igure 1 2 .  Photomicrograph o f  cherty quartzite.  Ro ck cons i s t s  
almost entirely o f  vex'y fine q uartz grains. Long dimen
s ion of field of v iew is 8 mm. 

F igure 13 . Hand specimens o f  arg i l l ite fz'om Pow el:' s  B luff quarry. 
C l o ckwise from top: fo lded ferrug inous arg il li t e ,  
carbonaceous argill ite, banded kaolin- rich argil l ite. 
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Figure 1 4 .  Pho tomicr og.aph of argi l lit e. Note apparent offset of 
quartz  vein and q uart z-r ich band a long cleavage planes. 
Long dimension of field of view is 8 mm. 

24 



Title: Cary Mound - granit e quarry on Highway E 

L o c a t ion: Cary Mound, located in nor theas t Woo d  County, is a c i r c u l al:' h i l l  
r i s ing nearly 1 00 m above much o f  the land to the south. The h i l l  is under
lain by bedrock c o mp o s ed o f  p o s t- t e ctonic granite exp os e d  o n  s lop e s ,  i n  
quarries, and in creek b e d s .  The f i e l d  t r ip s t op i s  in O'ne o f  two a c t iv e  
quarries at Cary Mound. This quarry is o n  Wood County Highway E ,  about 4 km 
w e s t  o f  S t at e  Highway 1 3  at NW 1/4 NW 1/4 S e c .  1, T. 23 N., R. 2 E. (Lake 
Ma na kiki 7 1 /2 minute topographic quadrangle). 

Author: J. K. GreenbeI'g ( 1983) 

D e scription: The Highway E quarry has exposed granophyric granite, one of the 
four major types of granitic rock at Cary Mound (Sherwood, 1976).  The o ther 
types, porphyrit ic granophYI'e, spherul itic granophyre, and an equigranular I'ed 
granite, outcrop at various p la ces on the �Iound. The granite body as a whole 
is a high-l evel (epizonal) p o s t - t ectonic  pl uton. Th is pluton is g ener a l l y  
s imilar t o  other red granites in the r eg ion, but is most s imi l aI' t o  the 
granophYI'ic and .cb"mical nature of the 1760 m.y. s u i t e  o f  gr anites in 
Wisconsin (Anderson and others, 1980). Outcrops of Precambrian rocks aI'ound 
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Cary Mound include Archean gneisses near Pittsv il le ( about 6 km to the south
east) and other variably deformed granitic and metavolcanic rocks assumed to 
b e  about 1 850 m .y. o ld.  Ca mbr ian sand sto n e  commonly ove r l i e s  Pre cambrian 
ro cks at higher elevations, particulary on prominent ridges and hills. This 
is true for Cary Mo und, as s een in the f ie l d  tr ip quarry (f ig.  1 5) .  B araboo 
interv a l  meta s edim entaz'y rocks, m o s t ly quar t z it es, are l o c ally ex p o s e d  
throughout this a r e a .  Quar t z i t e  is  f ound at Cary Mound, b u t  n o t  in p la c e .  
Altho ugh quart z it e  i s  not in p la c e, l arge (to 3 m acro s s )  l o o s e  bl o cks o c cur 
with granite in the quarry. Several undefo rmed, intermediate to maf ic dikes 
a ls o  occur in the quarr y  cutt ing the granite al ong a N 400 W orientat ion. 
Thes e  are po s s ib l y  K ew e enaw an (about 1000 m.y. o l d )  dik e s, becau s e  of the ir 
fr esh m ineralogy and unaltered diabasic textures. 

F igure 1 5 .  So uthw es t  quarry w a l l  at C ary Mound show ing sandstone 
unconf ormabl e  on granite. 

Granite 
W .  R. V an S chmus (1980, and unpub. data) has obtained U-Pb isotopic ages 

of zi rcon from granophyric granite expo sed in the other active quarry in Cary 
Mound, a s  well as fro m  coarse-grained granite at the base of the Mound. These 
data ind i c a t e  ages  near 1 850 ill .y. f o r  both types of rock. The granophyr ic 
gran ite is m e dium- to f ine-grained, cont ains f ew primary m af ic miner a l s  
(typica lly l e s s  than 4 percent f erro hastingsite plus biotite), and has conspi
cuous quartz vein l e t s  and w hisps of chlorite on f r a c ture surf ac e s .  The 
c hlorit e-'f illed fractures and quartz veinlets may be the combined eff ects of 
m af ic d ike intrusion and subso l idus  magmatic f luids.  In t h in sect ion, the 
� ranite is characterized by complex m icrographic and myrmekitic intergrow ths 
of quartz and f eldspars. Chemical ly, Cary Mound granitic  rocks are silic ic 
� about 7 5  pe:r: cent S i02 ) and very s im i l ar t o  cal c-alkal in e  gran ites  w ith no 
extremes of maj or or tx" ace element concentrations (table 1 ) .  
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Table 1 .  - C hemical Analyses of Cary Mound Granite 

Oxides 

S i02 
Ti02 
A1203* 
F e203 
FeO 
MgO 
CaO 
Na20 
K20 

Trace 
Elements 

L i  
Rb 
Sr 
Ba 
Zr 
y 

1 

7 5 . 57 
0 .1 6  

13 .13 
1 .91 

0 .09 
0 .44 
3 . 70 
5 .14 

113 
31 

1402 
325 

4 7  

2 

76 .00 
0 .19 

13 . 07 
2 .32 

0 . 06 
0.12 
3 . 69 
5 .10 

III 
34 

1 504 
419 

39 

3 4 

76 . 71 7 5 .4 7  
0 .17 0 .11 

12 . 24 11 .40 
1 . 87 

1 .97 
0 . 52 0 . 06 
0 . 25 0 . 55 
5 . 23 3 . 50 
1 .4 5  4 . 50 

3 
29 88 
29 41 

4 79 1347 
386 

60 

Oxides in wei ght per cent , trace elements in par t  per mill ion . 
* Total iron a s  F e203' 

1 .  Sample C M-RCG , coaI'S e-grained red granite . 
2 .  Samp l e  CM-Bl, granophyric granite . 
3 .  SaIllple CM-Ql-6 , ferrohastingsite granophyr e .  
4 .  Samp l e  74 - 8 ,  r ed gran i t e ,  fr o m  Anderson and o th er s  

(19 80 ) . 

On the s outh f a c e  o f  the  q uarry thei: e  i s  a w id e  z one ( striking N 4 00 E )  
o f  contaminated intrus ive rock that grades horizonta l ly from fresh red granite 
into a gray quar tz-r ich r o ck containi ng s ca t t er ed mu scov i t e  and chlox i t e 
sericite-fluor ite-pyrite vein lets. Very l ittle unaltered feldspar occurs in 
the mo s t  quar t z-rich rock. Th e o ri g in of this s i l ic if i ed zone i s  a pro b l e m  
not obvious from the exposure. One explanation might be the presence of the 
q uart z i t e  b l o ck s  in the quaI' ry. As s im i lated quaI' t z i t e  may have created a 
z one of m ix ing and m etasomat i c  a c t iv ity s im i l aI' t o  that at Ham i l ton Mound 
(stop 7). Another complicat ing factor is the intr oduct ion of pyrite into the 
g r an i t e  a long m a f i c  d ikes and fr ac tuz' e s  near the d ik e s .  Are dikes a l so the 
s ource of pyr i t e  in the s i l ic if ied zon e ?  Fur ther inves t igat ion may answer 
this and clarify the role of late magmatic to post-magmatic activity at C ary 
�l ound • 

Quartzite 
Unfortunately, the large quartzite b locks in the quarry were moved out of 

p lace prior to investigation. Sherwood (1976) makes no mention of quart zite 
(OI' C ambrian sandstone) in her thesis,  probably because the Highway B quarry 
waS not in ex is tenCe durin g her study. The quartzite now ob served is white
p ink in color w ith a vague band ing , p erhaps pre served b edd ing. S c a t t er ed 
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patches of hematite and aluminous minerals (sericite-muscovite, chlorite, and 
s i l�imanite)  can a l s o  b e  s een in hand spec im en.  In thin s e c t ion ( f i g .  1 6 ) ,  
the quar t >:; it e  i s  f ine-grained (average 0.1 mm acro s s )  with no penetrative 
d eformat ional fabric.  Sedimentary featuI' e s  h av e  b een d e stroyed. Quar t z  
grains form a low-strain mosaic and comprise over 9 5  percent o f  the rock. A 
f ew large remnant g r a in s  were ob served to b e  s tr a ined and only partial ly 
recrystallized. Hematite, muscovite-sericite, and s11 limanit e make up 2 to 3 
percent of most samples. Chlor ite is  rare whereas zircon is unusually common. 
The patches of sericite and sil limanite may have been derived from feldspar or 
detrital phyl lo s il icat es.  

The high degree of  static recrystal lization and static sillimanite growth 
in some sections is indicative of h igh tIP metamorphism. This is addit ional 
evidence that the quart z it e  at Cary Mound was intruded at some time under low
strain conditions, analogous to metamorpho sed quar t z it e  a t  Waterloo (Geiger 
and others ,  1 982) , R ib Mountain (Ansfield,  1 96 7 ) , and HcC a s l in Hountain 
(Olson, 1 9 83). 

Sandstone 
The Highway B quarry is a good place to examine the unconformity between 

Elk Mound Group Cambrian sandstone and Precambrian basement. The west face of 
the quarry exposes about 4 m of irregularly bedded quart z  sandstone. Bedding 
thicknesses vary from a few mm to several cm. Lenticular bedding is common 
n ear the bass of tha uni t .  Fresh sands t one range s  from poor to moderately 
well sorted. Grains from thin sections higher in the quarry face are a fine 
to medium, well-rounded sand, but their sphericity is quite variable. Many 
g r ains have thin dis cont inuous overgrowths in contact w it h  s i l ic a  cement. 
Ser i c i t e ,  c l ay ,  and h e m a t i t e  compr i s e  the r ema inder o f  the spar s e  matrix 
material . 

Sand to pebble-sized fragments of weathered granophyric granite and clear 
quar t z  granu l e s  are d i s s em inated throughout the lower s ands tone beds  ( f i g .  
17), The quantity o f  matrix clay also increases toward the unconformity. The 
unconformity itself is a sharp to diffuse transition from poorly sorted, clay
r ich sandstone containing abundant weathered granitic rock fragments into the 
h ighly w eathered and f ra c tured granophyric gran i t e  (f ig. 1 8) .  Evidenc e ,  
including weathered basal sandstone, may also suggest that the unconformity 
served as a zone of post-deposit ional alteration, permeable to ground water 
(Bultz, 1 981).  In SOme places, there is a meter or more of the altered grano
phyr'e above fresh, unaltered rock. 
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Figure 1 6 .  Micrograph of sillimanite in Cary Mound quartzite. Long 
dimension is about 2.5 mm. 

Figure 17 . Mic rograph of sands tone with fragment of g ranophyr e .  
Lon� dimens ion i s  about 8 mm. 
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Figure 1 8 .  Clo se-up o f  sandstone-granite unconformity. Rammer head 
marks the contact between lent icular s and beds and 
fractured and bleached granophyre. 
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Title:  Veedum - abandoned sandstone quarries 

Loc a t ion:  Three sma l l  quarr ies  are l o c a t ed in the S 1/2 of Sec.  7 and N 1/2 
o f  S e c .  1 8 ,  T. 2 2  N • •  R. 3 E . ,  1.5 to 2 km southwe s t  of Veedum in Wood County. 
(Pittsville 15 minute topograph ic quadrangle). 

Author : B .  A .  Brown ( 1 983 ) 

Description: Road mateI'ial quarries have been developed in basal sands t one 
beds  of the  Cambr ian Elk Mound Group , at local i t i e s  1 ,  2, and 3 .  The s and
s tone is gener a l l y  3 to 4 m e t e r s  thick and the f lo o r  of t h e  p i t s  con s i s t s  of 
Precambrian rocks. 

In the quarry at locality 1 ,  a 10  to 20 em thick bed of Cambrian conglom
erate overl ies red, sericite-rich quartzite (fig. 1 9).  The cong lomerate bed 
contains 1 to 3 em pebbles of quartz it e  varying from red to green in color and 
f lo a t ing in a m a t r ix o f  med ium to coarse sand. B e d s  n ear the contact are 
commonly cemented by iron oxides. The steeply dipping quartzite (figs. 20 and 
21) contains bands rir h in fine micas , partly a ltered to clay, which may have 
been derived from the breakdown of feldspar in an originally aIko sic sediment. 
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F igure 1 9 .  C o n t a c t  o f  Cambr ia n  c ong l o m er a t e  with m icaceous 
quartzite a t  Veedum, locality 1. 

The quarry a t  locality  2 i l lu s tr a t e s  sand stone,  w it h  b e d s  containing 
pebbles of 1 cm or less, overlying red quartzite with distinct green bands and 
zone s .  The green color i s  due t o  f ine grained chrom ium'-z' i ch m ic a  ( S .  W. 
Bailey, unpub. data). The chrom ium in the micas is possibly derived from the 
weathering of Penokean-age mafic intrusions which occur in the pre-quaI,tzite 
basement rocks of central Wisconsin. 

The 2800 m.y. old  (Van S ch mu s  and Anderson, 1 97 7 )  gne i s s  ba sement on 
which the quartzite was depos ited is exposed in the bed of Turner Creek on the 
south s id e  o f  Hof fman Ro ad,  and w a s  encountered at a depth o f  3 to 4 m et ers 
below the floor of the quarry at locality 3 during dr illing. Little is known 
about the structure of the quartzite in the Veedum area, except that it shows 
s t ra i n  and a w e l l  d ev e loped f o l ia t ion, (f ig. 2 1 ) .  The f o l iat ion and b.,dding 
in the quartzite vary widely in str ike, but dip steeply, usually in exces s  of 
500 .  Although no contact b e t w een the two rock type s  has b een found, the 
quartzite is  probably preserved in fault blocks or infolded with the gneiss.  
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Fi gure 20 . Hand spec imen o f  m i c a c eous, clay-rich quartz i t e  from 
Veedum, locality 1.  Dark beds are qua!'tz-rich, l ight er 
beds are rich in sericit e  partially altered to clay. 

Figure 21 .  Pho tom i c rograph of sample shown in Figure 20. Not e  
foli�tion defined by m icas parallel to long dimension of 
strained quartz grains. Field of view i s  2.5 mm in long 
dimens ion. 
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Titl�: Sandhill Wildl ife Refuge - crushed stone quarry 

Lo c a t i o n :  The quarry i s  i n  a n  a r e a  o f  PI'e cambl'ian out crop about 4 km 
northw e s t  o f  the entrance t o  the S andh i l l  ·Wi ldl ite Refuge on Wood County 
Highway X. This is at NW 1/4 SW 1 /4 Sec. 4, T. 21 N., R. 3 E. (Pit t sv i l l e  1 5  
minute topographic quadrangle). 

Author :  J .  K .  Greenberg ( 1983) 

Description: The quarry of interest in the Refuge is a shal low pit operated 
by the W i s cons in Department of Natur a l  Resources for c ru shed stone used  in 
lo cal l evy and road construct ion. The pit is w it h in the sma l l  area of 
outcrops w hich r ise above the gener a l l y  low, sandy and marshy t opography. 
North B luf f ,  the larg e s t  outcrop, is  a hill  west  of the quarry composed o f  
f low-banded rhyol ite and rhyol ite breccia. 

The most s ignificant aspect of the quarry exposure is the direct contact 
of subaerial .hyol ite and Baraboo interval quar t zo s e  m e t a s edimentary rocks.  
This is a more enlightening association of rhyolite w ith quartzite than that 
a t  Baraboo w here the tw o un i t s  are typ ically separated  by a f ew to s evel' a l  
meters. There i s  also an excellent example of Cambrian sandstone lapping upon 
the Precambrian rocks in the Sandhill p it (F ig. 22). Outs ide the Refuge, 5 km 
to the southeast  of the quarry, a northw es t  trend ing h i l l ,  South Bluff,  
exposes 30 m or so of a h ighly indurated Cambrian orthoquartzite. 
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F igure 2 2 .  P i t  fac e at S andh i l l  show ing unconformabl e  contact 
between steeply d ipping rhyolite breccia and overlying 
Cambrian sandstone. 

Rhyo l it e  
The volcanic rocks at S andh ill are referred t o  here a s  rhyolite, because 

of preserved textures and quartz-sericite m ineralogy. A general correlation 
can be made between this rock and 1760 m.y. old rhyol ites exposed to the south 
and east in central Wisconsin (Smith, 1978). The rhyol it e  occurs primarily as 
a flow-banded rock and breccia. Lithologic variation, banding, and a weakly 
developed cleavage are all nearly paral lel, strike N 800 E and ar e vertical to 
d ipp ing 7 50 NW. The c leavage, or f o l i a t ion,  is def ined m o s t l y  by s e r i c i t e  
oriented between quartz'-rich layers. Post-breccia quartz veins transect the 
layering . 

Sandhi l l  rhyo l i t e  is dis t inc t ly weath ered and colorful with rose pink, 
f low-'banded rocks and l ight to dark gray matr ix in breccias. Exposed surfaces 
also have a chalky-white bleached appearance. An attempt to determine the age 
of the rhyolite by the Rb-Sr method yielded data indicating chem ical distur
bance ( C .  Montgomery, unpub. d a ta ) ,  probab l y  as a r e s u l t  of the weat herin g .  
Sr values for these rocks are very low and may suggest a leaching o f  Sr. The 
timing of the weathering is unknown. However, subaerial volcanic rocks are 
known to undergo coloration changes and possess other weathering characteris-· 
t ic s  a s  a result of l a t e  magm a t i c  f lu id a l t erat ion. Th e oc currenc e in the 
rhyol it e  of hollow, parallel tubes,  lined w ith secondary quartz (fig. 23), may 
have some significauce in this regard. These might be late magmatic f eatures 
related to gaseous fluid activity and brecciation. 
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L i t t l e  or no tec tonic fab r i c  is  appar ent in thin s e ctions of the 
rhyol ite. Flow-banded samples and fragments in b r e c c i a  r e t a in spheru l i t i c  
t extures w ith some axi o l i t e s  and probable m i c r o l i t e s  recry s ta l l ized as 
f e l dspar-quart z  aggregat e s .  Some of the breccia f r agments have a s p o t t e d  
appearance with ragged patches o f  alt ered feldspar in a fine-grained quartz 
mosaic.  A cherty m a tr ix of f ine-grained quart z  i s  common in most  b r e c c ia 
samples (fig. 24). Quartz veins are abundant and do not appear to be recrys
t allized. Although ser icite is fine'-grained and was not easily observable, it 
is a cons t i tuent of m a t r ix m at erial,  is concentr a t ed in some band s ,  and i s  
found between clasts in breccia. No coarse-grained m icas were observed in 
any of the samples. One rhyol it e  breccia sample from North Bluff contains 
conspicuous clots of sericite and a few embayed quartz grains. 

Quartzite 
The quartz-rich metasedimentary rocks in the p it vary from phyllite and 

f ine-grained m ic a c eous qua r t z i t e  to grflnule and pebble conglomerate. , The 
high sericite content of these rocks is analogous to that recognized elsewhere 
in the Baraboo interva l (Ve sper, s t op 2 ;  Ve edum, s t op 5 ;  Bax ter Ro l lo w ,  
Baraboo;  Dake Quartzite,  Baraboo) .  Bedding can be distinguished on the basis 
of grain-'size and color variat ion. Pebble beds are often thin layers between 
f iner-grained beds. Graded bedding is obscure but, where apparent, seems to 
indicate a top direction away from the rhyol it e  (tops toward the northw-est). 
Quartzite at the contact with rhyol ite is  generally moz'e micaceous than that 
up ( ?) sect ion. The r e  i s  no r e a s on t o  suspect that the contact repr e s ent s a 
major unconformity, that is, of major tectonic s ignificance. The components 
of the sedimentary rocks are compatible as erosion products of rhyol ite. In 
addition, the same deformational features are present in both units. The weak 
foliation-cleavage in the rhyol ite is seen in quartz ite as a weak alignment of 
sericite concentrations and stretching of quartz grains. In some areas, the 
f. o l ia t ion dip s 5 to 1 00 more s t e eply than the b e d s. Ne i th er rhyo l i t e  nor 
quart z ite could have been metamorphosed beyond the lower greenschist facies. 
One explanat ion of the s e  ob s ervations is  that !'hyo l it e  volcanism was soon 
fol lowed by deposition of sediments in this sect ion of the Baraboo interval. 

Thin sect ions of the quart z it e  and conglomerate conf irm macr o s copic  
observations. Color variat ion and banding is  mostly defined by hematite-rich 
segregations. Larger clasts are almo s t  exclusively single quartz grains and 
quar t z  aggr ega t e s .  The few patches of s er ic i t ic mater ial not iced may have 
been feldspar-rich prior to alteration. Mo st samples are at least 40 percent 
m a t r ix,  compos ed of s e r i c i t e  w ith z ircons, c l inozo i s i t e ,  and mus cov i t e  a s  
d i s s em inat ed detrital  g r ains. Alt hough quartz clasts show some elongation, 
they do not exhibit much strain. 

Sandstone 
The Cambri an-Precambrian unconformity a t  Sandhi l l  i s  an impr e s s ive 

f eature. The ea s t  f a c e  in the quarry s hows debr is-laden sands t one swept 
aga inst ver t i c a l  beds o f  rhyo l it e .  The m ajor i ty o f  the Cambrian rock (term 
used loosely)  is  f r iab l e  t o  the point of be ing unconsol idated. N e ar the 
unconformity in particular, the sandstone is full o f  large cobble and boulder 
s ize angular b l o ck s  of !'hyo l it e  and dis t inct  purple-p ink b l o ck s  of chert.  
There are a l s o  rounded c l a s t s  o f  rhyol it e ,  quar t z i t e ,  and vein quar t z  of 
various s i z e s ,  a l l  f l o a t ing in poorly sorted s and and c lay. Coar s e-g!'ained 
matrix sand here is w'ell  rounded. 
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Fi.gure 23 . Tube-like voids in Sandhill rhyo lite . 

Figure 24 . Micl'ogI' aph of rhyo l it e  brec c ia ,  v o l c an i c  fragm ent s in 
cherty matr ix. Long dimension is about 8 mm. 

Away from the unconformity, certain beds, or laye:rs, in the sands tone are 
fairly well sorted. These layer's include several of poorly sorted sand sur
rounding well sorted rhyolite fragments. Within the beds containing rhyolite 
fragmen t s ,  there are thin (1 t o  5 em) l ayers and l e n s e s  of green and maroon 
silty shale, and some layers of well sorted medium-gI'ained sand. Near the top 
of the pit face, S01<,e flaggy layers of medium-grained sand contain 50 percent 
clay matrix. 
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The Pro t er o z o ic and Paleozoic  sand s tones at S andh i l l  may b e  somewhat ' 
analogous. Both contain predominantly quartz in various concentrations with 
a lum inous phy l lo s il ic a t e s .  Both may have der ived material  l o c a l ly from 
weathered rhyol ite. However, the great maturity and high degree of sorting in 
the Ba.raboo interval rocks contras t s  w ith the nature o f  the Cambr ian s and
s t on e .  Contr a s t ing matur i ty may support the concept that weather ing w a s  
d ifferen t  in the Early t o  M i d d l e  Protero z o i c  than it was  in the P a leozo i c ;  
but not necessar ily. Note that a n  imma ture , rhyo l it e -be ar ing conglom e t a t e  
( f ig .  2 5) cOI' I'elated into the Baraboo interva l  o ccur s in northw e s t ern Wood 
County ( S e c .  2 3 ,  T. 24 N., R. 4 E.).  The pos s ib i l ity of h igh-energy s t o r m  
depo s i t ion in the Cambrian can be inferred from the Sandhi l l  exposur e in 
comparison to s im ilarities at Baraboo (Dalziel and Dott,  1 970) and Hamilton 
Mound ( s top 7 ) .  

Figure 25.  Hand 
from 
tal. 

specimen of rhyolite-bearing quartzite conglomerate 
Wood County. The folia t ion plane is near horizon
Long di.mension about 18 cm. 
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Title : Hamilton Uound( s )  - crushed stone quarz'y 

Locat ion: The m ound (or mounds )  o c cupies much of S e c .  3 6 ,  T. 20 N., R. 6 E. __ 

and S e c .  3 1 , T. 20 N., R. 7 E .  in northern Adams C o unty about 8 km e a s t  o f  
Highway 1 3. The quarry i s  a t  S E  1/4 NE 1/4 S e c .  3 6 ,  T. 2 0  N., R .  6 E.  
(Coloma NW, 7 1/2 m inute topographic quadrangle). 

Author :  J. K. Greenberg ( 1983) 

Des cription: Hamilton Mound is one - o f  several p r oni inent r id g e s  oriented 
roughly east-west in centr'al Wisconsin. Unlike the many Cambrian sandstone 
exposures, this complex of ridges is an inlier composed o f  folded Proterozo ic 
quar tzite s imilar to that at Baraboo. The main r idge Fos s es se s  only a veneer 
o f  Paleozoic sand s tone a few meters thick, and even th inner P l eisto cene 
g l a c i a l  cover. S ince the early 1 93 0 ' s ,  the quar t z i t e  h a s  been quarried for 
r o ad m a t er ial,  currently by the Adams County H ighway Department. From the 
occurrence of feldspars in thin sections of quartzite ,  Ostrander ( 1 93 1) specu
lated that intrus iv e  rocks m ight exist beneath the area o f  exp osure. Lat er 
quarrying did uncover a granitic intrus ion below quartz ite and a complicated 
zone of granit e-quartz ite contamination. 
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Af t er Ost rander ( 1 9 3 1 ) ,  no studies of Ham ilton Mound had taken p lace  
unt i l  our recent work in 1981  a s  a part  of  the reg ional inv e s t i g a t io n  o f  
B araboo interval metased iment ary rocks.  Work by S .  M. Taylor and C.  W.  
Mont gomery (ab s t r a c t ,  1 9 83)  on Rb-Sr geochronology and some a s p e c t s  of the 
geology, as well as U-Pb zircon analysis by W. R. Van Schmus (unpub. data) are 
other studies inspired by the recent interest at Hamilton Mound. 

Quartzite 
Quar t z ite at Hami l ton Mound w a s  orig inally a homogeneous ,  f ine- to 

medium-grained quartz sand. Major composit ional variat ion was in the content 
of c lay (or f e ldspar ? ) ,  now e ither m e t amorphosed to mica or realtered t o  
kao l in after mica.  S e r i c i t e  p lu s  clay a s  matr ix const itute f r o m  1 or 2 
percent to about 25 percent of the quartzite. Typical samples contain 5 to 10 
percent sericite, 90 percent or so recrystallized quartz grains, and traces of 
hematite, chloI'ite, zircon. and other rare detrital minerals. Small feldspar 
grains (under 1 mm) are commonly observed in quartzite near the granite intru
s ion. Chlor ite,  z ir con, s er i c ite,  and c l ay are a l so somewhat concentrated 
near the intrusion. 

Bedding orientations of quartzite on the ridges at Hamilton Mound define 
a series of moderately t ight folds, striking N 750 W to east-west, Bedding is 
general ly , right-side up, except on the southernmost "'idge where the quartzite 
is  apparently overturned to the south. The vertical amplitudes of the major 
f o l d s  are e s t imated a s  b e ing s everal t en s  to a few hundr ed s of meter s ,  
F o l d ing i s  inf erred t o  b e  relat ively t ight because o f  bedd ing dips and the 
frequency between fold hinges is about equal to the amplitude. 

Recry s t a l l ization w a s  locally intense at Ham i l t on Mound, but b edding 
f eatur e s ,  e s p e c ia l ly c r o s s-bedding, and l e s s  commonly r ipple marks , can be 
,b served. Note particularly that some bedding laminat ions are intr i c a t e ly 
s lumped and faulted. Unfortunat ely the nature o f  c ro s s  b e d s  doe s  not al low 
the determination of sediment transport d irections.  Some modified b edd ing 
laminations and other bands in the quart z ite which are not Obviously bedding
r e lated cons t itute a t e c tonic f ab ri c .  Thi s  fabric OY fol iat ion is well  
def ined in p l a c e s  by  s e r i c i t e  and quartz segre g at ion s ,  but  it is  not  a 
penetrat ive featuI'e. 

A fracture cleavage is locally well developed and obvious when at a high 
angl e  to bedding (fig.  2 6 ) .  Quartz  cry s t a l s  embedded i n  c lay have gro.wn in 
this fractul'e cleavage. S imilar quartz crystals and clay are found as consti
tuents of breccia t ed quart z i t e  which o ccurs on s everal of the r idge tops.  
S im ilar breccia occur s at Baraboo,  Waterloo,  Necedah ( stop 8 ) ,  and a t  two 
small e xp o sures o f  quar t z i t e  in Wood and C lark Coun t i e s .  P o s t-depos i t i on 
intru s ions are known a t  a l l  but the smaller areas,  and this may imply a 
breccia-intrusion I'elationship. At Ham i l ton Mound , p l anar zones o f  intense 
s t r a in and cataclasis  o c cur near the quar t z i t e- in t ru s ive contact.  W i t h in 
the s e  zone s ,  there are micro s ty l o l i t e s  between quar t z  grains ( f i g .  2 7 )  and 
m i�robrecciation which may be small-scale equivalents of the larger breccias. 
In a d d i t ion , Taylor and Montgomery (1983) have a l s o  o b s erved porphyr i t i c  
granite fragments in breccia surrounded by quartzite a t  Hamilton Mound. I t  is 
conceivable that brecciation was induced by strain and hydrothermal activity 
during intrusion. 

A definite inf luence of gran i t i c  intrusion on the quartz i t e  i s  color 
a l terat ion. Al though Ham ilton Mound quar t z ite away from the int ru s ion is 
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Figure 26 . Excavat ion face at Hamilt on Mound show ing s t e ep l y  
d ipping b e d s  i n  quar t z ite c u t  by nearly hor i zo n ta l  
fracture cleavage. 

Figure 2 7 . Micrograph of intensely deformed quartz ite from near the 
inr rus ive conta c t .  M i c ro s t y l o l ite developed betw een 
quartz grains. Long dimension is about 6 mm. 
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characteristically p ink-red (as seen on the ridge southeast from the quarry 
ridg e ) ,  quar t z i t e  in proximity to the granit i c  ro ck i s  d i s t in c t ly g reenish. 
The c o lor change is  probably exp lained by the reduct ion of iron in hem a t i t e  
during t h e  introduct ion of heat . S im i l ar color variat ions can b e  s een a t  
Necedah and at Baxter Hollow (Baraboo). 

Intrusion 
From the present extent of exposure, there is no certain way of knowing 

the original igneous chat'acter. of the granitic intrusion at Hamilton Mound. 
Contaminated igneous ·material is of two types. The more original appearing 
r o ck is  nearer the. peLt entrance and is  composed o f  b r ight r ed-orange ph eno·· 
crysts (to 2 cm ill · length). of potass ium feldspar and plagioclase, colored by 
hem a t i te inclusions. Some larger q uartz grains a l s o  occur a s  c l a s t s  in a 
matrix of highly strained quartz (to 50 percent of total) , chlorite, opaques ,  
a n d  s e r i c i t e  ( f ig .  2 8 ) .  Much of t h e  s er i c ite m ay have been derived from 
altered f e l d sp a r s .  Zircons are common. Larger inc l u s ions i n  t h e  gran i t ic 
rock are composed o f  quar t z ,  biot i t e ,  chlorite,  and s e r i c ite.  The se inclu
s ions are unl ik e  the overlying quar t z i t e  and may b e  remnant s o f  d ig e s t e d  
basement rocks. Chemical analyses of samples o f  the porphyritic granite are 
con s i s tent wi t h  a gran i t i c  intrusion contaminat ed by mafic and a l um inous 
material (S. Taylor, unpub. data). Initial U-Pb z hcon ' data from the porphy
r i t i c  gran i t i'c r o ck sug g e s t  1 7 6 0  m.y. (1'1. R. Van S chmu s ,  unpub. d a t a )  a s  a 
possible age that would further associate Baraboo-interval sedimentation with 
1760 m.y. old magmatism. Prel iminary Rb-Sr analyses (Taylor and Montgomery, 
1 983) indicate that whatever the original age, the granite at Hamilton Mound 
w a s  isotopically r e s e t  1 5 8 5  ± 3 0  m .y. ago , an age overl apping the uncer
tainties of both the 1630 ill.y. old regional distut'bance and the 1 500 m.y. old 
episode of alkali c  magmatism. _ 

At the far end o f  the quax'ry, quart z i t e  and m agma appear t o  b e  very 
complexly mixed. The gray foliated rock which is  exposed here grades verti
cally £I'om a highly deformed micaceous quartzite down into a very quartz-rich 
banded r o ck contain ing large amount s o f  fresh fine-gra ined f e l d sp ar 
( m i c r o c l ine and p lagio c l a s e) , b io t i t e ,  and les s COmmon hornb l ende. I t  is  
here, acro s s  the zone of tran s i t ion o r  m ixing , that lam inat ions with the 
appearance of sedimentary features have been contorted into a tectonite folia
tion (fig. 29,  and mentioned above). Enigmatic round inclusions (xenoliths?) 
of mafic material with reaction rims occur in the mixed zone. U-Pb analyses 
by W. R. Van Schmus (unpub. · data) determined that zircons from this mixed zone 
are 2500 m.y. o ld. One interpretation is that these z ircons and inclusions in 
the magma represent basement assim ilated and brought up from below. Another 
pos s ib i l ity i s  that the Ham il ton Mound quart z it e  contains detrital zircons 
derived from eroded AI'chean basement. 

All thin sections of quartzite and intrusive I'ock collected from within 
or near the mixed zone have the high-strain deformational fabric, associated 
with the quartzite-intrusion contact. Unusually strain-ft'ee grains, feldspar 
and biotite in partieular. appear to be late magmatic (metasomatic?)  phases 
that grew during or a f t er deformat ion. Rare d ike l e t s  of gran i t ic rock 
conta ining tourma l ine are also  known t o  post-date deformat ion (TayloI and 
Montgomery, 1 983). These observations, along with the previously mentioned 
b r e c c iat ion. sugg e s t  both a forceful int r u s ion and a sub s t antial chemical  
interaction between magma and overlying quartzite. 
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Figure 28 . M i c ro g �' aph o f  c o n t a m i n a t e d  porph y r i t i c  g r an i t e . 
Strained quartz and chlorite surround phenocrysts. Long 
dimension is about 8 mm. 

Figure 2 9 .  Distorted laminations and inclusions w ith reaction rim, 
f rom the quart z it e- intrusion m ixing zone at Ham i l t on 
Mound . Lens cap is 5 em in diametet' . 
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Sandstone 
A thin cap of sandstone sit s  atop poorly exposed quartzite along one wa ll 

o f  the quarr'y (f ig. 3 0 ) .  Thi s  s ands ton e ,  l ike most o ther exposures in the 
area, is correlated w ith the Upper Cambr ian Elk Mound Group. Fur ther 
differentiation into a particular format ion is not poss ible. The sands are 
int erpreted as having been depo s i t ed on a topogr aphic high of the eroded 
Precambrian . 

Just above the quartz ite, ' the sandstone is very poorly sorted with almo s t  
regularly spaced alternations o f  rubbly conglomerate beds and f iner sand beds 
(f ig. 3 0) .  Th e rubbly conglomera t e  contains large angular blocks ( t o  1 m 
across) of quartzite. Away from the unconform ity, the beds become thinner, 
with better sorting and flaggy parting. 

The Cambrian s ediment s a t  Ham il ton Mound may have been s torm d ep o s i t s  
l ike those which have been well descr ibed for the Baraboo area by Dalziel and 
Do t t  ( 1 970) .  The  Hami l t on Mound inl ier probably s t o od above sea level as  
small islands or stacks dur ing deposit ion of the flanking sandstone. 

Figure 30.  Excavat ion face at Ham ilton Mound show ing quartz it e  
blocks i n  Cambr ian sand s t on e  overly ing quar t z it e .  
Sand s t on e  beds b e c ome more regular and f laggy t o  the 
r ight of the photo. Horizontal dimens ion is about 10 m. 
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Title:  Necedah - quartzite  quarries 

L o c a t ion: NE 1 / 4  S e c .  24, T. 18 N. , R. 3 E.,  and NW 1 / 4  S e c .  1 9 ,  T.  24 N. , R. 
4 E. (Necedah 7 1/2 minute topographic quadrangle). 

author: B .  A. Brown ( 1 983) 

Description: Necedah Bluff is a hil 1 of quartzite which r'ises 60 m above the 
surrounding terrane. Quartzite is exposed on the f lanks of the bluff ,  and in 
a lar g e  quarry on the southw e s t  end of the bluf f ( l o c a l ity 1 ) .  Quart z i t e  i s  
also exposed i n  a quarry on a small h il l  south of the Chicago & Northwestern 
railway tracks (locality 2) , 0.5 km south of the bluff. 

The quar t z it e  a t  N e cedah i s  s im i lar in appearance and c o mp o s i t ion t o  
quartzite exposed at Baraboo and Hamilton Mound. It i s  predominantly p ink t o  
r e d  in c o lor,  but l o c a l ly var i e s  to gray. b lack,  ci r  l ight g r een. The iron 
content of individual beds is an important factor in determining the intensity 
of red color. The gray to green and b lack colors probably result from reduc
t ion of iron, as qt Ham i l t on Mound. Bedding s t r ik e s  e a s t - we s t  and d i p s 
s teeply (800) to the north. The only pr imary sedimentary s tructure iderrfified 
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at Necedah is cros s  bedding (fig. 3 1) which is typical of all exposures of the 
quartzite facies in Wisconsin. In thin section the quartzite appears to have 
originally been a medium- to f ine-grained sandstone. Most grains show sutured 
b oundar i e s  and vary ing degr e e S  of s t r'ain. F ine m u s c ov i t e  and s er i c it e  are 
commonly present between grains. 

The most s t r iking structural feature of the Necedah Quartz ite is the 
exten s ive brec c i a t ion. All of the quar tzite observed in the a c t ive quarry 
( lo ca l ity 1 )  is a brecia con s i s t ing of angular quartz it e  b l o cks up to 3 0  em 
acro s s ,  floating in a matr ix of white vein quar t z  (f ig. 3 2) .  Vugs in the 
breccia are filled w ith white clay into which late euhedral quartz crystals 
have grown. S im i lar brec c ias are o b s erved at Baraboo , Ham i lton Mound, 
Waterloo, and at several minor exposures in Wood and Clark Counties. 

At Ham i lton Mound and in the Waterloo area,  the breccias  are f ound in 
zones d i s c or dant to b edding and are c l o sely a s s o c iated w ith known igne o u s  
intrusions into the quartzite sequence. Although no intrusive rock has been 
observed at Necedah, a well located near locality 2 reports red gr'anite at a 
d epth o f  S O  m .  Early exploratory dr il ling for iron in the Ne c edah area 
encountered diorite and granite at depth. The presence of intrusive rocks at 
d epth,  the l o c a l  reduc t ion o f  iron, the late hydrothermal e f f e c t s  such a s  
growth of quartz and muscov it e ,  a n d  the presence o f  ext en s iv e  brecc i a t ion 
s ug g e s t  the p os s ib ility of an intru s ion into the quar t z ite much l ike the 
s ituation at Hamilton Mound (stop 7). 

Necedah Bluff probably represents a high hill on the Precambrian surface 
that s tood above the sea level during Cambrian t im e .  Wel l s  to the north o f  
the bluff penetrat .e up t o  6 0  m o f  sand stone o f  the Elk Mound Group before 
h itting quartzite. A well in the southern part of the town of Necedah pene-' 
trates 20 m o f  conglomerat e with quartzite c l a s t s ,  probably analogous t o  
Cambrian basal conglomerates flanking the basement h ighs a t  Ham i l to n  Mound 
( s top 7) and Sandhi l l  ( s t op 6 ) .  
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Figure 3 1 .  D i s t or ted cros s-bedding in quar t z i t e  ( l o c a l ity 2 ) .  
Quarter for scale. 

Figure 3 2 .  Quartz i t e  b r e c c ia in l arge quarry ( l o c a l i t y  1 ) .  No te 
abundant white vein quax'tz which forms matrix. 
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